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(57) Abstract: A reformer tube (208 A, 208B, 308A, 308B) for a steam
reformer or ammonia cracker is provided. The reformer tube includes
a pressure-bearing cylindrical jacket tube (210A, 210B, 310A, 310B)
arranged to contain a catalyst (220A, 220B, 320A, 320B), an inlet end
of the jacket tube connectable to a reactant feed line (204A, 204B,
304A, 304B), the reactant feed line connectable to a reactant feed sys-
tem (202A, 202B, 302), an outlet end of the jacket tube connectable
to a product discharge line (216A, 216B, 316A, 316B), and the prod-
uct discharge line connectable to a product gas manifold (218, 318).
The jacket tube is supported in the direction of its longitudinal axis
by means of a fixed-floating bearing arrangement to allow thermal ex-
pansion of the jacket tube in longitudinal direction. The fixed bearing
(214A, 214B, 314A, 314B) is located at the outlet end of the outer
jacket tube and the floating bearing (206A, 206B, 306A, 306B) is lo-
cated at the inlet end of the outer jacket tube.
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BEARING ARRANGEMENT FOR A REFORMER TUBE

TECHNICAL FIELD

The present invention relates generally to a reformer tube and piping system for
a steam reformer or ammonia cracker; more specifically, the present invention
relates to a reformer tube for a steam reformer or ammonia cracker with a bearing
arrangement to absorb thermal expansions. The present invention also relates to
a process for steam reforming a hydrocarbonaceous feed stream with steam to
form a synthesis gas stream containing carbon monoxide and hydrogen, and to
a process of cracking an ammonia feed stream to form a product gas stream

containing hydrogen and nitrogen.

BACKGROUND

In steam-methane based synthesis gas production, the previously superheated
mixture of natural gas and steam is fed to individual cracking tubes, which are
arranged in a cracking tube furnace, via a piping system for feed distribution. The
operating temperatures of the piping system can be up to 650 °C resulting in
considerable thermal expansion. The reactant feed line or manifold has an outlet
for each connected reformer tube also referred to as a hairpin or a pigtail to
absorb thermal expansions. Typically, the reformer tube is connected to the
respective outlet via a pipe of the same or also smaller diameter than the reactant
feed line or distributor itself. During operation, the reactant feed line and the
reformer tube undergo elongation in the vertical direction due to thermal
expansion, which also changes the position of the reactant feed line or manifold
in the vertical direction. During operation, the reformer tubes experience a
thermal expansion (dA) of up to 300 millimeters (mm) (e.g. upward thermal linear
expansion). Due to the arrangement as described above, this upward expansion
may be absorbed by a reactant distributor.
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The stresses resulting from the thermal expansion, and resulting elongation
(deomp) are generally absorbed or compensated for by a flexible design of the
outlets (i.e. hairpins or pigtails). The resultant elongation (dcomp) is the difference
between the elongation of the reactant feed line (dB) and the elongation of the

reformer tube, and the equation is as follows:
deomp= dA - dB

The resulting elongation (deomp) can be approximately 70 to 30 % of the elongation

of the reformer tubes, depending on the steam reformer size.

Thermal linear expansions and displacements of the reactant feed line and/or
manifold, resulting from the operating temperature of the system, and the thermal
linear expansions and displacements of the feeders, resulting from the operating
temperature of the system and the thermal linear expansion of the reformer tubes,
are addressed by existing systems separately. One of the existing systems
includes a combination of floating and fixed bearings in the reactant feed
line/distributor. The floating bearings may be guides and cantilever hangers or
similar pipeline supports. Another existing solution provides outlets as soft as
possible with pipe routing with correspondingly large expansion bends. Short pipe
routing, however, minimizes heat losses of the system and reduces the
necessary material input. The outlets (e.g. a reactant distribution system) is one
of the main sources of heat loss in the entire synthesis gas plant. Due to the
necessary expansion bends or loops at the outlets, a high overall height and/or
width depending on the configuration of the piping system results, which is usually
housed in the "penthouse" (i. e. the upper, roofed part) of the reformer furnace
generally provided for weather protection and reduction of heat losses due to
wind effects. As a result, in addition to the steel structure, other piping such as
for fuel gases, and combustion air must also be made longer in accordance with
the resulting distances. This also increases heat losses of the other distribution

systems and the construction costs of the entire structure.
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Therefore, there is a need to address the aforementioned technical drawbacks in
existing known technologies for providing reformer tubes for a reformer with

efficient thermal expansion absorption capabilities.

In addition, since ammonia cracking is discussed as a way to provide hydrogen
in vicinity of potential consumers, there is a need to propose respective
apparatuses and processes. It has been found that apparatuses classically used
for steam reforming, for example reformer tubes and/or reformer furnaces, can
be operated as ammonia crackers after minor modifications. Thus, for the
purposes of the present description, the terms reformer, reformer furnace,
reformer tube are also to be understood as apparatuses and/or devices that can

be used also in the context of ammonia cracking.

SUMMARY

The present invention seeks to provide a reformer tube for a steam reformer or
ammonia cracker where capital costs are dominant in determining the overall
economics. The present invention aims to provide a solution that overcomes, at
least partially, the problems encountered in the prior art by using a rigid
connection in combination with a floating bearing for absorbing stress forces due
to the thermal expansion of a pressure-bearing cylindrical jacket tube of the
reformer tube in a radial direction. The thermal linear expansion of the reformer
tube is completely transferred from a product discharge line to a connected
reactant feed line and compensated by the reactant feed line by means of the
floating bearing. Thus, the additional expansion bends in the reactant feed line
are avoided, thereby reducing the pipe length of the reformer tube in a synthesis

gas plant.

