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(57) Abstract: A system, in certain embodiments, includes a gasification
cooling system having an annular seal with a bellows. For example, the
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gasification cooling system may include a housing with an inlet, an outlet,
and an interior between the inlet and the outlet wherein the interior has a
throat adjacent the inlet, and the throat expands in a flow direction from the
ne outlet. The annular seal may be disposed in the throat of
the hovsing wherein the annular seal includes the bellows.



CA 02775058 2012-03-22

wO 2011/037697 A3 MM} A0N V100 0 A0 O 0 R

GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK

SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,

GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted
a patent (Rule 4.17(ii))

as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

Published:

(83)

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of

amendments (Rule 48.2(h))

Date of publication of the international search report:
28 July 2011



CA 27775058 2017-02-28

236619

GASIFICATION COOLING SYSTEM HAVING SEAL

BACKGROUND OF THE INVENTION

[0001]  The subject matter disclosed herein relates to gasification cooling systems,

such as radiant syngas coolers, which cool gas from a gasifier.

[0002] Integrated gasification combined cycle (IGCC) power plants are capable of
generating energy from various hydrocarbon feedstock, such as coal, relatively cleanly
and efticiently. IGCC technology may convert the hydrocarbon feedstock into a gas
mixture including carbon monoxide (CO) and hydrogen (H>), e.g., syngas, by reaction
with steam in a gasifier. These gases may be cooled, cleaned, and utilized as fuel in a
conventional combined cycle power plant. For example, a radiant syngas cooler (RSC)
may receive and cool the syngas upstream from a water gas shift reactor and/or other gas
cleaning units. Unfortunately, the high temperature of syngas entering a throat of the
RSC can potentially damage heat exchanger tubing and/or the body of the RSC without
sufficient thermal protection. Furthermore, thermal changes in the RSC can cause
significant thermal expansion and contraction, which complicate the design for thermal

protection in the throat of the RSC.

BRIEF DESCRIPTION OF THE INVENTION

[0003] Certain embodiments commensurate in scope with the originally claimed
invention are summarized below. These embodiments are not intended to limit the
scope of the claimed invention, but rather these embodiments are intended only to
provide a brief summary of possible forms of the invention. Indeed, the invention may
encompass a varlety of forms that may be similar to or different from the embodiments

set forth below.

[0004] In a first embodiment, a system includes a gasification cooling system having
a housing with an inlet, an outlet, and an interior between the inlet and the outlet. The
interior has a throat adjacent the inlet, and the throat expands in a flow direction from
the inlet toward the outlet. Thé gasification cooling system also has an annular seal

disposed 1n the throat of the housing, wherein the annular seal has a bellows.
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{0005]  In a second embodiment, a system includes a gasutication cooling system
having a housing with a gas passage extending m a flow direction lengthwise along the
houssig, a fivst plurality of thermally msulatsve bricks disposed about the gas passage. a
beliows seal disposed about the first plurality of thermally msulative bricks, and a
purality of heat exchanger tubes disposed downstream {rom the bellows segl. The
bellows seal 1s conbigured 1o expand and contract m response lo thermal confrachion or

expansion of the pluralitv of heat exchanger tubes.

[0006]  In a third embodiment, a svstem mncludes a gasilicabon coohing svstem having
a bousing with a gas passage extending m a {low direction lengthwise along the housing
and a first plurality of thermally msulative bricks disposed about the 2as passage. The
gastiication cooling svstem also inecludes a second plurality of thermally msulative
bricks disposed about the fivst plurality of thermally wnsulative brcks, wherein the
sgcond pluralily of thermally insulative bricks 18 axially staggered relative to the firgd
plurality of thermally msulative bricks, and the second phurality of thermally wsulative
bricks mncludes an interlocking mterface between adjacent bricks. The gasification
cooling svstem also mcludes a thermally msulative lmer disposed about the second
plurality of thermallv msulative bricks, a bellows seal disposed about the thermally

msulative Uner, and a thermally msulative material disposed between the thermalls

ol
- .
€
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plurality of heat exchanger tubes downstream of the beliows segl. wherein the beliows

seal is configurad to expand and contract in the flow direction,

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]  These and other features, aspects, and advantages of the present mnpvention will
become better understiood when the following detalled description is read with reference
to the accompanving drawings in which hike characters represent ke parts throughout

the drawings, wherein:

{0008]  FIG. 115 a block diagram of an embodiment of an integrated gasification

combined cvele (FGCC)Y power plant including a radiant svngas cooler (RSCY;

t‘d
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{0009  FIG. 215 a cross-sectional stde view of an embodiument of the RSC of FIG. 1

[0010]  FIG. 3 is a partial cross-sectional view of the RSC of FIG. 2, dlustrating an

embodiment of a refractory svstem and an annular seal as shown withan line 3-3 of FIG.

:ﬁ?r
e

{011} FIG. 4 15 a cross-sechionsl view of an embodiment of an anmudar seal

inciuding a beltows with ouvtward protruding annular grooves;

{0012]  FIG. 5 15 a cross-sectional view of an embodiment of the annular seal having

the bellows with outward protruding annular grooves;

{0013] FHKa 6 15 a crogs-sectional view of an embodiment of the annular seal having

the betlows with inward and outward protrudhing annular grooves,; and

{0014] FIG 7 15 a cross-sechional view of an embodiment of the annular seal having

the betlows with inward protruding annular grooves.

