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(57) Abrégé/Abstract:

A catalytic synthesis reactor is described, said reactor comprising a catalytic bed with an annular cylindrical shape delimited by a
gas inlet header and a gas outlet header, wherein at least one of said headers has a multiple-wall structure comprising an outer
perforated plate (1) having a load-bearing function, an expanded metal plate (2) acting as a spacing element, and a thin micro-
perforated plate (3) facing the catalyst and having a catalyst’s retaining function.
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Abstract:

A catalytic synthesis reactor is described, said reactor comprising a catalytic bed with an annular
cylindrical shape delimited by a gas inlet header and a gas outlet header, wherein at least one of said
headers has a multiple-wall structure comprising an outer perforated plate (1) having a load-bearing
function, an expanded metal plate (2) acting as a spacing element, and a thin micro-perforated plate
(3) facing the catalyst and having a catalyst’s retaining function.
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Catalytic synthesis reactor

DESCRIPTION

Filed of application

The present invention relates to the technical field of catalytic synthesis
5 reactors, for reactions that occur in the gaseous phase, comprising a

catalytic bed with an essentially annular cylindrical shape.
Prior art

The type of reactors hereinafter considered are widely used in the chemical
industry. Well known examples are represented by ammonia, methanol and

10 water gas shift reactors.

These reactors require an inlet header and an outlet header that are
arranged to delimit the annular catalytic bed and respectively to distribute

and collect the gas flow into/from the catalytic bed.

Said headers are essentially in the form of coaxially arranged cylindrical

15 structures and may have a single wall or multiple walls. The making of said
headers is a challenging task because the headers must comply with
conflicting requirements and, additionally, must be realized at an acceptable
manufacturing cost. The following is a brief explanation of the main
problems faced by the designer of such headers.

20 The headers must obvicusly be gas-permeabile, but at the same time, they
must retain the catalyst, which is normally in the form of particles or
granules; the gas-permeability is achieved through holes or openings that
must be designed to take into account these two opposite requirements. It
can be understood that the smaller is the catalyst (i.e. formed by particles

25 of a small size), more challenging will be to reconcile these two functions.
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The headers must have an adequate flow-through area for the gas
discharge to prevent too high flow velocity (risk of fluidisation of the catalyst)
and to prevent unacceptable head losses. The number, the size and the

distribution of the holes must take these requirements into account.

5 Additionally, the headers must be able to provide a mechanical support to
the catalytic mass, in particular they must withstand the thrust of the
catalyst, resulting from its own weight, the forces generated by the different
thermal expansion of the catalyst and the containment walls, and the thrust

caused by the gas flow.

10 A further requirement is the resistance to clogging. Clogging occurs when
the holes become obstructed by the catalyst particles. The header's wall in
direct contact with the catalyst is particularly exposed to such risk. Clogging
causes greater pressure losses, uneven gas flows distributions, increase
risk of fluidisation of the catalyst bed and ultimately increased risk of

15 structural failure of the wall.

It should be noted that even a local failure of the header results in a loss of
catalyst and severe damage to the reactor. Commonly, the structural failure
of a header leads to an unwanted shutdown of the plant, with important

economic losses.

20 The aforementioned problems are more felt by the inner header, which has
a lateral surface typically about one-third of that of the outer header.
Moreover, in the standard inward-flow reactor configurations the inner
header represents the outer gas collector and is more exposed to the risk
of clogging owing to the direction of the gas, which tends to convey the

25 catalyst particles towards the outer collector's wall.

A further issue cbserved in the ammonia reactors is caused by the nitriding,
which may lead to stainless steel’s embrittlement. The embrittlement arose

by the absorption of atomic nitrogen in the steel's ferritic phase, leading to
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the precipitation of very hard nitrides that distort the crystal lattice.

Materials substantially immune to nitriding are known, for examples the
nickel-chromium alloys (Inconel) however, they are expensive. The use of
nickel-based alloys in addition to increasing costs introduces the problem of
5 making welded connections with austenitic steel components.
Heterogeneous welds pose serious issues of reliability due to the different
metallurgical composition and to the dissimilar thermal expansion of the
materials. These problems are accentuated at high temperatures and in
particular in the presence of nitriding or hydrogen attack. Heterogeneous
10 welds between the nickel-base alloys and the stainless steel may result in
a fragile fracture owing to the thermally stressed caused by the different

thermal expansion coefficients of said materials.

