HU000028745T2
X
3 (19) HU (11) Lajstromszam: E 028 745 (13) T2
SN\ MAGYARORSZAG
\\\\\ Szellemi Tulajdon Nemzeti Hivatala
SZOVEGENEK FORDITASA
(21) Magyar igyszam: E 09 832782 6N Int.cl: C10K 1/02 (2006.01)
(22) A bejelentés napja: 2009. 12. 18. c10J 3/16 (2006.01)
C10J 3/46 (2006.01)
(96) Az eurdpai bejelentés bejelentési szama: C10K 1/10 (2006.01)
EP 20090832782 C10K 3/00 (2006.01)
(97) Az eurdpai bejelentés kozzétételi adatai: C10K 1/12 (2006.01)
EP 2376607 A1 2010. 06. 24. Cc10J 3/66 (2006.01)
(97) Az eurdpai szabadalom megadasanak meghirdetési adatai: C10K 1/00 (2006.01)
EP 2376607 B1 2016. 03. 09.
(86) A nemzetkdzi (PCT) bejelentési szam:
PCT/CA 09/001851
(87) A nemzetkdzi kdzzétételi szam:
WO 10069068
(30) Elsébbségi adatok: (73) Jogosult(ak):
203181 P 2008. 12. 19. us Enerkem, Inc., Montreal, QC H3A 2M8 (CA)

(72) Feltalalo(k):
CHORNET, Esteban, Sherbrooke Québec J1L 1T3 (CA) |(74) Képviseld:
VALSECCHI, Boris, Sherbrooke Québec J1G 1G4 (CA) Danubia Szabadalmi és Jogi Iroda Kft.,
RHEAULT, Sébastien, Magog Québec J1X 7T6 (CA) Budapest
GAGNON, Martin, Sherbrooke Québec J1H 5Z9 (CA)

(54) Eljaras szintézisgaz elballitasara biomassza kontrollalt oxidalasaval

Az eurdpai szabadalom ellen, megadasanak az Eurépai Szabadalmi K6zlonyben valé meghirdetésétdl szamitott kilenc hdnapon bellil,
felszélalast lehet benyujtani az Eurépai Szabadalmi Hivatalnal. (Eurépai Szabadalmi Egyezmény 99. cikk(1))

A forditast a szabadalmas az 1995. évi XXXIII. torvény 84/H. §-a szerint nyujtotta be. A forditas tartalmi helyességét a Szellemi Tulajdon
Nemzeti Hivatala nem vizsgalta.




EP 2 376 607 B1

(19)

(12)

(49)

(21)

(22)

Eurcpdisches
Patentarmt

Eurcpean
Patent Office

Office européen
des brevets

AR i

(11) EP 2 376 607 B1

EUROPEAN PATENT SPECIFICATION

Date of publication and mention
of the grant of the patent:
09.03.2016 Bulletin 2016/10
Application number: 09832782.8

Date of filing: 18.12.2009

1)

(86)

(87)

Int Cl.:

C10K 1/02 (2006.0%) C10J 3/46 (2006.07)
C10K 1/00 (2006:07) C10K 1/10 (2006.09)
C10K 1/12(2006.01) C10K 3100 (2006.0%)
C10J 3/16(2006.09 C10J 3/66 (2006.01)
International application number:
PCT/CA2009/001851

International publication number:

WO 2010/069068 (24.06.2010 Gazette 2010/25)

(54)

PRODUCTION OF SYNTHESIS GAS THROUGH CONTROLLED OXIDATION OF BIOMASS
HERSTELLUNG VON SYNTHESEGAS MITTELS GESTEUERTER BIOMASSEOXIDATION
PRODUCTION DE GAZ DE SYNTHESE PAR OXYDATION CONTROLEE DE BIOMASSE

(84)

(30)

(43)

(73)

(72)

Designated Contracting States:

ATBEBGCHCY CZDEDKEEESFIFR GB GR
HRHUIEISITLILT LU LV MC MK MT NL NO PL
PT RO SE SI SK SM TR

Priority: 19.12.2008 US 203181 P

Date of publication of application:
19.10.2011 Bulletin 2011/42

Proprietor: Enerkem, Inc.
Montreal, QC H3A 2M8 (CA)

Inventors:

CHORNET, Esteban
Sherbrooke

Québec J1L 1T3 (CA)
VALSECCHI, Boris
Sherbrooke

Québec J1G 1G4 (CA)

(74)

(56)

RHEAULT, Sébastien
Magog

Québec J1X 7T6 (CA)
GAGNON, Martin
Sherbrooke

Québec J1H 529 (CA)

Representative: Walcher, Armin
Louis, Pohlau, Lohrentz
Patentanwilte

Postfach 30 55

90014 Niirnberg (DE)

References cited:
EP-A1- 0 908 672
WO-A1-01/68789
WO-A2-2008/033812
CA-A1-2210981
US-A- 5922090
US-A1- 2005 109 603

EP-A2- 0 979 857
WO-A1-2009/132449
WO-A2-2009/050494
CA-A1- 2424 805
US-A1- 2004 237 405
US-A1- 2006 112 638

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid.

(Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 2 376 607 B1
Description

[0001] This invention relates to the production of synthesis gas, or of syngas, from biomass. More particularly, this
invention relates to the production of synthesis gas from biomass by contacting biomass, in a first step, with oxygen and
steam, wherein the oxygen is present in an amount effective to oxidize the biomass, thereby producing heat sufficient
to heat the biomass to a temperature of at least 500°C and no greater than 750°C. In a second step, at least a portion
of the oxidized biomass produced in the first step is treated with oxygen and steam to heat the biomass to a temperature
of at least 800°C and which does not exceed 850[DEG.]C, thereby producing synthesis gas.

[0002] Synthesis gas, or syngas, includes carbon monoxide (CO) and hydrogen (H2), with small amounts of carbon
dioxide and residual hydrocarbons, and has a variety of uses. Synthesis gas may be used as a fuel gas in internal
combustion engines, in gas turbines, as well as in gas fired steam boiler plants, or may be used to produce other desired
materials, such as methanol and ethanol.

[0003] Synthesis gas may be produced by gasifying residual biomass materials, such as forest residues, agricultural
residues, spent structural wood materials, and urban biomass, such as municipal solid waste. The gasification of biomass
provides a crude synthesis gas which may include impurities such as ammonia (NH3), sulfur compounds (such as
hydrogen sulfide (H2 S) and carbonyl sulfide (COS)), chlorine compounds (such as HCI), volatile metals, tars, fines (in
the form of submicron particles containing metals and metal salts), and char (solid particulates typically above 0.001
mm and containing metals and metal salts). Such impurities, however, limit the ability of the synthesis gas to be used
as a fuel or to be employed in the synthesis of other useful materials.

[0004] For example, when synthesis gas is used to produce methanol, the synthesis gas is reacted under pressure
in the presence of a catalyst. The impurities in a crude synthesis gas produced as a result of gasifying biomass may
poison or deactivate the catalyst.

[0005] Various methods have been devised for producing crude synthesis gas from biomass, and then cleaning or
conditioning the crude synthesis gas. German Patent No. 4317319 discloses the gasification of biomass in the form of
granular, shredded raw materials in two high-pressure, fixed-bed gasification units attemperatures up to 1200°C. Oxygen,
water vapor, and raw carbon dioxide (CO,) gas also were introduced into the fixed-bed gasification units. The raw
synthesis gas produced in the fixed-bed gasification units is scrubbed and cooled with water and then cooled further
with the use of indirect heat exchangers. From these steps, various organic components are removed from the gas
stream, such as phenol and tars. These can be recycled back to the fixed bed gasifier or fed to the entrained-flow gasifier
described below. The gas stream, free of phenol and tars, then is sent to a combined two-stage gas cooling and scrubbing
process step, where mixtures of water and methanol are used to reduce the gas temperature to - 25°C and to remove
ammonia, hydrogen cyanide, and residual phenolic compounds. Hydrocarbons, some of which may be halogenated,
also are removed by the chilled mixture of water and methanol. The hydrocarbon-rich compounds recovered from the
chilled water and methanol mixture subsequently can be sent to the entrained-flow gasification unit while the gas stream
exiting the low temperature scrubbing unit is dried before it proceeds to a carbonyl sulfide (COS) hydrolysis unit. In that
part of the process, the COS in the synthesis gas is reacted with steam to form hydrogen sulfide (H,S) and CO,. The
H,S then is removed from the gas stream in a selective H,S scrubbing process step. The conditioned synthesis gas is
used as fuel in a gas and steam power plant. The H,S-rich stream exiting the selective H,S scrubbing process is sent
to a sulfur recovery process which will produce pure sulfur and a stream of raw CO,. The raw CO, then is subjected to
further purification steps before it is compressed and/or liquefied to manufacture high purity CO, gas.

