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(57) Abstract: A catalyst assembly comprising two or more adjacent structured catalysts

100

for catalysing an endothermic reaction of a feed gas being converted to a product gas,

each structured catalyst comprising a macroscopic structure, the macroscopic structure

110

Fig. 2a

comprising an electrically conductive material for resistance heating and supporting a
catalytically active material, wherein: the structured catalysts each extend longitudinally
from a first end forming an inlet for feed gas to a second end forming an outlet for product
gas; and the assembly comprises a support structure that is electrically insulated from
the electrically conductive material and provides a gaseous seal between the structured
catalysts, to substantially prevent feed gas flow therebetween.
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A CATALYST ASSEMBLY AND METHOD OF ASSEMBLING SAME

Field

The disclosure generally relates to a support structure for a catalyst assembly or a catalytic reactor, a
method of assembling a catalyst comprising the support structure, and use of the catalyst assembly
or catalytic reactor in an endothermic reaction, where heat for the endothermic reaction is provided by

resistance heating.

Background

In electrically heated catalytic reactors for endothermic reactions such as those disclosed in
W02019228797, W0O2021260108 and WO2023274939 (incorporated herein by reference), gas to be
processed is fed to the structured catalysts, which provide heat to the endothermic chemical reaction
(e.g. steam methane reforming or reverse water gas shift reactions) by resistance heating. Each
structured catalyst comprises a macroscopic structure. The term “macroscopic structure” denotes a
structure which is large enough to be visible with the naked eye, without magnification. The
dimensions of the macroscopic structure are typically in the range of centimetres or meters. Each
structured catalyst may comprise a single macroscopic structure or multiple macroscopic structures.
Preferably, the macroscopic structure is extruded, fabricated from corrugated sheet metal or 3D
printed, because the pressure drop from the inlet to the outlet may be reduced considerably

compared to arrangements where the catalyst material is in the form of pellets or similar.

The macroscopic structure comprises an electrically conductive material for heating by resistance.
The macroscopic structure also supports a catalytically active material, which may be on a ceramic
coating such as in WO2023274939A1, and may be provided on at least part of the exposed surface
area of the macroscopic structure. The surface area of the macroscopic structure itself, the fraction
of the macroscopic structure coated with a ceramic coating, the type, features and structure (e.g.
particle size, typically within the range of 2 nm — 1000 nm, thickness typically in the range of 10-500
pm) of the coating and the amount and composition of the catalytically active material may be suitably
tailored to the reaction and operating conditions.

Synthesis gas production typically takes place in large chemical plants, due to the energy intensive
reactions needed to facilitate the production. The toxicity of the synthesis gas (especially due to the

content of carbon monoxide) poses a significant risk.

There is a need to improve the efficiency of such reactions, to minimise power consumption and

losses of potentially toxic gases.
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Brief summary of the invention

The present invention provides a catalyst assembly comprising two or more adjacent structured
catalysts for catalysing an endothermic reaction of a feed gas being converted to a product gas, each
structured catalyst comprising a macroscopic structure, the macroscopic structure comprising an
electrically conductive material for resistance heating and supporting a catalytically active material,
wherein: the structured catalysts each extend longitudinally from a first end forming an inlet for feed
gas to a second end forming an outlet for product gas; and the assembly comprises a support
structure that is electrically insulated from the electrically conductive material and provides a gaseous
seal between the structured catalysts, to substantially prevent feed gas flow therebetween, and
wherein the support structure is selected from the group consisting of
e a support structure comprising a container or enclosure containing a castable material
between and/or surrounding the structured catalysts, and
e a support structure comprising a support member having one or more openings for receiving
the structured catalysts, and a flexible sealing member disposed around and/or

circumscribing the openings.

The present invention further provides a method of assembling a catalyst comprising two or more
adjacent structured catalysts for catalysing an endothermic reaction of a feed gas being converted to
a product gas, each structured catalyst comprising a macroscopic structure, the macroscopic
structure comprising an electrically conductive material for heating by resistance and supporting a
catalytically active material, the method comprising: positioning the structured catalysts in a support
structure; and providing a gaseous seal between the structured catalysts, to substantially prevent

feed gas flow therebetween.

The present invention further provides additional embodiments as claimed in the dependent claims.

The support structure provides a structural support for a catalyst assembly which may comprise
several structured catalysts, which are preferably supported by the support structure substantially at
their proximal ends, near their inlets. In some embodiments, two structured catalysts are placed
vertically next to each other and are rigidly electrically connected at their distal ends to form a U-
shaped pair. Several such U-shaped pairs may be connected in series. A number of support

structures may be located in a vessel or reactor.

The support structure beneficially electrically insulates the (or sub-groups, e.g. U-shaped pairs of)
structured catalysts from one another, allowing for high voltages such as up to 5000 V, 2000 V, 1000
V, or 500 V to be applied to the macroscopic structures, while maintaining a sufficiently high insulation
resistance with respect to ground, such as above 0.3 Ohm/V, preferably above 0.5 Ohm/V. Said

voltage can be supplied as either alternating current (AC) or direct current (DC).
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Furthermore, the support structure provides a gaseous seal between the structured catalysts, at least
partially filling at least some of any gaps therebetween, to minimise and substantially prevent feed
gas (or more generally fluid) flow circumventing the macroscopic structures, so that none oronly a
minor fraction, preferably a very minor fraction (e.g. <10%, <5%, <1%, or <0.1%) of the feed fluid can

bypass the structured catalysts.