The use of expensive alloys can be proposed to manufacture the catalyst-
retaining walls (i.e. walls in direct contact with the catalyst), which, with the
15 adoption of special precautions, can be made with a small thickness and via
a punching procedure which is less costly compared to the traditional
machining methods. As known, the punching process requires that the
thickness of the metal sheet must not be greater than the diameter of the
holes to be made consequently, the punching process is generally

20 applicable to thin perforated walls.

However, if the catalyst-retaining walls are made with a small thickness,
said walls would not be able to oppose the thrusts exerted by the catalytic
bed and therefore it is necessary to provide load-bearing walls having a
greater thickness. The prior art considers making the joint between the
25 catalyst-retaining walls and the load-bearing walls by welding. Assuming to
realise the catalyst-retaining walls using a high-performance alloy and the
load-bearing walls using a less expensive material, i.e. ordinary austenitic
steel, the aforementioned issues of reliability of the heterogeneous welds

are still present due to the different thermal expansion of the two alloys
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which may lead to the fracture of the welded joint. Furthermore, It is only
possible to compensate for the difference in thermal expansion between two
dissimilar joints in a concentrated area using non-welded joints, for example
by means of adequate clearances. Essentially, in the presence of welded
5 joints, it is necessary to manufacture also the load-bearing walls using high-
quality materials. Unfortunately, the consequent increase in costs would be

unacceptable.

While not being exhaustive, the considerations illustrated above provide an
idea of the problematics encountered by the design engineers during the
10 header's design stage for catalytic reactors herein considered; these
problematics are particularly felt when the catalyst has a fine particle size or
fine granulometry. It should be noted that a fine catalyst is considered to be
advantageous for the synthesis process: therefore, in the art, there is a
desire to find new suitable headers or collectors which are reliable and

15 cheap to be manufactured.

In the prior art, the headers' manufacturing design is oriented towards the
solution, which provides a metallic mesh associated with a supporting
element. This solution, however, is not entirely satisfactory because the
metallic mesh is a thin element that is subject to tearing or rupture. This
20 drawback is particularly exacerbated in the presence of fine catalysts. In
order to retain a fine catalyst, it should be noted that it is necessary to
employ a mesh which is also very fine, and therefore made with a metal wire
having a small diameter as such not very strong, in addition being very
problematic to be welded. For these reasons, wire mesh-based collectors

25 are unsuitable for retaining a fine catalyst.

EP2014356 discloses a header with a double-wall structure in which the
walll facing the catalyst is provided with openings for the gas in the form of
elongated slits instead of circular holes. These slits are also referred to as

"slots" and the perforated metal wall provided with slits is consequently
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referred to as a "slotted" plate.

Said constructional design provided with slits or slots has proved to be
satisfactory in many applications, but it cannot be easily adapted to retain
fine catalysts. To reduce the unitary dimension of the slots, while
5 maintaining a similar gas flow cross-secticn area, it would be necessary to
provide a very large number of slots closely arranged to each other. This
construction design is quite complex to be realised in practices and will
result in a too weak structure. It should be noted that a slotted plate has an
anisotropic behaviour due to the orientation of the slots as such it is
10 intrinsically less resistant than a plate or wall having circular holes, at parity
of perforated surface area. Increasing the number of slots increases this

drawback.

Basically, the known solutions are not easily "scalable" for use with a fine
catalyst. The apparent solution of providing a mesh or a slotted wall having

15 smaller openings introduce a series of additional problems and, in practice,
it was proven difficult to be followed.

Therefore, it is highly desirable to design a header that can retain fine
catalysts, inexpensive to be manufactured and that does not suffer from the
aforementioned problems. This desire has not yet found an adequate

20 response.

Regarding the ammonia synthesis reactors, which represent a preferred
application of the present invention, the following features may be noted:
ammonia synthesis catalysts typically have particles in the form of flakes
that therefore have one of the three spatial dimensions smaller than the
25 other two. The particle size of the catalyst conventionally is represented by
an equivalent diameter, which is determined by means of a screening
process, i.e. a diameter of a spherical particle having the same permeability

as a catalyst particle.
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In most applications, the ammonia catalyst has a particle size of about 3.0
mm; however, there is a growing interest in fine catalysts having a smaller
size, for example 1.5 mm or less. For the reasons illustrated above,
however, the use of a fine catalyst complicates and increases the

5 manufacturing cost the headers.