[0006] Biomass fractions, such as tars and phenols, are used with the fines present in the raw material as feedstock
for a high pressure, entrained-flow gasification unit at temperatures reaching 1400°C. Raw synthesis gas from the fixed-
bed gasification units also can be introduced and converted in the entrained flow gasifier. The crude synthesis gas
stream leaving the entrained flow gasifier is subjected to soot scrubbing. The gas stream then is split into two parallel
streams, one of which is fed to a COS hydrolysis unit and the other is fed to a carbon monoxide (CO) conversion unit.
The distribution of the synthesis gas stream between those two process units is effected to achieve a desired hydrogen
to carbon monoxide (H,/CO) ratio of the gas, which is to be used for a methanol synthesis plant. Both gas streams then
are mixed and sent to a cooling stage before the gas is fed to a very-low temperature gas scrubbing process, which
uses chilled methanol to reduce to trace levels the H,S and CO, concentrations in the synthesis gas. Through solvent
regeneration steps, the H,S and CO, are removed from the methanol and sent to the same sulfur recovery and/or
purification steps as described for the fixed-bed gasification’s synthesis gas conditioning process. The scrubbed synthesis
gas is fed to a methanol synthesis plant.

[0007] German Patent No. 1003150 discloses the gasification of biomass in three gasification units, two of which are
of the fixed-bed type and the third is the entrained-flow type. The synthesis gas, which exits the fixed-bed gasification
units, is rich in CO,. The CO,-rich synthesis gas is quenched and cooled. The entrained-flow gasification unit's synthesis
gas is scrubbed to remove soot before some of the CO,-rich synthesis gas is added to provide the desired H,/CO ratio
for the methanol synthesis plant. The recombined synthesis gas is sent to a CO conversion stage and a cooling stage
before it is cooled. All the synthesis gas streams then are sent to a very low temperature scrubbing to purify the synthesis
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gas further, which then is fed to the methanol synthesis plant. The remainder of the gas is sent either to a gas and steam
power plant, or burnt in a boiler after it is mixed with raw, synthesis, and/or natural gas.

[0008] Theprocessesdescribedinthe above-mentioned German patents are conducted under high severity conditions,
and incur high capital and operating costs.

[0009] United States published patent Application No. 2007/0270511 discloses the gasification of biomass to produce
syngas in which a first portion of biomass is gasified in the presence of air to produce syngas. This syngas is combusted
to produce a hot flue gas. A second portion of the biomass is gasified in a steam gasifier, at a temperature of from 750°C
to 900°C, to produce syngas. The steam gasifier includes a heat exchanger tubing system, through which is passed the
hot flue gas, thereby providing heat to the steam gasifier.

[0010] Biomass materials in general are rich in inorganic materials, and such inorganic materials may contain salts
that have low melting points, such as, for example, NaCl (801°C), KCI (776°C), CaCl, (772°C), MgCl, (714°C), and
FeCl, (677°C). Such biomass materials also may include aluminum, which melts at 660°C.

[0011] Thus, when biomass is gasified at temperatures such as those described in the above-mentioned German
patents and published U.S. patent application, the inorganic materials mentioned hereinabove will melt and induce
agglomerations and the formation of deposits in the gasifier. In addition, if the gasification is conducted in the presence
of afluidized bed of particulate material, such melting of inorganic material also will cause agglomeration of the particulate
material in the fluidized bed, which leads to eventual loss of fluidization.

[0012] US 5,922,090 describes a process for producing syngas from biomass wherein biomass is oxidised and the
oxidised biomass is treated with oxygen and steam to produce syngas.

[0013] The present invention provides an efficient method of producing synthesis gas from biomass.

[0014] In accordance with an aspect of the present invention, there is provided a process for producing synthesis gas
from biomass. The process comprises, in a first step, contacting the biomass with an oxidizing gas comprising oxygen
and steam. The oxygen is present in an amount effective to oxidize the biomass and to heat the biomass to a temperature
of at least 500°C and no greater than 750°C. In a second step, at least a portion of the oxidized biomass produced in
the first step is treated with an oxidizing gas comprising oxygen and steam to heat the biomass to a temperature of at
least 800°C, to produce synthesis gas according to claim 1 The synthesis gas produced then is recovered.

[0015] Biomass-rich materials which may be gasified in accordance with the present invention include, but are not
limited to, homogeneous biomass-rich materials, non-homogeneous biomass-rich materials, heterogeneous biomass-
rich materials, and urban biomass.

[0016] In general, homogeneous biomass-rich materials are biomass-rich materials which come from a single source.
Such materials include, but are not limited to, materials from coniferous trees or deciduous trees of a single species,
agricultural materials from a plant of a single species, such as hay, corn, or wheat, for example, primary sludge from
wood pulp, and wood chips.

[0017] Non-homogeneous biomass-rich materials in general are materials which are obtained from plants of more
than one species. Such materials include, but are not limited to, forest residues from mixed species, and tree residues
from mixed species obtained from debarking operations or sawmill operations.

[0018] Heterogeneous biomass-rich materialsin general are materials thatinclude biomass and non-biomass materials
such as plastics, metals, and/or contaminants such as sulfur, halogens, or non-biomass nitrogen contained in compounds
such as inorganic salts or organic compounds. Examples of such heterogeneous biomass-rich materials include, but
are not limited to, urban biomass such as municipal solid waste, such as refuse derived fuel, solid recovered fuel, sewage
sludge, used electrical transmission poles and railroad ties, which may be treated with creosote, pentachlorophenol, or
copper chromium arsenate, and wood from construction and demolition operations which may contain one or more of
the above chemicals as well as paints and resins.

[0019] In a non-limiting embodiment, prior to the contacting of the biomass with oxidizing gas in the first step, the
biomass is admixed with at least one additive material, which neutralizes impurities such as chlorine, fluorine, and sulfur,
which may be present in the biomass. In a non-limiting embodiment, the at least one additive is at least one adsorbent
material. Such adsorbent materials include, but are not limited to, calcium oxide, or mixtures of calcium oxide, calcined
limestone, ash materials, olivine (a silicate of iron and magnesium), and mixtures of calcium and magnesium oxides.
[0020] In another non-limiting embodiment, the at least one additive material is added to the biomass in an amount
of from about 1.25 to about 3.0 times the stoichiometric quantity required for full neutralization of chlorine and other
halogens, as well as sulfur present in the biomass. The term "neutralization," as used herein, includes the formation of
stable salts such as CaCl,, CaF,, CaS, and the corresponding salts of magnesium and iron.

[0021] Inthe first step, the biomass is contacted with the oxidizing gas under conditions which effect a partial oxidation
of the biomass. As a result of such partial oxidation, the biomass decomposes thermally, and there are produced a solid
carbonaceousresidue, gases such as CO,, steam, and some carbon monoxide and hydrogen, and vapors of intermediate
species such as low molecular weight alkyl and aromatic hydrocarbons, and phenolics such as phenol, catechols, and
methoxylated, alkylated, and alkoxylated phenols.

[0022] As noted hereinabove, the biomass, in the first step, is heated to a temperature of at least 500°C and no greater
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than 750°C. In another non-limiting embodiment, the biomass, in the first step, is heated to a temperature of at least
600°C and no greater than 750°C. In another non-limiting embodiment, the biomass, in the first step, is heated to a
temperature of at least 600°C and no greater than 725°C. In a further non-limiting embodiment, the biomass, in the first
step, is heated to a temperature of at least 600°C and no greater than 700°C. In yet another non-limiting embodiment,
the biomass, in the first step, is heated to a temperature of at least 600°C and no greater than 660°C.