[0015]  One or more specific embodiments of the present mvention will be described

of an actual unplemeniation may not be described i the specification. It should be
appreciated thal m the development of any such actual mmplementation, as m any
engingaring or design project, numerous smplementation-specilic decisions must be
magde to achieve the developers’ specific goals, such gs compliance with system-related
and busingss-related constraints, which mav vary from one implementation 10 another.
Moreover, i should be appreciated that such a development ettort mught be compiex and
thme consumung. but would nevertheless be a routine underiaking of design, fabrication.

and manufacture for those of ordinary skill having the bengfit of this disclosure,

j0016] When mtroducing elements of various embodiments of the present invention,
the articles 7, Tan.” Tthe.” and “sard” are mtendead o mean thal there are one or more
of the elements. The fermg “comprising, "inciuding,” and “having™ are imtended Lo be

mciusive and mean that there may be adduiongl elements other than the histed elements.

IJJ
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{0017]  Ag desenbed betow, the disclosed embodinients niay mchude an annular seat
having a beliows, which expands and contracis m response o movement {¢.g., thermal
expansion and contraction). The bellows mav be disposed 1n g vanety of systems and
devices. such as those found in industnal equipment, power plants. or other applications.
For example, the annular seal may be mounted withmt a gasthication coolmyg system,
such as a radiant svngas cooler {RSC), configured {0 cool syngas opginating from a
easifier i an mtegrated easificatton combined cvele {(GCC) power plant.  In certain
enmtbodiments, the annular seal may be mounted within a throat regiom of the RSC to
block leakage of the svnuas mto a dome chamber and elsewhere mside the RSC. For
exampie, the annular seal may block leakage of the syngas from reaching heat exchanger
tubing and/or walls of the RSC. As appreciated, the RSC mav be subject to considerable
varigtions in lemperature, which may cause thermal expansion and contraction, and thus
movement of components, inside the RSC. The beliows of the annular seal expands and
contracts i response o these movements, thereby mamtanung a constant seal 1o block
leakage of the syngas. In certain embodiments, the bellows of the annular seal includes
an aflernating dhameter that radiatly mncreases and decreases in a direction of svagas flow
through the RSC. In one embodiment, the altemating diameter of the bellows radially
mcreases and decreases both greater than and less than a base diameter.  In other
embodiments, the aliematine diameter of the bellows radially increases and decreases
gither only less than or onlv greater than the base diameter. However, the ballows may

have other configurabions within the scope of the disclosed anmular seal.

{0018]  In certam embodumeants, a refractory svstem may be wsed m conjunction with
the annular seal in the RSC to ensure that hot syvngas entering the RSC does not
thermally damage the annular seal. For mstance, the refractory system may include a
vartety of refractory matenals capable of mamtaining their phvsical and/or chemical
properlies at temperatures substantially above approximately 1OG'F. For example, the

refractory svsiem may include one or more sets of refractory bricks, which mamntan
their predetermined phvsical shape upon exposure o high temperatures such as
approximately 1000°F to 3000°F (e.g.. 2800°F). For example, the high temperatures
mav be at least up to or greater than approximately T000°F, 1300°F, 2000°F, 2500°F, or

3000°F. These refractory bricks may define an annular shape nside the RSC, e.g.. vig
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axial, rachal, and/or circumierential stacking of the bricks. The refractory svstem also
may inctude one or more lavers or lmers of thermallv msulative matenal, e g, an
anpudar shape mside the RSC. The refractory svstem, 1w certain embodinments, may
mciude a thermally insulative matenal disposed along the annular seal, a thermally
nsulative liner disposed radigliv mside the thermally insulanive matertal, 8 fivst plurality
of thermally msualative bricks disposed radially mside the thermally insulative iner, and
a second plurahtv of thermally msulative bricks disposed radially mnside the [irst
plurality of thermailyv msulative bricks. The componenis of the refractory systent may
cooperate o minmmize the surface {emperatute of the annualar seal durmyg operation of the
RSC. In these embodiments, the refraclory svstem may substantialiv block heat transier
to the annular seal. thereby maintaiming the annular seal at a sufficently low
lemperature.  In other words, the refractory system may be used without an active

cooling svstem, e.g., heater exchanger tubes, for the anmular seal.

Nt

{0019]  FIG. 113 a diagram ol an embodiment of an imtegrated gasification combined
cvele (IGCC) system 100 that may be powered by svnthetic gas, e, syngas. Elements
of the HGUC systern 108 may include a fuel source 102, such as a solid feed, that may be
utilized as a source of energy for the IGUC. The tuel source 102 may include coal.
petroleum coke, bomass, wood-based matenals, agricultural wastes, fars, coke oven gas

and asphalt, or other carbon containing stems.

{020]  The solid Tuel of the fuel source 102 may be passed 1o a feedstock preparation
wut 104, The leedstock preparation unit 104 mav, for example. resize or reshape the
tuel source 102 by chiopping, milling, shredding, pulverizing, brigueting, or palietizing
the fuel source 102 {o generale feedstock. Additionally, water, or other saitable ligaids
may be added to the fuel source 102 in the feedstock preparation wut 104 to create
slurry feedstock.  In other embodiments, no biquid is added to the fuel source, thus

vielding drv feedstock.