Summary of the invention

The invention aims to provide a structure for cylindrical headers used in
catalytic reactors which satisfies the following requirements: good structural
strength; adaptability to retain fine catalysts; suitability for being
10 manufactured at industrially acceptable costs; reliability over time; ability to
distribute the gas uniformly with head losses and gas speeds compatible
with the required operating conditions. Particularly, the invention addressed

the problem of how to contain fine catalysts at an acceptable cost.

The aims are reached with a reactor according to claim 1. Preferred

15 embodiments are disclosed in the dependent claims.

At least one of the inlet header and the outlet header has a multiple-wall
structure comprising a first perforated plate, a second perforated plate,
which is a micro-perforated plate, and an intermediate spacer wall. Said
intermediate wall is preferably an expanded metal plate or a coarse mesh.
20 The first perforated plate performs the function of load-bearing element of
the header, i.e. it withstands essentially mechanical stress (and provides, if
required, a homogeneous distribution of the gas flow along the entire
surface of the header); the micro-perforated plate faces the catalytic bed
and performs the function of retaining the catalyst particles; the intermediate
25 wall is sandwiched between the perforated plate and the micro-perforated
plate and acts substantially as a spacer element to create an equalisation

chamber and to uniformly support the micro-perforated plate.

The invention offers the following advantages.
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The retention of the catalyst is essentially performed by the micro-perforated
plate, which may be manufactured, if necessary, using costly high-
performance materials, such as nickel-chromium alloys. The related cost is
acceptable said micro-perforated plate does not need to provide a load-
5 bearing function and, consequently, can be manufactured with a small
thickness. Then the invention reduces the amount of expensive high-grade
material, which is only used to manufacture the crucial element in direct
contact with the catalyst. Additionally, the micro-perforated plate may be
configured to retain a very fine catalyst without complicating the

10 manufacturing process.

The mechanical strength of a micro-perforated plate is considerably higher
than the strength of a prior-art thin net having comparable openings,
because the micro-perforated plate reacts to the mechanical stress like a
sheet (i.e. a metal plate) whereas the mechanical strength of a thin net is

15 the result of the sum of the resistances of the single wire components.

The first perforated plate provides the load-bearing function and must have
an adequate thickness to perform the above-mentioned task. Since it is not
in direct contact with the catalyst, however, said perforated plate may be
fabricated using conventional technology and material, such as stainless
20 steel. Moreover, the perforated plate can have holes greater than the
catalyst particles because the catalyst is retained by the micro-perforated
plate. Making the thick load-bearing plate with relatively large holes is less

expensive.

The intermediate wall acts as a spacer and creates an equalisation chamber
25 to ensure a uniform distribution of the gas and a uniform support of the
micro-perforated plate. To this purpose said intermediate wall has
preferably a high void-to-solid ratio. Various low-cost elements are available
to satisfy this requirement. In a preferred embodiment, the intermediate wall

is made using an expanded metal sheet. An expanded metal sheet has a
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mesh pattern and preferably said mesh is square, rhomboidal, hexagonal

or of other shapes.

A fundamental advantage of the invention lies in the multiple-wall structure
where each component performs a specific task. Each of the three walls
5 can be made with a material, thickness and specific features tailored to the
function, i.e. load-bearing function, gas equalisation function and catalyst
retaining function. In this sense, the invention ensures an optimal use of the
resources, for example by concentrating the use of the more expensive

material only where necessary.

10 Description of the invention

The micro-perforated plate and the first perforated plate (or load-bearing
perforated plate) are permeable to the passage of the reaction gases by
means of holes having a circular or substantially circular shape or a regular
polygonal shape. For example in some embodiments the polygonal holes

15 may be square holes.

The characteristic size of the holes of the perforated plates denotes the
diameter of circular holes or double the apothem of regular polygonal holes.

The apothem denotes the radius of the inscribed circle of the polygon.

In the first perforated plate, the holes have a characteristic size equal to or
20 greater than a minimum size d1. In the micro-perforated plate, the holes
have a characteristic size not greater than a maximum size d2. Said second
size d2 is smaller than said first size d1 (d2<d1) so that the holes of the

micro-perforated plate are smaller than the holes of the first perforated plate.