[0023] In a non-limiting embodiment, the oxidizing gas, in the first step, further comprises nitrogen in an amount which
does not exceed 60 vol.% of the oxidizing gas. In one non-limiting embodiment, the oxidizing gas includes oxygen-
enriched air and steam, in which oxygen is present in an amount of up to about 40 vol.% of the oxidizing gas, and nitrogen
is present in an amount that does not exceed 60 vol.% of the oxidizing gas.

[0024] In another non-limiting embodiment, the biomass, in the first step, is contacted with oxygen and steam in the
absence of nitrogen. In a non-limiting embodiment, oxygen is present in such nitrogen-free gas in an amount which does
not exceed 40 viol.%. In yet another non-limiting embodiment, oxygen is present in such nitrogen-free gas in an amount
of from about 30 vol.% to about 40 vol.%.

[0025] In another non-limiting embodiment, the oxidizing gas, in the first step, further comprises carbon dioxide. In a
further non-limiting embodiment, carbon dioxide is present in the oxidizing gas in an amount that does not exceed 20
vol.%. In yet another non-limiting embodiment, carbon dioxide is present in the oxidizing gas in an amount of from about
10 vol. % to about 20 vol.%.

[0026] In a further non-limiting embodiment, oxygen is present in the oxidizing gas in an amount of from about 30
vol.% to about 40 vol.%, carbon dioxide is present in the oxidizing gas in an amount of from about 10 vol.% to about 20
vol.%, and the remainder of the oxidizing gas essentially is steam. Trace amounts of argon may be present.

[0027] In another non-limiting embodiment, the biomass, in the first step, is contacted with oxygen at a weight ratio of
oxygen to biomass that does not exceed 0.35 times the stoichiometric weight ratio needed for complete combustion,
i.e., total oxidation of the biomass.

[0028] In a further non-limiting embodiment, the biomass, in the first step, is contacted with oxygen at a weight ratio
of oxygen to biomass of from about 0.2 to about 0.35 weight of the stoichiometric weight ratio needed for complete
combustion of the biomass. In yet another non-limiting embodiment, the biomass is contacted with oxygen at a weight
ratio of oxygen to biomass of from about 0.25 to about 0.30 of the stoichiometric weight ratio needed for complete
combustion of the biomass.

[0029] In another non-limiting embodiment, in the first step, the biomass is contacted with oxygen and steam in a bed
of particulate material, whereby the passage of oxygen and steam through such bed provides a fluidized bed of the
particulate material. Such particulate materials include, but are not limited to, alumina, olivine, silica, anthracite, desul-
furized petroleum coke, and in general, any stable refractory material. In a non-limiting embodiment, the particulate
material is selected from the group consisting alumina, olivine and silica. In another non-limiting embodiment, the particles
have a diameter of from about 200 microns to about 600 microns.

[0030] In another non-limiting embodiment, the biomass is contacted, in the first step, with oxygen and steam for a
period of time that does not exceed 10 seconds. In a further non-limiting embodiment, the biomass is contacted, in the
first step, with oxygen and steam for a period of time that does not exceed 3 seconds. In yet another non-limiting
embodiment, the biomass is contacted, in the first step, with oxygen and steam for a period of time that does not exceed
one second.

[0031] Although the scope of the present invention is not intended to be limited to any theoretical reasoning, as the
biomass is contacted with oxygen and steam in the first step, the biomass is oxidized partially, and is decomposed
thermally, thereby producing a solid carbonaceous residue, gases such as CO,, steam, and some carbon monoxide
(CO) and hydrogen (H»), and vapors of intermediate species such as low molecular weight alkyl and aromatic hydro-
carbons, and phenolics as hereinabove described.

[0032] When the biomass is contacted with oxygen and steam, in the first step, in the presence of a fluidized bed, the
solid carbonaceous residue produced in the first step remains in the fluidized bed and provides the bulk of the exothermal
heat of oxidation, thereby maintaining the fluidized bed at the temperatures hereinabove described. The oxygen used
in the first step essentially is consumed in such step, while a portion of the carbonaceous residue formed during the first
step is consumed as well, and another portion of the carbonaceous residue is entrained as char. The char particles also
may contain inorganic materials initially present in the biomass feedstock.

[0033] Some cracking of intermediates, i.e., low molecular weight hydrocarbons, phenolics, and aromatics, may occur
during the first step; however, higher temperatures are required to convert the residual carbon in the entrained char
particles, and additionally to crack and reform the intermediate vapors containing the low molecular weight alkyl and
aromatic hydrocarbons, and phenolics. Thus, in the second step, at least a portion of the partially oxidized biomass
produced in the first step is treated with an oxidizing gas comprising oxygen and steam to heat the biomass to a
temperature of at least 800°C and not exceeding 850 [DEG.]C.

[0034] In a non-limiting embodiment, the oxidizing gas, in the second step, further comprises nitrogen in an amount
which does not exceed 60 vol.% of the oxidizing gas. In one non-limiting embodiment, the oxidizing gas includes oxygen-
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enriched air and steam, in which oxygen is present in an amount of up to about 40 vol.% of the oxidizing gas, and nitrogen
is present in an amount that does not exceed 60 vol.% of the oxidizing gas.

[0035] Inanother non-limiting embodiment, the partially oxidized biomass, in the second step, is contacted with oxygen
and steam in the absence of nitrogen. In a non-limiting embodiment, oxygen is present in such nitrogen-free gas in an
amount which does not exceed 40 vol. %. In yet another non-limiting embodiment, oxygen is present in such nitrogen-
free gas in an amount of from about 30 vol. % to about 40 vol. %.

[0036] In another non-limiting embodiment, the oxidizing gas, in the second step, further comprises carbon dioxide In
a further non-limiting embodiment, carbon dioxide is present in the oxidizing gas in an amount that does not exceed 20
vol. %. In yet another non-limiting embodiment, carbon dioxide is present in the oxidizing gas in an amount of from about
10 vol. % to about 20 vol. %.

[0037] In a further non-limiting embodiment, oxygen is present in such oxidizing gas in an amount of from about 30
vol. % to about 40 vol. %, carbon dioxide is present in the oxidizing gas in an amount of from about 10 vol. % to about
20 vol. %, and the remainder of the oxidizing gas essentially is steam. Trace amounts of argon may be present.
[0038] In a non-limiting embodiment, the oxidized biomass, in the second step, is treated with the oxygen and steam
for a period of time of from about 0.5 seconds to about 10 seconds. In another non-limiting embodiment, the oxidized
biomass, in the second step, is treated with the oxygen and steam for a period of time of from about 4 seconds to about
8 seconds.

[0039] The oxidized biomass, in the second step, is treated with oxygen and steam in a first stage to a temperature
of at least 800°C and does not exceed 850°C.

[0040] The oxidized biomass is heated in the second stage to a temperature of from about 900°C to about 1,000°C.
In yet another non-limiting embodiment, the oxidized biomass is heated in the second stage to a temperature of from
about 925°C to about 975°C.

[0041] In yet another non-limiting embodiment, the oxidized biomass is heated in the first stage to a temperature of
from 800°C to 850°C, and is heated in the second stage to a temperature of from 925°C to 975°C.

[0042] When the oxidized biomass is contacted with oxygen and steam in the second step, whereby the oxidized
biomass is heated to a temperature of at least 800°C, carbon in the char is converted fully by the steam to generate
hydrogen and carbon monoxide, and steam reforming of the intermediates yields more hydrogen and carbon monoxide.
In general, the inorganic materials which are present in the char in general are exposed to temperatures higher than
their melting points. Such inorganic materials will melt and stay melted in the char particles. Deposition of char particles
and/or inorganic materials on the walls of the gasification vessel is minimal because the particles are entrained under
plug flow conditions.

[0043] In a non-limiting embodiment, the biomass is gasified to produce syngas in a gasification vessel or gasifier
which has a fluidized bed section and a freeboard section. The biomass is fed to the fluidized bed section of the gasifier
by means known to those skilled in the art, such as, for example, through pressure tight star valves (as used in the pulp
and paper sector to feed digesters) and a lock hopper system equipped with interlocking valves, and coupled to a belt
conveyor which feeds a transfer screw, which ejects the biomass into the fluidized bed section of the gasifier. Alternatively,
the biomass may be fed into the fluidized bed section of the gasifier by means of a compression screw working against
a plug to create a pressure seal against the gasifier.

