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Chemical reactor with knitted wire mesh fabric as a holding device for particles

The present invention relates to a chemical reactor for heterogeneously catalysed reaction of a
fluid with an improved holding device for inert particles and/or catalyst particles through which
the fluid flows. It furthermore relates to a process for carrying out chemical reactions by means of

such a reactor and to the use of knitted wire mesh fabric in chemical reactors.

The hydrogenation of nitroaromatics to give the corresponding amines in a fixed bed reactor with
axial flow can be carried out in a multi-stage process under adiabatic reaction conditions. Such
hydrogenations proceed in periodic cycles, production cycles alternating with regeneration cycles

in which, for example, carbon-containing deposits are removed by burning off.

Reactors for such reactions typically have a cylindrical shape and are equipped with a slotted
screen which serves as a base for the fixed bed catalyst (Heterogeneous Catalysis in Industrial
Practice, 2nd ed. 1996, page 474). These slotted screens must carry the weight of the catalyst and

the additional load resulting from the pressure loss over the bulk catalyst.

Slotted screens such as are described, for example, in US 2,915,375 are often used in this context.
They comprise V-shaped wires arranged in parallel, which in their turn are supported again and
fixed so that slots result, the width of which is smaller than the particle size of the material to be
supported and which widen downwards, in order to lead away downwards any material which gets

between the wires and to avoid blocking of the slotted screen.

Due to the periodic operation of the reactors, the screen is subjected to thermal stresses which lead
to damage. This is the case in particular if exothermic reactions are carried out under adiabatic
conditions, that is to say the heat of reaction liberated is taken up by the reaction gas, so that large

Jjumps in temperature occur insider the reactor.

In these cases deformations in the V-shaped wires originally arranged in parallel can already occur
after a few production cycles, up to breaking off or tearing of individual wires. The repair of a
screen damaged in this way requires outlay and does not bring about permanent success. To
minimize these problems, the slotted screens are as a rule fixed to a supporting ring mounted in a

floating manner, which leaves a gap to the reactor wall in order to compensate thermal expansions.

Precisely in the case of larger reactors is an absolutely flat contact surface (support ring) to be
manufactured for this ring, if at all, only with considerable outlay. Furthermore, it is difficult to

manufacture exactly circular large reactors. As a consequence of these problems, a loss of catalyst



10

15

20

25

30

WO 2012/065969 PCT/EP2011/070101

-2

often occurs in the form of the catalyst trickling through damaged areas of the slotted screen or

through openings between the slotted screen and reactor wall or support ring.

The problems are intensified further by the use of ever smaller catalyst particles, which in general
display a higher efficiency but also trickle more easily through small defects. On the surface of the
bulk thrombus-shaped depressions arise due to loss of catalyst. The reaction gas then flows
preferentially through the regions with the depressions, so that a non-uniform gas flow develops,
up to bypassing of unreacted educt. The catalyst which has migrated to the reverse of the slotted

screen can furthermore cause damage to the apparatuses downstream of it.

In order to avoid passage of catalyst through to the other side of the slotted screen, the catalyst can
be mounted on a complex, multi-layered bulk of inert particles, the particle diameter in the layer
closest to the catalyst being somewhat greater than the particle diameter of the catalyst and then

increasing with each layer (Fixed-Bed Reactor Design and Diagnostics, 1990, Fig. 1.1, page 4).

By this means, quite large inert particles which cannot yet trickle through the screen at relatively
small defects initially lie on the slotted screen. Disadvantages of this solution are on the one hand
that a not inconsiderable part of the reactor is filled with inert material and is no longer available
for the actual catalyst, and on the other hand that the introduction of the various layers into the
reactor requires outlay. If the inert material is to be re-used when the reactor is filled again, this
requires a multi-stage sieving of the material removed from the reactor in order to separate the

particles of different sizes from one another.

It was therefore the object of the invention to provide a reactor in which passage of catalyst
through to the reverse of the support construction for the catalyst is prevented even in the event of
repeated thermal stress, wherein the support construction is to be inexpensive, the outlay on

maintenance is to be low and the filling of the reactor with bulk catalyst is to be simple.

The object is achieved according to the invention by a chemical reactor for the heterogeneously
catalysed reaction of a fluid, comprising a holding device for particles through which the fluid
flows, the side of the holding device lying upstream when viewed in the direction of flow of the
fluid comprising a knitted wire mesh fabric and the average clear mesh width of the knitted wire
fabric being smaller than the average particle size X493, which is determined by a sieve analysis

carried out with a vibratory sieving machine, as specified in DIN 66165 (version of April 1987).