The object of the present invention is achieved by the solutions provided in the
enclosed independent claims. Advantageous implementations of the present
invention are further defined in the dependent claims.
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According to a first aspect, the reformer tube for a steam reformer or ammonia

cracker according to the present invention comprises:

(a) a pressure-bearing cylindrical jacket tube arranged to contain a catalyst
as a bulk catalyst, a catalyst bed of catalyst particles, structured packing,
honeycomb catalyst, or combinations thereof;

(b) an inlet end of the pressure-bearing cylindrical jacket tube connectable
to a reactant feed line;

(c) the reactant feed line connectable to a reactant feed system;

(d) an outlet end of the pressure-bearing cylindrical jacket tube
connectable to a product discharge line;

(e) the product discharge line connectable to a product gas manifold;
wherein

(f) the pressure-bearing cylindrical jacket tube is supported in the direction
of its longitudinal axis by means of a fixed-floating bearing arrangement to allow
thermal expansion of the pressure-bearing cylindrical jacket tube in longitudinal
direction,
wherein

(g) the fixed bearing is located at the outlet end of the outer pressure-
bearing cylindrical jacket tube and the floating bearing is located at the inlet end

of the outer pressure-bearing cylindrical jacket tube.

The reformer tube and the bearing arrangement of the reformer tube according
to the present invention are of advantage in that a rigid connection in combination
with the floating bearing is used for absorbing stress forces due to the thermal
expansion of the pressure-bearing cylindrical jacket tube of the reformer tube in
an axial (longitudinal) and/or radial direction. The thermal linear expansion of the
reformer tube is completely transferred from the product discharge line to the
connected reactant feed line and compensated by the reactant feed line by
means of the floating bearing. Thus, the additional expansion bends in the
reactant feed line (i.e. hairpins, pigtails) are avoided, thereby reducing the overall
height or size of an entire synthesis gas plant system, and also reducing heat

losses by shortening the transfer lines, namely the reactant feed line, and the
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product discharge line. Moreover, due to the large vertical transmission of forces
via the product discharge line into the reactant feed line, the bending forces,
loads, and stresses acting on the product discharge line are reduced which
results in an increase in the expected service life and an increase in the

operational reliability of the reformer furnace.

According to a second aspect, the present invention provides a reformer furnace
comprising a floor, a ceiling and side walls forming a furnace interior, wherein a
plurality of reformer tubes as described above are arranged within the furnace

interior and are heated by burners.

According to a third aspect, the present invention provides a process for steam
reforming a hydrocarbonaceous feed stream with steam to form a synthesis gas

stream containing carbon monoxide and hydrogen, comprising the steps of:

(a) providing a plurality of reformer tubes as described above in a reformer
furnace;

(b) connecting the reactant feed lines of the reformer tubes to a common
reactant feed system;

(c) connecting the product discharge lines of the reformer tubes to a
common product gas manifold,;

(d) injecting the hydrocarbonaceous feed stream through the reactant feed
system and the reactant feed lines of the reformer tubes;

(e) reacting the hydrocarbonaceous feed stream with steam in the reformer
tubes under steam reforming conditions to form a crude synthesis gas stream;

(f) discharging the crude synthesis gas stream from the reformer tubes via
the product discharge lines and the common product gas manifold;

(g) feeding the crude synthesis gas stream to at least one further work-up,
separation, purification or conditioning step, and discharging a purified or
conditioned synthesis gas stream and/or its constituents hydrogen and/or carbon

monoxide.
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According to a fourth aspect, the present invention provides a process for
cracking an ammonia feed stream with steam to form a product gas stream
containing hydrogen and nitrogen, comprising the steps of:

(a) providing a plurality of reformer tubes according to claims 1 to 7 in a
reformer furnace (200, 300) according to claims 8 to 9;

(b) connecting the reactant feed lines (204A, 204B, 304A, 304B) of the
reformer tubes (208A, 208B, 308A, 308B) to a common reactant feed system;

(c) connecting the product discharge lines (216A, 216B, 316A, 316B) of
the reformer tubes (208A, 208B, 308A, 308B) to a common product gas manifold;

(d) injecting the ammonia feed stream through the reactant feed system
(202A, 202B, 302) and the reactant feed lines (204A, 204B, 304A, 304B) of the
reformer tubes (208A, 208B, 308A, 308B);

(e) reacting the ammonia feed stream in the reformer tubes (208A, 208B,
308A, 308B) under ammonia cracking conditions to form a product gas gas
stream containing hydrogen and nitrogen;

(f) discharging the product gas gas stream from the reformer tubes (208A,
208B, 308A, 308B) via the product discharge lines (216A, 216B, 316A, 316B) and
the common product gas manifold; and

(g) feeding the product gas gas stream to at least one further work-up,
separation, purification or conditioning step, discharging a purified product gas

gas stream and/or its constituents hydrogen and/or nitrogen.

The reformer tube and the bearing arrangement of the reformer tube according
to the present invention are of advantage in that a rigid connection in combination
with the floating bearing is used for absorbing stress forces due to the thermal
expansion of the pressure-bearing cylindrical jacket tube of the reformer tube in
an axial (longitudinal) and/or radial direction. The thermal linear expansion of the
reformer tube is completely transferred from the product discharge line to the
connected reactant feed line and compensated by the reactant feed line by
means of the floating bearing. Thus, the additional expansion bends in the
reactant feed line (i.e. hairpins, pigtails) are avoided, thereby reducing the overall

height or size of an entire synthesis gas plant system, and also reducing heat
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losses by shortening the transfer lines, namely the reactant feed line, and the
product discharge line. Moreover, due to the large vertical transmission of forces
via the product discharge line into the reactant feed line, the bending forces,
loads, and stresses acting on the product discharge line are reduced which
results in an increase in the expected service life and an increase in the

operational reliability of the reformer furnace.

