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Method of reforming gasification gas

The present invention relates to a method of reforming gasification gas, according to the

preamble of Claim 1.

According to such a method, in order to decompose the organic impurities that are
comprised in the gasification gas, it is brought into contact with a metal catalyst in a

reformer in the presence of an oxidising agent.

The present invention also relates to a use according to Claim 15.

Oxygen or water vapour gasification of biomass, such as wood, peat, straw or logging
waste, generates gas which comprises hydrogen approximately 35-45 % by volume, carbon
monoxide 20-30 % by volume, carbon dioxide 15-25 % by volume, methane
approximately 8-12 % by volume, and nitrogen 3-5 % by volume. It is possible to use this
gas as, among others, a synthesis gas of diesel-category fuels. Steam/oxygen gasification
of biomass is an interesting alternative economically, as long as the scale of operation is

large enough.

The problems with gasification are the great variations in gas composition and percentage
of impurities. It is possible to purify gasification gas efficiently from tarry impurities and
ammonia which are contained in it by using catalysts at a high temperature. Examples of
catalysts which are suitable for decomposing tar are nickel catalysts and dolomites, the
operating temperatures of which are at minimum 800-900 °C. With regard to the known
technology, we refer to the publication by Simell, P: Catalytic hot gas cleaning of
gasification gas. VTT Publications 330. Espoo 1997.

A zirconium catalyst (FI patent 110691), which has been developed by VTT Technical
Research Centre of Finland, also works relatively efficiently in decomposing tars,
especially heavier hydrocarbons. In addition, the zirconium catalyst enables the use of a

considerably wider temperature range than does a nickel catalyst, i.e. a temperature range
of 600-900 °C.
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In particular, when using nickel catalysts, the high temperature required presents a
problem, as does, in part, also the tendency caused by the temperature to form soot (coke)
during the process of the catalytic gas conditioning. The coking problem is further made
worse in applications of synthesis gas, in which also light hydrocarbons (e.g. methane)
should be reformed as efficiently as possible. In this case, the metal catalysts, especially
nickel, must be used at very high temperatures (950 to 1100 °C). The generation of soot
causes accumulations of carbon deposits on the catalysts and the reactor, and may

eventually result in clogging the whole reactor.

At the start-up of the gasification process, the use of nickel or other metal catalysts
presents problems, too, because the temperature in the catalytic unit is relatively low,
below 700 °C. During the start-up, the operation of the gasifier also may occasionally be
unstable, and the tar content of the product gas may then occasionally rise extremely high.
These conditions may together cause an accumulation of carbon on the nickel catalyst and

clogging of the catalyst reactor, and accelerate deactivation of the nickel catalyst.

A catalytic reformer, which is used in the purification of gasification gas, is generally
heated by using partial oxidation (partial combustion) of the gas in a position before the
catalyst bed or in the catalyst bed, in which case the process is called an “autothermal
reforming”. After the gas is oxidised, its temperature increases considerably, in which case

also the number of the thermal, i.e. coking, side reactions increases.

It is possible to reduce the coking of the metal catalyst in the reformer by using phased
reforming. Phased reforming means that the reforming is carried out in several stages, i.e.

several sequential reaction zones, in which two or more catalysts are used.

According to FI Patent Specification No. 118647 (Method for reforming a gas containing
tarry impurities, inventors: P. Simell and E. Kurkela), in the first stage of a phased
reformer (“pre-reforming stage” or “pre-reformer”), a zirconium catalyst is used. While the
gas is being partly oxidised in the zirconium catalyst, the heaviest tar compounds are
decomposed into gas components. Almost no carbon is generated in the zirconium catalyst

and, consequently, no carbon blockage of the reactor takes place.
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However, results of the trial runs which were carried out show that the use of a zirconium
catalyst in the pre-reformer does not always reduce the generation of coke adequately. This
applies in cases where very high temperatures (over 900 °C) are required in the secondary
stage. Such occasions occur for example in applications of synthesis gasification in which

a nickel catalyst must be used at high temperatures for the actual reforming.

In conditions such as these, to ensure the functionality of the process, it is most important

to prevent the generation of coke in the first catalyst layers (pre-reforming stage).

It is an aim of the present invention to remove some of the disadvantages associated with
known technology and to provide a completely new solution for treating gasification gas.
The present invention is based on the principle that the organic impurities (tar and light
hydrocarbons, such as ethylene and butadiene) which are contained in the gasification gas
are decomposed in a catalytic reformer at a temperature of approximately 500 to 900 °C,

and in the presence of a noble metal catalyst.