{0021]  The feedstock may be passed to a gasifier 106 from the feedstock preparation
unit 104, The gasthier 106 may convert the leadstock inlo a syngas, .2.. 3 combination
of carbon monoxide and hvdrogen. This conversion may be accomphshed by subjecting

the teedstoch to a controllied amount of steam and oxyegen at elevated pressures. e.2.,
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from approximataly 24 bar to 85 bar, and temperatures, e.g., approxumately 700 degraes
Celsius — 1660 degrees Celsius, depending on the type of gasther 106 uhlized. The
easificabion process may include the feedstock undergoing a pyrolvsis process, whereby
the feedstock is heated.  Tenwperatures mnside the gastfier 106 may range from
approximately 130 degrees Celsius 1o 700 degrees Celstus during the pyrolvsis process,
depending on the luel source 102 utilized 1o generale the leedstock. The heating of the
feedstock during the pyrolvsis process may generate a solid, (e.g., char), and residue

- LT

oases, {e.¢., carbon monoxide. hvdrogen, and nitrogen). The char remaming from the

feadstock from the pyrolvsis process mav ondy weaigh up 1o approximately 30% of the

weight of the original feadstock.

{0022] A combustion process may then occur m the gasifier 1406, The combustion
may inclode nfroducing oxvgen to the char and residue gases. The char and ressduc
gases may react with the oxveen to form carbon dioxide and carbon monoxide. which
provides heal lor the subsequent gasithication reactions.  The temperatures duning the
combustion process may range from approximately 700 degrees Celsius o 1600 degrees
Celstus. Next, steam mav be introduced mto the gasther 100 during a gasilfication step.
The char mav react with the carbon dioxide and steam to produce carbon monoxide and
hvdrogen at lemperatwres ranging from approximately 800 degrees Celsius 1o 1100
degrees Celsius. In essence, the gasifier utitizes steam and oxygen to allow some ol the
feedstock to be "bumed" to produce carbon monoxide and energy, which drives a
sacond reaction that converis further feedstock to hydrogen and additional carbon

dioxide.

[0023]  Inthis way, a resultant gas 1s manufactured by the gasithier 106, This resultant
oas may include approximately 83% of carbon monoxide and hvdrogen, as well as CH.

HCE HF, COS, NH:, HON, and H.S (based on the sulfur content of the feedstock). Thas

resullant gas mav be termed difty svngas. The gasifier 106 mav also generate waste.

such as slag 108, which mav be a vwel ash material. This slag 18 may be removed from
the gastlier 106 and disposed of, for example. as road base or as another building
material. To clean the dirty svngas, a gas cleaning unit 110 may be undized. The gas

clearung unit 110 may scrab the dirty svogas o remove the HECE HE, COS, HON, and

[

H>S from the dirly svngas, which may include separation of sulfur 111 m a sulfur
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processor 112 by, for example, an acid gas removal process i the sulfur processor 112,
Furthermore, the gas cleaning umt 110 may separate salis 113 from the disty svngas via
a water treatment unsit 114 lhat mav gbilize water punificabion technigues {0 generate
usable salis 113 from the dirty svngas. Subsequentlyv, the gas from the gas cleaning unit

N

110 may include clean svngas, e.p.. NH: {ammonia) and CH, {methane).

{0024] A eas processor 116 may be ulilized to remove residual gas components 117
trom the clean syngas such as, ammoma and methane, as well as methanol or any
restdual chenmeals. However, removat of residual gas components 117 from the clean
svigas 1§ optional, since the ¢lean svngas may be utthized as a fuel even when containing
the residual gas components 117, eg.. tail gas. At this pomnt, the clean syngas may
imchade approximalety 1-10% CO (g.g., 3% CO), approxmaiely 30-60% H> (g.g., 553%
Hs), and approximately 30-60% CO» {e.g., 40% COy) and s substantially strnipped ol
H>S. This clean svngas may be transnuited 1o a combustor 120, eg., a3 combustion

chamber, of a gas turbine engine 118 as combustible tuel.

{0025]  The IGCC system 1060 may further mcelude an amr separation unat (ASU) 122,
The ASU 122 mav operale to separgte ar mfo comiponent gases by, for example,
distitlation techniques. The ASU 122 may separate oxyvgen from the air supplied to it
front a supplemental air comprassor 123, and the ASU {22 may transier the separated
oxvgen {o the gasifier 1406, Addiionally the ASU 122 may transmil separated mitrogen

to a dituent matrogen (DGAN) compressor 124,

{00261  The DGAN compressor 124 may compress the nitrogen received from the
ASU 122 at least to pressure levels equal to those in the combustor 120, s¢ as nat (o
interferg with the proper combustion of the syngas. Thus, once the DGAN comprassor
124 hay adequately compressed the nitrogen {0 a proper level, the DGAN compressor
124 mav transnut the compressed mtrogen to the combustor 120 of the gas {wrbine

engine {18

{0027]  As descnibed previously, the compressed mitrogen may be transnufied from
the DGAN compressor 124 {0 the combustor 120 of the pas turbine engine 118, The gas

turbine engie 118 may mclude a turbine 130, a drive shall 131 and a compressor 132,
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as welt as the combusior 120, The combustor 120 mav recerve fuel, such as syngas,
which may be myected ander pressure from fuel nozzles. This feel may be muxed with
compressed alr as well as compressed mitrogen from the DGAN compressor 124, and
combusted within combustor 120, This combustion may create hot pressunzed exhaust

N EATALY,
ASes.

{0028} The combustor 120 may direct the exhaust gases towards an exhaust outlet of
the turbine 130, As the exhaust gases {rom the combasior 120 pass through the furbine
134, the exhaust gases may force turbine blades in the turbine 130 1o rotate the dnve
shaft 131 along an axis of the gas turbme enging 118, As illusirated. the drive shaft 131

15 connected 1o vanous componenis of the gas {urbine enuine 118, including the

compressor 132.

