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Steam Reformer for Producing Synthesis Gas

Field of the Invention
This invention relates to a steam reformer for the conversion of gas rich in
hydrocarbons with steam into a synthesis gas rich in carbon monoxide and

hydrogen.

This invention furthermore relates to a process for producing a synthesis gas rich
in carbon monoxide and hydrogen by steam reformation of a gas rich in
hydrocarbons.

Prior art

Steam reformers for the conversion of gaseous hydrocarbons with steam into
synthesis gas chiefly consisting of carbon monoxide (CO) and hydrogen (Hz) are
known. The steam reformation process is described in principle, for example in
Ullmann's Encyclopedia of Industrial Chemistry, Sixth Edition, Vol. 15, chapter
“Gas Production”, Chapter 2.2. The different types of tubular reactors proven for
this process are described in principle in chapter 2.2.3 of the same volume. This
chapter describes tubular reactors in which the burners are installed in the roof or
in the bottom or in the side walls of the reformer housing. The present invention
relates to reformers in which the burners are installed in the roof or in the bottom

of the housing. Within this category, the variant with the burners installed in the
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roof, as they are shown in Figure 6 of this Ullmann chapter, so far largely has
gained acceptance. In this variant, all feed conduits, i.e. conduits for supplying the
burners with fuel gas and the educt gas conduits for the reformer tubes, are
arranged on the roof, and all discharge conduits, such as the conduit for the
discharge of the burner waste gases and the product gas from the reformer tubes,
are arranged at the bottom of the reformer housing. It is particularly favorable to
discharge the product gases at the bottom of the housing, as their temperature
lies in the range of 300°C and after leaving the reformer they are passed through
a waste heat boiler for heat recovery. Since a waste heat boiler is so heavy that
an installation only makes sense at ground level, a withdrawal of the product
gases at the bottom of the reformer housing leads to a short conduit path to the
waste heat boiler and hence also to little heat losses in the conduit.

On the other hand, the installation of the educt gas conduits and the fuel gas
conduits on the roof of the reformer housing is unfavorable for several reasons.
These conduits impair the accessibility of the reformer tubes which can only be
exchanged through the roof. In addition, for the maintenance of the burners and
for checking the conduits the roof must safely be accessible and walkable for

personnel.

What is particularly unfavorable is the arrangement of the educt gas conduits on
the roof of the reformer housing in the case of reformer tubes with integrated heat
exchange between the educt gases and the product gases. Such reformer tubes
are described for example in the document DE 102011118217 A1. As in these
reformer tubes the product gas outlet is arranged on the same side as the educt
gas inlet, the product gas conduits hence must also be arranged on the roof of the
reformer housing, whereby the supply of the product gases to the waste heat
boiler and the arrangement of the waste heat boiler becomes more difficult.

Description of the Invention
Therefore, it is the object of the present invention to provide a steam reformer in

which the disadvantages of the prior art are avoided. This object is solved by a
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steam reformer according to the features of independent claim 1 and, in an

alternative aspect of the invention, of independent claim 2.

Steam reformer according to the invention:

A steam reformer, comprising:

- a combustion chamber with a bottom, a ceiling and side walls terminating the
combustion chamber,

- catalyst tubes arranged in several rows with integrated recirculation of the
product gas, which penetrate through the bottom of the combustion chamber,
wherein the catalyst tubes are arranged such that the tube ports for the educt gas
conduits and product gas conduits are located at the end of the catalyst tubes
protruding downwards out of the combustion chamber,

- feed conduits for the educt gas and collecting conduits for the product gas,
which extend below the bottom of the combustion chamber,

- burners for heating the catalyst tubes, which are installed in the bottom of the
combustion chamber and are directed vertically upwards into the combustion
chamber,

- feed conduits extending below the bottom of the combustion chamber, each for
supplying the air and the fuel gas to the burners,

- openings installed in the ceiling of the combustion chamber for discharging the
burner waste gas,

- channels extending above the ceiling of the combustion chamber for discharging
the burner waste gas.

Steam reformer according to the invention in an allernative configuration:

A steam reformer, comprising:

- a combustion chamber with a bottom, a ceiling and side walls terminating the
combustion chamber,

- catalyst tubes arranged in several rows, which penetrate the bottom and the
ceiling of the combustion chamber, wherein the catalyst tubes are arranged such
that the tube ports for the educt gas conduits are located at the end of the catalyst
tubes protruding downwards out of the combustion chamber, and the tube ports
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for the product gas conduits are located at the end of the catalyst tubes protruding
upwards out of the combustion chamber,

- feed conduits for the educt gas, which extend below the bottom of the
combustion chamber,

- collecting conduits for the product gas, which extend above the ceiling of the
combustion chamber,

- burners for heating the catalyst tubes, which are installed in the bottom of the
combustion chamber and are directed vertically upwards into the combustion
chamber,

- feed conduits extending below the bottom of the combustion chamber, each for
supplying the air and the fuel gas to the burners,

- openings installed in the ceiling of the combustion chamber for discharging the
burner waste gas,

- channels extending above the ceiling of the combustion chamber for discharging

the burner waste gas.