Meanwhile, the support structure permits thermal expansion of the structured catalysts, permitting
differences in thermal expansion along the length of the structured catalysts, which have a high
operating temperature and have higher operating temperatures towards the outlets compared to the
inlets. In particular, U-shaped pairs of structured catalysts may have different rates of expansion on

their sides which can also be accommodated by the support structure.

Brief description of the figures

Embodiments of the disclosure will now be described, by way of example only, with reference to the

accompanying drawings, in which:

Figure 1 is a schematic cross-section view of a first catalyst assembly;

Figure 2a is a schematic cross-section view of the catalyst assembly of figure 1 comprising a first

support structure.

Figure 2b is a schematic cross-section view of a vessel comprising multiple catalyst assemblies

according to figure 2a.

Figure 3a is a schematic cross-section view of the catalyst assembly of figure 1 comprising a second

support structure.

Figure 3b is an enlarged schematic cross-section view of the second support structure of figure 3a.

Figure 4a is a schematic cross-section view of the catalyst assembly of figure 1 comprising a third

support structure.

Figure 4b is an enlarged schematic cross-section view of the third support structure of figure 4a.

Figure 5 is a schematic perspective view of the catalyst assembly of figure 1 comprising a fourth

support structure.

Figure 6 is a schematic perspective view of a filter arrangement for a catalyst assembly.
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Detailed description of the disclosure

Aspects and features of certain examples and embodiments are described herein. Some aspects and
features of certain examples and embodiments may be implemented conventionally and these are not
described in detail in the interest of brevity. It will thus be appreciated that aspects and features of
apparatuses and methods discussed herein which are not described in detail may be implemented in
accordance with any suitable conventional techniques. Whilst various different examples are
disclosed and discussed herein, any and all combinations of features in the different examples are

explicitly contemplated within the scope of this disclosure.

Figure 1 is a schematic cross-section view of a first catalyst assembly 100 for catalysing an

endothermic reaction of a feed gas being converted to a product gas.

The assembly 100 of figure 1 comprises a pair of vertically adjacent structured catalysts 1, each of
the structured catalysts 1 extending longitudinally from a first (proximal) end forming an inlet for feed
gas to a second (distal) end forming an outlet for product gas. Each structured catalyst 1 comprises a
macroscopic structure, the macroscopic structure comprising an electrically conductive material (e.g.
comprising Fe, Ni, Cu, Co, Cr, Al, Si or an alloy thereof, where such alloys may comprise other
elements such as Mn, Y, Zr, C, Co, Mo or combinations thereof), for heating by resistance and
supporting a catalytically active material. The macroscopic structures may be extruded, 3D printed
and/or be monolithic structures. The macroscopic structures provide multiple channels for feed gas

passing through the structured catalyst 1 from the inlet.

The macroscopic structures may generally, in some examples of the disclosure, comprise a
circumferential wall encircling an internal space and/or may comprise one or more internal walls
forming a plurality of flow channels from the first (inlet) end to the second (outlet) end. The
macroscopic structures may be any shape, e.g. substantially circular or rectangular in a cross-section,

perpendicular to the longitudinal direction.

The distal ends of the structured catalysts 1 are rigidly connected by a connector 2 to form a U-
shaped arrangement. The structured catalysts 1 are also electrically connected together at their
distal ends via the connector 2, forming a U-shaped arrangement providing an electrical current flow
path through both the first and the second structured catalysts. A conductor or electrical circuit 3
connects the catalyst assembly to an external power supply, shown here at the proximal ends of the
structured catalysts, but may be located elsewhere. Inthe U-shaped arrangement of figure 1, the
electrical current flow path extends through the U-shaped pair of catalysts 1 in a U-shaped loop, from
the first end of the first (left-hand) structured catalyst 1 through the first and the second structured

catalysts, back to the first end of the second (right-hand) structured catalyst 1.
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In large assemblies, multiple pairs of structured catalysts 1 may be connected together in series or in
parallel. For example, the assembly comprises at least two pairs of structured catalysts comprising a
first pair, a second pair and optionally one or more intermediate pairs, wherein:

the first structured catalyst of the first pair is electrically connected substantially at its first end
to a conductor, and

the second structured catalyst of the first pair is electrically connected substantially at its first
end to the first structured catalyst of the second pair or the intermediate pair,

the second structured catalyst of the intermediate pair, if present, is electrically connected
substantially at its first end to the first structured catalyst of the second pair, and

the second structured catalyst of the second pair is electrically connected substantially at its

first end to a conductor

Figures 2-5 illustrate support structures 110 in accordance with the disclosure, which are generally
configured to prevent feed gas flow circumventing the inlets and may at least partially fill at least
some of any (preferably substantially all) space(s) between adjacent structured catalysts 1 and/or any
spaces between the structured catalysts 1 and walls of the vessel containing the structured catalysts
1.

