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MULTIPLE REATIONS USING SOLID FOAMS

Field of the invention

The present invention relates to multiphase reacting processes wherein solid foam
material is used as a contacting material or used as a catalyst or as a catalyst support. In
particular, the present invention relates to a gas-liquid-solid (GLS) process comprising
contacting reactants on a solid foam material. This foam material may include a

catalyst composition or a catalyst material may be supported on the foam material.
Background of the invention

The -chemical industry is continuously striving at reduced capital and operating
costs of plants by optimising chemical processes. In these optimisations, reactor design
plays an essential role since in the reactor chemical conversion of reactants occur. In
these (GLS) chemical processes catalyst compositions are commonly used that are
included in the reactor as fixed or fluidized beds. The fixed beds include packing
materials such as spheres, Raschig rings, monoliths and structured packing alternatives.
The fluid beds include all systems where the solid material moves around in the reactor
volume, e.g. slurry bubble columns, (circulating) fluidized beds etc. These solid
supports -and catalyst compositions, mentioned previously, need to have suitable
properties with respect to pressure drop, specific 'geometr‘ic‘ surface area to volume
ratio, activity and selectivity etc. to obtain a reactor design that is economically
feasible. This is in particular important in three-phase catalytic reactors such as gas-
liquid-solid (GLS) reactors. In slurry bubble columns, a typical example of GLS-
reactors, gas bubbles flow upwards through the liquid phase that contains the finely
divided solid catalyst particles, the liquid is considered to be in a batch. The bubbles
draw liquid and catalyst in their wakes and induce thereby back-mixing in the liquid.
Slurry bubble columns are usually employed where high interfacial areas between the
various phases is necessary (cf. Kirk-Othmer, Encyclopedia of Chemical Technology,
Vol. 20, 4% Bd., pages 1007 — 1059, 1996). Slurry bubble columns are widely used in
industry, because of the simplicity of construction, the high liquid hold-up, and the

excellent heat transfer characteristics. However, these reactors are not always the most
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appropriate for a reactor design due to the back-mixing behaviour, and require solids
‘handling.

The most common GLS-reactor .systemsrfound in industry employ a catalyst
slurry (typical particle diameter 1-100 pm, typical concentration range 1 to 10 vol.%)
or a packed bed eatalyst (typical particle diameter 1 to 4 mm, typical volume‘ fraction
65%). The batch wise operated, stirred GLS-reactor is the workhorse of the fine-
chemicals industry. The slurry bubble column is preferably used for the somewhat
larger scale operations. The trickle-bed reactor, where gas and liquid are in co-current
down flow over a packed bed of solid catalyst particles or pellets, is often used in the
petrochemicals industry. In between the slurry and packed bed configurations, three-
phase fluidisation can be discerned, applying intermediate particle sizes and solids
loading.

Catalyst compositions comprising random packings and structured packings are
commonly employed in GLS-reactors. These packing materials, apart from their
catalytic action for some reaction, also provides a surface for the fluid flow and thus
enable reactors to be operated in a number. of flow configurations. Co- and counter
current are the most common flow configurations. These packed columns are operated
in different regimes depending on the relative flow rates of the fluid phases moving
through the packing material: bubbly or pulse flow in co-current up-flow or trickie flow
in counter current flow are common examples of these regimes. In many instances the
operating range for gas and liquid flow is limited to boundaries between regime
transitions, where transition to an undesired regime occurs, or where multiphase flow
cannot be realized, e.g. flooding in counter current flow. These operating limits are
determined under hydrodynamically similar conditions for two phase flow and are
dependent on factors such as the physical properties of the fluids (density, viscosity),
the physical properties of the packings (hydraulic diameter, voidage, surface area to
volume ratio, hydrophobicity), etc. Important factors affecting the use of particular
packings for reacting systems are the hold-up of each of the respective phases in the
reacting volume, the frictional pressure drop per unit length over the packing material,
the back-mixing behaviour of the fluids flowing through the packings and the mass
transfer between the respective phases. Structured packings have the advantage of a
low pressure drop and high void space theréby enabling intimate -contact between
catalytic sites and reactants. However, structured packings suffer from the disadvantage
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that they have low surface area to volume ratios so that only relatively low amounts of
catalytic material can be deposited on the support, Also known in the art are solid foam
packings which not only have the beneficial features of structured packings, but also
have the desired high surface area to volume ratio.