Embodiments of the present invention eliminate the aforementioned drawbacks
in existing known approaches by providing a rigid connection in combination with
the fixed-floating bearing arrangement in the reformer tube for absorbing stress

forces due to thermal expansion in the reformer tube.

Additional aspects, advantages, features, and objects of the present invention
are made apparent from the drawings and the detailed description of the
illustrative embodiments construed in conjunction with the appended claims that
follow. It will be appreciated that features of the present invention are susceptible
to being combined in various combinations without departing from the scope of

the present invention as defined by the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The summary above, as well as the following detailed description of illustrative
embodiments, is better understood when read in conjunction with the appended
drawings. To illustrate the present invention, exemplary constructions of the
invention are shown in the drawings. However, the present invention is not limited
to specific methods and instrumentalities disclosed herein. Moreover, those in the
art will understand that the drawings are not to scale. Wherever possible, the
same elements have been indicated by identical numbers. Embodiments of the
present invention will now be described, by way of example only, with reference

to the following diagrams wherein:
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FIGS. 1A-1D are schematic illustrations of arrangements and configurations of

reformed tubes in a reformer furnace according to the prior art;

FIG. 2 is a schematic illustration a reformer furnace with a double reactant feed

system according to an embodiment of the present invention;

FIG. 3 is a schematic illustration a reformer furnace with a single reactant feed

system according to an embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

The following detailed description illustrates embodiments of the present
invention and ways in which they can be implemented. Although some modes of
carrying out the present invention have been disclosed, those skilled in the art
would recognize that other embodiments for carrying out or practicing the present

invention are also possible.

Steam reforming conditions or ammonia cracking conditions are known to those
skilled in the art from the prior art. These are the physicochemical conditions
under which a measurable, preferably industrially relevant, conversion of
hydrocarbons to synthesis gas products, or conversion of ammonia to a product
gas containing hydrogen and nitrogen is achieved. For example, in the context of
steam reforming, important parameters include adjustment of a suitable steam
reforming entry temperature of typically about 1000 °C and addition of steam to
the input gas containing hydrocarbons and thus adjustment of a steam/carbon
ratio (S/C ratio). Typical values for the S/C ratio are between 1.5 and 3.5 mol/mol.
Typical steam reforming inlet temperatures are up to 700 °C and typically range
between 550 and 650 °C. Necessary adjustments of these conditions to the
respective operational requirements will be made by those skilled in the art on
the basis of routine experiments. Any specific reaction conditions disclosed may
serve here as a guide, but they should not be regarded as limiting in relation to

the scope of the invention.
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A fluid connection between two regions of an apparatus or a plant or a reformer
furnace according to the invention is to be understood as meaning any type of
connection whatsoever which makes it possible for a fluid, for example a gas
stream, to flow from one to the other of the two regions, neglecting any interposed
regions or components. In particular a direct fluid connection is to be understood
as meaning any type of connection whatsoever which makes it possible for a fluid,
for example a gas stream, to flow directly from one to the other of the two regions,
wherein no further regions or components are interposed with the exception of
purely transportation operations and the means required therefor, for example
pipelines, valves, pumps, compressors, reservoirs. One example would be a

pipeline leading directly from one to the other of the two regions.

A means is to be understood as meaning something that enables or is helpful in
the achievement of a goal. In particular, means for performing a particular
process step are to be understood as meaning any physical articles that would
be considered by a person skilled in the art in order to be able to perform this
process step. For example, a person skilled in the art will consider means of
introducing or discharging a material stream to include any transporting and
conveying apparatuses, i.e., for example pipelines, pumps, compressors, valves,
which seem necessary or sensible to said skilled person for performance of this

process step on the basis of his knowledge of the art.

For the purposes of this description steam is to be understood as being
synonymous with water vapor unless the opposite is indicated in an individual
case. By contrast, the term “water” refers to water in the liquid state of matter
unless otherwise stated in an individual case.

In the context of the present invention, the reactant feed line or distributor is
connected to one or more series or rows of reformer tubes through an individual
outlet, by having a maximum of change of direction in 90°. The thermal linear
expansion of the reformer tube is transferred from the outlets to the connected
reactant feed line and is compensated by the reactant feed line of a
corresponding floating bearing. The reactant feed line or distributor has only one

fixed bearing in the axial (longitudinal) direction of the distributor.
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According to a first aspect, the present invention provides a reformer tube for a

reformer or ammonia cracker, comprising:

(a) a pressure-bearing cylindrical jacket tube arranged to contain a catalyst
as a bulk catalyst, a catalyst bed of catalyst particles, structured packing,

honeycomb catalyst, or combinations thereof;

(b) an inlet end of the pressure-bearing cylindrical jacket tube connectable

to a reactant feed line;
(c) the reactant feed line connectable to a reactant feed system;

(d) an outlet end of the pressure-bearing cylindrical jacket tube

connectable to a product discharge line;
(e) the product discharge line connectable to a product gas manifold;
wherein

(f) the pressure-bearing cylindrical jacket tube is supported in the direction
of its longitudinal axis by means of a fixed-floating bearing arrangement to allow
thermal expansion of the pressure-bearing cylindrical jacket tube in longitudinal

direction,
wherein

(Q) the fixed bearing is located at the outlet end of the outer pressure-bearing
cylindrical jacket tube and the floating bearing is located at the inlet end of the

outer pressure-bearing cylindrical jacket tube.