Figure 2a is a schematic cross-section view of the catalyst assembly 100 of figure 1, comprising a first

support structure 110 for a pair of structured catalysts 1.

As shown in figure 2a, the structured catalysts 1 are adjacent, but with some distal separation (gap)
therebetween. The support structure 110 is electrically insulated from the electrically conductive
material of the macroscopic structures (e.g. by part of the assembly 100 such as the structure 110
comprising an insulating material and/or part of the assembly 100, e.g. the structured catalysts 1
comprising an insulating layer) and the structure 110 provides a gaseous seal between the structured

catalysts 1, to substantially prevent feed gas flow therebetween.

In figure 2a, the support structure 110 comprises a container in the form of an enclosure 120
containing a castable material 125. In figure 2a, the enclosure 120 fully encapsulates the space both
between and around the structured catalysts 1, thus the enclosure 120 surrounds the structured
catalysts 1. The enclosure 120 may be of any suitable cross-sectional shape, e.g. circular,

rectangular (including square) or triangular.

The enclosure 120 itself may comprise a metallic or ceramic outer wall containing the castable
material 125 and/or a metallic or ceramic inner wall around each structured catalyst 1. In some
embodiments, the structured catalysts 1 may be wrapped with a metallic or ceramic lining (e.g.
ceramic paper) during assembly, forming the inner wall, and the castable material is poured into the

container 120 to set around the structured catalysts 1.
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The castable material 125 itself may comprise a flowable material (e.g. comprising a ceramic, such as
cement) and may be configured to flow during assembly (e.g. when heated to a suitable temperature
to be self-flowing, to fill voids) and then subsequently dry/harden, forming a rigid structure which

retains the structured catalysts 1, which thus then suspends them from the enclosure 120.

In figure 2a, a top surface of the enclosure 120 is located proximal (near) to, but downstream from,
the inlets at the first (proximal) ends of the structured catalysts 1 and thus the enclosure 120
encapsulates the structured catalysts 1 proximal (near) to their respective inlets, extending
downstream away from the inlets. This is beneficial because it minimises voids/gaps for inlet gas to
bypass the structured catalysts 1. In some examples (not shown in figure 2a), the enclosure 120 is
substantially flush with the inlets to minimise gaps and/or may substantially surround the structured
catalysts 1 at their first ends / inlets to minimise gaps. In other examples, the support structure 110 is
located elsewhere along the structured catalysts 1, e.g. distal from the inlets, including upstream or
downstream of the inlets, more generally between the inlets and outlets, or proximal to the outlets at

the second (distal) ends of the structured catalysts 1.

More generally, in some examples, the support structure 110 preferably provides the gaseous seal
substantially at or proximal to the first ends / inlets of the structured catalysts 1, e.g. flush with or
downstream from the first ends / inlets, substantially sealing within the upper 30%, 25%, 20%, 15%,
10% or 5% of the total length of the structured catalysts 1, since the first ends operate at lower
temperatures than the second ends and hence the support structure 110 is then not exposed to such
high temperatures, nor does it constrain thermal expansion of the catalysts 1 at such high
temperatures, i.e. the structured catalysts 1 can expand freely axially (downwards) as they are
heated. Moreover, such an arrangement located substantially at or proximal to the first (proximal)
ends beneficially reduces possible void space for feed gas to circumvent the inlets. Furthermore,
such an arrangement located substantially at or proximal to the first (proximal) ends prevents gas
backflow from the spaces between the structured catalysts 1 as well as turbulence in the feed gas
flow created by such backflow. Furthermore, minimising the height h of the enclosure 120 is beneficial
to minimise weight of the enclosure 120 and to minimise restriction of axial expansion of the

structured catalysts 1.

Figure 2b is a schematic cross-section view of a vessel 200 comprising an assembly 100 comprising
multiple pairs of structured catalysts 1. A vessel or reactor may generally comprise one or more
assemblies 100, which may each comprise e.g. 2-500, 10-100 or 20-50 structured catalysts 1. As
shown in figure 2b, preferably, the support structure 110 extends and substantially seals between the
structured catalysts 1 and one or more walls 205 of the vessel, so as to minimize feed gas
circumventing the inlets, i.e. by travelling through any spaces between the catalysts 1 and the side
walls 205 of the vessel 200. The support structure 110 may comprise a single container 120 having
multiple openings for receiving the catalysts 1 (as shown), or multiple containers 120 between and/or

surrounding the structured catalysts 1.
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Figures 3a and 3b are schematic cross-sections view of the catalyst assembly 100 of figure 1
comprising a second support structure 110. Key differences to the arrangement of figures 2a and 2b

are highlighted here.

In figures 3a and 3b, the support structure 110 comprises a horizontal support member 130 having an
opening through which the structured catalysts 1 extend, and flexible sealing members 135 for
sealing the opening.

