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METHOD AND APPARATUS FOR PRODUCING SYNTHESIS GAS

WO BROWMYWASTE MATERIALS BACKGROUND OF THE INVERT/I(¥3007/063138

Carbonaceous material can be reacted with steam at elevated
temperatures to form syn gas, which is a combination of carbon monoxide
and hydrogen. As disclosed in U.S. patent 6,863,878, if the initial reaction
5 reaches a temperature greaterthan about 450 F before the available
oxygen is reacted, combustion occurs. This produces unwanted carbon
dioxide, ash and slag. To avoid this, as disclosed in U.S. -patent
6,863,878, the temperature must be maintained at 450 F until after the
available oxygen is reacted. 10 SUMMARY OF THE INVENTION

The present invention is premised on the realization that syn gas can be
produced more efficiently by modifying the process disclosed in U.S,
patent 6,863,878, the disclosure of which is hereby incorporated by
reference. In particular, the carbonaceous material in the devolatilization
15zone is maintained at a temperature less than 450 F until all of the

available oxygen is reacted, In the present invention, this material is then
raised to a -2-

METHOD AND APPARATUS FOR PRODUCING
SYNTHESIS GAS FROM WASTE MATERIALS

BACKGROUND OF THE INVENTION

Carbonaceous material can be reacted with steam at elevated
temperatures to form syn gas, which is a combination of carbon monoxide
and hydrogen. As disclosed in U.S. patent 6,863,878, if the initial reaction
reaches a temperature greaterthan about 450° F before the available oxygen
is reacted, combu’sﬁon occu}rs. This produces unwanted carbon dioxide, ash
and slag. To avoid this, as disclosed in U.S. patent 6,863,878, the

temperature must be maintained at 450° F until after the avallable oxvgen is

reacted.

SUMMARY OF THE INVENTION

The present invention is premised on the realization that syn
gas can be produced more efficiently by modifying the process disclosed in
U.S. patent 6,863,878, the disclosure of which is hereby incorporated by;
reference. In particular, the carbonaceous material in the devolatilization
zone is maintained at a temperature less than 450° F until all of the available

oxygen is reacted. In the present invention, this material is then raised to a
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temperature of about 1000 F in the devolatilization zone prior to being

wO 200mibaTed with steam to form the syn gas in the reformer reastarys2007/063138

he reformer reactor, the formed syn gas passes through a series of
particulate separators to remove any,formed ash. These 5 separators are
maintained at a temperature greater%han 1500F, by housmg them in the
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quenched to a temperature well below 1000° F, preferably to a temperature
of abgut 120° F At this temperature, the syn gas is stable and will not form
carbon deposits or allow unwanted reactions. At the same time the material
is cooled, preferably in a quencher, any residual tar or oil is separated and
either fed back to the devolatilization zone for reaction or collected for further
use. In a further feature of the present invention, the heat from the
dévolatil‘xzation zone is directed to a preheater section where water and
combustion air are circulated to recover residual heat.

The objects and advantages of the present invention will be
further appreciated in light of the following detailed description and drawings,
in which:

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1A and 1B are diagrammatic depictions of the apparatus

used in the present invention;

FiG. 2 is a cross sectional view of an embodiment of the feed

section;
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section; -3- FIG. 3 is a schematic elevational view of an alternate feed

WO 2866085 7and FIG. 4 is a plan view of an auger used ir¢heus2007/063138

embodiment shown in FIG. 3. 5 DETAILED DESCRIPTION OF THE
INVENTION As shown diagrammatically in FIGS. 1A and 113, syn
gas facility 10 includes a feed sectior$42 which communicates with a
devolatilization section 14, in turn connected to a reformer reactor 16. The
reactor 16 is B8SigRel§ B proGRatisyelgyatiane yiews Rroadrmate feed
particulate 10separators 18 and 20. The gas is cooled, filtered, and
SRR NG use. As shown more particularly in FIGS. 1 and 2, the
feed section 12 includes a hopper 38 having an auger 40, which directs
cabonaceousiTad it RIap feisy cRhmberUZeTHE9E dhaniebadifgent

connected to a feed tube 44 which leads to the devolatilization section 14,
shown in FIG. 3.