The reformer tube and the bearing arrangement of the reformer tube according
to the present invention are of advantage in that a rigid connection in combination
with the floating bearing is used for absorbing stress forces due to the thermal
expansion of the pressure-bearing cylindrical jacket tube of the reformer tube in
an axial (longitudinal) and/or radial direction. The thermal linear expansion of the
reformer tube is completely transferred from the product discharge line to the

connected reactant feed line and compensated by the reactant feed line by
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means of the floating bearing. Thus, the additional expansion bends in the
reactant feed line (i.e. hairpins, pigtails) are avoided, thereby reducing the overall
height or size of an entire synthesis gas plant system, and also reducing heat
losses by shortening the transfer lines, namely the reactant feed line, and the
product discharge line. Moreover, due to the large vertical transmission of forces
via the product discharge line into the reactant feed line, the bending forces,
loads, and stresses acting on the product discharge line are reduced which
results in an increase in the expected service life and an increase in the

operational reliability of the reformer furnace.

Optionally, the reactant feed line has only one single change of direction,
preferably only one single change of direction of 90°. While this increases the
number of expansion bends by one as compared to a entirely straight connection,
the arrangement is still robust and serves to decrease the building height of the
steam reformer or ammonia cracker, and reduces the length of the connection

lines and the heat losses related thereto.

Optionally, the product discharge line has no change of direction and its
longitudinal axis coincides with or is aligned with the longitudinal axis of the
pressure-bearing cylindrical jacket tube. In this way, expansion stresses occur
predominantly one-dimensional in the direction of the longitudinal axis of the
pressure-bearing cylindrical jacket tube, and can be accounted for in the

construction of the reformer furnace and its framework in a simple manner.

Optionally, the floating bearing is designed as a rolling bearing, ball bearing, plain

bearing or floating support bearing.

Optionally, the floating bearing and the fixed bearing are designed such that they
can absorb stress forces due to thermal expansion of the pressure-bearing
cylindrical jacket tube in the radial direction. While the longitudinal length increase
of the reformer tubes during heat-up of the reformer furnace dominates, the
length increase in the radial direction is much smaller but may be still significant.
Thus, this embodiment has special advantages in coping with thermal stresses

in both the longitudinal as well as the radial direction.
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Optionally, the inlet ends of several jacket tubes can be connected to a common
reactant feed line. This further reduces the length of the connection lines and the

heat losses related thereto.

Optionally, the product discharge line forms a right angle with the product gas
manifold in the connected state. While this increases the number of expansion
bends by one as compared to a entirely straight connection, the arrangement is
still robust and serves to decrease the building height of the steam reformer or
ammonia cracker, and reduces the length of the connection lines and the heat

losses related thereto.

According to a second aspect, the present invention provides a reformer furnace
comprising a floor, a ceiling and side walls forming a furnace interior, wherein a
plurality of reformer tubes as described above are arranged within the furnace

interior and are heated by burners.

Optionally, the plurality of reformer tubes are arranged in rows, preferably in
parallel rows, wherein each two reformer tubes adjacent in a row are connected
to a common reactant feed line. This further reduces the length of the connection

lines and the heat losses related thereto.

Optionally, the present invention provides a use of a reformer tube and/or a
reformer furnace as described above for steam reforming a hydrocarbonaceous
feed stream with steam to a crude synthesis gas stream or for cracking an

ammonia feed stream to a product gas stream containing hydrogen and nitrogen.

According to a third aspect, the present invention provides a process for steam
reforming a hydrocarbonaceous feed stream with steam to form a synthesis gas

stream containing carbon monoxide and hydrogen, comprising the steps of:

(a) providing a plurality of reformer tubes as described above in a reformer

furnace;

(b) connecting the reactant feed lines of the reformer tubes to a common
reactant feed system;
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(c) connecting the product discharge lines of the reformer tubes to a

common product gas manifold,;

(d) injecting the hydrocarbonaceous feed stream through the reactant feed

system and the reactant feed lines of the reformer tubes;

(e) reacting the hydrocarbonaceous feed stream with steam in the reformer

tubes under steam reforming conditions to form a crude synthesis gas stream;

(f) discharging the crude synthesis gas stream from the reformer tubes via

the product discharge lines and the common product gas manifold; and

(g) feeding the crude synthesis gas stream to at least one further work-up,
separation, purification or conditioning step, and discharging a purified or
conditioned synthesis gas stream and/or its constituents hydrogen and/or carbon

monoxide.

According to a fourth aspect, the present invention provides a process for
cracking an ammonia feed stream with steam to form a product gas stream
containing hydrogen and nitrogen, comprising the steps of:

(a) providing a plurality of reformer tubes according to claims 1 to 7 in a
reformer furnace (200, 300) according to claims 8 to 9;

(b) connecting the reactant feed lines (204A, 204B, 304A, 304B) of the
reformer tubes (208A, 208B, 308A, 308B) to a common reactant feed system;

(c) connecting the product discharge lines (216A, 216B, 316A, 316B) of
the reformer tubes (208A, 208B, 308A, 308B) to a common product gas manifold;

(d) injecting the ammonia feed stream through the reactant feed system
(202A, 202B, 302) and the reactant feed lines (204A, 204B, 304A, 304B) of the
reformer tubes (208A, 208B, 308A, 308B);

(e) reacting the ammonia feed stream in the reformer tubes (208A, 208B,
308A, 308B) under ammonia cracking conditions to form a product gas gas

stream containing hydrogen and nitrogen;
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(f) discharging the product gas gas stream from the reformer tubes (208A,
208B, 308A, 308B) via the product discharge lines (216A, 216B, 316A, 316B) and
the common product gas manifold; and

(g) feeding the product gas gas stream to at least one further work-up,
separation, purification or conditioning step, discharging a purified product gas

gas stream and/or its constituents hydrogen and/or nitrogen.