{0029]  The drive shall 131 mav connect the turbine 13t 1o the compressor 132 1
form a rotor. The compressor 132 may mnclude blades coupled to the duve shalt 131
Thus, rotatton of turbine Mades in the turbine 130 mav cause the dnve shaft 131
connaciing the turbime 134 {0 the comprassor 132 to rotate blades within the compressor
132, Thos rotation of blades in the compressor 132 causes the compressor 132 1o
then be fed (o the combustor 120 and mixed with tuel and compressed nitrogen to allow
for gher efficiency combustion. Duve shaft 131 mav also be connecled o load 134,
which may be a stationary load. such ag an elecincal generator for producing elecineal
power, for example, i1 a power plant. Indeed, load 134 may be any switable device that

15 powered by the rotattonal output of the gas turbine engine 118,

{0030] The 1GCC svstem 100 also mav include a steam furbine engine 136 and a heat
recovery steam generation (HRSG) system 138, The steam tuwrbimme engine 130 may
drive a second lead 140, The second lead 140 may also be an electrical generator {or
generating slectrical power. However, both the first and second loads 134, 140 may be
other tyvpes of loads capable of being driven by the gas turbine engine 118 and steam
turbime engine 136, In addition, although the gas turbine engine 118 and steam turbme
engine 136 mav drive separate loads 134 and 140, as shown in the dlusirated

embodiment. the gas furbine engine 118 and steam turbing engine 136 mav also be
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ufitized in tandem (0 drive a single load via a simgle shalt. The specilic configuration of
the sleam tarbine engine 136, as well as the gas twbine engme I8, may be

implementation-spectfic and may miclude any combination of sections

{0031] The svstem 100 mav also mclude the HRSG 138. Heated exhaost gas from
the gas turbmne engine 118 may be transported nto the HRSG 138 and used to heat water
and produce steam used to power the sieam turbine engine 136, Exbhaust from. for
example, a low-prassure section of the steam turbing engine 136 may be direcled o a
condenser 142, The condenser 142 mav uttlize a cooling tower 128 (o exchange heated
water lor chnlled water. The cooling tower 128 acts 10 provide cool water o the
condenser 142 {0 aid in condensme the steam {fransmitted to the condenser 142 from the
steam turbine engime 136, Condensate from the condenser 142 may, in tum, be direcied
inte the HRSG 138, Again, exhaust from the gas turbine engine 118 mav also be
directed into the HRSG 138 to heat the water from the condenser 142 and produce

steam.

{0032] In combined cvele svstems such as IGCE svstem 100, hot exhaust may {low
from the gas twrbme engine 118 and pass to the HRSG 138, where 1t may be used o
cenerate high-pressure, high-temperature steam. The steam produced by the HRSG 138
may then be passed through the steam turbine engine 136 for power generatton. In
addrion, the produced steamn may also be supphied to any other processes where steam

may be used. such as {o the gastfier 106, The gas turbine engine 118 generation cvele 15

L

By

often referred 1o as the “opping ovdle,” whereas the steam turbine engine 136
generafion ¢vele 18 offen referred 10 as the “botiomung cvcle.™ By combuning these two
cvcles as Hustrated m FIG. 1, the 1GCC svstem 100 may {ead to grealer efficiencies n
both cvcles.  In particidar, exhaust heat rom the topping ovele may be captured and

used to generate steam for use 1 the botioming cvele

[0033] FIG 2 15 a cross-sectiongl side view of an embodiment of a radiant svngas
cocler (RSO 146 for use with the 1GCC svstem 100 of FIG. 1. The RSC may have an
axial axis 123, a vadial axis 126, and a circumiferential axis 127, The RSC 146 may
mciude g vessel 148, which mav be made of a suitable material such as ASTM SA3R7,

grade 11, class 2. The vessel 148 functions as a housing or outer casing for the RSC

9
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146, enclosing both an upper region 147 of the RSC 146 a5 well ag g lower region 149 of
the RSC 146, The upper region 147 of the R8T 146 may mnclude a dome-shaped portion
156 that mcludes an mlet 1532 extending nto a throal 153, The lower region 149

cludes ant outlet 154, An interior region 156 is defined by the space between the inlet
152 and the outlet 154, The throat 133, which 18 adjacent the inlet 152, expands n a

downstream direction 135 from the et 152 toward the outlet 154

{0034]  The vessel 148 mav also mclude tubimg 138, which may be m the upper
region 147 of the RSC 146, The tubmg 158 may include a plurality of conduits along
the radhal axis 126 of the RSC 146 and mav run parailel in direction with the vassel 148
relative 1o the axial axis 125 Chulled hiquad, such as water. may flow through the tubing
1538, Thus, the tubimg 158 mav act as a heal exchanger withmn the RSO 146, and may
circulate the ceolant 1o an external heat exchanger for removal of heat.  Accordmgiy, the
tubing 138 mav be made of a thermally resistant material swtable for use with hot
sviigas, such as ASTM SB4G7 UNS #8800 (Ed 2004),