Mesh fabrics are known, for example, from the textile and decorative goods industry. Quite

generally, a mesh fabric describes a flat structure in which a loop formed by means of a thread or
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several threads is looped into another loop, the "meshes” being formed. Woven fabrics in which
the flat structure is produced by crossing of two thread systems are to be distinguished from these.
Mesh fabric has a higher extensibility and elasticity than woven fabric. Mesh fabrics can be
divided into knitted, warp-knitted and coulier fabrics. In principle all three are suitable for carrying
out the present invention. However, knitted and/or coulier fabrics are particularly preferably
employed, since these are even more elastic than the warp-knitted fabrics (which are in any case
already elastic). In the present invention, a kwitted wire mesh fabric is employed, i.e. the mesh
fabric according to the invention is produced from wires and/or metal threads. In this context, the
term "knitted wire fabric" in the context of the present invention includes all types of mesh fabric,
that is to say alsc warp-knitted fabric. The knitted wire fabric is produced with wire processing
machines which are known per se, such as are usual, for example, for uses in the automobile
industry, process engineering and environmental engineering (e.g. wire knitting machines). Knitted
wire fabrics from DHD Technology, for example, are suitable for camrying out the present

invention.

The flexibility of the mesh fabric ensures that it is not damaged in pericdic operation at different
temperatures. At the same time, the 3-dimensional structure of the mesh fabric prevents too many

meshes from becoming blocked with particles and the gas flow from being impeded.

In the context of this invention, particles can be understood as meaning both catalyst particles
(e.g. a noble metal catalyst supported on aluminium oxide spheres) and inert particles (e.g.
aluminium oxide spheres). Particles which are at least essentially spherical, i.e. any of their
deviations from the ideal sphere geometry which are present are so small that in practice they
behave like ideal spheres, are preferably employed. In principle, however, the invention can also
be applied to asymmetrically shaped particles. The manufacturer's information serves as the first

indication of the average particle size.

For accurate determination of the average particle size, a "particle size analysis" is necessary. In
the context of this invention, this is effected by sieve analysis. In this context, according to the

invention the value based on weight ("xso3") is used as the average particle size.

For determination of the average particle size in the context of the present invention, a procedure
is thus now followed in which a representative sample of the particles to be supported is first
subjected to a sieve analysis and the result is evaluated on the basis of the weight. The sieve
analysis in this context is carried out using a vibratory sieving machine (e.g. model AS 200 digit
from Retsch), in which the analysis sieves are arranged one above the other with increasing mesh

width to form a sieve set. The choice of the analysis sieves (diameter and mesh width) primarily
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depends on the amount of material for sieving and the particle size distribution to be expected
(preliminary experiments may be necessary). The number of sieves and the graduations of the
nominal opening widths should be chosen such that as far as possible the entire particle spectrum
of the sample is divided into fractions. When carrying out the sieve analysis, it is to be ensured that
the maximum passage of sieved material (optimum sieving performance} is achieved. If necessary
(for example if new particles for which operating experience is not yet available, are to be
employed), suitable sieving times and amplitudes must be determined experimentally in
preliminary experiments. A first indication of the amplitude results from observation of the
movement of the material to be sieved. This should be neither too weak nor too intense. The
optimum sieving time is achieved when the weight passing through the sieve in one minute
changes by less than 0.1 % of the amount introduced (DIN 66165, version of April 1987). The

person skilled in the art is familiar with the methods only briefly outlined here.

The sieve analysis delivers as the result the particle size distribution of the particles measured. The
result is preferably presented in the form of a graph by plotting the weight content of the
individual fractions ("ps") in a bar chart and the cumulative sum curve ("Q;'") from the percentage
contents against the nominal sieve opening widths (x). The person skilled in the art can easily
calculate, either manually or preferably by computer-assisted evaluation programs, the average

particle size X503 (i.€. 50 % by weight of the particles are smaller than the corresponding value x).

If this first result indicates a sufficient homogeneity of the sample, the average particle size xsp3
determined in this way is the value required for carrying out the invention. In this connection, a
sufficient homogeneity is understood as meaning that the particle size distribution is monomodal,
and that in each case a maximum of 0.1 % by weight of all the particles lie in the range between %
Xs03 and % Xsq3 or in the range between 1% X503 and 1% X503, Furthermore, no particles should be
smaller than % Xsu3 or larger than 1% Xsq3. If this first result does not indicate a sufficient
homogeneity of the sample in the above sense, the particles to be supported are homogenized by
sieving on a large industrial scale, i.e. dust contents and fragments which can no longer be
employed, are separated off. This is carried out until the homogeneity requirements mentioned are

met,

The chemical reactor can be, for example, a fixed bed reactor with axial flow, such as is employed
in the hydrogenation of nitrobenzene to give aniline. The fluid to be reacted in the reactor can be

liguid, gaseous or supercritical. It can contain one reactant or a mixture of several reactants.