The reformer tube with the fixed-floating bearing arrangement that is provided in
the process according to the present invention are of advantage in that a rigid
connection in combination with the floating bearing is used for absorbing stress
forces due to the thermal expansion of the pressure-bearing cylindrical jacket
tube of the reformer tube in an axial (longitudinal) and/or radial direction. The
thermal linear expansion of the reformer tube is completely transferred from the
product discharge line to the connected reactant feed line and compensated by
the reactant feed line by means of the floating bearing. Thus, the additional
expansion bends in the reactant feed line (i.e. hairpins, pigtails) are avoided,
thereby reducing the overall height or size of an entire synthesis gas plant system,
and also reducing heat losses by shortening the transfer lines, namely the
reactant feed line, and the product discharge line. Moreover, due to the large
vertical transmission of forces via the product discharge line into the reactant feed
line, the bending forces, loads, and stresses acting on the product discharge line
are reduced which results in an increase in the expected service life and an

increase in the operational reliability of the reformer furnace.

Embodiments of the present invention substantially eliminate or at least partially
address the aforementioned technical drawbacks in existing technologies by
providing a rigid connection in combination with a floating bearing arrangement
in the reformer tube for absorbing stress forces due to thermal expansion in the

reformer tube.
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DETAILED DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1D are schemaitic illustrations of arrangements and configurations of
reformer tubes in a reformer furnace 100 according to the prior art. The reformer
furnace 100 may be arranged in different arrangements such as a radiant wall
arrangement, a top—fired arrangement, a bottom fired arrangement and a

terrace—wall arrangement.

FIG. 1A shows a reformer furnace 100 with exemplary two reformer tubes,
arranged in a radiant wall arrangement including feed distribution systems 102A
and 102B, feed lines 104A and 104B, reformer tubes 106A and 106B, product
collector lines 110A and 110B, and a feed manifold 112. The feed lines 104A and
104B are connected to an inlet of each reformer tubes 106 A and 106B. The feed
lines 104A and 104B are arranged at an angle to the reformer tubes 106A and
106B. The feed distribution systems 102A and 102B are connected to the feed
lines 104A and 104B through a pipe of a smaller diameter than the feed lines
104A and 104B to transmit to the reformer tubes 106 A and 106B. The reformer
tubes 106 A and 106B are connected to the product collector lines 110A and 110B
via a pipe of a smaller diameter than the product collector lines 110A and 110B.
The product collector lines 110A and 110B have an outlet and are connected to

the product manifold 112.

FIG. 1B shows a reformer furnace 100 with exemplary two reformer tubes,
arranged in a top-fired arrangement, including feed distribution systems 102A
and 102B, feed lines 114A and 114B, reformer tubes 106A and 106B, product
collector lines 110A and 110B, and a feed manifold 112. The feed lines 114A and
114B are connected to an inlet of each reformer tubes 106 A and 106B. The feed
lines 114A and 114B include one or more bends. The feed distribution systems
102A and 102B are connected to the feed lines 114A and 114B through a pipe
of a smaller diameter than the feed lines 114A and 114B to transmit to the
reformer tubes 106A and 106B. The reformer tubes 106A and 106B are
connected to the product collector lines 110A and 110B via a pipe of a smaller

diameter than the product collector lines 110A and 110B. The product collector
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lines 110A and 110B have an outlet and are connected to the product manifold
112.

FIG. 1C shows a reformer furnace 100 with exemplary two reformer tubes,
arranged in a bottom—fired arrangement, including a feed distribution system
116A, feed lines 118A and 118B, reformer tubes 106A and 106B, product
collector lines 110A and 110B, and feed manifolds 120A and 120B. The feed
lines 118A and 118B are connected to an inlet of each reformer tubes 106 A and
106B. The feed lines 118A and 118B include a bend. The feed distribution system
116A is connected to the feed lines 118A and 118B through a pipe of a smaller
diameter than the feed lines 118A and 118B. The reformer tubes 106A and 106B
are connected to the product collector lines 110A and 110B via a pipe of a smaller
diameter than the product collector lines 110A and 110B. The product collector
lines 110A and 110B are in an example U-shaped and have an outlet and are
connected to the product manifolds 120A and 120B.

FIG. 1D shows a reformer furnace 100 with exemplary two reformer tubes,
arranged in a terrace wall arrangement, including feed distribution systems 122A
and 122B, feed lines 124A and 124B, which are in an example U-shaped,
reformer tubes 106 A and 106B, product collector lines 110A and 110B, and a
feed manifold 126A. The feed lines 124A and 124B are connected to an inlet of
each reformer tube 106A and 106B. The feed lines 124A and 124B include a
hairpin or a pigtail bend. The reformer tubes 106A and 106B are connected to
the feed lines 124A and 124B through a pipe of a smaller diameter than the feed
lines 124A and 124B. The reformer tubes 106A and 106B are connected to the
product collector lines 110A and 110B via a pipe of a smaller diameter than the
product collector lines 110A and 110B. The product collector lines 110A and

110B have an outlet and are connected to the product manifold 126A.

In an example, the superheated mixture of natural gas or methane and steam is
fed to the individual reformer tubes 106A and 106B that are arranged in the
reformer furnace 100 using the feed distribution system (e.g. 102A and 102B,
116A, 122A and 122B). The operating temperature of the feed lines may be up
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to 650 °C, which results in considerable thermal expansion. The piping system

(i.e. feed lines and product collector lines) may absorb the thermal expansions.