The opening(s) may take any suitable form, such as comprising through-apertures and/or
slots/recesses (e.g. recesses circumscribing through-apertures) and may generally, in some
examples, be sized to provide an interference fit with the structured catalysts 1 in use, particularly
both when not operating and when operating at the designed operating temperature(s) (e.g. up to
600, 800 or 1200 °C), so that the structure 110 supports the weight of the catalysts 1 and they are
securely suspended/hanging from the structure 110 and are able to undergo axial thermal expansion.
The materials for the support structure 110, including any flexible sealing member(s) 135, can be
chosen accordingly, noting that the flexible sealing member(s) 135 are electrically non-conducting
(insulating), preferably with a resistivity higher than 0.001 (10e-4) Qm, more preferably higher than
0.01, 0.1 or 1 (10e-3 to 10e-1) Qm. Minimising the thickness t of the member 130 (e.g. t <20 mm or <
10 mm) is beneficial to minimise weight and restriction of thermal expansion. Preferable materials

include steels, including stainless steels with chemical resistance according to the intended use.

The flexible sealing member 135 may comprise any suitable material or combination of materials for
assisting with sealing. In particular, the sealing member 135 may be compressible and/or be
ceramic- and/or silicone- based, which are particularly suited to the operating temperatures for this
application. Particular examples include the sealing member 135 comprising a gasket, an o-ring,
putty, rope and/or gland packing. In figure 3b, the sealing member 135 comprises a layered
sandwich comprising inner (lower) and outer (upper) layers of gland packing 135a with ceramic

sealing putty 135b in-between.

In figures 3a and 3b, the opening receives the U-shaped pair of structured catalysts 1 and the flexible
sealing members 135a, 135b circumscribe the opening (i.e. are disposed around the inner periphery
of the opening, lining the opening) to seal around the structured catalysts 1, thus the support member
130 does not have direct contact with the structured catalysts 1. The flexible sealing members 135a,
135b are also disposed between the structured catalysts 1. More generally, individual openings for
each structured catalyst 1 may be provided (as shown in figures 4a and 4b), and/or the flexible
sealing members 135 may be disposed around and/or circumscribing the or each opening (i.e.
layered above/below the opening, also shown in figures 4a and 4b, and/or disposed around the inner
periphery of the opening, lining the opening), to seal around and/or between the structured catalysts
1.
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As shown in figure 3b, the support structure 110 may also comprise a fitting 133, such as a sleeve or
lining, on/around the structured catalysts 1, where the flexible sealing member 135 seals between the
support member 130 and the fitting 133 (rather than directly between the support member 130 and
the structured catalysts 1). The fitting 133 may be thermally and/or electrically insulating, e.g.
comprising a ceramic, preferably having a thermal conductivity of < 20 W/(mK), more preferably < 1
W/(mK and/or preferably an electrical resistivity higher than 0.001 (10e-4) Qm, more preferably higher
than 0.01, 0.1 or 1 (10e-3 to 10e-1) Qm. Accordingly, the fitting 133 may comprise an electrically
insulating layer, electrically insulating the support structure 110 from the electrically conductive
material, and/or a thermally insulating layer, thermally insulating the support structure 110 from the
electrically conductive material which is heated by resistance. The fitting 133 may be secured to the
structured catalyst 1 by any suitable means, such as an interference fit around the structured catalyst

1 or complementary threads on the fitting 133 and the structured catalyst 1.

As shown in figure 3b, the support member 130 may comprise a protrusion 131 forming a recess or
slot 132 circumscribing one or more of the openings in the support member 130 for one or more of

the structured catalysts 1, the recess or slot 132 being suitable for at least partially receiving and/or
engaging one or more protrusions 134 of the fitting 133 and/or for at least partially receiving the

flexible sealing member 135 (i.e. in combination with the fitting 133 or without the fitting 133).

In figure 3b, the fitting 133 comprises 3 protrusions 134, with two protrusions 134 on the left-hand
side forming a (backwards) c-shaped recess for receiving the flexible member 135a on the left-hand
side, and a single protrusion 134 on the right-hand side forming a lip for receiving the flexible member
135a on the right-hand side. In other examples, any number, any shape and any combination of
recesses and protrusions may be provided on the support member 130, the catalyst 1 and the fitting
133.

Optionally, the support structure 110 may further comprise one or more fasteners 140 (not shown)
configured to compress the sealing member 135 in use, to enhance the seal. Any suitable fastener
140 may be used, including clamps and threaded fasteners such as bolts and tightening rings.
Additionally, the support structure 110 may further comprise bellows configured to permit thermal
expansion of the structured catalysts 1 in one or more axes. An example illustrating fasteners and a

bellows arrangement is discussed with reference to figures 4a and 4b.

Figures 4a and 4b are schematic cross-sections view of the catalyst assembly 100 of figure 1
comprising a third support structure 110. Key differences to the earlier arrangements are highlighted
here. In particular, compared to the arrangement of figures 3a and 3b, the arrangement of figures 4a
and 4b additionally comprises a fastener 140 for compressing the sealing members 135, a bellows
arrangement for permitting axial expansion of the structured catalysts 1, and a feed gas funnel 152.
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In figures 4a and 4b, the support structure 110 comprises a first, horizontal support member 130
having a pair of openings, each opening for receiving a second, vertical extension support member
150. The extension support members 150 of the support structure 110 each comprise an opening for
receiving an individual structured catalyst 1. For the inlet end of the left structured catalyst 1, the
extension support member 150 comprises bellows, which are shown in more detail in figure 4b, whilst
for the inlet end of the right structured catalyst 1, the extension support member 150 does not

comprise bellows.