As will be explained later in more detail, the particles retained by the knitted wire mesh fabric can

be both catalyst particles and inert particles.
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The nature of the knitted wire mesh fabric is initially not specified further. It can be made of
single-filament or muiti-filament wire which has been knitted in any desired manner. The knitted
fabrics can thus contain, for example, up to 5 round, flat, smooth and/or corrugated threads.
Knitted materials can be, inter alia, steel, high-grade steel, such as 1.4571, copper, monel (2.4360)
or aluminium. In addition to knitted wire fabrics from flat bed knitting machines, it is also possible
to use, for example, two-layered knitted wire webs which are formed by collapsing knitted wire
tubes, which have been produced with circular knitting machines, with respect to a folding plane

running through the central axis of the knitted wire tubes.

According to the invention, the average clear mesh width of the knitted wire fabric is smaller than
the average particle size xsp; of the particles which are intended to be accommodated in the
holding device. This defines the internal distance (not the distance from wire middle to wire
middle) of two adjacent mesh arms at the point of the greatest extension of a mesh. Preferably, the
ratio between the mesh length, that is to say the distance between two adjacent mesh heads, and
mesh width is between 4 : 1 and 0.5 : 1, particularly preferably between 2 : 1 and 1 : 1. The
average clear mesh width then defines the average value of all the clear widths of individual
meshes of a knitted wire mesh fabric. The average clear mesh width is established by methods
known to the person skilled in the art (e.g. number, distance between and thickness of the needles
on the knitting head, number and thickness of the wires etc.) during production of the knitted wire
mesh fabric. The use of mesh fabric of non-uniform mesh width (i.e. differences in the mesh
widths which exceed normal production-related tolerances) is not preferred, but is also possible in
principle. In this case, the clear mesh width of the largest mesh is preferably smaller than the

average particle size Xsps.

In the simplest case, the holding device for particles can be formed by knitted wire mesh fabric
alone clamped in the reactor. However, it is preferable for the knitted wire mesh fabric to be
supported by a support, in order to withstand the mechanical stresses occurring. Both the support
and the knitted wire mesh fabric are then part of the holding device for particles. The catalyst bed

is formed from these together with catalyst particles.

The position of the knitted wire mesh fabric in the holding device for particles in the reactor
through which fluid flows results from the function of the mesh fabric of retaining particles. It is

therefore on the upstream side of the holding device.

In the reactor according to the invention, it is furthermore advantageous for it to be possible to use

a simple slotted screen as the support. The use of a slotted screen which requires outlay to produce
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is not necessary, and a simple grating can also likewise be used. The mesh fabric is laid on the

slotted screen or grating and fixed if necessary.

The mesh fabric laid on the grating now takes over the function of retaining the catalyst. As a
result, not only can damage to the slotted screen be tolerated, but the openings in the slotted screen

can be designed larger from the beginning.

This results in a further advantage: Due to the larger openings it is possible to increase the
thickness of the slotted screen or grating without blockages being feared. As a result, the rigidity of
the construction supporting the mesh fabric is in turn increased, so that higher amounts of catalyst
can be supported and higher pressure losses and the resulting loads can be managed. The bulk with
inert material can even be dispensed with, as a result of which higher amounts of catalyst can

again be employed.

Embodiments of the invention are described in the following, it being possible for the
embodiments to be combined freely with one another if the opposite does not clearly emerge from

the context.

In one embodiment of the reactor according to the invention, the average clear mesh width of the
knitted wire fabric is =20 % to =80 % of the average particle size x5 3. Preferably, this value is
=30 % to <60 % and more preferably =40 % to =50 %. In this manner, in particular, an
undesirable pressure loss during operation of the reactor due to particles trapped in the meshes is

prevented.

In a further embodiment of the reactor according to the invention, the extensibility of the knitted
wire mesh fabric under mechanical and/or thermal stress in the planar direction is =1 %,
preferably =2 %. The extensibility in the planar direction should not exceed 50 %, preferably
25 %, preferably 10 %. In this manner, it is ensured in particular that the mesh fabric adapts to the
thermal expansions of the reactor without incurring damage and without particles falling through

the meshes.

