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METHOD AND APPARATUS FOR TREATING A FLUIDIZATION GAS OF A PYROLYSIS,

GASIFICATION OR TORREFACTION REACTOR

(57)  Theinvention relates to a method and an appa-
ratus for treating a fluidization gas in athermal conversion
process. A recirculated gas (10) is recirculated in the
thermal conversion process which comprises at least a
fluidized reactor (2), in which a feed (1) is treated for
forming a product, such that the recirculated gas is
formed from the product (3) and/or a non-condensible

gas of the product and the recirculated gas (10) is fed as
the fluidization gas (15) to the reactor. The recirculated
gas is heated, and the recirculated gas is treated by a
catalytic conversion using a catalyst before the reactor or
in the reactor for decreasing oxygen content in the re-
circulated gas.
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Description
FIELD
[0001] The application relates to a method defined in

claim 1 and an apparatus defined in claim 9 for treating a
fluidization gas in a thermal conversion process.

BACKGROUND

[0002] Different products can be produced from differ-
ent raw materials in pyrolysis, torrefaction and gasifica-
tion processes in which a fluidization agent is used.
Further, fluidized bed reactors can be used for producing
pyrolysis and gasification products.

[0003] Typically, steam, nitrogen or other suitable gas
can be used as fluidization agents. Further, some by-
product gas flows may be used as the fluidization agent.
However, the by-product gas flows may include impuri-
ties or oxygen, which may cause process safety or op-
erational issues, or loss of yield of products to a process.

OBJECTIVE

[0004] The objective is to solve the above problems.
Further, the objective is to disclose a new-type method
and apparatus for treating a recirculated fluidization gas
in a process, e.g. in a pyrolysis, torrefaction or gasifica-
tion process. Further, the objective is to upgrade the
recirculated fluidization gas before a reactor. Further,
the objective is to decrease oxygen in the recirculated
fluidization gas.

SUMMARY

[0005] The method and apparatus are characterized
by what are presented in the claims.

[0006] The method for treating a fluidization gas in a
thermal conversion process comprises recirculating a
recirculated gas in the thermal conversion process com-
prising a reactor in which a feed is treated for forming a
product, feeding the recirculated gas formed from the
product and/or a non-condensible gas of the product as
the fluidization gas to the reactor, and treating the recir-
culated gas by a catalytic conversion using a catalyst
before the reactor or in the reactor for decreasing oxygen
content in the recirculated gas.

[0007] The apparatus for treating a fluidization gasin a
thermal conversion process comprises at least one flui-
dized reactor in which a feed is treated for forming a
product, at least one recirculation means for recirculating
arecirculated gas, formed from the product and/or a non-
condensible gas of the product, in the thermal conversion
process and for feeding the recirculated gas as the
fluidization gas to the reactor, and at least one catalyst
for treating the recirculated gas by a catalytic conversion
before the reactor orin the reactor for decreasing oxygen
content in the recirculated gas.
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BRIEF DESCRIPTION OF THE DRAWING

[0008] The accompanying drawings, which are in-
cluded to provide a further understanding of the invention
and constitute a part of this specification, illustrate some
embodiments of the invention and together with the
description help to explain the principles of the invention.
In the drawings:

Fig. 1 is a flow chart illustration of a process accord-
ing to one embodiment, and
Fig. 2 is a flow chart illustration of a process accord-
ing to another embodiment.

DETAILED DESCRIPTION

[0009] In a method for treating a fluidization gas in a
thermal conversion process, a recirculated gas is recir-
culated in the thermal conversion process which com-
prises at least a fluidized reactor. In the reactor a feed is
treated for forming a product. The recirculated gas is
recirculated such that the recirculated gas is formed from
the product and/or a non-condensible gas of the product
and the recirculated gas is fed as the fluidization gas to
the reactor. The recirculated gas is heated, and the
recirculated gas is treated by a catalytic conversion using
a catalyst before the reactor orin the reactor for decreas-
ing oxygen content in the recirculated gas before the
treatment of the feed in the reactor.