During operation, the feed lines (e.g. 104A and 104B, 114A and 114B, 118A and
118B, and 124A and 124B) of various arrangements (i.e. a radiant wall, a top—
fired wall, a bottom fired wall and a terrace—wall) in the reformer furnace 100
undergo elongation in the vertical direction due to thermal expansion. The
reformer tubes 106A and 106B change the position of the product collector lines
110A and 110B in the vertical direction. The reformer tubes 106A and 106B
experience a thermal expansion of up to 300 millimeters (mm) (i.e. upward
thermal linear expansion). Due to this arrangement, the product collector lines
110A and 110B absorb upward thermal expansion. The operating temperature of
the reformer furnace 100 results in thermal linear expansions of the reactant feed
lines (e.g. 104A and 104B, 114A and 114B, 118A and 118B, and 124A and
124B) and displacements of the feed and/or product manifolds (e.g. 112, 120A

and 120B, and 126A) of various arrangements of the reformer furnace 100.

FIG. 2 is a schematic illustration of a reformer furnace 200 with a double reactant
feed system according to an embodiment of the present invention. The reformer
furnace 200 includes reactant feed systems 202A and 202B, reactant feed lines
204A and 204B, floating bearings 206A and 206B, reformer tubes 208A and
208B comprising pressure-bearing cylindrical jacket tubes 210A and 210B, a
furnace interior 212, fixed bearings 214A and 214B, product discharge lines 216A
and 216B, and a product gas manifold 218.

The reformer furnace 200 may include a floor, a ceiling or side walls to form the
furnace interior 212, which arranges the reactant feed systems 202A and 202B,
the reactant feed lines 204A and 204B, the floating bearings 206A and 206B, the
reformer tubes 208A and 208B, the pressure-bearing cylindrical jacket tubes
210A and 210B, the fixed bearings 214A and 214B, the product discharge lines
216A and 216B, and the product gas manifold 218 in the furnace interior 212.
Optionally, the reformer furnace 200 has one or more reformer tubes that are

arranged within the furnace interior 212 and are heated by burners.
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The pressure-bearing cylindrical jacket tube 210A and 210B is arranged to
contain a catalyst 220A and 220B as a bulk catalyst, a catalyst bed of catalyst
particles, structured packing, honeycomb catalyst, or combinations thereof. An
inlet end of the pressure-bearing cylindrical jacket tube (210A and 210B) is
connectable to the reactant feed lines 204A and 204B. The reactant feed lines
204A and 204B are connectable to the reactant feed systems 202A and 202B.
The fixed bearings 214A and 214B are located at an outlet end of the pressure-
bearing cylindrical jacket tubes 210A and 210B and the floating bearings 206A
and 206B are located at an inlet end of the pressure-bearing cylindrical jacket
tubes 210A and 210B. The floating bearings 206A and 206B may be designed
as a rolling bearing, a ball bearing, a plain bearing or a floating support bearing.
The outlet end of the pressure-bearing cylindrical jacket tubes 210A and 210B is
connectable to the product discharge lines 216A and 216B. The product
discharge lines 216A and 216B are connectable to the product gas manifold 218.
Optionally, the product discharge lines 216A and 216B form a right angle with the

product gas manifold 218 in a connected state.

The pressure-bearing cylindrical jacket tubes 210A and 210B are supported in a
direction of their longitudinal axis using a fixed-floating bearing arrangement (i.e.
the floating bearings 206 A and 206B, and the fixed bearings 214A and 214B) to
allow thermal expansion of the pressure-bearing cylindrical jacket tubes 210A
and 210B in a longitudinal direction. Optionally, the floating bearings 206 A and
206B and the fixed bearings 214A and 214B absorb stress forces due to the
thermal expansion of the pressure-bearing cylindrical jacket tubes 210A and
210B in a radial direction. The thermal linear expansion of the reformer tubes
208A and 208B is transferred to the reactant feed systems 202A and 202B and
is compensated using the floating bearing 206A and 206B.

Optionally, the reactant feed lines 204A and 204B are connected to one or more
series or rows of reformer tubes through one or more individual outlets of the
reactant feed systems 202A and 202B. Optionally, the reactant feed lines 204A
and 204B include only one single change of direction. The only one single change

of direction may be 90°.



WO 2024/175322 PCT/EP2024/052458

10

15

20

25

30

- 19 -

Optionally, the product discharge line (e.g. 216A and 216B) has no change of
direction and its longitudinal axis coincides with or is aligned with the longitudinal
axis of the pressure-bearing cylindrical jacket tubes 210A and 210B. Optionally,
inlet ends of one or more jacket tubes can be connected to a common reactant
feed line. Optionally, the one or more reformer tubes are arranged in rows,
preferably in parallel rows. Optionally, each of the one or more reformer tubes
adjacent in a row are connected to the common reactant feed line. The reformer
furnace 200 steam reforms a hydrocarbonaceous feed stream with steam to form

a crude synthesis gas stream.

The bearing arrangement of the reformer tube (208A, 208B) according to the
present invention is of advantage in that a rigid connection in combination with
the floating bearing (206A, 206B) is used for absorbing stress forces due to the
thermal expansion of the pressure-bearing cylindrical jacket tube (210A, 210B)
of the reformer tube (208A, 208B) in an axial (longitudinal) and/or radial direction.
The thermal linear expansion of the reformer tube (208A, 208B) is completely
transferred from the product discharge line (216A, 216B) to the connected
reactant feed line and compensated by the reactant feed line (204A, 204B) by
means of the floating bearing (206A, 206B). Thus, the additional expansion
bends in the reactant feed line (i.e. hairpins, pigtails) (204A, 204B) are avoided,
thereby reducing the overall height or size of an entire plant, and also reducing
heat losses by shortening the transfer lines, namely the reactant feed line, and
the product discharge line. Moreover, due to the large vertical transmission of
forces via the product discharge line (216A, 216B) into the reactant feed line, the
bending moments, loads, and stresses acting on the product discharge line
(216A, 216B) are reduced which results in an increase in the expected service

life and an increase in the operational reliability of the reformer furnace 200.