Processes wherein catalyst compositions are used which comprise catalytic

~material supported on solid foam packings are known in the art, although these

processes are basically limited to gas phase reactions, separation processes and the like.
US 4.810.685 discloses a catalyst composition for in particular steam reforming,

but also e.g. Fischer-Tropsch reactions and hydrodesulfurisation reactions, wherein the

- catalyst composition comprises a ceramic foam support having a total porosity of 40%

to 85% and an apparent density of at least 1 g/om®. The ceramic foam support is
manufactured by impregnating organic plaéﬁc foam, e.g. polyurethane foam, with
aqueous slurry of e.g. alumina so that the pores of the organic plastic foam are filled
with the slurry. Upon drying, the aqueous alumina slurry remains in the pores and after
calcination a “negative” structure of the organic plastic foam in the form of a ceramic
foam is obtained. Subsequently, the ceramic foam support may be impregnated with a
catalytically active material or a precursor for a catalytically active material, e.g. a
nickel or a cobalt compound. The ceramic foam supports loaded with catalytically
active material are said to be suitable for use in gas-solid phase reactions, e.g.
methanation, hydrodesulphurisation, ethylene oxidation, xylene oxidation, sulphur
dioxide oxidation, and liquid-solid reactions, e.g. hypochlorite decomposition.

US 2003/0162649 discloses a catalyst composition that rhay be used for chemical
reactions in a gaseous phase or a liquid phase including cracking, acylation, alkylation
and isomerisation reactions of hydrocarbons, wherein the catalyst composition
comprises -a zeolite that is deposited on a rigid support that preferably has a specific
surface area of at least 5 m*/g so that large quantities of zeolite can be deposited on the
rigid support. According to US 2003/0162649, the rigid support is preferably a p-SiC
support having a high BET surface area of about 10 to about 100 mzlg. Most
preferably, the rigid support is a SiC foam.

US 6.750.258 discloses a catalyst composition for a Fischer-Tropsch process

‘wherein the catalyst composition comprises a ceramic or metal foam and optionally a

catalyst layer.
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GB 1.484.461 discloses a packing materjal for gas-liquid distillation or
absorption, wherein the packing material comprises a ceramic foam through which the
gas and liquid components can flow. 7

US 4.208.284 discloses a process for separating at least a liquid component from
at least one solid or liquid component in which process a highly porous material with a
open pore structure and low pressure drop is employed. An example of this material is
given to be a polyurethane foam.

US 6.238.464 discloses a process for separating gas streams contaﬁﬁng liquid or
solid particles substantially smaller than 1 pm wherein a separator is used that
comprises a foam made of either polyurethane, carbon or metal of some sort.

US 2004/0112794 discloses a process for gas-liquid counter current processing
wherein a liquid reactant and a gaseous reactant are contacted in counter current flow
through a fixed bed of catalyst material, wherein the fixed bed comprises at least two
catalyst layers. The voidage of mentioned catalyst layers may be increasing or
decreasing in the direction of the direction of the liquid flow for an increased range of
gas-liquid ratio, and an improvement in stability and flexibility of the overall reactor
design. The catalysts may have different sizes and shapes in a preferred voidage range
of 0.45 to 0.8.