In practice, this can be carried out for example by bringing the gasification gas into a
multi-stage reforming, in at least one first stage of which a noble metal catalyst is used,
and in a second stage which follows a first stage, an actual reforming catalyst is used
which comprises metal such as nickel or a noble metal. The noble metal catalyst of the first
stage reduces the problems of the metal catalysts of the secondary stage of the reformer,

which problems are associated with the generation of carbon.

As explained above, the present invention generates a new use of noble metal catalysts in
the pre-reforming of gasification gas, which use eliminates problems arising from the

generation of carbon in the metal catalysts of the secondary stage of a reformer.

More specifically, the method according to the present invention is mainly characterized

by what is stated in the characterizing part of Claim 1.

The use according to the present invention is, in turn, characterized by what is stated in
Claim 15.
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Considerable advantages are achieved with the present invention. Thus, the use of a noble
metal catalyst reduces the risk of deactivation of the metal catalysts and, consequently,
increases the operating life of this catalyst. If the reactions for generating carbon are
prevented or considerably delayed, also blockage of the reactor, caused by the generation
of coke, is prevented. It is possible to utilise this solution in all such power plants or
chemical industry processes that are based on gasification and in which the gas is not
allowed to comprise tars. Examples of such processes are the production of electricity from
gasification gas by using an engine or a turbine (IGCC), and the production of synthesis

gas, for example for synthesis of fuels or methanol.

In the following, the present invention will be examined in more detail with the help of a
detailed explanation and the accompanying drawing. Figure 1 shows a simplified process

flowchart of an embodiment.

As described above, the present invention relates to treatment of gasification gas by
reforming. In particular, in the present solution, the reforming is carried out in several
stages, in which case at least in one first stage, the actual reforming catalyst used is a metal

catalyst, such as a nickel or a noble metal catalyst.

Typically, the first stage is a pretreatment stage, in which light hydrocarbons that are
contained in the gasification gas, and the heaviest tar compounds that appear as
intermediate products, are decomposed. Light compounds which are to be decomposed are
in particular unsatisfied C,-C¢ hydrocarbons, i.e. olefinic hydrocarbons. Examples of these
are C,-Cg hydrocarbons, such as ethylene and butadiene, which comprise one or two
double-bonds.

The reaction in the first stage is carried out in the presence of an oxidising agent, in which
case heat is generated in the reaction, which heat can be utilised in the actual reforming
stage. Preferably, the oxidising agent is fed into the gasification gas before this agent is led

into the first stage of the reforming.

According to one embodiment, the procedure is that the rejects which comprise noble

metal of the first stage are led directly into the reforming in the second stage.
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According to another embodiment, the procedure requires that an oxidising agent is fed
into the reforming in the second stage, too. Typically, it is possible to feed the oxidising
agent, as an intermediate feed, into the rejects of the first stage, before that agent is led into

the reforming in the second stage.

The pre-reforming is especially important and particularly so in this second application,
because the role of light olefinic hydrocarbons and tar compounds in generating coke
becomes more pronounced when the temperature of the gas increases greatly after the pre-
reforming zone. Such an event occurs for instance when oxygen is fed into the secondary

stage of the reformer.

In all the applications above, for example air, oxygen or a mixture thereof is used as an

oxidising agent.

Typically, the temperature of the first reforming stage is in the range of 500 to 900 °C. The
temperature range of the second stage may overlap the temperature of the first stage.
However, in most cases, the temperature of the second stage is higher than the temperature
of the first stage. According to one embodiment, the operation is carried out at a
temperature above 900 °C, for example at a temperature which is above 900 °C but
typically below 1500 °C.

Both in the pre-reforming and, possibly, in the actual reforming, a noble metal catalyst is
used, the metal of which is chosen from the metals of groups 8-10 in the periodic table. In
particular, at least one metal of the groups 8-10 in the periodic table, such as Ru, Rh, Pd or
Pt, acts as the noble metal catalyst. The noble metal catalyst can be used as a single

component or as a combination of two or more metals.

In principle, it is possible to use self-supporting metal catalysts, but bearing in mind the
price of these metals, for example, and their mechanical resistance it is economical to use a
carrier in the catalyst. Thus, typically, metals function on the surface of a carrier, such as
for example on the surface of aluminum oxide or zirconium oxide. Their percentage in the
carrier can be within the range of 0.01 to 20 % by weight, most preferably 0.1 to 5 % by

weight, calculated from the weight of the carrier.
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It is possible to produce noble metal catalysts (both for the pre-reforming and for the actual
reforming) in a way which is known per se. The metals can be added into the carrier using
any method which can be applied in the production of catalysts. An example of these is
impregnation into the carrier. Typically, the impregnation is carried out by dispersing or by
dissolving the metal or its precursor into a suitable medium, from which the metal is
attached to the carrier by the process of precipitating or layering. It is also possible to bring
the metal or its precursor to the carrier from a vapour phase, either by condensing the
compound onto the surface or by binding it directly from the vapour phase to the carrier by

means of chemisorption.