The holes of said plates are arranged so that each hole of the first plate

25 faces a plurzality of smaller holes in the micro-perforated plate, to avoid the
formation of preferential gas paths between the first plate and the micro-
perforated plate.
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Both the first perforated plate and the micro-perforated plate have a suitable
distribution of holes. In an embodiment the plates have holes with a uniform
characteristic size, i.e. all the holes in the first perforated plate have a first
size and all the holes in the micro-perforated plate have a second size,
5 which is smaller than said first size. In other embodiments, the first
perforated plate may have a pattern of holes with a different size depending
on the location of the holes in the plate, to achieve a better distribution of
the flow. For example the holes may be smaller or larger depending on the
distance from a gas inlet. The micro-perforated plate generally has all holes

10 of the same size.

The size of the holes in the micro-perforated plate may be selected
depending on the size of the catalyst which is retained inside the catalytic
header. For example referring to a micro-perforated plate with circular holes,
a catalyst with a nominal particle size of 0.5 to 1.0 mm may be retained by
15 0.8 mm holes; 1.6 mm holes may retain a catalyst with particle size of 1.0
to 2.0 mm; a catalyst with a particle size of 2.0 to 3.0 mm may require holes

with a diameter of 3.2 mm.

The maximum size of the holes may be calculated as the minimum
dimension of the catalyst particles multiplied by a factor comprised between
20 1.5 and 1.8, preferably 1.6. The aforementioned dimension refers to a
nominal value; generally, a tolerance for example of +/- 0.2 mm is
considered. These values have been obtained by the applicant through

experimental tests.

The particle dimension denotes for example an equivalent diameter (if
25 referred to a non-spherical granule) or the diameter of an essentially
spherical granule. It should be noted that, typically, a micro-perforated plate
can retain a catalyst having non-spherical particles and a particle size
slightly larger than the holes in said plate. This is made possible because

the catalyst particles typically have a dimension (or two dimensions) larger
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than the nominal dimension. The nominal dimension is established within a
range; in this respect, in order to determine the appropriate dimension of
the holes in the micro-perforated plate, the minimum dimension of said

range is always considered.

5 The particle size of the catalyst may be represented by a mean diameter, if
expedient. Preferably said mean diameter is the Sauter mean diameter
(SMD) which is defined in the literature as the diameter of a sphere having
the same volume/surface ratio as the particle of interest. Accordingly the
SMD can be calculated as a function of the surface area and voclume of
10 particles. In presence of irregular particles, the mean value of interest can

be determined on the basis of a statistically relevant number of particles.

According to a particularly preferred embodiment, for the fine catalysts
exploited for the synthesis of ammonia, a micro-perforated plate having

holes with a characteristic size of 0.8 mm is preferred.

15 The holes of the load-bearing perforated plate are larger than the holes of
the micro-perforated plate. Typically, the characteristic size of the holes in
the perforated plate is greater than or equal to 2.5 mm. Generally, the load-
bearing perforated plates are 5 mm thick, and the distribution holes have a
minimum characteristic size of 5 mm, preferably comprised between 6 and

20 8 mm.

In a particularly preferred embodiment, the micro-perforated plate has a
thickness equal to the characteristic size of its holes. Similarly, the load-
bearing perforated plate may have a thickness equal to the characteristic
size of its holes in embodiments with holes of uniform size. The
25 manufacturing of a perforated plate having a thickness equal to at least the
characteristic size (e.g. diameter) of the holes can be performed via a

mechanical punching process which is fast and inexpensive.

In all embodiments described above, the preferred shape of holes is circular
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and in that case the term characteristic size denotes the diameter of the

holes.

The material used for the realisation of the micro-perfcrated plate may be
selected depending on its direct exposure to the catalyst and to the reaction
5 environment. In ammonia synthesis reactors, the micro-perforated plate is
advantageously manufactured using a nickel-chromium alloy to improve the
nitriding corrosion resistance. The preferred alloys, in this corrosive

environment, are Inconel 600 and Inconel 625.

The load-bearing perforated plate is not in direct contact with the catalyst

10 and has a bigger thickness than the micro-perforated plate, therefore may
be manufactured using conventional stainless steels such as AISI 321 or
AlSI 310.