[0010] An apparatus for treating a fluidization gas in a
thermal conversion process comprises at least one flui-
dized reactor in which a feed is treated for forming a
product. Further, the apparatus comprises at least one
recirculation means for recirculating a recirculated gas,
which is formed from the product and/or a non-conden-
sible gas of the product, in the thermal conversion pro-
cess and for feeding the recirculated gas as the fluidiza-
tion gas to the reactor. Further, the apparatus comprises
at least one heating device for heating the recirculated
gas and at least one catalyst for treating the recirculated
gas by a catalytic conversion before the reactor or in the
reactor for decreasing oxygen content in the recirculated
gas before the treatment of the feed in the reactor.
[0011] Some embodiments of the method and the ap-
paratus are shown in Fig. 1 and Fig. 2.

[0012] Inthis context, the feed means any feed or feed
material which is treated in areactor of the process, e.g. in
a pyrolysis, torrefaction or gasification reactor. The feed
is formed from raw material, which may comprise wood-
based material, biomass, woody biomass, agrobiomass,
waste material, plastic-based material, plastic waste,
residual material, side stream material, other suitable
material or their combinations. Further, the feed can
comprise also other materials. The feed may comprise
one or more components. The feed component may be
recycled material, residue material, waste material or
virgin material or their combinations. In one embodiment,
the feed is formed from recycled material, waste material,
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residue material and their combinations.

[0013] In one embodiment, the thermal conversion
process is a pyrolysis, gasification or torrefaction. In
one embodiment, the thermal conversion process is a
pyrolysis or torrefaction. In one embodiment, the reactor
is a pyrolysis reactor, gasification reactor or torrefaction
reactor. In one embodiment, the reactor is a pyrolysis
reactor or torrefaction reactor. In one embodiment, the
reactor is a pyrolysis reactor, e.g. a fast pyrolysis reactor
or a slow pyrolysis reactor. In one embodiment, the
reactor is a torrefaction reactor, e.g. a low temperature
pyrolysis reactor. Any suitable fluidized reactor can be
used in the process. In one embodiment, the reactor is a
fluidized bed reactor. In one embodiment, the reactoris a
fluidized bed reactor in which any suitable bed material
may be used. In one embodiment, the bed material is
selected from the group comprising inert fluidizable ma-
terial, inert granular material, e.g. sand, or fluidizable
material with catalytic properties, e.g. engineered cata-
lyst material or naturally occurring material with catalytic
properties, ortheir combinations. In one embodiment, the
reactor is a fluidized bed reactor in which sand is used as
a bed material.

[0014] In one embodiment, the feed can be fed using
the feeder to the reactor. Any suitable feeder can be used
in feeding. In one embodiment, the feeder is a screw
feeder, extruder, gravimetric feeder, pneumatic feeder or
their combinations.

[0015] In this context, the product means any product
which is formed by the thermal conversion process. In
one embodiment, the productis in a gaseous form. Inone
embodiment, the product is a pyrolysis product, torrefac-
tion product or gasification product. In one embodiment,
the product is a pyrolysis product. In one embodiment,
the product is a torrefaction product. In one embodiment,
the product is a gasification product.

[0016] The feed is treated in the reactor. In one embo-
diment, the treatment in the reactor is carried out at low
temperature of below 600 °C, in one embodiment tem-
perature of below 500 °C, in one embodiment tempera-
ture of below 450 °C, and in one embodiment tempera-
ture of below 400 °C. In one embodiment, the treatmentis
carried out at temperature of 200 - 600 °C, in one embo-
diment temperature of 250 - 450 °C, and in one embodi-
ment temperature of 300 - 400 °C. In one embodiment,
the feed may be treated by a pyrolysis. In one embodi-
ment, the pyrolysis is carried out at low temperature of
300 - 600 °C, in one embodiment temperature of 400 -
500 °C. In one embodiment, the feed may be treated by a
torrefaction. In one embodiment, the torrefaction is car-
ried out at low temperature of 200 - 450 °C, in one
embodiment temperature of 250 - 400 °C, and in one
embodiment temperature of 300 - 350 °C.