In a reformer according to claim 1, one of the features consists in that there are
used catalyst tubes with integrated recirculation of the product gas as they are
described in the unexamined German application DE 102011118217 A1. In this
technology, the inlets for the educt and product gases are located at the same
end of the catalyst tube. The collecting conduits for these cases thereby can be

installed completely below the botiom of the reformer housing.

On the other hand, in a reformer according to the second independent claim 2,
one of the features consists in that there are used catalyst tubes without
integrated recirculation of the product gas. The catalyst tubes protrude out of the
bottom and the ceiling of the reformer housing, the educt gases are introduced
into the catalyst tubes at the bottom, and the product gases are collected and
discharged from the catalyst tubes through the roof of the housing.

One advantage of the reformers according to the invention consists in that the

withdrawal of the burner waste gases is effected at the top on the reformer roof,
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i.e. in convection direction of the waste gases. In this way, compressor and blower

power can be saved, as the burner waste gases are easier to suck off.

Furthermore, the arrangement of the feed conduits and discharge conduits for
educts, products, combustion air and fuel gases at or below the reformer bottom
according to the invention provides for a very symmetrical and compact
construction of the combustion chamber, whereby heat losses and the fuel

demand are reduced.

What also is favorable is the better accessibility of the reformer tubes through the
roof as compared to conventional reformers, so that in a service case they can be
demounted towards the fop and be exchanged more easily. The same applies for
a possibly required exchange of the catalyst in the tubes, wherein the deactivated
catalyst favorably is removed from above, e.g. by sucking off, and the new
catalyst likewise can be introduced from above by pouring the same into the

reformer tubes.

Due to the very short coupling of the product conduits to downstream
apparatuses, e.g. waste heat boilers, according to the invention the risk of the

metal-dusting corrosion also is reduced apart from the reduction of heat losses.

The arrangement of the burners on the bottom of the combustion chamber
according to the invention makes the same easily accessible in a service case.
Furthermore, the bottom plate absorbs the load of the burner-fuel gas-air supply

system, so that the reformer roof is relieved correspondingly.

The access to the plant sections arranged at or below the bottom of the
combustion chamber is ensured by the arrangement of a walkable intermediate

plane between the bottom of the combustion chamber and the erection base.
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The invention furthermore includes a process for the catalytic conversion of
hydrocarbonaceous gas with steam into a synthesis gas containing hydrogen and
carbon oxides, comprising the following process steps:

a) providing a hydrocarbonaceous gas and steam,

b) producing an educt gas by mixing the gas and the steam,

c) converting the educt gas into a synthesis gas comprising hydrogen and
carbon oxides by conversion in a steam reformer according to claims 1 to 5 under
reforming conditions,

d) discharging the synthesis gas for the further treatment outside the process.

Reforming conditions are understood to be the operating conditions of the
reformer plant well known to the skilled person, which ensure a technically and
economically expedient degree of conversion of the feedstocks to synthesis gas

components.

Preferred Aspects of the Invention

A preferred aspect of the invention consists in that the integrated recirculation of
the product gas in the catalyst tubes is effected by a heat exchanger each
integrated into the tubes, via which a heat exchange between the educt gas and
the product gas flowing in the catalyst tube is effected. This technology also is
described in the unexamined German application DE 102011118217 A1. In this
way, heat is transferred from the hot product gas to the educt gas, whereby
heating energy is saved and heating and hence the conversion of the educt gases

is accelerated.

Another preferred aspect of the invention consists in that at their upper end the
catalyst tubes are equipped with closable openings for exchanging the catalyst.
Through these openings spent catalyst can be removed from the tubes, e.g. by

sucking off, and new catalyst can be filled in.

Another preferred aspect of the invention consists in that the ceiling of the

combustion chamber includes openings through which demounted catalyst tubes
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can be removed from the combustion chamber towards the top. As according to
the invention the burners are installed in the reformer bottom, space is gained on
the reformer roof, whereby the exchange of catalyst tubes through the roof is
facilitated.

Exemplary Embodiments

Further features, advantages and possible applications of the invention can also
be taken from the following description of exemplary embodiments and the
drawings. All features described and/or illustrated form the subject-matter of the
invention per se or in any combination, independent of their inclusion in the

claims or their back-reference.

With reference to Fig. 1 of the drawing, one of the possible embodiments of a

steam reformer according to the invention will be explained. In the only Figure

Fig. 1 shows a sectional drawing of an exemplary steam reformer
according to a first aspect of the invention, as seen from the front,

Fig. 2 shows a sectional drawing of an exemplary steam reformer
according to a second aspect of the invention, as seen from the

front.