DE-A-102 08 711 describes packing material of a ceramic material with
monelithic type channels diagonally down its structure, and its use for thermal
separation of a fluid mixture. The channels as described are similar to a porous inclined
monolith, which has been cut and stacked on top of one another. These pores are not
required to be completely open structures. All channels seem to run along the same
path, parallelly arranged within one packing element, thus disad;van’cageously keeping
turbuleice low. Tt is also not clear how the redistribution of the phases would proceed
at the ends of the channels, whereas redistribution and high gas-liquid mass transfer are
essential in a multiphase reaction process. Further, DE-A-102 08 711 is silent on the
pote size of the ceramic material.

US 2003/0116503 discloses the preparation of a catalyst structure comprising
carbon nanotubes over a porous -support, such as a foam, felt, mesh or membrane.
These supports are considered to be “large pore™ supports, but pore sizes are disclosed
mostly in the range of several hundreds of nanometers. Examples are given for gas

phase Fischer-Tropsch processes. Herein, the catalyst is described to have a higher
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activity towards the conversion of CO, which is also mentioned by Wang et al.
(Chinese Chemical Letters, Vol 13, No 12, pp1217, 2002) where carbon nanotubes are

" shown to increase the activity for the conversion of CO te methanol.

Whereas the pore sizes taught in 1US2003/0116503 may be suitable for gas-phase
_reactions as shown in the examples given therein, these relatively small sized pores are
disadvantageous in a multiphase reactor. Due to capillary forces, but also to the initial
distribution of the fluids to the reaction volume, the effective contact between liquid
and gas phases are limited dramatically. At these small pore sizes effects like high
pressure drop may occur, and the flooding point, i.e. the point where gas flux from the
bottom is large enough to reverse the flow direction of the liquid flowing down in
counter-current operation, would be reached at lower gas velocities, thus making the

operation of counter-current reactor unit impossible.
US 4.251.239 teaches the use of a solid foam as a catalyst support for a gas-phase

reaction or as a gas filter.
Summary of the invention

The present invention relates to catalytic gas-liquid-solid (GLS) processes
comprising contacting at least two fluid reactants (gas or liquid) with solid foam for the
intention of reaction of the contacting phases. This solid foam with a surface area to
volume ratio of at least 250 m*/m> may comprise of a supported catalyst composition or
be used as a support for a catalyst composition or the precursor of a catalytically active
material. This invention also relates to using solid foam materials as a gas/liquid
interfacial area enhancer for slurry reactor systems. The invention also relates to the
improved mass transfer and favourable hydrodynamic parameters when compared to
other packings i.e. extending the operating ranges of uniformly distributed two-phase
flow in either co-current or counter-current flow configurations.

The surface area can be calculated straightf;l)rwardly with the equations given in
example 1 attached hereto. It could be referred to as the specific geometric surface area,
in order not to confuse the surface area with the BET surface area as often reported in
literature. Hence, where it is mentioned surface area in the context of the invention, it is
meant the “specific geometric surface area”,‘ unless specified otherwise. The BET

surface area is a measure of the total surface per unit volume, including small pores and
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rough surfaces. It expresses the surface area available for catalyst deposition. However,
pores and surface roughness typically do not provide gas liquid mass transfer area for
multiphase flow. Therefore, a better indication of this behaviour of importance to
multiphase reactions is the above-reported specific geometric surface area, which
accounts for the fact that the surfaces are not smooth and contain meso- and
macropores. A large discrepancy between both values is thus unavoidable.

Tn the context of the invention the solid foam of the invention is “open celled”,
where most cells are of a uniform size. With “open celled” it is understood that a
predominant fraction of the pores is connected to one another; preferably at least 70%,
more preferably at least 90%, most preferably at least 95% of the pores form a
interconnected, continuous structure inherent to a foam, and which tortuous passages
allow for continuous distribution of gas and liquid flows. The open celled solid foam
has an -open reticulated structure with interconnected tortuous pores, which results in

enhanced flow and turbulence and optimises contact between fluids.