[0017] In this context, the recirculated gas means any
recirculated gas which can be recirculated in the thermal
conversion process and which can be used as a fluidiza-
tion gas in the reactor of the thermal conversion process.
Preferably, the recirculated gas may comprise oxygen. In
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one embodiment, the recirculated gas comprises at least
a non-condensible gas of the product, e.g. from a non-
condensible gas fraction of the product. In one embodi-
ment, the recirculated gas is a non-condensable gas. In
one embodiment, the non-condensable gas comprises at
least CO and hydrocarbons, and optionally NO,, CO,
and/or N,. In one embodiment, the recirculated gas is a
non-condensable gas from a condenser in which the
product is condensed after the reactor. In one embodi-
ment, the recirculated gas is formed from the product,
e.g. separating a gas fraction or non-condensable gas
fraction. In one embodiment, the recirculated gas is
formed from the product in the condenser. In one embo-
diment, the recirculated gas is formed from a non-con-
densible gas of the product in the condenser. In one
embodiment, the recirculated gas comprises oxygen.
In one embodiment, an oxygen contentin the recirculated
gas is > 0.5 % by weight, in one embodiment > 1.0 by
weight. If the recirculated gas comprising oxygen is used
as a fluidization gas, e.g. in a reactor with low tempera-
ture treatment, the oxygen content increases in circula-
tion flows and the oxygen can accumulate in the process.
The oxygen content may reduce yields of desired com-
ponents in the product. Further, the oxygen may cause
problems in the thermal conversion treatment of the
reactor, and also in the process. Therefore, the oxygen
content of the recirculated gas must be decreased before
the treatment in the reactor.

[0018] Any suitable recirculation means can be usedin
the process. In one embodiment, the recirculation means
may comprise pipes, lines, compressors and other sui-
table devices and equipments for recirculating the recir-
culated gas.

[0019] In one embodiment, the product is condensed
after the reactor, preferably to form a liquid product. In
one embodiment, the product is supplied to at least one
condenser in which the productis cooled and condensed.
In one embodiment a non-condensable gas is formed in
the condenser and separated from the liquid product. In
one embodiment, the product s supplied from the reactor
to a condenser to form a liquid product, and a non-con-
densable gas is separated from the liquid product, and at
least a part of the non-condensable gas is recirculated as
the recirculated gas to the reactor. In one embodiment,
the apparatus comprises at least one condenser for
condensing the product. In one embodiment, the appa-
ratus comprises at least one condenser to which the
product is supplied from the reactor to form a liquid
product and in which non-condensable gas is separated
from the liquid product, and the recirculation means is
arranged to recirculate at least a part of the non-conden-
sable gas as the recirculated gas to the reactor.

[0020] In one embodiment, a non-condensable gas is
separated from the product, such as from the liquid
product. In one embodiment, the apparatus comprises
at least one separating device for separating a non-con-
densable gas from the product. Any suitable separating
device can be used for separating the non-condensable
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gas from the product.

[0021] Inone embodiment, the apparatus comprises at
least one combustor in which residuals and/or solid ma-
terial can be combusted and/or a material, such as a bed
material, of the reactor can be treated. In one embodi-
ment, the apparatus comprises the combustor in which
sand of the reactor can be treated. In one embodiment,
the apparatus comprises the combustor, whichis a boiler,
e.g. a fluidized bed boiler. Any suitable combustor, e.g.
fluidized bed combustor, can be used in the process.
[0022] In one embodiment, a non-condensable gas is
separated from the product and is supplied to a combus-
tor in which residuals are combusted and a material, e.qg.
a bed material, of the reactor is treated, and atleast a part
of the non-condensable gas is recirculated as the recir-
culated gas to the reactor before feeding to the combus-
tor. In one embodiment, the apparatus comprises at least
one separating device for separating non-condensable
gas from the product, and a combustor to which a part of
the non-condensable gas is supplied and in which resi-
duals are combusted and a material, e.g. a bed material,
of the reactor is treated, and the recirculation means is
arranged to recirculate at least a part of the non-conden-
sable gas as the recirculated gas to the reactor before
feeding to the combustor.