In a further embodiment of the reactor according to the invention, the wire diameter of the knitted
wire mesh fabric is =0.03 mm to <1 mm. Preferably, the diameter of the wire from which the
mesh fabric is knitted is 20.1 mm to <0.5 mm and more preferably =0.2 mm to <0.3 mm. In this
manner, it is ensured in particular that the wire has an adequate stability at a simultaneously low

weight and large area for passage of the fluid.
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In a further embodiment of the reactor according to the invention, the height of the knitted wire
mesh fabric in the holding device for particles is =3 mm to <100 mm. This can be achieved, for
example, by laying the mesh fabric with several folds on a support. Preferably, the height is =5
mm to =80 mm and more preferably =10 mm to <50 mm. Passage of particles through to the
downstream side of the mesh fabric is particularly reliably prevented in this way, and free channels

always remain for the fluid flowing through.

In a further embodiment of the reactor according to the invention, the knitted wire mesh fabric is a
knitted wire mesh fabric deformed by mechanical action, For this, the mesh fabric can be rolled, or
passed between two cylindrical rolls or toothed wheels. Mesh fabric deformed in this manner
either has a low height, in order to maximize the space available for catalyst in the reactor (rolled)
or acquires a more three-dimensional structure (by toothed wheels), so that a higher covering of
mesh fabric can be achieved with a low outlay on material. This then has a particularly low

pressure loss and a particularly low tendency towards blocking of the meshes.

In a further embodiment of the reactor according to the invention, the knitted wire mesh fabric is
arranged on a support and the support comprises continuous openings in the direction of flow of
the fluid. As already described, preferred supports are slotted screens and gratings. The support
can be mounted in a floating manner on a support ring on the inside of the reactor wall in order to

compensate the thermal expansion during operation.

Preferably, in this case knitted wire mesh fabric is additionally arranged between the support and
the wall of the reactor. By this means, a gap existing for the purpose of compensation for thermat
expansion is secured against passage of particles. Preferably, this knitted wire mesh fabric is a
metallic gasket of mesh fabric. It is favourable for it to be made of the same material as the mesh

fabric on the support.

In a particularly preferred embodiment of the reactor according to the invention, the knitted wire
mesh fabric additionally present between the support and the wall of the reactor is arranged in a U-
shaped form and an elastically pretensioned further knitted wire mesh fabric is incorporated in the

depression thereby formed. For example, this can be a metallic gasket of mesh fabric.

The arms of the "U" can each in itself or together be vertical, in order for example to fit the shape
of the reactor wall. However, it is also possible for the arms to at least partly take a horizontal
course. They can then lie on a slotted screen or grating. Further mesh fabric can then be laid on

this.
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The nature of the pretensioning can be either a compression or an elongation. Preferably, the
gasket is compressed before introduction, so that it then expands. The two sides of the "U"
standing up are then pressed on to the support and/or a support ring and on to the reactor wall. This
reliably and permanently avoids passage of inert or catalyst particles through any defects between
the support, support ring and reactor wall or contact surface of the support ring. The metallic
gasket in this context is elastically sprung and compensates on the one hand the accuracy of fit

between the slotted screen and reactor wall and on the other hand the changes in the width of the

gap between the siotted screen and reactor wall also during temperature changes.

In a further embodiment of the reactor according to the invention, catalyst particles are arranged
on the knitted wire mesh fabric in the holding device. Suitable catalysts are described, inter alia, in

EP 0 011 090 Al and include:

(a) 1 - 100 g/l of support of at least one metal of groups 8 to 12 of the periodic table of the

elements, and

(b) 0 - 100 g/1 of support of at least one transition metal of groups 4 to 6 and 12 of the periodic

table of the elements, and

(c) 0 - 100 g/] of support of at least one metal of the main group elements of groups 14 and 15 of

the periodic table of the elements
on an aluminium oxide support with a BET surface area of less than 20 m%/g.

In a further embodiment of the reactor according to the invention, a layer of particles which are
inert towards the fluid is arranged on the knitted wire mesh fabric in the holding device and
catalyst particles are arranged on this layer. Particles which are inert towards the fluid are
catalytically inactive and do not react with the fluid. If such particles lie as an intermediate layer

on the mesh fabric, it is possible to employ smaller and therefore more active catalyst particles.

The present invention also provides a process for reaction of a fluid, wherein the reaction is
carried out in a reactor according to the invention in the presence of heterogeneous catalyst
particles and the catalyst particles are arranged in the holding device for catalyst particles. The
case where an intermediate layer of inert particles is present in the catalyst bed is also included.
The advantage of the process according to the invention lies in particular in longer service lives

before renewed maintenance is necessary.
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In one embodiment of the process according to the invention, when the reaction has ended the
reactor continues to be heated at a temperature of from =200 °C to =400 °C in the presence of
oxygen. It has been found that reactors according to the invention also advantageously withstand

this burning off of carbon deposits.