The load-bearing plate and the micro-perforated plate are exposed to similar
temperature and to similar gas composition and may suffer surface
15 deterioration. The thicker load-bearing perforated plate, however, is able to
withstand a greater surface deterioration, expressed in absolute value, than
the micro-perforated plate. For this reason, the perforated plate may be

manufactured using less noble materials.

The load-bearing perforated plate for use in the industrial reactors for the
20 synthesis of ammonia or methanol synthesis has preferably a thickness
comprised between 3 and 8 mm, more preferably comprised between 4 and

6 mm.

Preferentially, the micro-perforated plate has holes equally distributed on its
surface, thus imparting an isotropic mechanical behaviour and a stress
25 increase localised in the proximity of the holes. The term isotropic
mechanical behaviour denotes that the plate reacts equally to forces having
different directions, contrary to plates of the prior art having a large number

of non-circular or non-regular openings which may determine a weaker
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reaction according to certain directions of stress.

The holes in the micro-perforated plate may be staggered with respect to
the holes in the perforated plate. The holes in the micro-perforated plate are
small and closely arranged, so that a plurality of holes (e.g. 5 or 6 haoles) in
5 the micro-perforated plate face a corresponding hole in the load-bearing
perforated plate. In this way, preferential paths of the gas flow are avoided,
the equalisation effect in the interspace between the two plates (where the
intermediate wall is inserted) is improved, the direct impact of the gas flow
on the catalyst is avoided, and the risk of fluidisation of the catalytic bed is

10 minimised.

The intermediate wall may be made with an expanded metal plate
preferably having a rhomboidal mesh, with the longer sides of the lozenges
parallel to the axis of the header, which also facilitates the calendering
process and minimises both the stresses and the irregularities due to the

15 polygonal shape of the expanded metal plate after calendering.

The intermediate wall has a void percentage preferably comprised between
40% and 90%. A high void percentage is preferable because it creates an
equalisation chamber. Said equalisation chamber serves to evenly
distribute the gas flow through the holes in the perforated plate over the
20 whole surface of the micro-perforated plate. If the micro-perforated plate is
laid directly against the perforated plate, the gas flow across the micro-
perforated plate would be limited to only the holes facing the holes in the
perforated plate. The expanded metal plate (intermediate wall) avoids this

drawback.

25 The expanded metal plate may be manufactured, for example, using AlSI
321 or AlSI 310 stainless steel. Ordinary AlSI 304 steel may also be used
for the inlet headers. The expanded metal plate may have a thickness for

example comprises between 1 and 5 mm, preferably between 1 and 3 mm
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and more preferably between 2 mm and 3 mm. In order tc obtain an
equalisation chamber with the highest possible void percentage, it is
preferable to select the thicknesses value close to the bottom limit value of

the aforementioned ranges.

5 In a particularly preferred embodiment the first perforated plate, the
expanded metal plate and the micro-perforated plate, before being inserted
into the catalytic synthesis reactor, are subjected to a calendering process.
Preferably, the plates are calendered separately and then are joined
together (for example mounted on top of one another) so as to form the

10 catalytic header.

Alternatively, in another embodiment of the present invention, the plates
may be calendered simultaneously with the aid of rollers and support beams
or surrounding ribs which are arranged between the plates during

calendering.

15 Preferably, the joining between the calendered plates is obtained by means
of welded or bolted joints which may be disassembled. The perforated (load-
bearing) plate has longitudinal welded joints to form the cylinder after
calendering.

Concerning the joints between the walls, which comprises the header, an
20 advantageous characteristic of the invention is that the formation of said
joints does not require welding. Preferably, the micro-perforated plate is not
welded to the perforated plate but fixed using bolted joints or clamps. These
joints are advantageously configured so that the load acting on the joint is
distributed uniformly over the whole perimeter of the micro-perforated plate
25 and locking in position occurs by means of the abutment. The intermediate
plate made for example of an expanded metal sheet may be inserted in the
cavity between the perforated plate and the micro-perforated plate without

requiring joints. The forces acting on the micro-perforated plate are
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transmitted to the load-bearing perforated plate via said intermediate wall.