Description of the drawings

Figure 1 shows the surface area for aluminium metal foams as a comparison with
commetcial packings: 1. Foam 40 ppi [http://www.ErgAerospace.com]; 2. Foam 20 ppi
[http://www.ErgAerospace.com]; 3. Foam 10 ppi [http://www.ErgAerospace.com]; 4.
Rashig rings, 6 mm [Perry’s Chemical Engineering Handbook, 1997]; 5. Sulzer CY
[Perry’s Chemical Engineering Handbook, 1997]; 6. Monolith 200 cpsi [Chemical
Engineering Science 56, p. 805 — 812]; 7. Monolith 600 cpsi [Chemical Engineering
Science 36, p. 805 — 812]; 8. Monolith 25 cpsi [Chemical Engineering Science 54, p.
2381 -2389].

Figure 2 shows the gas hold-up for batch liquid configuration compared with
bubble column, ait/water system: B 5 ppi foam; A 40 ppi foam; 4 bubble column 2D.

Figure 3 shows the liquid hold-up for counter-current flow, 5 ppi aluminium
foam, water and air system: 1 High hold-up, liquid velocity 0.028 m/s; O High hold-
up, liquid velocity 0.02 m/s; M Low hold-up, liquid velocity 0.028 m/s; ® Low hold-up,
liquid velocity 0.02 m/s.
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Figure 4 shows a comparison of flooding points for foam packing in counter-
cutrent flow, ait/water system: M 40 ppi foam; A 5 ppi foam; -~ Katapak-S
[Chemical engineering Science 54, p. 1339 — 1345]; —— Monolith 25 cpsi [Catalysis
Today 69, p. 153 — 163].

Figure 5 shows the regime map for 1/3 inch Raschig rings for an air/water
system, comparison with solid foam packings: -—- Raschig rings (BR-PR); —
Raschig rings (PR-SR); ® Foam 5 ppi (BR-PR); L1 Foam 40 ppi (BR-PR).

Detailed description of the invention

Advantages of the present invention are that an improved reactor performance
can be achieved due to an enhanced intimate contact between the reactants, in .
particular for mass transfer controlled processes. This holds in particular for the
gaseous reactants of which mass transfer to the catalytic site is often rate-determining.
Employing a solid foam material as support avoids internal diffusion resistances.
Hence, the process according to the invention shows enhanced mass transfer when
compared with traditional fixed bed processes due to the lower resistance to diffusion
through the internal pores of such materials. Comparing the solid foam alternatives
with fluidized bed alternatives avoids the problems of downstream filtering of the solid
from fluid streams. Additionally in such processes, the catalyst is in slurry form and
flowing with the liquid components. As a consequence, there is a low shear between
solid and liquid whereas in the solid foam matetial the shear between solid and the fluid
phases is enhanced which leads to higher local mixing of the fluids, the latter leading to
an enhanced mass transfer between gaseous and liquid components.

Likewise, heat transfer is improved by the present invention. In conventional
support materials, e.g. monoliths, observed temperature gradients result in loss of
selectivity and/ot catalyst deactivation. Additionally, in fixed bed reactors hot spots are
known to occur which also affects selectivity. In the solid foam material according to
the invention, however, hold-up of the liquid components is higher so that sufficient
heat exchange may be achieved. Improved heat transfer is in particular observed where
heat conducting metal foam is used. Consequently, it is preferred according to the
present invention that the solid foam materiall is heat conducting metal foam when

improved heat transfer is desired.
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According to the invention, it is also preferred that the solid foam material is
metal foam or carbon foam when in the process it is beneficial that the support has
electrical conducting properties. For example, conductive supports enable monitoring
and control of the oxidation state of a metal catalyst. Additionally, a conductive support
enables that by forcing the potential of the catalyst to a particular level, surface
coverings and redox properties of the catalyst can be influenced and controlled without
the need of large electrical currents. Conductive supports also have an advantage in
oxidation reactions where catalyst deactivation is overcome by the application of a
redox cycle to the catalyst since this cycle can be applied directly by electrochemical
means. Hence, according to the invention, the solid foam material is preferably an
electrically conducting foam, in particular metal foam or carbon foam, when the "
process involves electrical monitoring and/or control of catalyst condition,
electrochemical enhancement of catalyst activity and/or selectivity, or electrochemical
prevention of catalyst deactivation.