FIG. 3 is a schematic illustration a reformer furnace 300 with a single reactant
feed system according to an embodiment of the present invention. The reformer
furnace 300 includes a reactant feed system 302, reactant feed lines 304A and
304B, floating bearings 306A and 306B, reformer tubes 308A and 308B

comprising pressure-bearing cylindrical jacket tubes 310A and 310B, a furnace
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interior 312, fixed bearings 314A and 314B, product discharge lines 316A and
316B, and a product gas manifold 318.

The pressure-bearing cylindrical jacket tube 310A and 310B is arranged to
contain a catalyst 320A and 320B as a bulk catalyst, a catalyst bed of catalyst
particles, structured packing, honeycomb catalyst, or combinations thereof. An
inlet end of the pressure-bearing cylindrical jacket tube (e.g. 310A and 310B) is
connectable to the reactant feed lines 304A and 304B. The reactant feed lines
304A and 304B are connectable to the reactant feed system 302. The fixed
bearings 314A and 314B are located at an outlet end of the pressure-bearing
cylindrical jacket tubes 310A and 310B and the floating bearings 306A and 306B
are located at an inlet end of the pressure-bearing cylindrical jacket tubes 310A
and 310B. The floating bearings 306A and 306B may be designed as a rolling
bearing, a ball bearing, a plain bearing or a floating support bearing. The outlet
end of the pressure-bearing cylindrical jacket tubes 310A and 310B is
connectable to the product discharge lines 316A and 316B. The product
discharge lines 316A and 316B are connectable to the product gas manifold 318.
Optionally, the product discharge lines 316A and 316B form a right angle with the

product gas manifold 318 in a connected state.

The pressure-bearing cylindrical jacket tubes 310A and 310B are supported in a
direction of their longitudinal axis using a fixed-floating bearing arrangement (i.e.
the floating bearings 306 A and 306B, and the fixed bearings 314A and 314B) to
allow thermal expansion of the pressure-bearing cylindrical jacket tubes 310A
and 310B in a longitudinal direction. Optionally, the floating bearings 306A and
306B and the fixed bearings 314A and 314B absorb stress forces due to the
thermal expansion of the pressure-bearing cylindrical jacket tubes 310A and
310B in a radial direction. The thermal linear expansion of the reformer tubes
308A and 308B is transferred to the reactant feed system 302 and is
compensated using the floating bearing 306A and 306B.

The reformer tube with the fixed-floating bearing arrangement that is provided in
the process is of advantage in that a rigid connection in combination with the

floating bearing is used for absorbing stress forces due to the thermal expansion
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of the pressure-bearing cylindrical jacket tube of the reformer tube in an axial
(longitudinal) and/or radial direction. The thermal linear expansion of the reformer
tube is completely transferred from the product discharge line to the connected
reactant feed line and compensated by the reactant feed line by means of the
floating bearing. Thus, the additional expansion bends in the reactant feed line
(i.e. hairpins, pigtails) are avoided, thereby reducing the overall height or size of
an entire plant, and also reducing heat losses by shortening the transfer lines,
namely the reactant feed line, and the product discharge line. Moreover, due to
the large vertical transmission of forces via the product discharge line into the
reactant feed line, the bending moments, loads, and stresses acting on the
product discharge line are reduced which results in an increase in the expected

service life and an increase in the operational reliability of the reformer furnace.

Modifications to embodiments of the present invention described in the foregoing
are possible without departing from the scope of the present invention as defined
by the accompanying claims. Expressions such as “including”, “comprising”,
“‘incorporating”, “have”, “is” used to describe, and claim the present invention are
intended to be construed in a non-exclusive manner, namely allowing for items,
components or elements not explicitly described also to be present. Reference to

the singular is also to be construed to relate to the plural.
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CLAIMS

1. Reformer tube (208A, 208B, 308A, 308B) for a steam reformer or
ammonia cracker, comprising:

(a) a pressure-bearing cylindrical jacket tube (210A, 210B, 310A, 310B)
arranged to contain a catalyst (220A, 220B, 320A, 320B) as a bulk catalyst, a
catalyst bed of catalyst particles, structured packing, honeycomb catalyst, or
combinations thereof;

(b) an inlet end of the pressure-bearing cylindrical jacket tube (210A, 210B,
310A, 310B) connectable to a reactant feed line (204A, 204B, 304A, 304B);

(c) the reactant feed line (204A, 204B, 304A, 304B) connectable to a
reactant feed system (202A, 202B, 302);

(d) an outlet end of the pressure-bearing cylindrical jacket tube (210A,
210B, 310A, 310B) connectable to a product discharge line (216A, 216B, 316A,
316B);

(e) the product discharge line (216A, 216B, 316A, 316B) connectable to a
product gas manifold (218, 318);
wherein

(f) the pressure-bearing cylindrical jacket tube (210A, 210B, 310A, 310B)
is supported in the direction of its longitudinal axis by means of a fixed-floating
bearing arrangement to allow thermal expansion of the pressure-bearing
cylindrical jacket tube (210A, 210B, 310A, 310B) in longitudinal direction,
wherein

(g) the fixed bearing (214A, 214B, 314A, 314B) is located at the outlet end
of the outer pressure-bearing cylindrical jacket tube (210A, 210B, 310A, 310B)
and the floating bearing (206A, 206B, 306A, 306B) is located at the inlet end of
the outer pressure-bearing cylindrical jacket tube (210A, 210B, 310A, 310B).
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2. Reformer tube (208A, 208B, 308A, 308B) according to claim 1,
characterized in that the reactant feed line (204A, 204B, 304A, 304B) has only
one single change of direction, preferably only one single change of direction of
90°.