[0044] Ingeneral, the gasifier is operated at a pressure that does not exceed 10 atm. The fluidized bed section includes
particles of a fluidizable material, such as alumina or olivine, having a particle size of from about 200 microns to about
600 microns. Oxygen and steam are introduced into the fluidized bed section of the gasifier to provide a gas velocity of
from about 0.7 m/sec to about 1.5 m/sec., thereby providing a bubbling fluidized bed of the particulate material. The
oxygen is introduced into the fluidized bed section at a weight ratio of oxygen to biomass of from about 0.20 to about
0.35 of the stoichiometric weight ratio required for complete combustion of the biomass, and thereby maintaining the
fluidized bed section of the gasifier at a temperature of from about 600°C to about 700°C.

[0045] As the biomass is introduced into the fluidized bed section, the biomass is oxidized partially as it decomposes
thermally to produce a solid carbonaceous residue that stays in the fluidized bed, gases, such as CO, and some CO
and H,, steam from moisture in the biomass as well as from dehydration reactions, and vapors of intermediate species
such as low molecular weight alkyl and aromatic hydrocarbons, and phenolics as hereinabove described. The gases
and vapors leave the fluidized bed rapidly. In general, the biomass is treated with the oxygen and steam in the first step,
for a period of time not exceeding 3 seconds.

[0046] The solid carbonaceous material that remains in the fluidized bed reacts with the oxygen that is fed to the
fluidized bed section, thereby providing the exothermal heat of oxidation as well as providing CO and CO, because the
oxidation of the biomass in the fluidized bed section is substoichiometric. The oxygen essentially is consumed in the
fluidized bed section, whose carbon loading is constant over time, i.e., carbon is produced by thermal decomposition of
the biomass, then is consumed by the oxidation, and then the small particles become entrained as char when the size
of the particles shrinks to a size which results in their entrainment (typically less than 200 microns). The char particles
contain inorganic materials such as salts, for example, which initially are present in the biomass.
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[0047] The gas and vapors produced as a result of the partial oxidation of the biomass move from the fluidized bed
section of the gasifier through a disengaging zone (i.e., a zone separating the fluidized bed section from the freeboard
section) prior to entering the freeboard section.

[0048] Although some cracking of the intermediate species hereinabove described takes place in the fluidized bed
section of the gasifier, in general higher temperatures are required to effect conversion of the residual carbon in the
entrained char particles and additionally to crack and steam reform the vapors of the intermediate species. Such inter-
mediate species include low molecular weight hydrocarbons, such as methane, ethylene, ethane, monomeric and dimeric
aromatic hydrocarbons, phenol, functionalized phenols, i.e., catechols, methoxylated phenol, alkylated phenol and alkox-
ylated phenol, and higher molecular weight hydrocarbons known as "tar," i.e., a complex mixture of functionalized
polyaromatics and polyphenolic compounds.

[0049] The gas and vapors produced in the fluidized bed section pass through the disengaging zone into the freeboard
section, in which the gas and vapors are contacted with oxygen and steam to reach a temperature of from about 925°C
to about 1,000°C. The oxygen and steam are introduced into the freeboard section of the gasifier in such an amount
that the velocity of the gaseous phase is maintained from about 0.3 m/sec to about 0.7 m/sec. In general, gas residence
times in the freeboard section of the gasifier are from about 4 seconds to about 8 seconds.

[0050] In the freeboard section , the phenolics are converted into simple aromatics, and tar cracking and tar reforming
are effected. Carbon in the char essentially is converted fully by the steam and CO, to generate H, and CO, and steam
reforming of the vapors of the intermediate hydrocarbons also generates H, and CO. Inorganic materials present in the
char will melt. Deposition of inorganic materials on the walls of the gasifier, however, is minimal due to particle entrainment
in the existing plug flow regime.

[0051] As noted hereinabove, in one alternative embodiment, the heating of the partially oxidized biomass to produce
synthesis gas may be effected in a combination of a first stage, and a second stage, wherein the partially oxidized
biomass is heated to a temperature in the second stage which is greater than that of the first stage.

[0052] In one non-limiting embodiment, the first stage is conducted in the freeboard section of the gasifier, and the
second stage is conducted in one or more tubular flow reactors. In a non-limiting embodiment, the one or more tubular
flow reactor(s) is (are) in the form of refractorized and insulated carbon steel pipes. In another non-limiting embodiment,
the heating in the second stage is conducted in two tubular flow reactors which are connected to each other so as to
form a U-shaped configuration.

[0053] Theoxidized biomass is contacted with oxygen and steam in the freeboard section of the gasifier at atemperature
of from about 800°C to about 850°C. The oxygen and steam are introduced into the freeboard section of the gasifier in
such amounts that maintain a gaseous velocity of from about 0.3 m/sec. to about 0.7 m/sec., and the reaction time is
from about 4 seconds to about 8 seconds, as hereinabove described, to begin the conversion of the oxidized biomass
to a crude synthesis gas. The gas produced in the freeboard section also has char particles entrained therein.

[0054] The gas and entrained particles then are passed from the freeboard section of the gasifier to one or more
tubular flow reactors. In a non-limiting embodiment, additional oxygen and steam are added to the tubular flow reactor(s).
In the tubular flow reactor(s), the gas is heated to a temperature of from about 925°C to about 975°C, and in general,
the reaction time in the tubular flow reactor(s) is from about 1 second to about 2 seconds, which is sufficient to complete
the conversion of the oxidized biomass to a crude synthesis gas.

[0055] A crude synthesis gas product thus is produced by gasifying biomass in the fluidized bed and freeboard sections
of the gasifier, and optionally in one or more tubular flow reactors, under the conditions hereinabove described. Such
crude synthesis gas then may be conditioned to provide a clean synthesis gas product which may be used as a fuel or
may be used to synthesize other compounds such as alcohols (eg., methanol or ethanol) or hydrocarbons.

[0056] For example, the crude synthesis gas may be cooled, using water, to a temperature lower than 750°C. The
crude synthesis gas then is passed to one or more cyclones to remove any remaining particles having a size over 10
microns. The gas which leaves the cyclone(s) is passed to a heatrecovery unitin which the gas travels in a tube contained
in the unit. Thermal oil or water surrounding the tube recovers heat from the gas.

[0057] The crude synthesis gas then is scrubbed in a scrubbing system having two scrubbers. The first scrubber is a
Venturi scrubber that captures at least 95% of the fines and solubilizes traces of HCl and H,S via alkaline water scrubbing.
In the second scrubber, any ammonia which may be left in the gas is scrubbed at neutral pH, and after a stripping
operation is returned to the gasifier for additional conversion to N, and H,,

[0058] The process of the present invention enables one to obtain a purified synthesis gas, which can be processed
and/or reacted efficiently to provide useful products, such as methanol and ethanol, for example. More particularly, in
accordance with another aspect of the present invention, there is provided a purified synthesis gas in which contaminants
are present in amounts which do not exceed the following levels as given below:

Particulates greater than submicron in size - no greater than 1 mg/Nm3
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(continued)

Metals in particulates

Hg and Cd - no greater than 0.1 mg/Nm3
Pb - no greater than 0.1 mg/Nm3
As - no greater than 0.05 mg/Nm?3
Alkali metals - no greater than 0.5 mg/Nm3
Al - no greater than 0.5 mg/Nm3
Si - no greater than 0.5 mg/Nm3
heavy metals - no greater than 0.01 mg/Nm?3

Metal vapors in gas

Hg - no greater than 0.001 mg/Nm3
As (as oxides) - no greater than 0.010 mg/Nm?3
Cl (as HCI) - not measurable

S (as H,S or COS) - not measurable

Tar - no greater than 0.1 mg/Nm3

[0059] The term "mg/Nm3", as used herein, means the amount of contaminant in milligrams per cubic meter under
normal conditions, i.e., 0°C and 1 bar as absolute pressure.
[0060] The invention now will be described with respect to the drawing, wherein:

The drawing is a schematic of the process for producing a synthesis gas in accordance with the present invention.

[0061] Referring now to the drawing, a biomass is fed to pretreatment zone 10 through line 11. Additives are fed to
pretreatment zone 10 through line 12. The additives which are fed to pretreatment zone 10 include calcium oxide,
mixtures of calcium oxide and magnesium oxide, calcined limestone, olivine, and/or mixtures of calcium and magnesium
oxides, to neutralize impurities such as chlorine, fluorine, and sulfur, which may be present in the biomass. The additives
also may include ash materials, which contain metals that, once reduced in gasifier 20, may have a beneficial catalytic
effect during reforming in the freeboard section 20b. In general, such additives are present in an amount of from about
0.5 wt.% to about 3.0 wt.%, based on the weight of the biomass.