The bellows permit axial thermal expansion of the structured catalysts 1. More generally, in some
examples, each end of the U-shaped pair may be received with or without bellows - although only one
extension support member 150 comprises bellows in figure 4b, other examples include the other or
both extension support members 150 comprising the bellows, arrangements comprising multiple
bellows and arrangements where the bellows receive multiple catalysts 1 e.g. wherein the extension

support member 150 comprises multiple openings for receiving the structured catalysts 1.

In figure 4b, the support structure 110 further comprises a pair of flexible sealing members 1354,
135b layered above and below the opening respectively, sandwiched between an insulating fitting
133 which circumscribes the opening. The flexible sealing members 135a, 135b and the fitting 133

may have the same functionality as described above with reference to figures 3a and 3b.

In the arrangement of figure 4b, the first support member 130 secures around the second extension
support members 150 which receive the structured catalysts 1. In figure 4b, the support structure 110
also comprises an optional fastener 140, configured to compress the sealing members 135, to
enhance the seal.

More generally, in some examples, the bellows arrangement may comprise any suitable combination
of the functionality of the fitting 133, the sealing members 135a, 135b and/or the fastener 140. For
example, a combined sleeve fitting 133 and sealing member 135 may be provided in the form of a
gasket or similar sealing member, e.g. having an |-shaped cross-section. In another example, the
bellows arrangement may be in the form of a flanged connector having apertures for the fastener 140
and comprise a non-electrically conducting and/or thermally insulating flexible body (e.g. comprising
nitrile rubber or mica), combining the sealing and insulating functionality of the fitting 133 and the

sealing members 135a, 135b.

In embodiments, the support structure 110 may generally, in some examples, be shaped to direct
feed gas flow to the inlets of the structured catalysts 1, e.g. by comprising one or more flow guide
members such as deflectors or funnels. Optionally, as shown in figure 4b, the assembly may

comprise an inlet tube 151 and/or a funnel 152 directing feed gas to the structured catalysts 1.
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Figure 5 is a schematic perspective view of the catalyst assembly 100 comprising a fourth support
structure 110, supporting a quadrant comprising two pairs of structured catalysts 1. The support
structure of figure 5 is similar to that of figures 2a and 2b, comprising a cylindrical open container 120
containing a castable material which has solidified around the quadrant of catalysts 1, encapsulating
them so that the container 120 completely surrounds the structured catalysts 1 proximal to their first
ends / inlets. The catalyst assembly 100 of figure 5 is modular and thus removable/replaceable as a
single unit - the container 120 of figure 5 comprises a flange 122 for removably securing the assembly
100 within a vessel (not shown), the vessel having walls with one or more apertures for receiving one
or more assemblies 100, which can be secured by fasteners through the fastener openings in the
flange 122.

Figure 5 also illustrates two conductors 3a for supplying power to the catalyst assembly 100, which
may be a DC or AC supply. There are two U-shaped pairs of structured catalysts 1 shown in the
assembly 100 figure 5, with the catalysts 1 in each pair being electrically connected together in the U-
shaped arrangement by a connector 2. A first conductor 3a connects to a first catalyst 1 of the first
pair; and a second conductor 3a connects to a catalyst 1 of the second pair, as shown. An n-shaped
conductor 3b is provided for transferring the power supply between the two U-shaped pairs of

catalysts 1, completing the circuit.

Figure 6 is a schematic perspective view of an optional filter arrangement for the inlets to the
structured catalysts 1 in a catalyst assembly 100. The filter arrangement of figure 6 comprises a filter
160 and a distributor 170 (see inset) for each inlet. In the example of figure 6, the filter 160
comprises a fine mesh, e.g. of mesh size substantially in the range of 50-1000 um, to remove
contaminants such as dust from the feed gas or vessel. In figure 6, the filter 160 extends across the
full cross-sectional area of each inlet and comprises a bulbous or hemispherical central portion, but
any other shape and configuration may be used in other examples. The filter 160 is preferably

removable, e.g. secured by fasteners.

The optional filter arrangement of figure 6 also comprises a distributor 170 across each inlet (see
inset - shown separately in figure 6, since the distributor 170 lies under the filter 160), for distributing
feed gas flow across the cross-section of the inlet. The distributor 170 beneficially assists in
distributing feed gas flow over the full cross-section of the macrostructures. In figure 6, the distributor
170 comprises a plate with apertures uniformly spaced across its surface, to distribute feed gas
accordingly. In other examples, the aperture distribution is configured to modify the flow distribution,
e.g. direct flow towards and/or away from particular regions, e.g. by varying the aperture sizes and/or
distribution across the plate. The aperture size for the distributor 170 is larger than the aperture size
of the mesh filter 160.

10
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Figure 6 also illustrates an optional connection sub-assembly which comprises a copper connector 32
having a fastener 165 in the form of bolts for a busbar connection, to provide power to the assembly
100.

Further preferred aspects of support structures 110 in accordance with the disclosure are now

described.