{0035]  Dunng operation, the svngas generated in the gasiiier 106 may generally {low
in a downward manner parallel to the tubing 138 as mndicated by arrows 160, That s,
the syngas flows through a gas passage of the RSC 140 that extends in the flow direction
160 lengthwise glong the vessel 148, Accordingly, the svngas emters the RSC 146
through the milet 132, fows lengthwise through the miterior region 136 of the RSO 146,
and then exils the RSC 146 through the outlet 154, In this manner, the syngas may
come mn contact with the tubung 138 of the RSC 146 and the fiud Howmg through the
tubmy 158 may act to cool the syngas as # travels through the RSC 146, One result of
this cooling process may be the generation of steam m the tubmyg 138, which may then

be transmutted to the high pressare dram 1435 (see FIG. 1) Tor collection and transnussion

[0036]  The RSC 146 mav also mclude a condutt 162 1n the lower region 149 of the
RSC 146 that may aid i directing the cooled syngas and slag out of the RSC 146, For
exampie, as the slag 108 (see FIG. 1) exats the condwt 162, the slag 108 may flow i a
generatly downward direction 164 1o exit the RSC 146 via a quench cone 166, In

contrast, the cooled syngas mav flow i a general upward direction 168 towards a

3
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transfer iine 170 as the syngas exits the conduit 162, The fransfer ling 170 mayv be used
to transautl the svngas to the gas cleammyg umi 114 andfor the gas turbine engine 118,
The raw syngas may corrode elements of the RSC 146, such as the tubing 138 andior the

mner wall of the vessel 148, if these elements were to come into contact with the syngas.
Accordingly, a gas milet 172 may transnut & non-corresive thand, such as a shielding gas
180 {e.g.. mitrogen), to the RSC 146, This non-corrosive flud mav How generatly
dowmward between the vessel 148 and the tubing 158 of RSC 146 form a protective
barrier, for example, against syngas migration into the annular space between the tubes

\.x.

138 and the vessel 148,

{0037 As will be desentbed m more detail below with respect to FIGS. 3-7, the dome
shaped portion 130 of the apper region 147 of the RSC 146 encloses a dome chamber
having a unigue refractory system and an annular seal. The annular seal 15 configured to
block leakage of the hot svngas from an intenor chamber {0 an outer chamber, In certan
embodumants, the annular seal mcludes a bellows configwed to expand and contract
with movement {(e.g.. thermal expansion and contraction) within the RSO 146, thereby
maintatmung a constant seal 1o block leakage of the syngas. The relvactory system 1s
configured to thermaily block heat transter from the hot svngas o the annular seal as
well as the ouler chamber. In certain ambodiments, the refractory syvstem mncludes a

plurality of relractory bricks and msulative lavers configured (o thermally shield the

annudar seal.
{0038]  FIG. 3 15 a parhial cross-sectional view of the RSC 146 taken within line 3-3

of FIG. 2. illustrating thermal and mechanical control features located in the dome-
shaped portion 154 of the upper region 147 of the RSC 146, The vessel housing 148
separates an extertor 180 of the RSC 146 from an miertor 182 of the RSC 146, The
interior 182 of the RSC 146 inciudes a dome chamber 184 (e ¢, outer anmular chamber)
and mterior chamber 186 {e.g. central volume or svhgas passage} separated by an
mtenior annolar wall assembly 187, In the lustrated embodiment, the wall assembly
187 mncludes a refractory systemy 188 baving a plurality of thermally msulative bricks
189, The tliustraled wall assembiy 187 also meludes an annular seal 190, As discussed
1 detanl below, the wall assemblv 187 15 configured to block heat transfer and leakage

of svngas from the intenior chamber 186 to the dome chamber 184 during operation of

!
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the RSC 146, In particular, the refractory system 188 enploys the thermally msulative
bricks 189 {among other msalabive lealures) to reduce heat transfer to the annolar seal
190, thereby mammtasung a sulliciently low temperature of the annular seal 190 m the
dome chamber 184, The annular seal 190 blocks leakage of the syngas from the mtenor
chamber 186 {o the dome chamber Thus, the wall assembly {87 relies on both the
refractory svstem 188 and the anmular seal 190 {o provide a combined basmer against gas
How and heal transter assocrated with the hot syvngas i the dome-shaped portion 130 of

the upper region 147 of the RSC 1446,

{0039  The annudar seal 190 1 disposed about the circumfberence of the mitenor
chamber 136 {0 block svngas from leaking nto the dome chamber 184 durme operation.
The annular seal 190 mav be disposed at anv location 1 the throat 153 of dome-shaped
portion 130 of the housing 148, For example, the annular seal 190 mav be located
completelv within a portion 191 of the dome-shaped portion 130, as indicated by amrow

191, In certain embodiments, the portion 191 mav corraspond to an apstream portion of

;@

the dome-shaped portton 150 adjacent the gas mnlet 132, For example. the portion 194
may be less than or equal to approximately 10, 20, 34, 40, or 530 percent of the dome-
shaped portion 154 at the upstream end adjacent the gas inlet 152, However, certain
embodiments of the annular seal Y0 may be disposed m any suitable location along the
axigl axis 125 apstream of the fubes 158 and downstream of the mlet 152
{0040] In the udlustrated embodiment, the refrgctory svstem 188 may be used mn
conjunciion with the annular seal 190 to ensure that hot syngas entering the RSC 146
trom the gasthier 106 does not thermally damage the annudar seal 194, The refractory
svstem 188 may include a vanely ol refractory matenals capabie of mamtaining their
physical andior chemical properties at tenperatures substantially above approximately
1G00°F, For example, the refractory svstem 188 mav include one or more sets of pre-
sintered refractory bricks 189, which mamtam thewr predefermined phvsical shape upon
exposure (o tugh lemperatures, such as tugh temperatures at least up to or greater than
approximately 1000°F to 3000°F {e.g., 2800°F). For example. the high temperatures
mayv be at least up to or greater than approximately 1000°F, 1300°F, 2000°F, 2500°F, or

J000°F.  Suitable refractory muaterials for use wn the refractory svstem 188 include
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ceranucs (e.u., clay or mmerals), metals {e.g., tannun, tungsten), cemmets {(Le., ceramig

and raetal composties), or other refractory matenals {e.g . ssica, alununum oxide).