For improving the hydrodynamics of slurry bubble columns, various types of
internals are used, e.g. vertical plates and pipes, horizontal screens and perforated
plates. The use of internals perpendicular to the direction of flow enhances bubble
break-up and diminishes back-mixing. Back-mixing in the fluid phase is also reduced
by the use of the solid foam material according to the invention.

A further advantage of the present invention is that the solid foam material can be
manufactured with different size and shape. For example, disk forms are preferred in
centrifugal reactors for intensified mass transfer. Sheets of soﬁd foam material can be
applied on supporting frames and stitrers and cylindrical forms can be applied in pipes
and tubes. Also, the arrangement of the same or different forms can be adapted as
required for a good gas-liquid contact, direction of flow and low pressure drop. The
flow orientation of the fluid may be either in the co- or counter current directions
through the solid foam. For some processes such as hydrodesulphurisation a counter
current operation is beneficial.

The solid foam material may also be suitable for the reaction of fluids in
biological processes where the reaction is enhanced by enzymes immobilized on the
surface of the solid foam. Here a high enough solid surface area per unit volume is
beneficial. According to-the invention, it is preferred that the solid foam material has a

surface area to volume ratio of at least 250 m*/m®, more preferably at least 500 m?/m’,
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Although it is preferred that the surface area to volume ratio is as high as practically
possible, according to the invention this ratio is not higher than a BET surface area of
100 m%/g, preferably of 500 m?/g without the addition of wash coats or the use of other
surface modifications. These surface modifications may be used to increase the surface
area to volume ratio of the solid foams up to 600 m,z/g, preferably up to 1000 m/g.

It is additionally preferred that the solid foam material has a void volume in the
range of 60 to 99%, relative to the total volume of the solid foam material. It is even
more preferred that the solid foam material has a void volume in the range of 85 to
98%.

According to the invention, the solid foam material has an average pore size of
250 pm to 5100 pm, more preferably 635 um to 5100 pm. A pore size of 250 pm to
5100 pm corresponds approximately to pore sizes of 100 ppi (pores per inch) to pore
sizes of 5 ppi respectively (1 ppi ~ 0.0254 potes per m). It is preferred that the average
pore size is at least 420 pm (corresponding to 60 ppi). Solid foam material having pore
sizes of 420 ym or higher gives the advantage that high pressure drop is avoided and
the flooding point in counter-cutrent operations would not be reached at too low a gas
velocity.

Tt is furthermore preferred that the solid foam material is selected from the group
consisting of metal foam, ceramic foam, carbon foam and polymer foam. These
materials are known in the art. For example, ceramic foams are used in filtration of
molten metal, metal foam as light-weight construction material and carbon foam as
electrode material in electrochemistry. Ceramic foams have also been used as catalyst
support in e.g. exhaust gas catalytic converters as have monoliths. Metal foams have

also been used as catalyst supports. However, the use of these foams is limited to single

phase conversions. Suitable foams are commercially available, e.g. from ERG Material

and Aerospace Corp. (carbon, ceramic and aluminium foam) and Porvair plc. (ceramic
and metal foam).

According to a preferred embodiment of the process according to the invention,
at least one reactant is in the gaseous phase and at least one reactant is in the liquid
phase.

The process according to the invention may be performed co-currently or counter

currently. That is, that the reactants are contacted co-currently or counter-cutrently.
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The catalyst composition employed in the process according to the invention
preferably comprises a metal, preferably a noble metal, preferably Pt or Pd, or a zeolite,
wherein the zeolite may be a natural zeolite or a synthetic zeolite. '
The present invention also provides a.GLS-reactor comprising a supported
catalyst composition, wherein the support comprises a solid foam material having a

surface area to volume ratio of at least 250 m/m’,
Examples
Example 1

The commercial foams available from the manufacturers mentioned above have a
high surface area compared to other packing materials. This is described in Figure 1
where the surface area to volume ratio and void space for the solid foams and some
commercial packings are plotted.