In some embodiments, the support structure 110 has an electrical resistance of > 1000 Ohm, > 10
kOhm, > 100 kOhm, or preferably > 1 MOhm, e.g. as measured between one of the structured

catalysts and an external grounded periphery (such as an outer metal wall) of the catalyst assembly.

The support structure 110 is also preferably highly heat resistant, e.g. operable in temperatures of up
to 600, 800 or 1200 °C, preferably operable at up to 800°C at or proximal to the first end (e.g. within
the upper 30%, 25%, 20%, 15%, 10% or 5% of the total length) and up to 1200°C at or proximal to
the second end (e.g. within the lower 30%, 25%, 20%, 15%, 10% or 5% of the total length), since
these are typical operating temperatures for catalysing an endothermic reaction of a feed gas being
converted to a product gas. Particularly suitable materials for the support structure 110 include
ceramics. Particular examples include castable refractory materials such as high alumina castables

(comprising calcium aluminates), more specifically a self-flowing high alumina castables.

The support structure 110 may also have a coefficient of thermal expansion substantially equal to or
smaller than a coefficient of thermal expansion of a circumferential (e.g. outer) wall of the structured
catalysts 1, so that the contact surfaces of the support structure 110 and the catalysts 1 expand at

similar rates, to minimize the risk of expansion fracture.

The catalyst assembly 100 may be implemented in a catalytic reactor for catalysing an endothermic
reaction of a feed gas, comprising one or more such assemblies 100. The reactor may further
comprise a shell housing the one or more assemblies 100, the shell comprising an inlet for receiving
feed gas and an outlet for product gas. The reactor may also comprise a thermal insulation layer
between the structured catalysts 1 and the shell (the thermal insulation layer preferably having a
thermal conductivity of < 20 W/(mK), more preferably < 1 WW/(mK)) and one (or more) connectors for
electrically connecting the one or more assemblies 100 to an external power supply, which may be
AC or DC, particularly a three-phase AC supply. The reactor may be used for any suitable reaction,
but particularly may be used for one or more endothermic reactions such as steam methane
reforming, hydrogen cyanide formation, methanol cracking, ammonia cracking, reverse water gas

shift and dehydrogenation.

A method of assembling a catalyst comprising two or more adjacent structured catalysts 1 for
catalysing an endothermic reaction of a feed gas being converted to a product gas is also envisaged,

comprising positioning the structured catalysts 1 in a support structure 110 (in accordance with any

11
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combination of the above disclosed features) and providing a gaseous seal between the structured
catalysts 1, to substantially prevent feed gas flow between the structured catalysts 1. The assembly
100 may be heat-treated in a gaseous atmosphere comprising one or more of nitrogen, oxygen,
hydrogen, argon and helium at a temperature of up to 600°C to cure any ceramic or castable material,

e.g. when using an enclosure 120 comprising a castable material 125.

In the context of the disclosure, an interference fit should be understood as a fastening between two
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tight-fitting parts, providing a connection which is held together by friction.

The various embodiments described herein are presented only to assist in understanding and
teaching the claimed features. These embodiments are provided as a representative sample of
embodiments only, and are not exhaustive and/or exclusive. It is to be understood that
advantages, embodiments, examples, functions, features, structures, and/or other aspects
described herein are not to be considered limitations on the scope of the invention as defined by
the claims or limitations on equivalents to the claims, and that other embodiments may be utilised
and modifications may be made without departing from the scope of the claimed invention.

Various embodiments of the invention may suitably comprise, consist of, or consist essentially of,
appropriate combinations of the disclosed elements, components, features, parts, steps, means,
etc., other than those specifically described herein. In addition, this disclosure may include other

inventions not presently claimed, but which may be claimed in future.

Protection may also be sought for any features disclosed in any one or more published

documents referenced herein in combination with the present disclosure.

Index to reference numerals

1 structured catalyst

2 connector

3 conductor / electrical circuit
12 additional connector

100 catalyst assembly

110 support structure

120 enclosure

122 flange

125 castable material

130 first support member

131 support member protrusion
132 support member recess
133 fitting

12
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134 fitting protrusion

135 sealing member

140 fastener

150 second (extension) support member
151 inlet tube

152 funnel

160 filter

165 busbar fastener

170 distributor

Particular features

1. A catalyst assembly comprising two or more adjacent structured catalysts for catalysing an
endothermic reaction of a feed gas being converted to a product gas, each structured catalyst
comprising a macroscopic structure, the macroscopic structure comprising an electrically conductive
material for resistance heating and supporting a catalytically active material, wherein:
the structured catalysts each extend longitudinally from a first end forming an inlet for feed
gas to a second end forming an outlet for product gas; and
the assembly comprises a support structure that is electrically insulated from the electrically
conductive material and provides a gaseous seal between the structured catalysts, to substantially
prevent feed gas flow therebetween, and wherein the support structure is selected from the group
consisting of
e a support structure comprising a container or enclosure containing a castable material
between and/or surrounding the structured catalysts, and
e a support structure comprising a support member having one or more openings for receiving
the structured catalysts, and a flexible sealing member disposed around and/or

circumscribing the openings.

2. The assembly of clause 1, wherein the support structure encapsulates the structured

catalysts, preferably around their respective inlets.