In a further embodiment of the process according to the invention, the fluid comprises aromatic
nitro compounds and hydrogen. In particular, it can be the hydrogenation of nitrobenzene to give
aniline. The process according to the invention can be carried out for a longer time, before an

increased nitrobenzene content (nitrobenzene breakthrough) occurs in the end product.

In a further embodiment of the process according to the invention, the reaction is carried out
adiabatically. This process is described, for example, in EP 0 696 573 Al and EP 0 696 574 Al.
The process according to the invention advantageously withstands the jumps in temperature which

occur in adiabatic reactions.

An additional aspect of the present invention is the use of knitted wire mesh fabric as a holding
device for catalyst particles and/or inert particles in chemical reactions. For details and preferred
embodiments, to avoid repetitions reference is made to the explanations of the reactor according to

the invention.

The invention is illustrated further with the aid of the following drawings and examples, but

without being limited thereto. The figures show:

FIG. 1 achemical reactor according to the invention

FIG. 2 a further chemical reactor according to the invention
FIG. 3 a further chemical reactor according to the invention
FIG. 4 a further chemical reactor according to the invention
FIG. 5 a further chemical reactor according to the invention
FIG. 6 a further chemical reactor according to the invention
FIG 7 a detail of the reactor shown in FIG. 6

FIG. 1 shows a diagram of a cross-sectional view of a chemical reactor according to the invention

such as can be employed, for example, as a fixed bed reactor with axial flow for the hydrogenation
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of nitrobenzene to give aniline. In the drawing, the direction of flow of a reaction fluid runs

vertically from the top downwards.

A support ring 20 is constructed circumferentially on the inside of the reactor walls 10. A support
30 constructed as a slotted screen is mounted in a floating manner on this suppoit ring 20. The
slots 40 of this slotted screen widen when viewed in the direction of flow. The slotted screen can

be demarcated by a circumferential supporting ring.

Knitted wire mesh fabric 50 is present on the support 30, and in the gap between the support 30

and the reactor wall 10 additional knitted wire mesh fabric 60 is incorporated.

The holding device formed by the support 30 and the knitted wire mesh fabric 50, 60 can
accommodate catalyst particles in the region 70. The knitted wire mesh fabric 50 here is on the

side of the holding device lying upstream when viewed in the direction of flow of a reaction fluid.

FIG. 2 shows the same cross-sectional view of a chemical reactor as FIG. 1, with the difference that
catalyst particles 80 are now arranged on the knitted wire mesh fabric 50. The average clear mesh

width of the knitted wire mesh fabric 50 here is such that the catalyst particles 80 are retained.

FIG. 3 shows further embodiments of the chemical reactor described above in FIG. 1 and 2. Here,
additional knitted wire mesh fabric 60 is laid in a U-shaped manner in the gap between the support
30 and the reactor wall 10. Further, elastically pretensioned knitted wire mesh fabric 90, for
example a metallic gasket of mesh fabric, is laid in the depression thereby formed. The knitted

wire mesh fabric 60 is fixed by the pretensioning.

A layer of inert particles 100 is furthermore present between the layer of catalyst particles 80 and

the knitted wire mesh fabric 50.

FIG. 4 shows a device analogous to the reactor shown in FIG. 1, in which the knitted wire mesh
fabric 50 lying on the support 30 is in each case constructed continuously up to the reactor wall 10.
Additional knitted wire mesh fabric 60 of circular construction is arranged underneath this and
likewise seals the gap between the support 30 and reactor wall 10. This configuration has the
advantage that the layer of knitted wire mesh fabric 50 lying on top can be raised more easily for

maintenance and inspection purposes.

The arrangement in FIG. 5 corresponds to that in FIG. 4, with the difference that analogously to
FIG. 2, a layer of catalyst particles 80 has now been placed on the knitted wire mesh fabric 50.
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FIG. 6 shows a reactor analogous to FIG. 3, the catalyst particles 80 being arranged on a layer of
inert particles 100. The intermediate space between the support 30 and the reactor wall 10 is sealed
by the additional mesh fabric 60. This mesh fabric 60 is laid in a U-shaped manner, the side of the
"U" facing the reactor wall 10 being vertical and the other side of the "U" following the course of
the shape of the support 30, that is to say initially being vertical and then running further
horizontally on the support 30. The knitted wire mesh fabric 50 is then laid on this.