DETAILED DESCRIPTION OF THE INVENTION

As shown diagrammatically in FIGS. 1A and 1B, syn gas
facility 10 includes a feed section 12 which communicates with a
devolatilization section 14, in turn connected to a reformer reactor 16. The
reactor 16 is designed to produce syn gas which passes through particulate
separators 18 and 20. The gas is cooled, filtered, and colliected for use.

As shown more particularly in FIGS. 1 and 2, the feed
section 12 includes a hobper 38 having an éuger 40, which directs
cabonaceous feed material to feed chamber 42. The feed chamber 42 is
connected to a feed tube 44 which leads to the devolatilization section 14.
Above the feed section is a cylindrical support 48 which supports a
compacting cylinder 46 designed to force feéd material from the feed
chamber 42 into the feed tube 44. The féed tube 44 leads to a delumper 50,
which communicates via passage 52 to the devolatilization section 14. A
gate valve 53 prevents backfiow through line 55 from delumper 50.

The devolatilization section 14 includes four cylindrical reaction
chambers 56,58,60 and 62. Each reaction chamber is in communication with
the next reaction chamber. Each reaction chamber inolﬁdes an auger 64
which is adapted to force the feed material through the respective

chambers 56-862 to feed auger 70. The augers 64, in tumn, are operated by
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15 Above the feed section is a cylindrical support 48 which supports a

WO 00mpacting cylinder 46 designed to force feed material frompitie f8eal7/063138

chamber 42 into the feed tube 44. The feed tube 44 leads to a delumper
50, which communicates via passaggf 52 to the devolatilization section 14.
A gate valve 53 prevents backfiow th ough line 55 from delumper 50. 20
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line 85 which, in turn, leads to the second particulate separator 20. Line 91

directs gas from separator 20 to a quench eductor 86 which directs gas and

water through line 87 to a quench tank 88 (FIG. 1B). The quench eductor 86
includes a water inlet line 89.

The quench tank 88 is a gas/water/oll separator and includes
a gas outlet 94, a water outiet 96 and a tar/oil outlet 88. The tar outlet 98, as
shown, leads to a pump 100 which directs tar and/or il via line 102 to line 55
just upstream of delumper 50. The water outlet 96 is directed through
line 106 through a surge fank 108.

The gas oullet 94 in turn leads o a second quencher
eductor 114, which includes a water inlet 116 directed from tank 117. The

guench eductor outlet 118 in turn leads o a secondary quencher 120. The
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20 just upstream of delumper 50. The water outlet 96 is directed through

wo 20p81386,ihrough a surge tank 108. The gas outlet 94pafLrelRa@ds313s

to a second quencher eductor 114, which includes a water inlet 116
directed from-tank 117. The quench eductor outlet 118 in turn leads to a
secondary quencher 120. The -5- gifencher 120 includes a water outlet
122 and a gas outlet 124, which leads to a quench scrubber 126.
wv\méﬁgaﬂa@mmw@wﬂehf@a@@d@ @G RG] 29 swijehdards
108. The quench scrubber 126 includes a water outlet 128 which 5 goes
teoamatanci3rrvhbaja?butlet 132 from the quench scrubber 126 leads to

a T 134 wherein a first line 136 is directed to a water filter 137 which
removes watéMAwrigovkidet Y iercmiter watepisset0H, tnetpro deré iasto
section 142, and a water outlet 138 leads via line 128 to drain 130. The
ssgsriankd 486 ThwmnTereh scaifebridldfnaluees wuetemaitiatd Aivhich
also 10 includes a water outlet 150 which leads back to the drain 130 via
gieestiea Traingadulioe o5 RUdiddidd tomdbmpkesye soabher eRipads
to a scrubber 156 to remove residual water. The scrubber 156 includes a
twael cliteiisdrelineatBtdiaghépthis dliipcte dntikeupalstefiiae 234, whigh
a gas outlet 160 which is, in turn, directed to the burner 78 where it is
rgseoMeshwatdistite gamaodet7140 from fillerakd Lpasars tnléhoquacses §6s
the surge tank 108. The water in tank 108 can circulate through an

st \Waeaneametepackeyd 204 cadpeviditigor Afeipadiiainat Hhtef he
conditions, such as hardness and the like.
second line 146 from T 134 isdirected o a second water filter 148 which also

includes a water outlet 150 which leads back to the drain 130 via line 128.
The gas outlet 152 is directed o a compréssor 154 and, in tumn, to a
scrubber 156 to remove residual water. The scrubber 156 includes a water
outiet 158 directed to either the drain or makeup water line 244, and a gas
outlet 160 which is, in turn, directed to the bumér 78 where it is used to heat
the furnace 77.