[0023] In one embodiment, the recirculated gas is
treated by the catalytic conversion such that oxygen of
the recirculated gas reacts at least with hydrocarbons to
form carbon dioxide and water. In one embodiment, the
recirculated gas is treated by the catalytic conversion
such that oxygen of the recirculated gas reacts with
hydrocarbons and carbon monoxide to form carbon di-
oxide and water. Then oxygen content of the recirculated
gas can be decreased.

[0024] In one embodiment, the catalytic conversion is
performed at temperature of below 400 °C, in one em-
bodiment at temperature of below 350 °C, and in one
embodiment at temperature of below 300 °C. In one
embodiment, the catalytic conversion is performed at
temperature of 200 - 400 °C, in one embodiment at
temperature of 230 - 350 °C, and in one embodiment
at temperature of 250 - 300 °C.

[0025] In one embodiment, the catalytic conversion is
performed using a suitable catalyst, e.g. a catalyst com-
prising platinum, palladium and/or rhodium or other sui-
table catalyst component. In one embodiment, the cata-
lytic conversion is performed using a solid catalyst. In one
embodiment, the catalyst can be arranged to a catalytic
element, e.g. inside the element or on a surface of the
element.

[0026] In one embodiment, the catalytic conversion is
performed in a catalytic conversion device comprising
the catalyst. In one embodiment, the apparatus com-
prises a catalytic conversion device comprising the cat-
alyst. Any suitable catalytic conversion device can be
used for the catalytic conversion. In one embodiment, the
catalytic conversion device is a catalytic converter com-
prising a solid catalyst. In one embodiment, oxidation and
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reduction reactions is carried out in the catalytic conver-
sion device. In one embodiment, NO, and CO can be
converted into N, and CO,, and hydrocarbons and CO
together with oxygen can be converted into CO, and
H,0.

[0027] In one embodiment, the catalytic conversion is
performed before the reactor. In one embodiment, the
catalytic conversion is performed before the reactor in a
catalytic conversion device comprising the catalyst. In
one embodiment, the apparatus comprises a catalytic
conversion device comprising the catalyst for performing
the catalytic conversion, and the catalytic conversion
device is arranged before the reactor.

[0028] Inone embodiment, the apparatus comprises at
least one line, e.g. line, channel or the like, for recirculat-
ing the recirculated gas, preferably for recirculating to the
reactor. In one embodiment, the catalytic conversion is
performed in connection with the line. In one embodi-
ment, the apparatus comprises at least one line for
recirculating the recirculated gas, and the catalytic con-
version device is placed in the line. In one embodiment,
the apparatus comprises at least one line for recirculating
the non-condensable gas from the condenser or separ-
ating device to the reactor.

[0029] In one embodiment, the catalytic conversion is
performed in the reactor such that the catalyst is mixed
with a bed material of the reactor. In one embodiment, the
catalystis arranged in the reactor as a mixture with a bed
material of the reactor.

[0030] In one embodiment, the recirculated gas is
heated before the catalytic conversion. The recirculated
gas may be heated using the heating device. In one
embodiment, the heating device can be a heat exchan-
ger, burner, duct burner, indirect heating device, direct
heat exchange device, e.g. electrical heater or heating
with a solid heat carrier, or their combinations. In one
embodiment, the heating is carried out by using heated
sand, e.g. by an indirect heating. In one embodiment, the
heating is carried out before the catalytic conversion. In
one embodiment, the heating device is a separate heat-
ing device which is arranged before the catalytic conver-
sion, preferably before the catalytic conversion device. In
one embodiment, the heating is carried out in connection
with catalytic conversion, e.g. in the catalytic conversion
device. In one embodiment, the heating device is a part of
the catalytic conversion device, and preferably the heat-
ing is carried out before the catalytic conversion. In one
embodiment, the heating is carried out by utilizing a
catalytic element of the catalytic conversion device,
e.g. via the catalytic element such that the catalyst is
arranged on the surface of the catalytic element and a
heating medium for heating the recirculated gas is sup-
plied from an inside of the catalytic element to the gas.
[0031] In one embodiment, the recirculated gas is
heated to a temperature which is suitable to cause,
e.g.to startorinitiate, a catalytic reaction. In one embodi-
ment, the recirculated gas is heated to a minimum tem-
perature of the catalyst in which the catalyst can work. In
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one embodiment, the recirculated gas is heated after the
condensation, such as after the condenser, to increase a
temperature of the recirculated gas before the catalytic
conversion. Inthe condensation the recirculated gas may
be typically condensed to temperature of 50 °C or below
50 °C.