3. The assembly of clause 1 or 2, wherein:

the container or enclosure comprises a metallic or ceramic outer wall containing the castable
material; and/or

the container or enclosure comprises a metallic or ceramic inner wall around each structured
catalyst; and/or

the castable material comprises a flowable material comprising a ceramic and is configured to

subsequently harden.

13
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4. The assembly of clause 1 or 2, wherein:
the sealing member is compressible; and/or
the sealing member comprises a ceramic- and/or silicone- based sealing member; and/or
the sealing member comprises one or more of: a gasket, an o-ring, putty, rope and/or gland
packing.

5. The assembly of clause 1, 2 or 4, wherein:

the support member comprises recesses circumscribing the openings for the structured
catalysts, the recesses being configured to receive the sealing member; and/or

the support structure comprises a fastener configured to compress the sealing member;
and/or

the support structure comprises bellows configured to permit thermal expansion of the

structured catalysts in one or more axes.

6. The assembly of any preceding clause, wherein the support structure:

is shaped to direct feed gas flow to the inlets; and/or

is configured to at least partially fill at least some of any space(s) between the adjacent
structured catalysts; and/or

provides the gaseous seal substantially at or proximal to the first ends of the structured
catalysts; and/or

has an electrical resistance of > 1000 Ohm, > 10 kOhm, > 100 kOhm, or preferably > 1
MOhm:; and/or

comprises an electrically insulating layer, electrically insulating the support structure from the
electrically conductive material; and/or

is heat resistant, operable in temperatures of up to 600, 800 or 1200 °C, preferably operable
at up to 800°C at or proximal to the first end and/or up to 1200°C at or proximal to the second end;
and/or

has a coefficient of thermal expansion substantially equal to or smaller than a coefficient of
thermal expansion of a circumferential wall of the structured catalysts; and/or

provides an interference fit, securing the structured catalysts.

7. The assembly of any preceding clause, wherein the macroscopic structures:
comprise a circumferential wall encircling an internal space; and/or
comprise one or more internal walls forming a plurality of flow channels from the first end to
the second end; and/or
are substantially circular or rectangular in a cross-section, perpendicular to the longitudinal
direction.

8. The assembly of any preceding clause, comprising one or more pairs of first and second

structured catalysts wherein the first and second structured catalysts in each pair are electrically
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connected together substantially at or proximal to their second ends, to provide an electrical current
flow path from the first end of the first structured catalyst through the first and the second structured

catalysts, to the first end of the second structured catalyst.

9. The assembly of clause 8 comprising at least two pairs of structured catalysts, wherein:

the first structured catalyst of a first pair is electrically connected substantially at its first end to
a second structured catalyst of a second pair or to a conductor, and

the second structured catalyst of the first pair is electrically connected substantially at its first

end to a first structured catalyst of the second pair or to a conductor.

10. The assembly of any preceding clause, further comprising:
a filter across one or more of the inlets, for filtering feed gas; and/or
a distributor across one or more of the inlets, for distributing feed gas flow across the cross-

section of the inlets.

11. A vessel comprising one or more of the assemblies according to any preceding clause,
wherein the support structure extends and substantially seals between the structured catalysts and

one or more walls of the vessel.

12. A catalytic reactor for catalysing an endothermic reaction of a feed gas, comprising:
one or more assemblies or the vessel according to any preceding clause;
a shell housing the one or more assemblies, the shell comprising an inlet for receiving feed
gas and an outlet for product gas;
a thermal insulation layer between the structured catalysts and the shell; and
one or more connectors for electrically connecting the one or more assemblies to an external

power supply.

13. Use of the catalyst assembly, the vessel or the catalytic reactor of any preceding clause in an
endothermic reaction, the reaction optionally comprising one or more of: steam methane reforming,
hydrogen cyanide formation, methanol cracking, ammonia cracking, reverse water gas shift and
dehydrogenation.

14. A method of assembling a catalyst comprising two or more adjacent structured catalysts for
catalysing an endothermic reaction of a feed gas being converted to a product gas, each structured
catalyst comprising a macroscopic structure, the macroscopic structure comprising an electrically
conductive material for heating by resistance and supporting a catalytically active material, the
method comprising:

positioning the structured catalysts in a support structure; and

providing a gaseous seal between the structured catalysts, to substantially prevent feed gas

flow therebetween.

15
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15. The method according to clause 14, where the assembly is heat treated in a gaseous
atmosphere comprising one or more of nitrogen, oxygen, hydrogen, argon and helium at a

temperature of up to 600°C.
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CLAIMS

1. A catalyst assembly comprising two or more adjacent structured catalysts for catalysing an
endothermic reaction of a feed gas being converted to a product gas, each structured catalyst
comprising a macroscopic structure, the macroscopic structure comprising an electrically conductive
material for resistance heating and supporting a catalytically active material, wherein:
the structured catalysts each extend longitudinally from a first end forming an inlet for feed
gas to a second end forming an outlet for product gas; and
the assembly comprises a support structure that is electrically insulated from the electrically
conductive material and provides a gaseous seal between the structured catalysts, to substantially
prevent feed gas flow therebetween, and wherein the support structure is selected from the group
consisting of
e a support structure comprising a container or enclosure containing a castable material
between and/or surrounding the structured catalysts, and
e a support structure comprising a support member having one or more openings for receiving
the structured catalysts, and a flexible sealing member disposed around and/or

circumscribing the openings.