A make up water inlet 200 leads fo the surge tank 108.
The water in tank 108' can circulate through an optional water treat_ment
package 204, depending on thé particular water conditions, such as
hardness and the like.

The tank 108 includes an outlet 206 which is directed to tandem
filters 208a and 208b. The filters have a common outlet 210 which is
directed to T 212. One line from T 212 is directed to a first pump 214.
Pump 214 directs the water through line 213, a filter 216 and, subsequently,

to a cooler 218 which directs chilled water back to tank 108. The second



20The tank 108 includes an outlet 206 which is directed to tandem filters

wO 2008m3md 208b. The filters have a common outlet 210 whicHPiSTAIB¥ER 65138
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T 212. One line from T 212 is directed to a first pump 214. Pump 214
directs the water through line 213, a filter 216 and, subsequently, to a
cooler 218 which directs chilled watéYback to tank 108. The second -6-
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Hg\évtaerrm?g .Oﬁyﬂ%nwgt%gbeisd %\écggt{gz%ttigo%égg %ir through the preheater 81.
This is exhausted via line 254 to burner 78.

in operation, feed, such as ‘puiverized coal, is introduced
through hopper 38 and feed section 12 wheré itis compressed by cylinder 46
and forced through valve 53 and line 55 fo the delumper 50. The feed is
forced into the devolatilization section 14. Cylinder 46 applies sufficient
pressure to compress the feed material and drive out most air associated
with the feed material, generally 10-20 psi or greater. This force, overcomes
any pressure from the devolatilization section and causes the feed material
o act as a seal between the feed section12 and devolatilization section 14.
This removes air from the feed and prevents introduction of unwanted

oxygen into the devolatilization zone.
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-7- Auger 64 forces the feed through chambers 56-62. The

wo 26@VRiaHization section starts with a lower temperature first ghafibeoSHec3138

followed by a higher temperature second chamber 58 and, in turn, a
higher temperature third 60 and fourth 64 chamber. The temperatures of
the 5 chambers are designed so thatthe temperature of the feed material
does not reach 450 F until all o%%en in the feed material reacts, in order

to prevent pyttIg&is. WefRikay, e fradeditsioBnshaBPRif dan 1he
initial temperature of about 100 F , with the final devolatilization section at
deyoleEiFAESop Bdifie & SRRy MR rioave v ErBRRIR YRR fifh FbaEMe_ra50,
portion of 10 the devolatilization section that is at 450 F. The temperature
folluer SYRGIORYTSTIMBTRBY %S BRORIFh R AT BaTaE @HENIMUED, & Higher
as surface area and residence time. The pressure from the feed tube 44
teirpggatiie deielfhzanenfeetivh4 £ieanset 12 EhaitemReTald proalidhe
exiting from the devolatilization section 14 is 15 primarily char and gases
QIRERiReEs AGR RS HOTAR R RN TR et I eliReddnais TRl dos ot
auger 70 leading to steam eductor 72. Steam from steam heater 76 is
rgpebté@ifito widibalicsyaen Thihtefaperatatetikreastisaln shdardperevent
about 1500 F and the pressure is about 125 psi. Theeductor then leads to
RiEckesErmerGeae @ lye Witerdistheeaphas theraherd Wl e acibitial
16, the reactor temperature is increased to greater than 1500 F, preferabl
tepnaratee pRakoweiNE oviibEir fing! ssyolriiérabansestopasipR0° F.
flow in reactor 16 can be directed through line 253 to an inlet immediately