{0041]  The thermally msudative bricks 184 of the relraclory svstem 188 may mchude
any number and arangement of breks w the axigl, radwal. andfor civcewmiferential
directions. These bricks 189 may interfock with one ancther to resist gas flow and heat
transter [rom the mterior chamber 186 toward the dome chamber 184, In the dlustrated
embodiment, the brcks 189 mclude a first phurality of thermally msulative bricks 192
and a second plurality of thermally msulative bricks 194 1w a concentnie arrangement
relative 1o one another. In other words, the fivst plurality of bricks 192 deles a first
annular wall defined by bricks stacked axially and circumferentially about the interior
chamber 186, Likewise, the second plurality of bricks 194 defines a second annular wall
defined by bricks stacked axzally and circumferentially about the first pluralitv of bnicks
192, The first and second annular walls (e, defined bw bricks 192 and 194} are
disposed at dillerent diameters, such that the bricks 192 are radially inside the bricks
194, Together, the first and second plurahiv of bricks 192 and 194 provide radial

stacking {&.g., two concentne walls of bricks).

[0042]  The bricks 189 mav iclude a varety of mterlocking features for retention and
improved resistance fo gas flow and heat transfer.  As illustrated, the {irst plurality of

bricks 192 s axiaily stagpered relative to the second plarality of bricks 194, as mndicated
by axial offsel or stagger 193, For mstance, a lower edge 200 of a bnek 202 abuts a
brick 204 at an intersection pomt 206, However, in other embodiments, the first
puarality of bricks 192 and the second pluralitv of bricks 194 may be axially aligned
with one another. In additton, the bricks 192 and 194 may be siaggered 1 the

!t

circumierential direction about the intenor chamber 186, This stageering helps block
heat transfer and gas flow.  As discussed further below, the bncks 192 and 194 may
have any suilable simuiar o different shape.  As tlustrated. the bricks 194 mcluding
mterlocking mterfaces 193 conhigured to block heat transter and gas How m the radial

direction, as well as provide additional retention of the bricks 194 1 the radsal direction.

{0043]  The bricks 189 may be made of a suitable refractory material. such as chromia

or alumina. The Grst and second plurality of bricks 192 and 194 may be miade of the
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same or different refractory materials, For example, the first plurality of bricks 192 may
be made of a refractory material resistanl up to a brst {emperature, while the second
plurality of bnicks may be made of a relraclory matertal resistant up to 8 second
temperature.  The first and second temperatures may be the same or differert. For
axampie, the second temperature may be substantially lesser than the first lemperature.
in certain embodiments, the st plarality of bricks 192 may be made with a relraclory
matental mcluding  approximately 0% chromua or approximalely  90% alwmnma
Simularly. the second plurality of bricks 194 mav be made with a refractory matenal

mchuding approxumatelv 10% chronua or approximately Y0% alumina.

{0044  The relractory svstem 188 also mav include one or more thermallyv msulative
lavers, hiners, or anmudar barmers disposed batween the mtenor chamber 186 and the
anmgar seal 190 For example, the illustrated system 188 mcludes a thermally msuolative
liner 196 {e.g., annular liner) disposed concenirically about the second plurality of
thermally msulative bricks 194, and a heat shield 198 (e.g.. annular shield} disposed
about the thermally msulative hiner 196, The thermally msulative ler 196 may be rated
to withstand tempergtures of approximatelv  2300-3000°F, have a density  of
approximately 4-8 lbs/ft’, and have a thermal conductivitv of approximately less than
1.0 Wimk. The heat shueld 198 mav be made of a suttable thermally resistant matenal,
such as ASTM SB 443 UNS 625, As discussed in Tarther detal below, the heat shield
198 and the thermally msulative liner 196 mav cooperate with a thermallv msulative
material 208 {e.p.. annular laver) to thermally protect components of the annular seal
1940, such as a bellows 210, For example, i one embodiment, the refractory system 188
may reduce the possibility of the annular seal 190 reaching surface temperatures gher
than approximately 800°F duning operation.  In such an embodiment, the thermally
msulative matengl 208 may be a suitable matenal rated (o withstand temperatures of up
to approximately 2300-3000°F and may have a thermal conductivity of approximately

legs than 1.0 Wimk.

{00451 FIG 4 15 a partial aross-sectional view ol the dome-~shaped portion 150 of
F1G. 3, turther tiustrating features of the refractory svstem 188 and the annular seal 190,
As mentioned above, the second plurahity of bncks 194 mclude mnferocking mterfaces

195 configured 1o provide mechanical retention, blockage of heat transter, and blockage

14
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of gas flow. In the illustrated embodiment. each brick 194 mcludes an annular
protruston 220, an annular groove 222, and a radial abutment 224 between the annulax

protruston 220 and the annular groove 222, The anmular pra:m usion 220 and the annular

,c:lef-‘ining the radial abutment 224 as a c}'-"li.ndri-cal-$ha;}ad surface. In this manner, the
mterlocking mterface 195 15 Tormed between adjacent bricks of the second plurahbity of
bricks 194, The mierdocking miterface 195 mav be desenbed as concentric cvhindrical
portions ai different diameters. For example, each interlocking nderface 195 may
mciude a first merlocking miterface 223 of an upper brick 194 and a second miterlocking

mterface 226 of a lower bnck 94, wherein the interfaces 225 and 226 are reverse

mmages {e.2.. male and female 1images) of one another.