For a better overview, this course is shown in FIG. 7. This figure corresponds to FIG. 6, only the
reactor walls 10, the support ring 20, support 30, slots 40 and the additional mesh fabric 60 being
shown. An elastically pretensioned knitted wire mesh fabric 90 can again, as can be seen in FIG. 6,

be laid in the depression formed by the "U" of the additional mesh fabric 60.
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A reactor of high-grade steel which was charged with educts via a vaporizer served as an
experimental plant for the example reactions (hydrogenation of nitrobenzene to give aniline under
adiabatic reaction conditions). Nitrobenzene was pumped into the vaporizer from the top by means
of metering pumps. The hydrogen was passed from the bottom into the vaporizer, which was
heated to approx. 250 °C, such that it was possible for the nitrobenzene pumped in from the top to
vaporize in counter-current. The hydrogen supply was regulated by a mass flow regulator upstream
of the vaporizer. The experimental plant was operated under 4 bar and the reaction gas was

temperature-controlled at 240 °C in a heat exchanger before entry into the reactor.

A 400 mm high bulk of the catalyst was placed within the reaction tube. Details of the particular
structure of the support construction, which was renewed before each experiment, are to be found
in the corresponding example descriptions. After exit from the reactor, the reaction product was
cooled with water. The non-volatile constituents were condensed out in this way and separated
from the gaseous components in a downstream separator. The liquid constituents were led from the
separator into a product collecting tank and collected there. Upstream of the collecting tank was a
sampling point, at which it was possible to take samples of the product at regular intervals of time.
These were analysed for the presence of nitrobenzene by gas chromatography. When the
nitrobenzene content in the crude product exceeded 500 ppm, the reaction was ended and the

catalyst was regenerated.

In all the example experiments, the load was set at 1 Zuivobenzene/(Mlcanlys - 1) and the hydrogen :
nitrobenzene ratio was set at approx. 80 : 1. The catalyst was an aluminium oxide-supported metal
catalyst comprising 9 g/lyypon 0f Pd, 9 g/lsuppon 0f V, 3 g/lsuppen Of Pb on a-aluminium oxide (see
EP 0011 090 Al). The average particle size Xsp3 of catalyst particles and if necessary inert
particles was determined by means of sieve analysis. Sieves with nominal sieve opening widths of
1.25 mm, 1.4 mm, 1.6 mm, 1.7 mm and 1.8 mm ("small beads", catalyst particles, particle size
between 1 mm and 2 mm) or of 2.5 mm, 3.0 mm, 3.5 mm, 4.0 mm and 4.5 mm("large beads", inert
material, particle sizes between 3.0 mm and 5.0 mm) were employed in this context. The particular
xs03 values for the catalyst particles and inert particles were determined as 1.5 mm and 4 mm

respectively.

For carrying out the reaction, the reactor was in each case rendered inert with nifrogen and charged
with hydrogen at 240 °C over a period of 48 h. The nitrobenzene supply was then started and

increased to the abovementioned value over 5 hours.



10

15

20

25

WO 2012/065%69 PCT/EP2011/070101

-13-

For carrying out the regeneration, the reactor was again rendered inert with nitrogen, heafed to
270 °C and then charged with a stream of air in order to burn off coking deposits. This was carried
out until no further release of heat was to be detected and the CO, content in the exhaust gas

stream had fallen to less than 0.2 % (determined by IR photometry).

Eight cycles comprising reaction and regeneration were first conducted in each example, so that
the reactor and its contents were first heated up from the ambient temperature and were then
exposed to several temperature variations of between 200 and 500 °C. In the subsequent cycle
(called the test cycle in the following), the point in time of the nitrobenzene breakthrough was
recorded and after the regeneration the reactor was cooled to the ambient temperature and opened

for inspection.

Comparison Example C-1: (Euroslot slotted screen, catalyst)

In this example, an adiabatic hydrogenation of nitrobenzene to give aniline was carried out in a
reactor which was equipped with a self-supporting slotted screen for the catalyst bed. The V-
profile wire of the slotted screen had a width of 1.8 mm and a height of 3.7 mm and the slot width
between the V-profile wires was 0.65 mm. The construction of the V-profile wire was normal, that

is to say not inverted.

The slotted screen was constructed from segments arranged in parallel. Each segment lay on a
support structure and was screwed to the next support. The connections projected beyond the
screen surface. Corrosion and bending of the profiles and supporting profiles were prevented by
using austenitic steel. The outer support ring of the screen was mounted in a floating manner on a
bearing ring on the reactor wall. In the cold state, a gap of approx. 1 c¢m thereby existed between
the support ring and the reactor wall. The catalyst fixed bed, the catalyst particles of which had an

average particle size Xsp3 of 1.5 mum, lay on the slotted screen.