[0032] In one embodiment, temperature is adjusted
during the catalytic conversion, preferably to prevent
an increase of temperature, e.g. too high, during the
catalytic conversion. In one embodiment, the apparatus
comprises an adjusting device or a control device for
adjusting temperature during the catalytic conversion. In
one embodiment, the apparatus comprises a control
device comprising the heating device. In one embodi-
ment, the apparatus comprises a control device compris-
ing the heating device and adjusting device for heating
and adjusting the temperature.

[0033] Inone embodiment, the heat of the recirculated
gas can be utilized in the reactor. In one embodiment, the
heat of the recirculated gas from the heating is supplied
into the reactor. In one embodiment, the heat of the
recirculated gas from the catalytic conversion is supplied
into the reactor.

[0034] Inone embodiment, at least solid material, e.g.
residual material, material of the reactor and/or bed
material, is separated from the product after the reactor.
In one embodiment, the apparatus comprises at least
one cyclone for separating at least solid material from the
product after the reactor. In one embodiment, the solid
material, e.g. solids, char, bed material and/or sand, is
separated by the cyclone from the product. In one em-
bodiment, the solid material, e.g. solids, bed material,
sand and/or char, is supplied to a combustor in which the
solid material is treated and/or combusted and the ma-
terial of the reactor can be heated. Further, an excess
energy can be produced in the combustor. The heated
material, e.g. sand or bed material, can be recirculated
from the combustor to the reactor. In one embodiment, a
part of the non-condensable gas from the condenser or
separating device are recirculated to the combustor.
[0035] Inone embodiment, the method and apparatus
are based on a continuous process.

[0036] Thanks to the invention, the oxygen content of
the recirculated gas can be decreased during the process
toreduce risk of safety hazards and to improve the overall
efficiency of the process by decreased detrimental effect
on product yields. When the oxygen content of the re-
circulated gas is low, the yield of desired product com-
ponents can be improved, and undesired reactions, e.g.
oxidation or burning, can be avoided during the process.
This increases efficiency in the process, and problems
can be avoided in the process. The oxygen or cumulated
oxygen content may cause safety problems or process
problems. Further, the recirculated gas can be used also
in low temperature processes and reactors when the
oxygen content is decreased before the reactor. Further,
also other impurities can be decreased at the same time.
[0037] The method and apparatus offer a possibility to
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treat the recirculated gas easily, and energy- and cost-
effectively in the thermal conversion process. The pre-
sent invention provides an industrially applicable, simple
and affordable way to produce fluidization gases from
different by-product flows and/or non-condensable flows.
The method and apparatus are easy and simple torealize
in connection with production processes.

EXAMPLES

[0038] Fig. 1 and Fig. 2 present some embodiments of
the process for producing a product and for treating a
fluidization gas.

[0039] The apparatus of Figs. 1 and 2 comprises a
fluidized reactor (2) for treating, e.g. by pyrolyzing, a feed
(1) to form a product (3), e.g. a pyrolysis product, and a
feeder for feeding the feed (1) to the reactor. A fluidization
gas (15) is supplied to the reactor from a bottom of the
reactor.

[0040] The apparatus of Figs. 1 and 2 comprises a
recirculation means, such as lines, for recirculating a
recirculated gas (10), which is formed from a non-con-
densible gas of the product, and for feeding the recircu-
lated gas as the fluidization gas (15) to the reactor. The
apparatus comprises a condenser (8) for condensing the
product (3) and for forming a liquid product (9) and the
non-condensable gas. The non-condensable gasis used
as the recirculated gas (10). Further, the apparatus may
comprise a separating device for separating the non-
condensable gas after the condenser.