The use of bolted joints that can be disassembled is particularly
advantageous when the header uses dissimilar materials since it avoids
heterogeneous welds. This is particularly advantageous when the
5 perforated plate is made of stainless steel and the micro-perforated plate is
made of nickel-chromium alloy, and they are then joined together. In fact,
the weld between said two plates is problematic due to the different

metallographic structure of the two materials and due to different thickness.

In one embodiment, the micro-perforated plate has a circumferential
10 anchoring to the load-bearing plate, in which the edge of the micro-
perforated plate is folded around a rod so as to form an edge ring with an
increased thickness along which the micro-perforated plate is folded back
on itself and where the plate folded around the rod forming an edge cord.
Said edge region is clamped against the load-bearing plate by means of a
15 bolted connection positioned underneath the cord so that the cord forms an

axially retaining element of the micro-perforated plate.

The micro-perforated plate may be anchored to the load-bearing perforated
plate by means of a sliding connection configured to allow sliding, in the
axial direction, of the micro-perforated plate with respect to the perforated
20 plate. Such a sliding connection is useful to compensate for the different

thermal expansion.

The headers may be pre-assembled outside of the synthesis reactor and

introduced inside it through suitable manhole openings.

The header structure above described may be applied to one of the headers
25 or both of them. Preferably, the reactor is configured so that the inlet and
outlet headers are crossed by a gas flow of reactant and/or product directed

radially or having an axial-radial direction.
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Description of the figures

Fig. 1 represents schematically in section a reactor according to an

embodiment of the invention.

Fig. 2 shows two variants (a) and (b) of the header having a sliding joint
5 between the micro-perforated plate wall and the perforated load-bearing

wall.

Fig. 3 shows an embodiment of a removable bolted joint for anchoring the

micro-perforated wall to the load-bearing wall.
Fig. 4 shows an example of execution of a circumferential joint.
10 Figs. 5 and 6 show an example of execution of a longitudinal joint.

Fig. 1 shows in schematic a catalytic synthesis reactor 10 comprising a
substantially cylindrical-shaped vessel 14, a gas inlet 16 and a gas outlet
17. The reactor further comprises a catalytic bed 4 with an annular
cylindrical shape delimited by an inlet header 11 and an outlet header 12.
15 In the centre of the reactor there is a gas collection duct 18 communicating
with the gas outlet 17. The reactor 10 is essentially symmetrical with respect

to a vertical axis A-A.

A gaseous mixture entering the inlet 16 passes through the inlet header 11
with an essentially radial flow and reacts inside the catalytic bed 4. A flow
20 containing the reaction products is collected by the outlet header 12, passes
into the central duct 18 and, from here, leaves the reactor 10 through the

gas outlet 17.

As is evident to a person skilled in the art, Fig. 1 is a simplified diagram. In
industrial reactors, for example for ammonia synthesis, several catalytic
25 beds may be arranged in series, such that the effluent from one catalytic

bed may react further in a subsequent bed; inter-bed heat exchangers or

CA 03206918 2023-7-28



WO 2022/171644 PCT/EP2022/053063
16

also heat exchangers immersed in the catalyst for controlling the reaction
temperature can be provided. Said heat exchangers can use water or the
gas itself as heat exchange fluid. Moreover, the fresh incoming gas can flow
along the walls of the reactor so as to pre-heat itself and cool down the
5 reactor. These details are well-known to the person skilled in the art and a

description thereof is not necessary.

Moreover, it will be noted that Fig. 1 shows a diagram of a reactor essentially
having a radial inward flow, i.e. directed towards the axis A-A, but the
invention is equally applicable to reactors having a radial outward flow or

10 with a mixed axial/radial flow.

For the understanding of this embodiment of the invention it is useful to
briefly describe the headers 11 and 12 (Figs. 2 and 3).

The inlet header 11 and the outlet header 12 are essentially cylindrical
bodies with a multiple-wall structure that comprises an outer perforated

15 plate 1, an intermediate expanded metal plate 2 and inner micro-perforated
plate 3. The micro-perforated plate 3 faces the bed 4 and, consequently, is
intended to operate in direct contact with the catalyst 5.

The perforated plate 1 acts as a load-bearing element; the expanded metal
plate 2 acts as a spacer and creates a gas equalisation chamber; the micro-

20 perforated plate 3 acts as an element for retaining the catalyst 5.

In other embodiments, only one of the inlet header 11 and the outlet header
12 may have the structure described above, the other one being made using
conventional technique, for example a conventional perforated plate or
slotted plate.