The carrier, in turn, can form a coating (washcoat) for instance on a particle or on a
ceramic or a metallic honeycomb. It is also possible that a honeycomb or a particle works

as such, i.e. without a washcoat layer, as a carrier of noble metals.

It is also possible to use nickel, especially a Ni/C catalyst, as the actual reforming catalyst,
as described in the publication by Simell. P, Catalytic hot gas cleaning of gasification gas.
VTT Publications 330. Espoo 1997.

A process according to the present invention can comprise one or more pretreatment zones.
Thus, it is possible to arrange a noble metal catalyst in several reaction beds which are
arranged in series in the direction of the gas flow. Between the reaction beds, a heat
recovery device can be arranged. In that case, either the reaction zones can have catalyst
beds all of which comprise the same noble metals, or different catalysts, for example

different noble metals can be used in the beds of sequential noble metal catalysts.

In a preferred alternative, the pretreatment zone comprises at least one zirconium catalyst

zone and at least one noble metal catalyst zone.

In that case, in particular, the zirconium catalyst zone is arranged in the direction of flow in

a position before the noble metal catalyst stage.

It is possible to produce the zirconium catalyst, i.e. zirconium-based catalyst, from

zirconium oxide (ZrQ;), which is alloyed with another metal oxide, such as aluminum °



10

15

20

25

30

WO 2011/107661 PCT/FI12011/050181

oxide (Al,O3). The percentage of zirconium oxide or a corresponding zirconium compound

in the alloy is then preferably more than 50 % of the weight of the alloy.

The zirconium compound can be on the surface of an inert carrier, or impregnated into the

carrier. It can also be the coating of a ceramic or metallic honeycomb.

With regard to the use and production of the zirconium catalyst, we refer to FI Patent No.

118647, the contents of which are herewith incorporated by reference.

In the present solution, the zirconium catalyst works in similar way to the application
according to the above FI patent, and it decomposes the heaviest tar compounds which
generate carbon, and it enhances the operation of both the noble metal catalyst and the
secondary stage of the reformer.

The pre-reforming zone which is based on the combination of zirconium/noble metal
catalyst is described the accompanying drawing, in which the combination of a gasifier 1

and a reforming unit 3 is represented by a simplified diagram.

Based on the above, in the first preferred embodiment of the present invention, at least one
bed which comprises a zirconium-based catalyst is arranged in a position before one or
several (typically 1-5) noble metal beds. Such a catalyst bed of the reforming, which bed is
first in the flow direction, i.e. a first zirconium-based catalyst bed, very efficiently protects
the noble metal catalyst in such a way that this catalyst is not coked to the point where it

ceases to function.

According to another preferred embodiment, a nickel bed is arranged after the noble metal
bed. In this application, too, it is possible and even economical to arrange in a position
before the noble metal bed, a zirconium-base catalyst layer described above, which layer

prevents coking of the noble metal layer.

In the following, the embodiment according to the accompanying drawing will be

examined:
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The reforming unit constitutes a pre-reforming zone 4, 5 which comprises a noble metal
catalyst, and the actual reforming zone 6 which comprises a metal catalyst. The zone has a

feed pipe 2 to feed in the gasification gas, and an outlet pipe 7 to remove the reformed gas.

Gas which comprises, among others, hydrogen and carbon monoxide is generated in a
gasifier, labelled number 1 in the diagram, from a gasifiable fuel, such as biomass, with the
help of a gasifying material. Air, oxygen or water vapour, or a mixture of two or more of
these, acts as the gasifying material. The gasifying material is fed into the gasifier from
below and the fuel (which is heavier than air) from above. The gasifier can be a fluidised

bed reactor, a circulating mass reactor or a similar reactor.

Before the gas is led into the actual reforming zone, an oxidiser is fed into the gasification
gas in order to generate reforming. If needed, the particles are separated from the gas
already in this stage, or before the oxidiser is added, generally always before the first

reforming stage.

The gas is led from the upper part of the reactor, via the feed pipe 2 into the reformer 3, in
which it is possible to efficiently purify the gasification gas of tarry impurities and

ammonia contained in it by using catalysts at a high temperature.