Mestrebthofreeaiger miltaeashysdinsiaroliradres: feaehegea pogion of

the devolatilization section thatis at 450° F. The temperature of each section
is controlled by itsr proximity to exhaust plenum 80 as well as surface area
and reside‘nce time. The pressure from the feed tube 44 through the
devolatilization section 14 is about 125 psig.

| The end product exiting from the devolatilization section 14 is
primarily char and gases liberated during devolatilization. This end product
is directed to the feed auger 70 leading fo steam eductor 72.. Steam from
steam heater 76 is directed into the eductor 72. The temperature of the
steam should be about 1500° F and the pressure is about 125 psi. The
eductor then leads to the reformer reactor 16 wherein the syn gas is created.
In the reactor 16, the reactor temperature is increased to greater than
1500° F, preferably about 1550° F at a pressure of about 125 psig. A portion
of the reactant flow in reactor 16 can be directed through line 253 1o an inlet

immediately upstream of feed auger 70 to carry solids at low flow or feed

rates.



The reaction product from reactor 16, ash and syn gas, is directed to

WO 209tit13873eparators 18 and 20, which are located within the REAACE2H7 /8611 38
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maintained at the same temperature of the reactor 16 of about1550 F at
125 psi. Separators 18 and 20 removye the ash from the 5 reaction
product. The ash is directed to augers 241 and 243 which move the ash
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directing it back to tank 108, 20 and allows the gas to flow to quench
er 126, again separating water that is sent through line 128 to the
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through cooling tower 218 and is preferably about 90° F. The quench

tank 88 separates the gas, water, and oifl, The water is directed back to
tank 108 and is reused.

The gas itself is then directed from the quench tank 88 to a
second quench eductor 114. Water at 200 psi from tank 117 is used to
further cool thé syn gas to about 70°F at 125 psi. Chiller 234 is used to
establish the water temperature at about 60°F. The cooled gas flows to the
secondary quencher 120 which separates water, directing it back to tank 108,
and allows the gas to flow 1o quench scrubber 126, again éeparating water
that is sent thrqugh line 128 fo the drain from the gas that is directed through
filters 137 and 148. The gas from filter 137 is collected for use. The gas
from filter 148 is fed back to the burner 78 which fuels the furnace. For initial

start up, a separate fuel scurce can be used.



As shown in FIG. 4, the screw 258 has a main shaft 266 and a helical

wo 2642d63268. The outer diameter of blade 268 remains constapicwhiledeoss138
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diameter of shaft 266 increases from the inlet portion 220 to the outlet
portion 272. This decreases the area between the shaft 266 and inlet
10tube 44, thereby compressing the$eed material as it is forced into
apparatus 10, In use, 20-50% preferably 40% compression is preferred.
Thus, the presBatieRrafedaantsy riiis dreraninhbroverrnfddthaeaaproid
the efficiency of the process disclosed in Klepper U.S. patent 6,863,878.
ihitere ssimpthEgbagRpRe2 o havasted iepdmiarmdth ipnstiradp feed
Further, heating the material in a devolatilization zone to 10000 F prior to
Riedifien Jf eeshhinmbieeuleemdsaney of #leroleiel antpiparfl. The

increases the reaction rate, By maintaining the separators in the furnace

- savevmigadsniagierdr tuhmerhturaicinarmiasie dbrons el dadthe

in particular, carbon deposition on the apparatus is minimized. The rapid

Imletibatigoseriiepnidas reaction product further avoids any unwanted
carbon deposition or reaction products. '~ This has been a

description ofthshesgei inlenfolh g eisgamtB e maimsadR6p and
practicing the present invention. However, the -1 0- invention itself should
Dhilipal bidide d6Y. tNbappéatdatiisrn \WIHERERG crrams constant while.
the diameter of shaft 260 inoréases from the iniet portion 220 to the outlet
portion .272. This decreases the area between the shaft 266 and inlet
iube 44, thereby compressing the feed material as it is forced into
apparatus 10. In use, 20-50% preferably 40% compression is preferred.