[0062] The biomass and additives are withdrawn from pretreatment zone 10 through line 13 and fed into the fluid bed
section 20a of gasifier 20 through a feeding system (not shown) including either a series of star valves or a lock hopper
system with interlocking valves coupled to a weighted belt conveyor, which feeds a transfer screw to inject the biomass
and additives. The feeding system is illustrated schematically as line 14.

[0063] Afluidizing gas, such as oxygen and steam, or a mixture of oxygen, steam, and carbon dioxide, is passed from
line 15, through compressor 1, to lines 16 and 18, and fed, via a distributed nozzle system (not shown), into the fluid
bed section 20a of the gasifier 20 through lines 14 and 18a.

[0064] The fluid bed section 20a of gasifier 20 includes a fluidized bed of an appropriate particulate material, such as
alumina, olivine, anthracite, desulfurized petroleum coke, or other refractory materials. In general, the fluidized bed
material has a particle size of from about 200 microns to about 600 microns.

[0065] The fluid bed section 20a of the gasifier 20 is operated under conditions which effect partial oxidation and
thermal decomposition of the biomass. In general, the temperature of the fluidized bed section 20a of the gasifier 20 is
maintained at from about 600°C to about 700°C, and the fluidization gas is fed to the fluidized bed section 20a to provide
afluidization velocity of from about 0.7 m/sec to about 1.5 m/sec. Such fluidization velocity is maintained by the fluidization
gas which is fed to the fluid bed section 20a of the gasifier 20, as well as by gases formed by the conversion of biomass
material in the fluid bed section 20a. In general, the fluid bed section 20a is operated at a pressure that does not exceed
10 atm.

[0066] Oxygen is present in the fluidizing gas in an amount effective to oxidize the biomass and to heat the biomass.
[0067] Ingeneral, the fluidization gas is fed to the fluid bed section 20a such that the weight ratio of oxygen to biomass
is from about 0.20 to about 0.35 of the stoichiometric weight ratio required for complete combustion of the biomass.
[0068] Whenthe biomass enters the fluid bed section 20a, the biomass is oxidized partially as it decomposes thermally,
thereby producing a solid carbonaceous residue that remains in the fluid bed section 203, true gases (such as CO,,
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steam, including that introduced into fluid bed section 20a and from dehydration reactions, and some carbon monoxide
and hydrogen), and vapors of intermediate species, such as low molecular weight alkyl and aromatic hydrocarbons,
phenolics, and condensed and functionalized aromatics, which pass from the fluid bed section 20a with the true gases
and the fluidizing gas, to the freeboard section 20b.

[0069] The biomass is contacted with the fluidizing gas in fluid bed section 20a for a period of time which is effective
for effecting partial oxidation and thermal decomposition of the biomass. In general, such period of time does not exceed
3 seconds.

[0070] The carbonaceous residue that remains in the fluid bed section 20a reacts with the incoming oxygen to provide
the exothermal heat of oxidation. Carbon monoxide and carbon dioxide are formed because the partial oxidation of the
biomass is substoichiometric, and the temperature of the fluid bed section 20a is maintained at from about 600°C to
about 700°C. The oxygen which was introduced into the fluid bed section 20a essentially is consumed in the fluid bed
section 20a. Carbon also is produced as a result of the thermal decomposition of the biomass. As the biomass continues
to be decomposed and oxidized partially in the fluid bed section 20a, the carbon particles which were formed as aresult
of the thermal decomposition also begin to be consumed as a result of partial oxidation of such particles, whereby the
carbon particles shrink and become entrained in the fluidizing gas as char particles. In general, such entrained char
particles are less than 200 microns in size. The char particles contain inorganic materials, such as salts (eg., alkali
chlorides), initially present in the biomass feedstock, except for larger pieces of inorganic material that accumulates in
fluid bed section 20a. Excess solid inorganic material, which does not become entrained in the fluidizing gas, and which
may be coated with carbon, is withdrawn from fluid bed section 20a through line 21. A differential pressure sensor (not
shown) activates a valving system (not shown) that permits adjustment of the level of fluidized bed material in the fluid
bed section 20a to maintain a uniform fluidization of the fluidized bed material.

[0071] Thegases, suchas CO,, CO, and hydrogen, and steam, and the vapors of the intermediate species hereinabove
described, which are produced by the partial oxidation and thermaldecomposition of the biomass, as well as the remainder
of the fluidizing gas, constitute a primary synthesis gas which passes from the fluid bed section 20a into the freeboard
section 20b of gasifier 20. Char particles also become entrained in the gases and vapors as they pass from the fluid
bed section 20a to the freeboard section 20b.

[0072] Some crackingoftheintermediate speciestakes place in the fluid bed section 20a; however, higher temperatures
are required to crack and steam reform effectively the vapors of the intermediate species, and to convert the residual
carbon in the entrained char particles.

[0073] The partially oxidized biomass material, now in the form of the primary synthesis gas material hereinabove
described, is contacted with additional oxidizing gas in the freeboard section 20b. The oxidizing gas, which is a mixture
of oxygen and steam, or a mixture of oxygen, steam, and carbon dioxide as hereinabove described, is introduced into
freeboard section 20b through lines 17a and 17b.

[0074] The partially oxidized biomass material is contacted with the oxidizing gas in freeboard section 20b at a tem-
perature and for a period of time which are effective to convert the partially oxidized biomass material to a synthesis
gas. Ingeneral, the partially oxidized biomass is contacted with the oxidizing gas in freeboard section 20b ata temperature
of from about 800°C to about 850°C, and for a period of time of from about 4 seconds to about 8 seconds. The oxidizing
gas is introduced into the enlarged freeboard section 20b from lines 17a and 17b so that a velocity of from about 0.3
m/sec. to about 0.7 m/sec is maintained.

[0075] In the freeboard section 20b, carbon in the char is converted fully by the steam in the oxidizing gas, thereby
generating hydrogen and carbon monoxide, while steam reforming of intermediates provide further hydrogen and carbon
monoxide. The inorganic materials in the char (such as alkali chlorides, for example) are heated to temperatures which
are higher than their melting points. Such materials melt and stay melted in the char particles. Deposition of inorganic
or other materials on the walls of the freeboard section 20b is minimal given the existing plug flow regime and the
encapsulation of the melted material within the char. Also, the char particles do not return to the fluid bed section 20a
of gasifier 20 because the fluid dynamic plug flow makes it impossible.

[0076] A crude synthesis gas, formed by reacting the partially oxidized biomass material with the oxidizing gas in
freeboard section 20b as hereinabove described, is withdrawn from the freeboard section 20b through line 19, and
passed into mixer 3, where the crude synthesis gas is mixed with oxidizing gas, as hereinabove described, from line 17.
The crude synthesis gas and oxidizing gas then are passed from mixer 3 through line 8 and into thermal reformer 22.
Thermal reformer 22 has a simple tubular flow reactor configuration, and may be in the form of a refractory and insulated
carbon steel pipe. In thermal reformer 22, further conversion of any carbon in the char particles, and of intermediate
hydrocarbon materials remaining in the crude syngas occurs In general, this further conversion is conducted by contacting
the crude synthesis gas with the oxidizing gas at a temperature of from about 925°C to about 1,000°C, and for a period
of time of from about 1 second to about 3 seconds.

[0077] The crude synthesis gas then is withdrawn from thermal reformer 22 through line 23, and passed into mixer 4.
Oxidizing gas also is introduced into mixer 4 from line 18. The mixture of crude synthesis gas and oxidizing gas then is
passed through line 25 and into thermal reformer 24. In thermal reformer 24, additional conversion of carbon and
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intermediates occurs. In general, thermal reformer 24 has the same configuration as thermal reformer 22, and is operated
under the same conditions as thermal reformer 22.

[0078] In thermal reformers 22 and 24, further conversion of carbon and intermediate hydrocarbons remaining in the
crude synthesis gas occurs, to provide a synthesis gas which also includes residual methane and only trace amounts
of hydrocarbons having two or more carbon atoms.