In the test cycle, nitrobenzene was already found with a concentration of more than 500 ppm in the
reaction product after 4 days. On inspection of the reactor, deep thrombi were found in the catalyst
bed. Underneath the thrombi, V-profile wires of the slotted screen had become detached. The
catalyst bed likewise showed a depression along the reactor wall. The missing quantity of catalyst
from the catalyst fixed bed was found underneath the slotted screen on the reactor base and in the

downstream apparatuses of the plant.
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Comparison Example C-2: (Euroslot slotted screen, inert material, catalyst)

The experimental procedure corresponded to that from Example C-1, the supporting screen
additionally being covered with two 5 cm high layers of inert material. The first layer lying on the
screen was made of aluminium oxide beads of 6 mm diameter, and the layer lying on this was
made of aluminium oxide beads of 4 mm diameter. Only on this second layer was the bulk catalyst,

the catalyst particles of which had an average particle size X3 of 1.5 mm, to be found.

In the test cycle, nitrobenzene was found with a concentration of more than 500 ppm in the
reaction product after approx. 36 days. On inspection of the reactor, no thrombi were found in the
catalyst bed, although damage was again observed on the supporting screen. The catalyst bed
showed no depression along the reactor wall. Neither catalyst nor inert material was found on the

reactor base and in the downstream apparatuses.

Example E-1 according to the invention: (Slotted screen, knitted wire fabric, inert material,
catalyst)

The experimental procedure corresponded to that of Comparison Example C-1, the slotted screen
additionally being covered with a knitted wire mesh fabric of continuous wire. The mesh fabric
had a wire diameter of 0.23 mm, was double-knitted and folded in three layers. The mesh fabric
was produced from high-grade steel and the average clear mesh width was 0.65 mm. The mesh

fabric was fixed to the slotted screen by means of bolts.

The mesh fabric was covered with a 5 cm high layer of inert material of aluminium oxide beads,

which had an average particle size Xs5p3 of 4 mm.

The catalyst fixed bed, the catalyst particles of which had an average particle size x503 of 1.5 mm,

came to lie on the inert material.

In the test cycle, nitrobenzene was found with a concentration of more than 500 ppm in the
reaction product after approx. 38 days. On inspection of the reactor, no thrombi were found in the
catalyst bed, although damage was again observed on the supporting screen. The catalyst bed
showed no depression along the reactor wall. Neither catalyst nor inert material was found on the

reactor base and in the downstream apparatuses.
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Example E-2 according to the invention: (Slotted screen, knitted wire fabric, inert material, met.

gasket, cat.)

The experimental procedure corresponded to Example E-1, a metallic gasket of knitted wire mesh
fabric, the wire diameter of which was (.23 mm and the average clear mesh width of which was
0.65 mm, additionally being laid in the gap between the outer support ring of the slotted screen and
the reactor wall. The gasket was still flexible even under the reaction conditions and had a

diameter of 1.2 cm, so that it was fixed in the gap by its own spring tension.

In the test cycle, nitrobenzene was found with a concentration of more than 500 ppm in the
reaction product after approx. 38 days. On inspection of the reactor, no thrombi were found in the
catalyst bed, although damage was again observed on the supporting screen. The catalyst bed
showed no depression along the reactor wall. Neither catalyst nor inert material was found on the

reactor base and in the downstream apparatuses.

Example E-3 according to the invention: (simple grating, knitted wire fabric, metallic gasket,

catalyst)

In this example, an adiabatic hydrogenation of nitrobenzene to give aniline was carried out in a
reactor which was equipped with a simple grating for the catalyst bed. The average mesh width of
the grating was 30 x 10 mm. Corrosion and bending of the profiles and supporting profiles were
prevented by using austenitic steel. The outer support ring of the grating was mounted in a floating
manner on a bearing ring on the reactor wall. In the cold state, there was thereby a gap of approx.
1 cm between the support ring and the reactor wall. A metallic gasket of knitted wire mesh fabric,
the wire diameter of which was 0.23 mm and the average clear mesh width of which was 0.65 mm,
was laid in this gap. The gasket was still flexible even under the reaction conditions and had a

diameter of 1.2 ¢m, so that it was fixed in the gap by its own spring tension.

The grating was covered with a knitted wire mesh fabric of continuous wire. The mesh fabric had a
wire diameter of 0.23 mm, was double-knitted and folded in three layers. The mesh fabric was
produced from high-grade steel and the average clear mesh width was 0.65 mm. The mesh fabric

was fixed to the grating by means of bolts.

The mesh fabrics were covered with a 5 cm high layer of inert material of aluminium oxide beads,

which had an average particle size X553 of 4 mm.