25 Fig. 2 shows two embodiments (a) and (b) of sliding joints where the micro-
perforated plate 3 is held by a ring 20 welded directly onto the perforated
plate 1 (Fig. 2a) or by a ring 21 welded to an intermediate plate 22 (Fig. 2b),
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the latter being welded to the plate 1. In both cases the joint leaves a space
23 for free sliding of the micro-perferated plate 3. Moreover, in both cases,
welds between the micro-perforated plate 3 and the load-bearing plate 1 are
not necessary. The embodiment according to said Fig. 2 may be exploited
5 to compensate for expansion effects when the dilation effects are

particularly pronounced.

Fig. 3 shows an example of a removable bolted joint that can be
disassembled. The micro-perforated plate 3 has an edge folded around a
rod 24 so as to form a folded edge 25 and a region 26 along which the
10 micro-perforated plate is folded back on itself. Said region 26 of the plate 3
is clamped against the load-bearing plate 1 by means of a bolted connection
27 positioned underneath the edge 25 so that said edge 25 forms an axially
retaining element of the micro-perforated plate 3. Basically, the plate 3 is
hung from the edge 25 and the rod 24 having an even load distribution.

15 Fig. 3 also denotes one of the holes 15 of the load-bearing plate 1.

Fig. 4 (preferred configuration) shows a circumferential joint in which the
micro-perforated plate 3 has an edge 30 folded in a '"Z" shape. Laocking in
position of the micro-perforated plate 3 is carried out through the abutment
and the friction of said Z-shaped folded edge against the duly rounded

20 corners of a (lower) inner ring 31 and an (upper) outer ring 32.

Said inner ring 31 is shaped like a containment frame for the expanded
metal plate, is welded to the perforated plate 1 (weld 33) and has the same
thickness as the expanded metal plate 2. Said outer ring 32 is closed back
on itself by welding or bolting. The outer ring 32 is also anchored to the load-

25 bearing perforated plate 1.

The execution of Fig. 4 avoids heterogeneous welds, which are costly and
unreliable and allow to compensate for the expansion differences between

the perforated plate and the micro-perfarated plate through the clearance
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and the assembly tolerances.

To facilitate the calendering cperation of the micro-perforated plate with the
circumferential edges folded in a Z shape, it is advantageous to perform a
series of incisions in the Z-shaped folded zone of the edge 30 which

5 interrupt the continuity of said zone.

To realise longitudinal joints, it is possible to follow an execution
substantially similar to that shown in Fig. 4 or an overlap joint as shown, for

example, in the embodiments of Figs. 5-6.

The joint according to Fig. 5 comprises a vertical joint frame 50 and a
10 longitudinal weld 51. In the overlapping zone 52 (where the edges of the

micro-perforated plate 3 overlap) bolting or welding can be performed.

The joint according to Fig. 6 is essentially a variant of Fig. 5 which uses a
frame 60 and a weld 61, where the joint of the micro-perforated plate 3

comprises folded edges 62 bolted together with flat members 63.

15
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CLAIMS
1)  Catalytic synthesis reactor (10) comprising:
a catalytic bed (4) with an annular cylindrical shape;

an inlet header (11) and an outlet header (12) which are essentially
5 cylindrical shaped and are concentrically arranged so as to form an outer

wall and inner wall for delimiting and containing said catalytic bed;

said headers being gas-permeable so as to allow the distribution of a
gaseous flow containing reactants and the collection of a gaseous flow

containing reaction products respectively into and from the catalytic bed;

10 wherein at least one of said inlet header (11) and said outlet header (12)

comprises:

a first perforated plate (1) which forms an outer wall of the header opposite
to the catalytic bed and configured to act as a lcad-bearing structure of said

header;

15 a second perforated plate, which is termed micro-perforated plate (3) and

which forms an inner wall of the header facing the catalytic bed (4);

an intermediate gas-permeable wall (2) which is sandwiched between said
perforated plate (1) and said micro-perforated plate (3) and said
intermediate gas-permeable wall (2) acts substantially as a spacing element

20 between said perforated plate (1) and said micro-perforated plate (3),

wherein the first perforated plate (1) is perforated with holes all having a
characteristic size which is equal to or greater than a minimum size (d1) and
the micro-perforated plate (3) is perforated with holes all having a
characteristic size which is not greater than a maximum size (d2), said