The ‘information in Figure 1 of one of the manufacturers of solid foams (ERG
Material and Aerospace Corp.) shows the increase in surface area for solid foams. This
surface may be used for effective catalyst deposition and operate in counter current and
co-current flow regimes not previously described for other packings. The most recent
publication for calculating this specific surface area is described by Fourie and Du
Plessis (Chemical Engineering Science, 57, pg 2781-2789) where only geometrical
considerations are taken into account assuming smooth solid surfaces. Here the foams
are described by a representative unit cell: one of the corner edges of an array of
tetrakaidecahedron, The following formulae were used to calculate the surface area, or

the specific geometric surface area, for the foam:
a=25.4mm / (PPI number)
Void fraction = 1 - 3.87(dw/a)* - 18.5(dm/a)*
wherein a is the average cell size, and dn is @ parameter solved for using the void

fraction of the foam (cf. formula (15) in Chemical Engineering Science, 57, pg 2781-
2789). The specific geometric surface area may then be calculated:
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(Specific geometric) surface area="26.8 (du/a®) - 14.9 (dn/2°)

Table 1 gives values calculated using the formulae above for solids foams of 5 to

40 ppi with void fractions 0.8 and 0.95.

Table 1: Calculated values for the specific surface area for solid foams 5 to 40ppi.

V01d fract1on 095 . Void ﬁ:actlon 08
‘ppi‘ ] a dm  |Specific Surface Areai dy  [Specific Surface Areal
] | [mm] [mm] - [l [mm] [m*/nr’]
5 | 541 050 487 0.77 723
10 | 255 | 025 974 | 038 1447
20 | 1275 | 013 1948 | 019 2804
40 | 06375 | 0.06 3750 0.10 5787

As mentioned above, the specific geometric surface area differs from the BET
surface area. The BET surface area measurements ate almost 200 times these calculated
values; described in Richardson and Remue (Applied Catalysis A: General, 204, pg 19-
32). They account for the discrepancy in surface area measured using BET-techniques
and the geometric specific surface area because the surfaces are not smooth and
contain meso- and macropores. The specific geometric surface area is a good indication
of the available gas-liquid contact area for mass transfer; whereas the BET-surface area
gives a measure of the available area for depositibn of catalyst material, and is thus an

indication of the available liquid-solid mass transfer.

Example 2

The gas and liquid may be contacted on the solid foam material where the liquid
is in a batch mode and the gas is distributed from the bottom of the column. The gas
has a certain hold-up in the volume as desctibed by the following equation:

Gas hold-up = Volume Gas / (Volume Gas + Volume Liquid + Volume solid)
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For these experiments metal foams made of aluminium were used (ERG Material and
Aerospace Corp.) with an approximate solid -volume of 6-8 %. The volumé of the solid
material is 6-8% of the total volume, thus a porosity of 92-94%. The materials tested
were metal foams of 5 and 40 ppi. Figure 2 shows the variation of the gas hold-up and
gas-liquid interfacial area with gas velocity:

One observes that in the example given above gas hold-up comparable to bubble
columns may ‘be achieved ‘with the solid foam packing due to the high porosity of the
foam.

Visual observation of the flow through the packing indicates a more stable
uniform flow pattern. The gas-liquid interfacial area is compared with bubble columns.

For solid foams the following was used:
(Gas-Liquid surface area) =(specific geometric surface area per volume) x(Gas Holdup)

It is expected that a thin film of liquid is on the surface of the solid foam packing,
where the gas phase is passing in the form of a bubble and complete wetting is
assumed. The surface area per unit volume for 40 and 5 ppi foams are 2560 and 250
m?/m’ respectively. Especially in mass transfer limited processes the 40ppi solid foam
may be advantageous due fo the high interfacial area. An added advantage over bubble
column is that the catalyst may be fixed within the reactor volume on the solid foam

support, thus no filtering is required to separate the liquid and solid phases.