2. The assembly of claim 1, wherein the support structure encapsulates the structured catalysts,

preferably around their respective inlets.

3. The assembly of claim 1 or 2, wherein:

the container or enclosure comprises a metallic or ceramic outer wall containing the castable
material; and/or

the container or enclosure comprises a metallic or ceramic inner wall around each structured
catalyst; and/or

the castable material comprises a flowable material comprising a ceramic and is configured to

subsequently harden.

4. The assembly of claim 1 or 2, wherein:
the sealing member is compressible; and/or
the sealing member comprises a ceramic- and/or silicone- based sealing member; and/or
the sealing member comprises one or more of: a gasket, an o-ring, putty, rope and/or gland

packing.

5. The assembly of claim 1, 2 or 4, wherein:

the support member comprises recesses circumscribing the openings for the structured
catalysts, the recesses being configured to receive the sealing member; and/or

the support structure comprises a fastener configured to compress the sealing member,

and/or
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the support structure comprises bellows configured to permit thermal expansion of the

structured catalysts in one or more axes.

6. The assembly of any preceding claim, wherein the support structure:

is shaped to direct feed gas flow to the inlets; and/or

is configured to at least partially fill at least some of any space(s) between the adjacent
structured catalysts; and/or

provides the gaseous seal substantially at or proximal to the first ends of the structured
catalysts; and/or

has an electrical resistance of > 1000 Ohm, > 10 kOhm, > 100 kOhm, or preferably > 1
MOhm; and/or

comprises an electrically insulating layer, electrically insulating the support structure from the
electrically conductive material; and/or

is heat resistant, operable in temperatures of up to 600, 800 or 1200 °C, preferably operable
at up to 800°C at or proximal to the first end and/or up to 1200°C at or proximal to the second end;
and/or

has a coefficient of thermal expansion substantially equal to or smaller than a coefficient of
thermal expansion of a circumferential wall of the structured catalysts; and/or

provides an interference fit, securing the structured catalysts.

7. The assembly of any preceding claim, wherein the macroscopic structures:

comprise a circumferential wall encircling an internal space; and/or

comprise one or more internal walls forming a plurality of flow channels from the first end to
the second end; and/or

are substantially circular or rectangular in a cross-section, perpendicular to the longitudinal

direction.

8. The assembly of any preceding claim, comprising one or more pairs of first and second
structured catalysts wherein the first and second structured catalysts in each pair are electrically
connected together substantially at or proximal to their second ends, to provide an electrical current
flow path from the first end of the first structured catalyst through the first and the second structured

catalysts, to the first end of the second structured catalyst.

9. The assembly of claim 8 comprising at least two pairs of structured catalysts comprising a first
pair, a second pair and optionally one or more intermediate pairs, wherein:

the first structured catalyst of the first pair is electrically connected substantially at its first end
to a conductor, and

the second structured catalyst of the first pair is electrically connected substantially at its first
end to the first structured catalyst of the second pair or the intermediate pair,
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the second structured catalyst of the intermediate pair, if present, is electrically connected
substantially at its first end to the first structured catalyst of the second pair, and
the second structured catalyst of the second pair is electrically connected substantially at its

first end to a conductor.

10. The assembly of any preceding claim, further comprising:
a filter across one or more of the inlets, for filtering feed gas; and/or
a distributor across one or more of the inlets, for distributing feed gas flow across the cross-

section of the inlets.

11. A vessel comprising one or more of the assemblies according to any preceding claim,
wherein the support structure extends and substantially seals between the structured catalysts and

one or more walls of the vessel.

12. A catalytic reactor for catalysing an endothermic reaction of a feed gas, comprising:
one or more assemblies or the vessel according to any preceding claim;
a shell housing the one or more assembilies, the shell comprising an inlet for receiving feed
gas and an outlet for product gas;
a thermal insulation layer between the structured catalysts and the shell; and
one or more connectors for electrically connecting the one or more assemblies to an external

power supply.

13. Use of the catalyst assembly, the vessel or the catalytic reactor of any preceding claim in an
endothermic reaction, the reaction optionally comprising one or more of: steam methane reforming,
hydrogen cyanide formation, methanol cracking, ammonia cracking, reverse water gas shift and

dehydrogenation.

14. A method of assembling a catalyst comprising two or more adjacent structured catalysts for
catalysing an endothermic reaction of a feed gas being converted to a product gas, each structured
catalyst comprising a macroscopic structure, the macroscopic structure comprising an electrically
conductive material for heating by resistance and supporting a catalytically active material, the
method comprising:

positioning the structured catalysts in a support structure; and

providing a gaseous seal between the structured catalysts, to substantially prevent feed gas
flow therebetween,

optionally, heat treating the assembly in a gaseous atmosphere comprising one or more of

nitrogen, oxygen, hydrogen, argon and helium at a temperature of up to 600°C.
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