The catalyst fixed bed, the catalyst particles of which had an average particle size xs¢3 of 1.5 mm,

lay on the inert material.
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In the test cycle, nitrobenzene was found with a concentration of more than 500 ppm in the
reaction product after approx. 900 h. On inspection of the reactor, no thrombi were found in the
catalyst bed, the average clear mesh width of the support grating was larger than the diameter of
the catalyst particles and inert material particles. Along the reactor wall the catalyst bed showed no
depression. Neither catalyst nor inert material was found on the reactor base and in the

downstream apparatuses.

Example E-~4 according to the invention: (as Example E-3, but with an increased bulk catalyst)

The experimental procedure corresponded to Example E-3, with the difference that the height of
the bulk catalyst was increased to 50 cm. The same amount per unit time of nitrobenzene as in the
comparison examples and Examples E-1 to E-3 was reacted. In this case, a volume load of the

catalyst of only 0.8 Zuiwobenzene/(Mleatalyst + 1) instead of 1 gicobenzene/Mlcatalyst + 1) thereby resulted.

In the test cycle, nitrobenzene was found with a concentration of more than 500 ppm in the
reaction product after approx. 46 days. On inspection of the reactor, no thrombi were found in the
catalyst bed, the average clear mesh width of the support grating was larger than the diameter of
the catalyst particles or inert material particles. Along the reactor wall the catalyst bed showed no
depression. Neither catalyst nor inert material was found on the reactor base and in the

downstream apparatuses.

For a better overview, the results are summarized in the following table:

Example C-1 |C2 E-1 E-2 E-3 |E-4
Slotted screen (S) or grating (G) S S S S G |G
Inert material X X X

Knitted fabric covering X X X X
Gasket on the reactor edge X X |X
Nitrobenzene breakthrough after 4d |36d 36d 38d 38d |46d
Outlay for filling the reactor low |high moderate |moderate |low |low
Outlay for production of the support high lhigh high high low |low
construction

Qutlay for maintenance of the support| high |moderate |low low low |low
construction
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Claims

1. Chemical reactor for heterogeneously catalysed reaction of a fluid, comprising a holding device
for particles (80, 100) through which the fluid flows, characterized in that the side of the holding
device lying upstream when viewed in the direction of flow of the fluid comprises knitted wire
mesh fabric (50) and the average clear mesh width of the knitted wire fabric (50) is smaller than

the average particle size X503 of the particles (80, 100).

2. Reactor according to claim 1, wherein the average clear mesh width of the knitted wire (50) is

=20 % to <80 % of the average particle size X503 of the particles (80, 100).

3. Reactor according to claim 1, wherein the extensibility of the knitted wire mesh fabric (50)

under exposure to mechanical and/or thermal stress in the planar direction is =1%.

4. Reactor according to claim 1, wherein the wire diameter of the knitted wire mesh fabric (50) is

=0.03 mm to <1 mm.

5. Reactor according to claim 1, wherein the height of the knitted wire mesh fabric (50) in the

holding device for particles is =3 mm to <100 mm.

6. Reactor according to claim 1, wherein the knitted wire mesh fabric (50} is a knitted wire mesh

fabric deformed by mechanical action.

7. Reactor according to claim 1, wherein the knitted wire mesh fabric (50) is arranged on a support

(30) and the support (30) comprises continuous openings (40) in the direction of flow of the fluid.

8. Reactor according to claim 7, wherein knitted wire mesh fabric (60) is additionally arranged

between the support (30) and the wall (10) of the reactor.

9. Reactor according to claim 1, wherein catalyst particles (80) are arranged on the knitted wire

mesh fabric (50) in the holding device.

10. Reactor according to claim 1, wherein a layer of particles (100) which are inert towards the
fluid is arranged on the knitted wire mesh fabric (50) in the holding device and catalyst particles

(80} are arranged on this layer.

11. Process for reaction of a fluid, characterized in that the reaction is carried out in a reactor
according to one of claims 1 to 10 in the presence of heterogeneous catalyst particles (80) and the

catalyst particles (80) are arranged in the holding device for catalyst particles (80).
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12. Process according to claim 11, wherein when the reaction has ended the reactor continues to be

heated at a temperature of from =200 °C to =400 °C in the presence of oxygen.

13. Process according to claim 11, wherein the fluid comprises aromatic nitro compounds and

hydrogen.
14. Process according to claim 11, wherein the reaction is carried out adiabatically.

15. Use of knitted wire mesh fabric (50) as a holding device for catalyst particles (80} and/or inert

particles (100} in chemical reactors.