[0041] Further, the apparatus of Figs. 1 and 2 com-
prises a catalytic conversion device (12) comprising a
catalystfortreating the recirculated gas (10) by a catalytic
conversion before the reactor for decreasing oxygen
content in the recirculated gas before the reactor, and
apparatus may comprise a heating device (11), e.g. heat
exchanger or ductburner, for heating the recirculated gas
before the catalytic conversion.

[0042] Further, the apparatus of Fig. 2 comprises a
cyclone (4) for separating solid material (5), e.g. solids,
sand, char or other residuals, from the product (3) after
the reactor (2). Also, the apparatus comprises a com-
bustor (6) where the solid material (5) is treated and
combusted together with non-condensable gas (10a),
and simultaneously the material of the reactor may be
heated. The combustor may be a fluidized bed boiler or
other suitable combustor. The heated material (7) can be
recirculated from the combustor to the reactor (2).
Further, air (13) can be supplied to the combustor (6),
and steam (14) can be discharged from the combustor.
[0043] In the apparatus of Fig. 2, the product (3) is
supplied from the cyclone (4) to the condenser (8). A
liquid product (9) is recovered from the condenser, and
the non-condensable gas (10) is separated. A part of the
non-condensable gas is supplied as a gas flow (10a) to
the combustor (6) and a part of the non-condensable gas
is recirculated as a recirculated gas (10b) to the catalytic
conversion, and after that the recirculated gas is supplied



9 EP 4 538 350 A1 10

as the fluidization gas (15) to the reactor (2). The recir-
culated gas (10b) is heated before the catalytic conver-
sion.

Example 1

[0044] In this example, a product is formed in a flui-
dized reactor and a fluidization gas is treated in the
process according to Fig. 2.

[0045] A feed (1), which includes woody biomass, is
fed to a fluidized pyrolysis reactor (2), and a fluidization
gas (15) is supplied to the reactor from a bottom of the
reactor. The feed is pyrolyzed at temperature of tempera-
ture of 300 - 450 °C to form a pyrolysis product (3) .
[0046] Atleastsand and/orchar (5)are separated from
the pyrolysis product (3) in a cyclone (4) after the pyr-
olysis reactor. The residuals, sand and/or char are trea-
ted and combusted together with non-condensable gas
(10a) in a combustor (6) which is a fluidized bed boiler
such that the residuals, char and non-condensable gas
burn and thus heat the sand. The hot sand (7) is recircu-
lated to the pyrolysis reactor, i.e. the material of the
pyrolysis reactor is continuously circulated. Air (13)
can be supplied to the combustor (6), and steam (14),
e.g. high pressure steam, can be discharged from the
combustor.

[0047] From the cyclone (4) the pyrolysis product va-
por (3) is supplied to a condenser (8) in which the pyr-
olysis product vapor is cooled and condensed. A pyro-
lysis liquid product (9) is recovered from the condenser.
Non-condensable gas (10) is separated and supplied as
agasflow (10a)to the combustor (6) and a part of the non-
condensable gas (10) is recirculated as a recirculated
gas (10b). The recirculated gas (10b) is treated by a
catalytic conversion in a converter (12), and after that
the recirculated gas is supplied as the fluidization gas
(15) to the reactor (2). The recirculated gas (10b) is
heated, e.g. in a heating device (11) such as a heat
exchanger, before the catalytic conversion. During the
catalytic conversion hydrocarbons and carbon monoxide
react with oxygen to form carbon dioxide and water at
temperature of 250 - 300 °C in the converter.

[0048] The reactors, combustors, condensers, separ-
ating devices, converters and heating devices, and other
devices and equipments of the process used in Figs. 1
and 2 are known per se in the art, and therefore they are
not described in any more detail in this context.

[0049] The method and apparatus are suitable in dif-
ferent embodiments for treating different recirculated
gases and for producing desired products from different
raw materials.