- Thus, the present invention has many different improvements
that improve the efficiency of the process disciosed. in Klepper U.S. patent
6,863,878. Compressing the feed drives off unwanted air and forms an inlet
seal. 'Further, heating the material in a devolatilization zone to 1000° F prior
to addition of steam improves the efficiency of the overall reaction and
increases the reaction rate. By maintaining the separators in the furnaée and
maintaining their temperature, unwanted reactions are avoided, and, in
particutar, carbon deposition on the appara‘cus‘ is minimized. The rapid
guenching of the syn gas reaction product further avoids any unwanted
carbon deposition or reaction products.

This has been a description of the present invention along with

the preferred method of practicing the present invention. However, the



MCSLLP 1.A method of feeding carbonaceous material to a

woO gievaleditization reactor comprising introducing said carbonaceowgsnaieriabiss
to a feed zone; compacting said material 20-50% to drive air from said
material and 5Sthereby forming a seal between said feed zone and said
devolatil tion reactor; and forcing saitinaterial into said devolatilization
reactor,; heating said carbonaceous material in said devolatilization

rREibPLtRslcARy KuRely 56 eRsddhnt A RRPaRARA eI Sally ek EIN

with steam to 10 form syn gas.
P CLAIM:
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PACSLLPWO2007/103771PCT/US2007/063138 -12- 2The method
claimed in claim 1 wherein compacting said material forms a substantiallg
gas tight seal between said feed zone and said devolatilization reactr SBLP
The method claimed in claim 2 further cpmprising breaking up said
compacted material between said gas tight seal and said devolatilization

reactor Mmblieoaeihee alatneas o siiEb b YIS RI0LARRNARBR R reactor

material is compressed with an auger. 5. The method claimed in claim 1
wbetpitsisgjd carbonaceous

introducing said carbonaceous material to a feed zone;

compacting said material 20-50% to drive air from said material and
thereby forming a seal between said feed zone and said devolatilization reactor:
and

forcing said material into said devolatilization reactor;

heating said carbonaceous material in said devolatilization reactor

without any added oxygen to form a char and reacting said char with steam to

form syn gas.



material is compressed with a ram. 6. The method claimed in claim 1 MCSLLP
w0 wbeieaTdaid carbonaceous material is compressed to at leastchiO)ysan07/063138

7,The method claimed in claim 6 wherein said carbonaceous material is

coal. MCSLLP -13- 8.A method of forming syn gas comprising introducing

a carbonaceous feed material into a tévolatilization

2 The method claimed in claim 1 wherein compacting said

material forms a substantially gas tight seal between said feed zone and.said

devolatilization reactor.

3. The method cla_imed in} claim 2 further comprising breaking‘up
said compacted material between said gas tight seal and said devolatilization

reactor.

4., The method claimed in claim 1 wherein said carbonaceous

material is compressed with an auger.

5. The method claimed in claim 1 wherein said carbonaceous

material is compressed with a ram.

- 8. The method claimed in claim 1 wherein said carbonaceous

material is compressed o at least 10 psi.

7. The method claimed in claim 6 wherein said carbonaceous

material is coal.
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reactor; heating said carbonaceous feed material in the absence MCSLLP

of 5added oxygen to a first temperature below 450 F. until substantially all
oxygen in said feed material is reacted; subsequently heating said
carbonaceous feed material in the absence of oxygen and without the
addition of steam to a temperature’ bPat least about 1000 F.;
10subsequentl aggiing team, to reaction product from said
devolatilizati%rﬁ{?@ BrdHATONBES § WARRR ENBRT RSt to a reformer

reactor, said reformer reactor heated to a reactor temperature to form syn
gas. NICS (jsoducing a carbonaceous feed material into a devolatilization

8

reactor;
| heating said carbonaceous feed material in the absence of

added oxygen to a first temperature below 450° F. until substantially all
oxygen in said feed material is reacted;

subséquenﬂy heating said carbonaceous feed material in the
absence of oxygen and without the addition of steanﬁ to a temperature of at
least about 1000° F; | | |

subsequently adding steam 1o reaction product from said
devbtatilization reactor and forcing said réactiqn product to a reformer
reactor, said reformer reactor heated to a reactor tfemperature to form syn

gas.