[0079] The synthesis gas then is withdrawn from thermal reformer 24 through line 26, and passed into mixer 5, and
cooled in mixer 5 with water from line 27 to a temperature of less than 750°C. The cooled synthesis gas then is passed
through line 28 into one or more cyclones, depicted schematically as 29.

[0080] In the cyclones 29, any remaining particles having a size greater than 10 microns are separated from the
synthesis gas and withdrawn from the cyclones 29 through line 31. Such particles are comprised essentially of inorganic
materials coated with carbon.

[0081] The synthesis gas is withdrawn from the cyclones 29 through line 30, and passed into heat recovery unit 32,
wherein the synthesis gas is subjected to further cooling. Such cooling is effected by passing a cold fluid, such as water
or a thermal oil, in line 33 through heat recovery unit 32. The fluid in line 33 exits heat recovery unit 32 as a hot fluid,
and the cooled synthesis gas is withdrawn from heat recovery unit 32 through line 34, and passed into Venturi scrubber
35. Venturi scrubber 35 includes a throat portion and a demister (not shown). In Venturi scrubber 35, any tars and at
least 95% of particulate fines remaining in the synthesis gas are removed. In addition, the synthesis gas is scrubbed
with alkaline water from line 36, which dissolves any traces of HCI or H,S remaining in the synthesis gas and forming
corresponding sodium salts.

[0082] The water containing the sodium salts, tar, and particulate fines is withdrawn from the Venturi scrubber 35
through line 42 and passed to tar separator 43. Tar and fines are withdrawn from tar separator 43 through line 44 and
passed to mixer 45. Water is withdrawn from tar separator 43 through line 48, and passed through cooler 38 and into
line 37 and pump 6. A portion of the water is withdrawn from line 37 and pump 6, and passed into line 49 as purge water.
Such purge water may be subjected to further treatment and then sent to line 27 as the water used to cool the crude
synthesis gas from line 26 prior to the cyclone treatment. The remaining water in line 37 is subjected to an alkaline pH
adjustment, and passed to line 36 for recycle to Venturi scrubber 35.

[0083] The synthesis gas is withdrawn from Venturi scrubber 35 through line 39 and passed into scrubber 40. In
scrubber 40, the synthesis gas is contacted with water, at a neutral pH, from line 58. In scrubber 40, any remaining
ammonia, as well as any tars and fines, in the synthesis gas is removed from the synthesis gas.

[0084] The treated synthesis gas is withdrawn from scrubber 40 through line 41. Such treated synthesis gas may be,
if desired, be subjected to further conditioning, reforming, and/or carbon dioxide removal, prior to being used as a fuel.
Alternatively, the synthesis gas may be used as a feed for the synthesis of other desired materials, such as methanol
or ethanol, for example.

[0085] The water, ammonia, tars, and fines are withdrawn from scrubber 40 through line 50 and passed into tar
separator 51, in which the tars and fines are separated from the water and ammonia. The tars and fines are withdrawn
from tar separator 51 through line 63 and passed into mixer 45. A tar and water emulsion is formed in mixer 45 as a
result of mixing the tar and fines with water from line 64. The water has a pH which is adjusted to approximate that of
the biomass which is fed to the fluid bed section 20a of gasifier 20. The tar and water emulsion is withdrawn from mixer
45 through line 46, and is contacted with a fluidization gas from line 18b. The emulsion and the fluidization gas then are
passed through pump 2 and fed into the fluid bed section 20a of gasifier 20 through line 47, whereby the tar and fresh
or raw biomass are subjected to partial oxidation under the conditions hereinabove described.

[0086] Water and ammonia are withdrawn from tar separator 51 through line 52, and passed into stripper 54, in which
the ammonia is stripped from the water. Ammonia is withdrawn from stripper 54 through line 53. The ammonia then may
be processed further to remove any remaining water, or may be sent, along with pretreated biomass, to the fluid bed
section 20a of gasifier 20.

[0087] Water is withdrawn from stripper 54 through line 55. If desired, the water may be passed to reboiler 60 to
facilitate the removal of any ammonia which may be remaining in the water. The water and ammonia are heated in
reboiler 60 by passing a hot fluid, such as a hot thermal oil, through reboiler 60 in line 62. The fluid heats the water and
ammonia, and exits reboiler 60 through line 62 as a cold fluid. The heated water and ammonia are withdrawn from
reboiler 60 through line 61 and recycled to stripper 54, wherein the ammonia is stripped from the heated water.

[0088] When the stripping of the ammonia from the water is completed, the water is withdrawn from stripper 54 through
line 55, passed through line 56, cooled in cooler 57, and passed through pump 7 and into line 58. A portion of the water
in line 58 is withdrawn as purge water through line 59. Such purge water may be subjected to further treatment, and
then be sent to line 27 to cool the crude synthesis gas in line 26. The remaining water in line 58 is passed to scrubber
40 for scrubbing of ammonia, tars, and fines, from the synthesis gas.

[0089] The disclosures of all patents and publications, including published patent applications, are incorporated herein
by reference to the same extent as if each patent and publication individually were incorporated by reference.

[0090] It is to be understood, however, that the scope of the present invention is not to be limited to the specific
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embodiments described above. The invention may be practiced other than as particularly described and still be within
the scope of the accompanying claims.

Claims

1.

10.

11.

12.

13.

14.

15.

A process for producing synthesis gas from biomass, comprising:

(a) contacting said biomass with an oxidizing agent comprising oxygen and steam, wherein said oxygen is
present in an amount effective to oxidize said biomass and to heat said biomass to a temperature of at least
500°C and no greater than 750°C;

(b) treating at least a portion of said oxidized biomass produced in step (a) with an oxidizing agent comprising
with oxygen and steam in a first stage to heat said oxidized biomass to a temperature which is at least 800°C
and does not exceed 850°C, and

(c) treating at least a portion of said oxidized biomass with an oxidizing agent comprising oxygen and steam in
a second stage to heat said oxidized biomass to a temperature which is at least 900°C and does not exceed
1,000°C, thereby producing synthesis gas; and

(d) recovering said synthesis gas produced in step (c).

The process of Claim 1 wherein, in step (a), said biomass is heated to a temperature of from 600°C to 750°C.
The process of Claim 2 wherein, in step (a), said biomass is heated to a temperature of from 600°C to 725°C.

The process of Claim 1 wherein, in step (a), said biomass is contacted with said oxygen at a weight ratio of oxygen
to biomass of from 0.20 to 0.35 of the stoichiometric weight ratio needed for complete combustion of said biomass.

The process of Claim 4 wherein, in step (a), said biomass is contacted with said oxygen at a weight ratio of oxygen
to biomass of from 0.20 to 0.30 of the stoichiometric weight ratio needed for complete combustion of said biomass.

The process of Claim 5 wherein, in step (a), said biomass is contacted with said oxygen at a weight ratio of oxygen
to biomass of from 0.25 to 0.30 of the stoichiometric weight ratio needed for complete combustion of said biomass.

The process of Claim 1 wherein, in step (a), said biomass is contacted with said oxygen and said steam in a fluidized
bed of particulate material.

The process of Claim 1 wherein in step (a), said biomass is contacted with oxygen and steam in the absence of
nitrogen.

The process of Claim 1 wherein, in step (b) and (c), said oxidized biomass is contacted with oxygen and steam in
the absence of nitrogen.

The process of claim 1 wherein, in step (c) said oxidized biomass is heated to a temperature of from 925°C to 975
[DEG.IC

The process of claim 1 wherein said oxidizing gas, in step (a), further comprises carbon dioxide.

The process of claim 11 wherein said carbon dioxide is present in said oxidizing gas in step (a) in an amount that
does not exceed 20 vol.-%.

The process of claim 12 wherein said carbon dioxide is present in said oxidizing gas in step (a) in an amount of
from 10 vol.-% to 20 vol.-%.

The process of claim 13 wherein oxygen is present in said oxidizing gas in step (a) in an amount of from 30 vol.-%
to 40 vol.-%, carbon dioxide is present in said oxidizing gas in step (a) in an amount of from 10 vol.-% to 20 vol.-%,

and the remainder of said oxidizing gas in step (a) essentially is steam.

The process of claim 1 wherein said oxidizing gas, in steps (b) and (c), further comprises carbon dioxide.