{0046]  In the illustrated embodiment, the radial domension ot the annualar protrusion
220 and the annular groove 222 are generally identical to one another. In other words,
the radial abuiment 224 15 located generally at a radial ymdpoint between an innher
diameter and an outer diameter ol the second annuiar wall detined by the bricks 194, Ag
iHustrated, each brick 194 has an opposite arrangement of the protrusion 220 and the
groove 222 on upper and lower axial faces. In other words, an upper axial face of each
brick 194 has the annular groove 222 at a smaller diametier than the annular protrusion
220, while a lower axyal face ol each brick 194 has the annular groove 232 at a larger
ciameter than the annular protruston 220, Thus, the brnicks 194 gxaallv stack one over
another it a modular manner to build up a thermal barner, ve.. second annudar wall.
However, other embodiments mav mclude any swiiable mterlocking interface 193

between adjacent bricks 194, as well as the bricks 192

{0047  During operation, the mterfocking mterfaces 195 of the bricks 194 may
substantialiv reduce or elinunate radial expansion due to thermual changes i the RSC
146, In this manner, the bricks 194 reduce or eliminate radial stress on the annular seal
19, including the bellows 2100 That 15, the miterlocking mterfaces 195 mav securely
retain the second plarality of bricks 194, as well as the first plurabity of bricks 192 and
other favers, mnn a radial posthion 1o reduce or prevent the possibility of Hexing of bowing

the bellows 210 ouwt of & normal annular shaped geometry.  In this manner, the
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mterlocking mierfaces 193 protect the annular seal 190, and particularly the beliows

213, from mechanical damage.

{0048] In the tHustrated embodiment of FIG 4, the annular seal 196 has the thermally
msulative matenal 208 conformed to the varving shape of the bellows 2140, such that the
thermally msulative matenal 208 divectlv contacts the bellows in the axial, radial, and
circumierential directions.  As discussed further below. the bellows 210 includes an
annular wall that has an alternating diameter that radially increases and decreases w an
altemating  mamner along the gas How duechon 160, and the thermally insulative
matental 208 conforms to the altemating diameter to mamtan contact and insulation of
the bellows 2181 The illustrated bellows 210 include three outward radial protrusions
that extend mito the dome chamber 184, In certain embodiments, the bellows 210 may
have more or fewer putward radial protrusions, such as 1 to 20, 1 to 16, or 1 1o 3, or any
gther suitable number. In one embodiment, the bellows 210 may be made of a metal
matenial, such as ASTM SB407 UNS #8R00 {(Ed 2004}, sutable lor expansion and
contraction 1 the ow direction 1600 In other words, the bellows 210 allows {or
movement of the annudar seal 190 1n the Qow direction 164 without compromising the
airfight seal in the throat 153, thereby blocking syngas leakage into the dome chamber

184 during dyvnamic oparating conditions.

{0049] It should be noted that due {o the thermal shielding or insulating effect ol the
refractory svstem 188, the bellows 210 in the illustrated embodiment need not be
coupled to an active cooling svstem {e.g.. coohing tubes) for temperaiure reduction
purposes. That 18, the refractory system 188 i the presently contemplated embodiments
18 capable of mantamnmg a beliows swilace temperature of less than approxsmatedy
SOOF without cireulating a coolant (e.g., waler) through a passage adjacent the anmudar
seal 190, For wmstance. i the idlusirated embodiment, properties of the thermally

L
)

msulative material 208 (e.p.. approximately 2300°F to 3000°F rating and thermal

conductivity ol approxamately less than 1.0 W/mK)} help protect the bellows 2140 from

thermal damage.

0050]  FIGS. 5, 6, and 7 are partial cross-sectiongl views of the annular seal 190

shown m FIGS. 3 and 4. llustrating altemative embodiments of the bellows 210, In the
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embodiment of FIG. 5, the bellows 210 has an annular wall 238 that has an altemating
diameler that radially mcreases and decreases m an alternating manner along tlow
direction 160, In other words, a cross-section of the annudar wall 238 may be described
as zigragemye or curving back and forth, eg. 1o define a plurality of alternating V-
shapes, U-shapes, or the like. In the iilusnm'ed embodiment, the annular wall 238
defimes alternating annular nbs 237 and annular grooves 239 disposed in the dome
chamber 184, and the annalar seal 190 has the thermally msalative matenal 208
contorming to the aliernating annular ribs 237 and the annular prooves 239, The amudar

rihs 237 mav be described as Ui-shapes that protrude radially oulward into the dome
chamber 184, while the annular grooves 239 mayv be described as Usshapes that recess
radially inward into the thermally msulative materal 208, The bellows 218 also include
a base diameter, as defined by line 240, In the ilustrated embodiment. the alternating
diameter of the anmglar wall 238 radially increases and decreases only greater than the
base diameter 240, That is, i this embodiment. the amnulay ribs 237 and the anmdar
grooves 23% are both sized larger than the base diameter 240, such that the ribs 237 and
prooves 239 only protrude radialiy outward with respect to base diameter iine 248, As
discussed above, the bellows 210 mm this configuration may expand and contract i the

flow direction 160 during operation in response to svstem condibions.