25 maximum size (d2) being smaller than said minimum size (d1) so that the
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holes of the micro-perforated plate are smaller than the holes of the first

perforated plate,

wherein the holes of the first perforated plate and the holes of the micro-
perforated plate have a circular shape or a regular polygonal shape, wherein
5 said characteristic size is the diameter of circular holes or double the

apothem for polygonal holes,

and wherein the micro-perforated plate (3) is thinner than the perforated

plate (1), and

wherein the holes of said plates are arranged so that each hole of the first

10 plate faces a plurality of the smaller holes of the micro-perforated plate.

2) Reactor according to claim 1, wherein the first perforated plate has a pattern
of holes with a different characteristic size depending on the position on the

holes in the plate.

3) Reactor according to claim 2, wherein the thickness of the micro-perforated
15 plate is equal to said characteristic size of the holes of said micro-perforated

plate.

4) Reactor according to claim 2 or 3, wherein the thickness of the first
perforated plate is equal to said characteristic size of the holes of said first

perforated plate.

20 5) Reactor according to any one of the previous claims, wherein the holes in
the perforated plate and/or the holes in the micro-perforated plate are

manufactured by punching.

6) Reactor according to any one of the previous claims, wherein the micro-
perforated plate is made of an austenitic nickel-chromium alloy, preferably

25 Inconel 600 or Inconel 625.
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7) Reactor according to any one of the previous claims, wherein the first

perforated plate is made of stainless steel, preferably AISI 321 or AISI 310.

8) Reactor according to any one of the previous claims, wherein said first
perforated plate (1) has a thickness comprised between 3 and 8 mm, preferably

5 between 4 and 6 mm.

9) Reactor according to any one of the previous claims, wherein the

intermediate wall (2) is an expanded metal plate or a coarse mesh.

10) Reactor according to claim 9, wherein said expanded metal plate (2) is

made of stainless steel, preferably AlSI 321 or AISI 310.

10 11) Reactor according to claims 9 or 10, wherein said expanded metal plate (2)
has a void percentage preferably comprised between 30% and 90%, preferably
between 40% and 90%.

12) Reactor according to any one of the previous claims, wherein the micro-
perforated plate is anchored to the load-bearing perforated plate by means of

15 removable bolted joints.

13) Reactor according to any one of the previous claims, wherein the micro-
perforated plate (3) has a circumferential anchoring to the perforated load-
bearing plate (1), in which the edge of the micro-perforated plate is folded
around a rod (24) so as to form an edge ring (26) with a double thickness where

20 the micro-perforated plate (3) is folded back on itself, and said edge ring is
tightened against the load-bearing perforated plate by means of a bolted
connection located underneath the rod, so that the rod and the plate folded

around it form an axially retaining element of the micro-perforated plate.

14) Reactor according to any of the claims 1 to 12, wherein the micro-perforated
25 plate (3) has a peripheral edge (30) folded in a Z shape, which is in abutting
contact between an inner ring (31) and an outer ring (32) which are fixed to the

load-bearing plate (1) so as to form a circumferential joint.
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15) Reactor according to any one of the previous claims, wherein the micro-
perforated plate (3) is anchored to the load-bearing perforated plate (1) by
means of a sliding connection configured to allow sliding of the micro-perforated
plate in the axial direction with respect to the perforated plate in order to

5 compensate for the different thermal expansion.

16) Reactor according to any one of the previous claims, comprising a

longitudinal joint overlapping the micro-perforated plate.

17) Reactor according tc any one of the previous claims, wherein the catalytic

bed is made of catalytic particles, and said characteristic size of the holes of the

10 micro-perforated plate is equal to the minimum dimension of the catalyst
particles multiplied by a safety factor comprised between 1.5 and 1.8, preferably

equal to 1.6.

18) Reactor according to claim 16, wherein the catalyst comprises particles with

a nominal dimension ranging from 0.5 mm to 1.0 mm and said characteristic

15 size of the holes of the micro-perforated plate is 0.8 mm, or wherein the catalyst
comprises particles with a nominal dimension ranging from 1.0 mm to 2.0 mm

and said characteristic size of the holes of the micro-perforated plate is 1.6 mm.
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