[0050] The invention is not limited merely to the exam-
ples referred to above; instead many variations are pos-
sible within the scope of the inventive idea defined by the
claims.
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Claims

1. A method for treating a fluidization gas in a thermal
conversion process, characterized in that the
method comprises

- recirculating a recirculated gas in the thermal
conversion process which comprises at least a
fluidized reactor, in which a feed is treated for
forming a product, such that the recirculated gas
is formed from the product and/or a non-con-
densible gas of the product and the recirculated
gas is fed as the fluidization gas to the reactor,
and

- heating the recirculated gas, and treating the
recirculated gas by a catalytic conversion using
a catalyst before the reactor or in the reactor for
decreasing oxygen content in the recirculated
gas.

2. The method according to claim 1, char- acterized in
that the recirculated gas is treated by the catalytic
conversion such that oxygen of the recirculated gas
reacts with hydrocarbons and carbon monoxide to
form carbon dioxide and water.

3. Themethod accordingto claim 1 or 2, characterized
in that the catalytic conversion is performed at tem-
perature of 250 - 300 °C.

4. The method according to any one of claims 1 to 3,
characterized in that the thermal conversion pro-
cess is a pyrolysis, gasification or torrefaction.

5. The method according to any one of claims 1 to 4,
characterized in that the recirculated gas is non-
condensable gas.

6. The method according to any one of claims 1 to 5,
characterized in that the product is supplied from
the reactor to a condenser to form a liquid product,
and non-condensable gas is separated from the
liquid product, and at least a part of the non-con-
densable gas is recirculated as the recirculated gas
to the reactor.

7. The method according any one of claims 1 to 6,
characterized in that non-condensable gas is se-
parated from the product and is supplied to a com-
bustor in which residuals are combusted and a ma-
terial of the reactoris treated, and atleasta part of the
non-condensable gas is recirculated as the recircu-
lated gas to the reactor.

8. The method according to any one of claims 1 to 7,
characterized in that the catalytic conversion is
performed before the reactor in a catalytic conver-
sion device comprising the catalyst.
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An apparatus for treating a fluidization gas in a
thermal conversion process, characterized in that
the apparatus comprises

- atleast one fluidized reactor (2) in which a feed
(1) is treated for forming a product (3), and at
least one recirculation means for recirculating a
recirculated gas (10), which is formed from the
product (3) and/or a non-condensible gas of the
product, in the thermal conversion process and
for feeding the recirculated gas as the fluidiza-
tion gas (15) to the reactor, and

- at least one heating device for heating the
recirculated gas, and at least one catalyst for
treating the recirculated gas by a catalytic con-
version before the reactor or in the reactor for
decreasing oxygen content in the recirculated
gas.

The apparatus according to claim 9, characterized
in that the apparatus comprises a catalytic conver-
sion device (12) comprising the catalyst for perform-
ing the catalytic conversion, and the catalytic con-
version device is arranged before the reactor (2).

The apparatus according to claim 9 or 10, charac-
terized in that the reactor (2) is a pyrolysis reactor,
gasification reactor or torrefaction reactor.

The apparatus according to any one of claims 9to 11,
characterized in that the apparatus comprises at
least one condenser (8) to which the product (3) is
supplied from the reactor (2) to form a liquid product
(9) and in which non-condensable gas is separated
from the liquid product, and the recirculation means
is arranged to recirculate at least a part of the non-
condensable gas as the recirculated gas (10) to the
reactor.

The apparatus according to any one of claims 9to 12,
characterized in that the apparatus comprises at
least one separating device for separating non-con-
densable gas from the product (3), and a combustor
(6) to which the non-condensable gas is supplied
and in which residuals are combusted and a material
of the reactor is treated, and the recirculation means
is arranged to recirculate at least a part of the non-
condensable gas as the recirculated gas (10b) to the
reactor (2) before feeding to the combustor.

The apparatus according to any one of claims 9to 13,
characterized in that the apparatus comprises a
combustor (6) which is a fluidized bed boiler.

The apparatus according to any one of claims 9to 14,
characterized in that the apparatus comprises at
least one line for recirculating the recirculated gas
(10, 10b), and a catalytic conversion device (12) is
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placed in the line.
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