10
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The process of claim 15 wherein said carbon dioxide is present in said oxidizing gas in steps (b) and (c) in an amount
that does not exceed 20 vol.-%.

The process of claim 16 wherein said carbon dioxide is present in said oxidizing gas in steps (b) and (c) in an amount
of from 10 vol.-% to 20 vol.-%.

The process of claim 17 wherein oxygen is present in said oxidizing gas in steps (b) and (c¢) in an amount of from
30 vol.-% to 40 vol.-%, carbon dioxide is present in said oxidizing gas in steps (b) and (c) in an amount of from 10
vol.-% to 20 vol.-%, and the remainder of said oxidizing gas in steps (b) and (c) essentially is steam.

Patentanspriiche

1.

10.

1.

12.

Verfahren zur Herstellung von Synthesegas aus Biomasse, umfassend:

(a) das Kontaktieren der Biomasse mit einem Oxidationsmittel, das Sauerstoff und Dampf umfasst, wobei der
Sauerstoff in einer Menge vorliegt, die eine Oxidation der Biomasse bewirkt und die Biomasse auf eine Tem-
peratur von mindestens 500 °C und nicht mehr als 750 °C erwarmt;

(b) das Behandeln mindestens eines Teils der in Stufe (a) hergestellten oxidierten Biomasse mit einem Oxida-
tionsmittel, das Sauerstoff und Dampf umfasst, in einer ersten Stufe, um die oxidierte Biomasse auf eine Tem-
peratur zu erwarmen, die mindestens 800 °C betragt und 850 °C nicht Ubersteigt;

(c) das Behandeln mindestens eines Teils der oxidierten Biomasse mit einem Oxidationsmittel, das Sauerstoff
und Dampf umfasst, in einer zweiten Stufe, um die oxidierte Biomasse auf eine Temperatur zu erwé&rmen, die
mindestens 200 °C betragt und 1000 °C nicht Ubersteigt, wodurch Synthesegas erzeugt wird; und

(d) das Gewinnen des in Stufe (c) hergestellten Synthesegases.

Verfahren nach Anspruch 1, wobeiin Stufe (a) die Biomasse auf eine Temperatur von 600 °C bis 750 °C erwarmt wird.
Verfahren nach Anspruch 2, wobei in Stufe (a) die Biomasse auf eine Temperaturvon 600 °C bis 725 °C erwarmt wird.
Verfahren nach Anspruch 1, wobei in Stufe (a) die Biomasse mit dem Sauerstoff in einem Gewichtsverhaltnis von
Sauerstoff zu Biomasse von 0,20 bis 0,35 des fir die vollstdndige Verbrennung der Biomasse erforderlichen sto-
chiometrischen Gewichtsverhaltnisses kontaktiert wird.

Verfahren nach Anspruch 4, wobei in Stufe (a) die Biomasse mit dem Sauerstoff in einem Gewichtsverhaltnis von
Sauerstoff zu Biomasse von 0,20 bis 0,30 des fir die vollstandige Verbrennung der Biomasse erforderlichen sto-
chiometrischen Gewichtsverhaltnisses kontaktiert wird.

Verfahren nach Anspruch 5, wobei in Stufe (a) die Biomasse mit dem Sauerstoff in einem Gewichtsverhaltnis von
Sauerstoff zu Biomasse von 0,25 bis 0,30 des fir die vollstdndige Verbrennung der Biomasse erforderlichen sto-

chiometrischen Gewichtsverhaltnisses kontaktiert wird.

Verfahren nach Anspruch 1, wobei in Stufe (a) die Biomasse mit dem Sauerstoff und dem Dampf in einem FlieRbett
aus teilchenformigem Material kontaktiert wird.

Verfahren nach Anspruch 1, wobei in Stufe (a) die Biomasse mit Sauerstoff und Dampfin Abwesenheit von Stickstoff
kontaktiert wird.

Verfahren nach Anspruch 1, wobei in Stufe (b) und (c) die oxidierte Biomasse mit Sauerstoff und Dampf in Abwe-
senheit von Stickstoff kontaktiert wird.

Verfahren nach Anspruch 1, wobei in Stufe (c) die oxidierte Biomasse auf eine Temperatur von 925 °C bis 975 °C
erwarmt wird.

Verfahren nach Anspruch 1, wobei das oxidierende Gas in Stufe (a) ferner Kohlendioxid umfasst.

Verfahren nach Anspruch 11, wobei das Kohlendioxid in dem oxidierenden Gas in Stufe (a) in einer Menge vorliegt,
die 20 Vol.-% nicht Ubersteigt.
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Verfahren nach Anspruch 12, wobei das Kohlendioxid im oxidierenden Gas in Stufe (a) in einer Menge von 10 Vol.-
% bis 20 Vol.-% vorliegt.

Verfahren nach Anspruch 13, wobei Sauerstoff im oxidierenden Gas in Stufe (a) in einer Menge von 30 Vol.-% bis
40 Vol.-% vorliegt, Kohlendioxid im oxidierenden Gas in Stufe (a) in einer Menge von 10 Vol.-% bis 20 Vol.-% vorliegt
und es sich beim Rest des oxidierenden Gases in Stufe (a) im Wesentlichen um Dampf handelt.

Verfahren nach Anspruch 1, wobei das oxidierende Gas in den Stufen (b) und (c) ferner Kohlendioxid umfasst.

Verfahren nach Anspruch 15, wobei das Kohlendioxid im oxidierenden Gas in den Stufen (b) und (c) in einer Menge
vorliegt, die 20 Vol.-% nicht Ubersteigt.

Verfahren nach Anspruch 16, wobei das Kohlendioxid im oxidierenden Gas in den Stufen (b) und (c) in einer Menge
von 10 Vol.-% bis 20 Vol.-% vorliegt.

Verfahren nach Anspruch 17, wobei Sauerstoff in dem oxidierenden Gas in Stufen (b) und (c) in einer Menge von
30 Vol.-% bis 40 Vol.-% vorliegt, Kohlendioxid in dem oxidierenden Gas in Stufen (b) und (c) in einer Menge von
10 Vol.-% bis 20 Vol.-% vorliegt, und es sich beim Rest des oxidierenden Gases in Stufen (b) und (c) im Wesentlichen
um Dampf handelt.

Revendications

1.

Procédé de production de gaz de synthése a partir de biomasse, comprenant :

(a) la mise en contact de ladite biomasse avec un oxydant comprenant de 'oxygéne et de la vapeur d’eau,
dans lequel ledit oxygene est présent dans une quantité efficace pour oxyder ladite biomasse et pour chauffer
la biomasse jusqu’a une température d’au moins 500 °C et pas plus de 750 °C ;

(b) le traitement d’au moins une partie de ladite biomasse oxydée produite a I'étape (a) avec un oxydant
comprenant de 'oxygéne et de la vapeur d’eau dans une premiére phase pour chauffer ladite biomasse oxydée
jusqu’a une température qui est d’au moins 800 °C et ne dépasse pas 850 °C, et

(c) le traitement d’au moins une partie de ladite biomasse oxydée avec un oxydant comprenant de 'oxygéne
et de la vapeur d’eau dans une deuxiéme phase pour chauffer ladite biomasse oxydée jusqu’a une température
qui est d’au moins 900 °C et ne dépasse pas 1000 °C, pour produire ainsi du gaz de synthese ; et

(d) la récupération dudit gaz de synthése produit a I'étape (c).

Procédé de la revendication 1 dans lequel, a I'étape (a), ladite biomasse est chauffée jusqu’a une température de
600 °C a 750 °C.

Procédé de la revendication 2 dans lequel, a I'étape (a), ladite biomasse est chauffée jusqu’a une température de
600 °C a 725 °C.

Procédé de la revendication 1 dans lequel, a I'étape (a), ladite biomasse est mise en contact avec ledit oxygéne a
un rapport pondéral entre oxygéne et biomasse de 0,20 a 0,35 fois le rapport pondéral stoechiométrique nécessaire
pour achever la combustion de ladite biomasse.

Procédé de la revendication 4 dans lequel, a I'étape (a), ladite biomasse est mise en contact avec ledit oxygene a
un rapport pondéral entre oxygéne et biomasse de 0,20 a 0,30 fois le rapport pondéral stoechiométrique nécessaire
pour achever la combustion de ladite biomasse.