The solid foam may also be used to contact gas and liquid in a couvnter current

flow configuration. A liquid hold-up may be described in a similar way as the gas hold-
up:

Liquid hold-up = Volume Liquid / (Volume Gas + Volume Liquid + Volume solid)

Here the hold-up of liquid is described depending on the liquid and gas flow rate.
This data may be found in Figure 3 for the 5 ppi. foams.
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Here, two flow operations in counter-current flow are possible with the foam
packing: a high- and a low liquid hold-up. The low liquid hold-up (closed symbols) is
described as counter current trickle flow and is the -coinmon countercurrent regime for
other packings. In this regime the liquid hold-up is increased with increasing gas
velocity as the gas flow. opposes the liquid flow trickling down the solid foam. At a
certain gas flow rate the gas velocity is high enough so that the liquid flow through the
packing material is impossible. This is noted as the flooding point and is the highest
gas flow rate.on the graphs given above for the two different liquid flow rates. The high
liquid hold-up regime (open symbols) is similar to a bubble column with liquid
continually being removed from the bottom and distributed at the top of the column. As
the gas velocity is increased the liquid hold-up is reduced. This regime has not been
experimentally observed for other packing materials.

From Figure 4 it appears that the flooding point for solid foams is reached at
lower liquid and gas velocities than for monoliths. The flooding points are similar to
the Katapak-S packing, which has been considered for reactive distillation applications.

As the number of pores per inch of the solid foam is increased, the flooding point
is reached at lower gas velocities, for a specific liquid velocity; hence, if the open
celled solid foam material has too small pores, the operation of a counter current gas-

liquid unit will become impossible.
Example 4

Packed bubble columns are packed bed systems where the liquid and gas move
co-currently upwards through the column. The regimes identified for Raschig rings
[AIChE, 1967, pg 1196-1202] is the bubble, pulse and spray regime. The bubble
regime exists at relatively high liquid to gas ratios and low gas rates and resembles a
bubble colummn. As the gas rate is increased pulses of liquid and gas are observed. At
low liquid to gas rates a spray regime can be identified where the liquid travels through
the void space of the packing in the form of a fine mist.

The foam packing extends the bubble regime to higher gas velocities. This is due
largely to the high voidage of the solid foams compared with more conventional
packings.
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Claims

10.

11.

A catalytic GLS-process comprising contacting reactants with a solid foam
material, wherein the solid foam material has a surface area to volume ratio of at
Jeast 250 m*/m’.

The catalytic GLS-process according to Claim 1, wherein the solid foam material
is a support for a catalyst composition.

The catalytic GL.S-process according to Claim 1 or Claim 2, wherein the solid
foam material has a void volume in the range of 60 to 99%, relative to the total
volume of the solid foam material.

The catalytic GLS-process according to any one of Claims 1 - 3, wherein the

" solid foam material has an average pore size of 420 to 5100 pm.

The catalytic GLS-process according to any one of Claims 1 — 4, wherein the
solid foam material is selected from the group consisting of metal foam, ceramic
foam, carbon foam and polymer foam.

The catalytic GLS-process according to any one of Claims 1 —5, wherein at least
one reactant is in the gaseous phase and wherein at least one reactant is in the
liquid phase.

The catalytic GLS-process according to any one of Claims 1 - 6, wherein the
reactants are contacted co-currently.

The catalytic GLS-process according to any one of Claims 1—7, wherein the
reactants are contacted counter-currently. |

The catalytic GLS-process according to any one of Claims 1 — 8, wherein the
catalyst composition comprises a metal.

The catalytic GLS-process according to any one of Claims 1 — 9, wherein the
catalyst composition comprises a zeolite.

A GLS-reactor comprising a supported catalyst composition, wherein the support
comprises a solid foam material having a surface area to voluine ratio of at least
250 m*/m’.
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