{0051]  Sinular to FEG S, the bellows 210 of the embodiment of Fi(a 6 has an
annular wail 250 that has an altemating diameter that radialiv increases and decreases n
an alternating manner along flow direction 1600 As before. the annuiar wall 230
inciudes aliemating annular ribs 251 and annuldar grooves 232 d s;mwd i the dome
chamber {84, However, i contrast o the embodiment of FHG. 3, the allemating
diameter of the annular wall 230 radiallyv increases and decregses both greater than and
legs than the base diameter 240, That 15, 1n this embodiment, the annudar nibs 231
protrude radially owdward [rom the base diameier 240 1o a larger diameler within the
dome chamber 194, whereas the amaular grooves 252 recess radially wward from the

base diameter 244 {0 a smaller dlameter. As dlustrated, the thermally msulative matenal

"J’i

208 15 disposed along the annular wall 2530 1 a contormimg relationship with the annudar
ribs 251 and the anmular grooves 232, Thus, the thermally insulative matensal 208 Gills

the space within the annular nbs 231, while the annular grooves 232 are recessed
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rachally mito the thermialiv insulative matenal 208, In the ilustrated embodiment of FIG.
G, the betlows 210 includes twwo annudar vibs 231 and one anmgdar groove 232, However,
iy some embodiments, the bellows 210 may have more or fewer anmdar nbs 251 and

annular grooves 232, For example, the bellows 210 may include 1 to 20, 1 to 10, or 1 to

5, annular ribs 251 and annular grooves 232, or anv other suitable number

{00521  Simular to FIGS. 5 and 6, the bellows 210 of the embodiment of FIG. 7 has an
annular watl 2060 that has an alternating diametar that radially mcreases and decreases in
an aliernating manner along Dow direction 160, In cordrast to the embodimenis of
FIGS. § and 6, the annular wall 260 includes aliernating aonular nibs 261 and gonular
grooves 202, which are recessed radially into the thermally mnsulative matenal 208,
That 13, the altermating drameter of the annulay wall 260 radially moreases and decreases
only less than the base diameter 240, As before, the bellows 210 i thns conliguration
mav expand and contract in the flow direction 160, while maintaming an airtight seal
between the mterior chamber 186 and the dome chamber 184, Accordingly, the baliows
210 conlsguration i FlG. 7 may bave the elffect of blocking svngas leakage mito the

dome chamber 184

[0053]  This written descnption uses examples to disclose the mvention, inchuding the
best mode, and also to enable anv person skilled in the art to practice the invention,
mciuding making and using any devices or svstems and perforoung any ncorporated
methods.  The patentable scope ol the mvention 18 defined by the claims, and may
mciude other examples that ocewr 10 those skilled m the art. Such other exanwles are
intended 10 be within the scope of the claims if thev have structural elements that do not
differ from the lteral language of the claims, or I they mclude equivalent structural

elemenis with insubstantial differences from the literal languages of the clanns,
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WHAT IS CLAIMED 18S:

1. A system, comprising:

a gasification cooling system comprising;

a housing having an inlet, an outlet, and an 1interior between the inlet and the
outlet, wherein the interior comprises a throat adjacent the inlet, and the throat expands in
a tlow direction from the inlet toward the outlet to define a gas passage;

a tirst plurality of thermally 1nsulative bricks disposed about the gas passage;

a second plurality of thermally msulative bricks disposed about the first plurality
of thermally 1nsulative bricks;

a seal disposed 1n the throat of the housing around the second plurality of
thermally insulative bricks, wherein the seal comprises a bellows having alternating ribs
and grooves, and a thermally insulative material conforming to the alternating ribs. and
grooves ol the bellows;

a thermally insulative liner disposed between the second plurality of thermally
insulative bricks and the seal; and

a heat shield comprising thermally rcsistant matcrial, whercin the heat shield 1s

disposed between the thermally insulative liner and the thermally insulative material.

2. The system of claim 1, wherein the bellows comprises an annular wall
having an alternating diameter that radially increases and decreases in an alternating

manner along the flow direction to detince the altcrnating ribs and grooves.

3. The system of claim 1, wherein the thermally insulative material extends

directly along a wall of the alternating ribs to {ill the space within the ribs.

4, The system ot claim 1, wherein an upper and a lower axial face of cach
brick of the second plurality of thermally insulative bricks comprises an annular protrusion,
an annular groove, and a radial abutment between the annular protrusion and the annular

groove.
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J. The system of claim 4, wherein an interlocking interface 1s formed
between axial ends of adjacent bricks when the annular protrusions and grooves of adjacent

bricks are received by one another.

6. The system of claim 2, wherein the bellows comprises a base diameter,
and the alternating diameter radially increases and decreases both greater than and less than

the base diameter.

7. The system of claim 2, wherein the bellows comprises a base diameter,
and the alternating diameter radially increases and decreases only greater than the base

diameter.

3. The system of claim 2, wherein the bellows comprises a base diameter,
and the alternating diameter radially increases and decrcascs only less than the base

diameter.

9. The system of claim 1, wherein the bellows 1s metal, and the bellows is

configured to expand and contract along the flow direction.

10.  The system of claiam 1, wherein the gasification cooling system
comprises heat exchanger tubing disposed downstream in the flow direction from the

annular seal inside of the housing.

11.  The system of claim 1, wherein the second plurality of thermally
insulative bricks is axially staggered relative to the first plurality of thermally insulative

bricks.
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