Procédé de la revendication 5 dans lequel, a I'étape (a), ladite biomasse est mise en contact avec ledit oxygéne a
un rapport pondéral entre oxygéne et biomasse de 0,25 a 0,30 fois le rapport pondéral stoechiométrique nécessaire

pour achever la combustion de ladite biomasse.

Procédé de la revendication 1 dans lequel, a I'étape (a), ladite biomasse est mise en contact avec ledit oxygéne et
ladite vapeur d’eau dans un lit fluidisé de matiére particulaire.

Procédé de la revendication 1 dans lequel, a I'étape (a), ladite biomasse est mise en contact avec 'oxygéne et la

12
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vapeur d’eau en l'absence d’azote.

Procédé de la revendication 1 dans lequel, aux étapes (b) et (c), ladite biomasse oxydée est mise en contact avec
'oxygéne et la vapeur d’eau en 'absence d’azote.

Procédé de larevendication 1 danslequel, aI'étape (c), ladite biomasse oxydée est chauffée jusqu’a une température
de 925 °C 4 975 °C.

Procédé de larevendication 1 dans lequel ledit gaz oxydant, a I'étape (a), comprend en outre du dioxyde de carbone.

Procédé de la revendication 11 dans lequel ledit dioxyde de carbone est présent dans ledit gaz oxydant a I'étape
(a) dans une quantité qui ne dépasse pas 20 % en volume.

Procédé de la revendication 12 dans lequel ledit dioxyde de carbone est présent dans ledit gaz oxydant a I'étape
(a) dans une quantité de 10 % en volume a 20 % en volume.

Procédé de la revendication 13 dans lequel 'oxygéne est présent dans ledit gaz oxydant a I'étape (a) dans une
quantité de 30 % en volume a 40 % en volume, le dioxyde de carbone est présent dans ledit gaz oxydant a I'étape
(a) dans une quantité de 10 % en volume a 20 % en volume, et le reste dudit gaz oxydant a 'étape (a) est essen-
tiellement de la vapeur d’eau.

Procédé de la revendication 1 dans lequel ledit gaz oxydant, aux étapes (b) et (c), comprend en outre du dioxyde
de carbone.

Procédé de la revendication 15 dans lequel ledit dioxyde de carbone est présent dans ledit gaz oxydant aux étapes
(b) et (c) dans une quantité qui ne dépasse pas 20 % en volume.

Procédé de la revendication 16 dans lequel ledit dioxyde de carbone est présent dans ledit gaz oxydant aux étapes
(b) et (c) dans une quantité de 10 % en volume a 20 % en volume.

Procédé de la revendication 17 dans lequel 'oxygeéne est présent dans ledit gaz oxydant aux étapes (b) et (c) dans
une quantité de 30 % en volume a 40 % en volume, le dioxyde de carbone est présent dans ledit gaz oxydant aux
étapes (b) et (c) dans une quantité de 10 % en volume a 20 % en volume, et le reste dudit gaz oxydant aux étapes
(b) et (c) est essentiellement de la vapeur d’eau.
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Suabadalui igénypontek

1. Efjfrds snintiisgie cldaliitdsdea bivnasszabil, smely ax aldbbi épéscket ariaimares

(2} @ hlomasezat oxigént ds ghat tartalmazd srsidaldszerrel Srinthoxteyitk, amelvhen az wxigdn
%

hatskony mértékbes van jelen a blomussza oxidaldsdhaon, o3 8 momasszat legalibh SMC, de

fegletiebh 750°C hiwndrsdklsue heviijik;

(b az (2) pdshen elialiion oxidal hiomassks Sexalibb gy résedt agy sigdnt & ghal tartabmand
oxidaidenarvel kexelik cgy olsd Mpdsber, és sz onidilta Momasaedt legalabb 8G°C, de loglelishb

KS07C hdmérséhiets hovigih, &

-

(o) az oxidalt bomasae fogalabb egy réazét egy oxigdnt & st tartalmazd oxidaldsrered kezslitk
egy mbsodik fepésben, & az oxiddl o blomassadt lega abh $66°C, de legfeljebb 1DOGYC

homdrseklatre hevitiak, joy seintérisgdet altitunk o &

() Kinyerjik a {o) Mpéshen kapott szintizisglat.

! >

2. Az 1. igénypont szerinti eljdris, ahol 22 {2} Spéshen o blommsszdt &0G-T80°C himadrackictre

hoetitk,

b2

A2, igénypont sxedntt eljards, ahol az (3) Ipéshen o Momassit SO T25C hdmérsdiintre heviijiik.

e

,Ax L igdaypont seerintt eljdris, abol mx {8} Kpéaben a blomassedt olvan oxigémbiomassza

,

omegarinyban  Srintkentetik  oxigémnel,  amsly ® bomassza  tolles  dgfedher  suithesges

v

sadohiometrikus tOmagariny £.2-0.35srerese.

5, A 4 igénypont szertnti elidels, shol az {w) Mp voaben ¢ biomasszdt sdvan oxigénldomassza
wmegarinyban  Srintkertetiik  oxigdanel,  amely 2 biomassza  telies  opdadhmr  seliksdges
srtdchiometrikus tomegardny 8,2-0,3-sz01088.

. Az S igenypont szerintl eljdrds, ahol az {a) iépéshen & hiomasssil olvan oxigémbiomassza

negardnyban  Sriotherisgilk  oxiglanst, amady & blommssza  teffes  dpfedher  sufiksdges

743

sritehinmetrikioy tBoegariny H254, 3 bszorons

Z X

7. Az 1. igdoypont szevinti elidrds, abol a2 {a} Jépéshen a biomasszal ax oxigdonel s a ghard sgy
flaidizslt szemeads anvag dgvon Srinthertetiitk.

k3 Y

%Az 1. igdoypont szerint eljdrds, abol s {a) Kpds ben a binmassedt az oxigéunel & a phrzel nitrogdn

elenidte nélkiil drintkeztetiik.

[

Ak

9. Az 1. igdaypont szerinti eljards, ahol a (b} és{c] 3 epéshen az oxidAll bicwassait az oxigénnel &y 2

gdzzel nitropdn jelankite né St Svintkesteiith,

FIEIRZ- 14887 A MOUSAL EPZITo607 B



f &

’ e x b - Ao B N ~ o

10, A& 1. igdwypont szerint eliivds, abol a {8} épdsben az oxidall buwoasseat QEGTSNC

Tmdrsdiietns hevilitk.

v

11 Az 1. igdnypount szedintt slideds, ahol az (3) Spdeben av oxidald pdr tartalmaz tovibbd szén-

Jtoxidot.
12,4 11, igénypont szevintt eljirds, abol ax {a) fepde oxididd paedban a sedu-dioxid mennyisdge nem

falndis moeg 3 20 terfogatys meanyiséget.
8503 tod) e 0

3.4 11 igéoypont seerint] eljards, abol ax (3) lépés oxidald ghzaban o szén-tioxid mennyisége 1028

14, & 13 jgduypont szevinti sliands, abol az (u) Kpée axidale ghndban ax oxign mennyisége 049

sorfogatte, az (a) Wpds oxniddlo gdudban 2 s2én- dionid mennvistge 10-20 wdefogatds, € ax (a) Mpey

sxidld pheanak feramarado résee Mayeopsben g sl

15, Az §. igdaypomt szerinti oljdvds, shol a (B) €s (o) Mpd sekben ay oxiddlh gdz tariabmaz tovabbd széu-

dioighat,

16, & 15, indoypont szerinti efidedy, ahol a () &8 () 1 Spéackben az oxidéls pazban # seén-dioxid

mennyisdge nem haladia meg @ 3 térforatdt mennyiadget.

17. A 18, igénypont seerinti eljdrds, ahol a {1 € (& lpésckben ax oxidéld ghrban & saén-diosid

sennylefge 1028 térfogatte,

18 A 17, igénypont sxerintl elidrds, ahol 8 (b €s (o} pdsk oxidald ghadban ax oxigdo nsnnyisoge

046 térfoeate, a {(B) & {o) Ifpésuk oxidals g gézdhan a sréndivid mennyiséoe HR20 Srfopatih. daa
bt g &

N

(1) s (o) Iopdaek nxidald gdednak feonmurads slexe » Knyegtben gl

¥
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