The steam reformer 1 as shown in Fig. 1 corresponds to an aspect of the
invention according to claim 1 and comprises the reformer housing 2. The interior
of the reformer housing 2 often also is referred to as combustion chamber. For
illustration, the reformer 1 in this example is equipped with three rows of catalyst
tubes 3. The tubes 3 penetrate through the ceiling of the reformer housing 2. As a
result, they are easily accessible for maintenance work. The tubes are equipped
with an internal recirculation of the product gas, so that both the supply with educt
gas and the discharge of the product gas is effected from the same side of the
tube at or below the bottom of the combustion chamber. The collecting conduits
for the educt gas 4 and for the product gas 5 extend below the reformer bottom in
parallel to the rows of catalyst tubes. In the reformer bottom, the burners 6 are
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arranged in four rows, to the left and right, and between the rows of catalyst
tubes. The burners 6 are aligned such that their flames 7 are directed vertically
upwards into the reformer housing 2. The collecting conduits for the fuel gas 8
and the combustion air (not illustrated) also extend below the bottom of the
reformer housing 2, in parallel to the burner rows. The waste gas 9 of the burners
passes through openings in the ceiling of the reformer housing 2 into the waste
gas channels 10. Four waste gas channels 10 are arranged on the housing in

parallel to the rows of catalyst tubes.

The steam reformer 1 as shown in Fig. 2 corresponds to an aspect of the
invention according to claim 2. The collecting conduits for the product gas 5 here

are located above the ceiling of the reformer housing 2.

Industrial Applicability

The invention provides a steam reformer which can be operated and maintained
more easily and offers certain advantages with respect to the energy demand and
the erection possibilities. The invention hence provides an economic advantage
over the reformers known from the prior art and therefore is industrially applicable

in an advantageous way.



10

WO 2017/059963

List of Reference Numerals

steam reformer

reformer housing

catalyst tubes

collecting conduit educt gas
collecting conduit product gas
burner

burner flame

collecting conduit fuel gas

O o~ O, bW N -

burner waste gas

10  waste gas channel

PCT/EP2016/025105



10

15

20

25

30

10

Claims:

1. A steam reformer, comprising:

- a combustion chamber with a bottom, a ceiling and side walls terminating the
combustion chamber,

- catalyst tubes arranged in several rows with integrated recirculation of a product
gas, which penetrate through the bottom of the combustion chamber, wherein the
catalyst tubes are arranged such that tube ports for educt gas conduits and
product gas conduits are located at the end of the catalyst tubes protruding
downwards out of the combustion chamber,

- feed conduits for an educt gas and collecting conduits for the product gas, which
extend below the bottom of the combustion chamber,

- burners for heating the catalyst tubes, which are installed in the bottom of the
combustion chamber and are directed vertically upwards into the combustion
chamber,

- feed conduits extending below the bottom of the combustion chamber, each for
supplying air and a fuel gas to the burners,

- openings installed in the ceiling of the combustion chamber for discharging a
burner waste gas,

- channels extending above the ceiling of the combustion chamber for discharging

the burner waste gas.

2. A steam reformer, comprising:

- a combustion chamber with a bottom, a ceiling and side walls terminating the
combustion chamber,

- catalyst tubes arranged in several rows, which penetrate the bottom and the
ceiling of the combustion chamber, wherein the catalyst tubes are arranged such
that tube ports for educt gas conduits are located at the end of the catalyst tubes
protruding downwards out of the combustion chamber, and tube ports for product
gas conduits are located at the end of the catalyst tubes protruding upwards out of

the combustion chamber,
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- feed conduits for an educt gas, which extend below the bottom of the
combustion chamber,

- collecting conduits for a product gas, which extend above the ceiling of the
combustion chamber,

- burners for heating the catalyst tubes, which are installed in the bottom of the
combustion chamber and are directed vertically upwards into the combustion
chamber,

- feed conduits extending below the bottom of the combustion chamber, each for
supplying air and a fuel gas to the burners,

- openings installed in the ceiling of the combustion chamber for discharging a
burner waste gas,

- channels extending above the ceiling of the combustion chamber for discharging
the burner waste gas.

3. The steam reformer according to claim 1, characterized in that the
integrated recirculation of the product gas in the catalyst tubes is effected by a
heat exchanger each integrated into the tubes, via which a heat exchange
between the educt gas and the product gas flowing in the catalyst tube is effected.

4. The steam reformer according to claim 1 or 3, characterized in that at their
upper end the catalyst tubes are equipped with closable openings for exchanging

the catalyst.

5. The steam reformer according to claim 1, 3 or 4, characterized in that the
ceiling of the combustion chamber includes openings through which demounted
catalyst tubes can be removed from the combustion chamber towards the top.

6. A process for the catalytic conversion of hydrocarbonaceous gas with
steam into a synthesis gas containing hydrogen and carbon oxides, comprising
the following process steps:

a) providing a hydrocarbonaceous gas and steam,

b) producing an educt gas by mixing the gas and the steam,



-12-

C) converting the educt gas into a synthesis gas comprising hydrogen and
carbon oxides by conversion in a steam reformer according to claims 1 to 5 under
reforming conditions,

d) discharging the synthesis gas for the further treatment outside the process.