In the case according to the diagram, the pre-reforming zone comprises two subsequent
catalyst zones 4, 5, the first of which is a zirconium catalyst layer 4 and the second is a

noble metal catalyst layer 5.

The pre-reforming zone 4, 5 is instailed in the direction of the gas flow in a position before

the reforming catalyst 6, as shown in the diagram.

It is also possible to arrange the reactor of the pre-reforming stage 4, 5 in such a way that
the zirconium and the noble metal catalysts in it are layered. In that case, the zirconium
catalyst is typically the first one in the gas flow, in a position before the noble metal

catalyst layer.

In a position following the last noble metal catalyst bed of the pre-reforming zone, in the

direction of the gas flow, is the actual reforming catalytic zone 6, which comprises nickel
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catalyst or another similar actual reforming catalyst. As mentioned above, it is possible to
lead oxygen or air or other oxidiser into the reforming zone in order to increase the

temperature.

In the case of the diagram, an oxidiser is fed into the reject flow of the pre-reformation.
The actual reforming zone 6 of the reformer can be divided in one or more zones in such a
way that each one constitutes noble metal catalyst layers and nickel catalyst layers, as
described above. The treatment of the gas can be carried out in separate reactors, too,

which are positioned in relation to the gas flow as described above.

During the reformation which takes place in the noble metal catalyst, the light intermediate
product compounds, for example ethene and butadiene, which form carbon and very heavy

tar compounds, are decomposed.

Space velocity of the gas in the reformer is 500 to 50 000 1/h, preferably approximately
1000 to 20 000 1/h.

The reject flow of the reformation is of sufficient quality as a synthesis gas for diesel-
category fuels or corresponding hydrocarbons. The reject flow is led through the outlet
pipe 7 to further processing. In one embodiment, the outlet pipe 7 can be connected to a

synthesis gas reactor (not described).
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Claims:

1. A method of reforming gasification gas, in order to decompose organic impurities
comprised in it, according to which method

— the gas is contacted with a metal catalyst, in the presence of an oxidising agent,
characterized inthat

~ reforming is carried out in several stages, whereby

— in at least one first stage a noble metal catalyst is used, and that

— in a second stage which follows the first stage, the catalyst used is a metal catalyst.

2. The method according to Claim 1,characterized in that the effluent of the first

stage, which comprises noble metal, is led directly into the reforming in the second stage.

3. A method according to Claim 1 or2,characterized in that an oxidising agent is

fed into the gasification gas before that gas is led into the first stage of the reformation.

4. A method according to any of the preceding claims, characterized in that air,

oxygen or a mixture thereof is used as the oxidising agent.

5. A method according to any of the preceding claims, characterized inthat the

oxidising agent is fed also into the reformation of the second stage.

6. A method according to any of the preceding claims, characterized in that the
temperature of the first stage is within the range of 500 to 900 °C and the temperature of
the second stage is above 900 °C.

7. A method according to any of the preceding claims, characterized in that there

are several first stages in the reformation.

8. A method according to any of the preceding claims, characterized inthata
zirconium catalyst stage is arranged in the direction of flow in a position before the noble

metal catalyst stage.
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9. The method according to Claim 8, characterized in that the zirconium catalyst
stage comprises zirconium catalyst and that it is arranged in the direction of the gas flow,

as a first catalyst bed, in order to protect the noble metal catalyst from coking.

10. A method according to Claim 8 or 9, characterized in that the zirconium

catalyst comprises a zirconium compound, such as zirconium oxide (ZrO).

11. The method according to Claim 10, characterized in that the zirconium
catalyst comprises zirconium oxide, which is alloyed with another metal oxide, such as
aluminum oxide, or the zirconium compound is on the surface of an inert carrier or

impregnated into a carrier.

12. A method according to any of the preceding claims, characterized inthatthe
space velocity of the gas in the reformation is 500 to 50 000 1/h, preferably
approximately1000 to 20 000 1/h.

13. A method according to any of the preceding claims, characterized inthatat
least one metal of groups 8 to 10 in the periodic table, such as Ru, Rh, Pd or Pt, either as a
single component or as a combination of two or more metals, acts as the noble metal

catalyst.

14. A method according to any of the preceding claims, characterized in that the
metals operate on the surface of a carrier, such as aluminum oxide or zirconium oxide, in
which case the percentage of the metals in the carrier is within the range of 0.01 to 20 %

by weight, most preferably 0.1 to 5 % by weight, calculated from the weight of the carrier.

15. Use of a noble metal catalyst in the pre-reforming of gasification gas in order to
remove problems caused by the generation of carbon in the metal catalysts of the

secondary stage of the reformer.
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