-14- 9. The method claimed in claim 8 wherein heat is provided to said MCSLLP
devolatilization reactorfrom an exhaust from a furnace housing said

reformer reactor. 10. The method claimed in claim 9 further comprising

directing syn gas to a first particulate separator, maintaining said syn gas

in said separator at said reactor tenperature. 11. The method claimed in

claim 10 further comprising directing syn gas from said separator to a

Swater quenchigewheiteid seithsy i akaisniirotieceh tocsdia pateided to said
guencher at said reactor temperature. 12. The method claimed in claim 11
dburtieti] ceripn stagsthiréaiing haud dushfeaid g fiencher o @shepamioc@nther

~ separating water and gas, and carbonaceous liquid and tar, from each

redbesr, directing said carbonaceous liquid and tar to a feed section
of said devolatilization reactor. 13. The method claimed in claim 11
wherein said syn gas is cooled to a temperature less than 800 F. in said -
quencher. WO 2007/103771PCT/US2007/063138 -15-

10. The method claimed in claim 9 further comprising directing syn

gas to a first particulate separator, maintaining said syn gas in said separator

at said reactor temperature,

11. The method claimed in claim 10 further comprising directing
syn gas from said separator to a water quencher wherein said syn gas is

introduced to said water quencher at said reactor temperature.

12, The method c!ainﬁed in claim 11 further comprising directing
liguid from said quencherto a separator, and separating water and gas, and
carbonaceous liquid and tar, from each other

directing said carbonaceous liquid and tar {o a feed section of

said devolatilization reactor.

13. The method claimed in claim 11 wherein said syn gas is cooled

to a temperature less than 800° F. in said quencher.



14.The method claimed in claim 11 wherein said syn gas is directed from MCSLLP
WO zad figsuparticulate separator to a second particulate separat@TBEH0 7063138

also maintained at said reactor temperature, and wherein gas is directed

from said second separator to said %uencher. MCSLLP - 16 - 15.A

method of forming syn gas comprisi §‘|ntroducing a carbonaceous feed

_ {gaterial into?devola llization reagtar; .he?gng ?aid carbopaceous .
ed material iﬂ?h@& c‘él% d@n(ﬂ?ggid eVttt e ¥HEAS 18
directing reac oduct from said devolatilization reactor to a reformer

T IoR AR SR S A G AR BERA SR L sRparator
R S e SR S P EARE S P e Tt B iuherein gas is

directed from said second separator to said quencher.
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directing said syn gas to a particulate separator located in said furnace
wherein said particulate separator is maintained at said reactor MCSLLP
temperature; 10directing syn gas from said separator to a quencher

wherein the temperature of said syn gag is_reduced to less than 800 F.

WO 2007/103771PCT/US2007/063138 -17- 16.The method claimed in

claim 13 fushiescomprisingydivecting tarig e satcbauender dadonaceous
separator and separating water, syn gas and carbonaceous liquid

resteniabtaridl into a devolistitting@aidsehonaceous liquid material to a
feed section of 5said devolatilization reactor.

heating said carbonaceous feed material in the absence of oxygen in
said devolatilization reactor;

directing reactant product from said devolatilization reactor to a reformer
reactor and mixing steam with said reactant product and heating said product in
a furnace to a reactor temperature to form syn gas:

directing said syn gas to a particulate separator located in said furnace
wherein said particulate separator is maintained at said reactor temperature;

directing syn gas from said separator to a quencher wherein the

temperature of said syn gas is reduced to less than 800° F.



MCSLLP - 18 - 17.The method of claim 8 further comprising directing syn MCSLLP
WO agte3arfirst particulate separator, maintaining said syn gas BCS#i$2007/063138

separator at said reactor temperature, wherein said reformer reactor and

said first particulate separator are Io%:ated in a furnace.

16. : The method claimed in‘c!aim 15 further comprising directing
liquid from said quencher to a separator and separating water, syn gas and
carbonaceous liquid material; and

. directing said carbonaceous liquid material to a feed secﬁon of

said devolatilization reactor.



MCSLLP
-18 -

17.  The method of claim 8 further comprising directing syn gas to a first
particulate separator, maintaining said syn gas in said separator at said reactor
temperature, wherein said reformer reactor and said first particulate separator

are located in a furnace.