3. Reformer tube (208A, 208B, 308A, 308B) according to claim 1 or 2,
characterized in that the product discharge line (216A, 216B, 316A, 316B) has
no change of direction and its longitudinal axis coincides with or is aligned with
the longitudinal axis of the pressure-bearing cylindrical jacket tube (210A, 210B,
310A, 310B).

4. Reformer tube (208A, 208B, 308A, 308B) according to one of the
preceding claims, characterized in that the floating bearing (206A, 206B, 306A,
306B) is designed as a rolling bearing, ball bearing, plain bearing or floating

support bearing.

5. Reformer tube (208A, 208B, 308A, 308B) according to one of the
preceding claims, characterized in that the floating bearing (206A, 206B, 306A,
306B) and the fixed bearing (214A, 214B, 314A, 314B) are designed such that
they can absorb stress forces due to thermal expansion of the pressure-bearing
cylindrical jacket tube (210A, 210B, 310A, 310B) in the radial direction.

6. Reformer tube (208A, 208B, 308A, 308B) according to one of the
preceding claims, characterized in that the inlet ends of several jacket tubes can

be connected to a common reactant feed line.

7. Reformer tube (208A, 208B, 308A, 308B) according to any of the
preceding claims, characterized in that the product discharge line (216A, 216B,
316A, 316B) forms a right angle with the product gas manifold (218, 318) in the
connected state.
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8. Reformer furnace (200, 300) comprising a floor, a ceiling and side walls
forming a furnace interior, wherein a plurality of reformer tubes according to any
one of claims 1 to 7 are arranged within the furnace interior and are heated by

burners.

9. Reformer furnace (200, 300) according to claim 8, characterized in that the
plurality of reformer tubes are arranged in rows, preferably in parallel rows,
wherein each two reformer tubes adjacent in a row are connected to a common

reactant feed line.

10. Use of a reformer tube (208A, 208B, 308A, 308B) according to claim 1 to
7 and/or a reformer furnace (200, 300) according to claim 8 to 9 for steam
reforming a hydrocarbonaceous feed stream with steam to a crude synthesis gas
stream.

11. Use of a reformer tube (208A, 208B, 308A, 308B) according to claim 1 to
7 and/or a reformer furnace (200, 300) according to claim 8 to 9 for cracking an
ammonia feed stream into a hydrogen and nitrogen containing product gas

stream.

12.  Process for steam reforming a hydrocarbonaceous feed stream with steam
to form a synthesis gas stream containing carbon monoxide and hydrogen,
comprising the steps of:

(a) providing a plurality of reformer tubes according to claims 1 to 7 in a
reformer furnace (200, 300) according to claims 8 to 9;

(b) connecting the reactant feed lines (204A, 204B, 304A, 304B) of the
reformer tubes (208A, 208B, 308A, 308B) to a common reactant feed system;

(c) connecting the product discharge lines (216A, 216B, 316A, 316B) of
the reformer tubes (208A, 208B, 308A, 308B) to a common product gas manifold;

(d) injecting the hydrocarbonaceous feed stream through the reactant feed
system (202A, 202B, 302) and the reactant feed lines (204A, 204B, 304A, 304B)
of the reformer tubes (208A, 208B, 308A, 308B);
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(e) reacting the hydrocarbonaceous feed stream with steam in the reformer
tubes (208A, 208B, 308A, 308B) under steam reforming conditions to form a
crude synthesis gas stream;

(f) discharging the crude synthesis gas stream from the reformer tubes
(208A, 208B, 308A, 308B) via the product discharge lines (216A, 216B, 316A,
316B) and the common product gas manifold; and

(g) feeding the crude synthesis gas stream to at least one further work-up,
separation, purification or conditioning step, discharging a purified or conditioned

synthesis gas stream and/or its constituents hydrogen and/or carbon monoxide.

13.  Process for cracking an ammonia feed stream with steam to form a product
gas stream containing hydrogen and nitrogen, comprising the steps of:

(a) providing a plurality of reformer tubes according to claims 1 to 7 in a
reformer furnace (200, 300) according to claims 8 to 9;

(b) connecting the reactant feed lines (204A, 204B, 304A, 304B) of the
reformer tubes (208A, 208B, 308A, 308B) to a common reactant feed system;

(c) connecting the product discharge lines (216A, 216B, 316A, 316B) of
the reformer tubes (208A, 208B, 308A, 308B) to a common product gas manifold;

(d) injecting the ammonia feed stream through the reactant feed system
(202A, 202B, 302) and the reactant feed lines (204A, 204B, 304A, 304B) of the
reformer tubes (208A, 208B, 308A, 308B);

(e) reacting the ammonia feed stream in the reformer tubes (208A, 208B,
308A, 308B) under ammonia cracking conditions to form a product gas gas
stream containing hydrogen and nitrogen;

(f) discharging the product gas gas stream from the reformer tubes (208A,
208B, 308A, 308B) via the product discharge lines (216A, 216B, 316A, 316B) and
the common product gas manifold; and

(g) feeding the product gas gas stream to at least one further work-up,
separation, purification or conditioning step, discharging a purified product gas

gas stream and/or its constituents hydrogen and/or nitrogen.
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