COMPACT, TIERED SULFUR RECOVERY UNIT This application clainms priority to
United States Patent Application No. 12/1 73,605 which is incorporated
herei n bywoebsvmssme. Fi el d of the Invention. This i nvenProruse@oatm®s9
generally to a conpact, tiered sulfur recovery unit for the recovery of

el emental sul fur from hydrogen sulfide, and nore particularly to a conpact,
tie;ed sul fur rﬁcovery unit utilizing a‘conpact, efficient design
configuration that conbines a burner. a cqonbusti a reaction
chanber, a waste heatCEBIT AL Ty LE§F§?§%WEN¢6&F§?@§&H ered, conpact
design, requiring only a single platformfor space. Description of the

Rel ated Art. Sulhisappheaipnelaimsipantity todisedSateeRptaitApplipatianNo. 13¢1d3 /8% |
known and utilize the nost significant gas desul furizing process for
recover i ngvigtteisandéoaporate hereid bpmfgaseous hydrogen sul fide (H2S). Hydrogen
sulfide is a colorless, flammble, corrosive, highly toxic gas having a
pungent oged|d oBilefHleri®BOVEry plants recover elenmental sul fur from hydrogen
sul fide gas Tound in natural gas and fromthe byproduct gases containing

hydrogen sul fi dg,{ ﬁ%ﬁ%q]gel{t&gga&%wog% %&g&&,ﬂﬁ&g% ng?t\%ﬁgéﬁ%rﬁ%ﬂit%xhﬁé

i ndustrial processes. u cove ants can ed into two

primary process s es:. a er.mal , or conb i on,stage and,a,catalytic
stage. I n ¢4 e{yh%fi %%Perg?lasd’i&'r R hycﬁrg g%?‘ﬂﬁéﬁ agﬂtm?r% pﬁlatb%l A C%Tﬁp(f &,
reactor, the hydrogen sulfide gas is partially oxidized with .

st oi chi oméieradsubipisaevesy unif ptiliginga peRpisteibeictrdpgien capfgeuption tﬁa%omk’ﬂlﬁér .
The oxidation reaction (Equation 1 infra) is highly exotherm c and not
limted by beguer| a ombustiombiidrebdrya tehetiorecieimber, agvaster hdabpoilsl anéh e steam drum

into a three-tiered, compact design, requiring only a single platform for space.

Description of the Related Art.

10 Sulfur recovery plants, also called Claus plants, are well known and utilize the most
significant gas desulfurizing process for recovering elemental sulfur from gaseous hydrogen
sulfide (H,S). Hydrogen sulfide is a colorless, flammable, corrosive, highly toxic gas
having a pungent odor. Sulfur recovery plants recover elemental sulfur from hydrogen
sulfide gas found in natural gas and from the byproduct gases containing hydrogen sulfide

15 resulting from petroleum refining processes and other industrial processes. Sulfur recovery
plants can be divided into two primary process stages: a thermal or combustion stage and
a catalytic stage. In the thermal stage, which is carried out in a combustor and reactor, the
hydrogen sulfide gas is partially oxidized with a stoichiometric amount of air or a mixture
of oxygen and air in a burner. The oxidation reaction (Equation 1 infra) is highly

20 exothermic and not limited by equilibrium. While in the reactor, a portion of the
uncombusted hydrogen sulfide reacts with some of the sulfur dioxide (SO,) product to form
elemental sulfur (S,) and water vapor (Equation 2 infra) which is sometimes referred to as

the “Claus reaction,” is endothermic, and the extent of conversion of the hydrogen sulfide



unconmbust ed hydrogen sul fide reacts with sonme of the sulfur dioxide (SO2)
product to formelenental sulfur (Sn) and water vapor (Equation 2 infra)
whi ch i s wormetomex3referred to as the "C aus reaction, " pCc3/UsSpaonbse ¢, and
t he” extent of conversion of the hydrogen sulfideand sul fur dioxide to

el emental sulfur is limted only by the chemical equilibriumof the
reaction. The follow ng chem cal reactidns are ut| lized by sul fur recovery

oo 2= 28 i a3 psRthRgreiSEnaR] oafy B Sereiod Swnlbbyy i

reaction for the process is: 3 H2S + VA Q2 <==> 3/n Sn + 3 H20 (3) In the
thermal d€3f®N-a total of about 60 to 70% of the hydrogen sul fide gas
originally fed into the reaction chanber is converted to el enental sulfur.
The hot conbusThefolyesieg cherimat tractarsbus tivized iyeulfar wasvey ipdaits twoidnegertand
are partially cooled by generating steam The hot conbustion gases are
suf fi ci enhé hydaekedulfide gandesisdettabsuefuement al sul fur formed in the
conbustor. The heat given off by the conbustion gas and the condensati on

heat eyol ved apgegutiikized-te genergt@ steam Tﬂe condensed el enental sul fur
is renoved fromthe wast e heat boi | ér, while the renai ni ng unconbust ed

hydr ogen sul fi ul fur . diox d@ er th atal ytic stage for
addi ti onal sul ur- resnéval Whl 2‘h$“| 52 % cal I3 garri ed out in a series of

downstream catgégt eact.or thn the catalytic stage, the remaining
hydr ogen sul fi p¥era mcgan PHHS PERSSSURf ur  di oxi de at | ower tenperatures

over a bed of sulfur conversion catalysts, typically alum na
H,S + 1% 0, <==> 3/ S, +3 H,0 P

In the thermal stage, a total of about 60 to 70% of the hydrogen sulfide gas originally
10 fed into the reaction chamber is converted to elemental sulfur. The hot combustion gases
from the combustor enter a waste heat boiler and are partially cooled by generating steam.
The hot combustion gases are sufficiently cooled to condense the elemental sulfur formed
in the combustor. The heat given off by the combustion gas and the condensation heat
evolved are utilized to generate steam. The condensed elemental sulfur is removed from
15 the waste heat boiler, while the remaining uncombusted hydrogen sulfide and sulfur dioxide
enter the catalytic stage for additional sulfur removal, which is typically carried out in a
series of downstream catalytic reactors.
In the catalytic stage, the remaining hydrogen sulfide is reacted with the sulfur
dioxide at lower temperatures over a bed of sulfur conversion catalysts, typically alumina
20 ortitanium dioxide. Prior to being passed over the catalysts, the gases are reheated in order
to avoid sulfur condensing in the downstream catalyst bed. Thereafter, the remaining
hydrogen sulfide is reacted with the sulfur dioxide at lower temperatures over the catalyst
to make more sulfur. Additional catalytic reactors are necessary to allow the reaction to go

to completion, with elemental sulfur being removed between catalytic reactors. Various



or titaniumdioxide. Prior to being passed over the catal ysts, the gases
are reheated in order to avoid sul fur condensing in the downstream cat al yst
bed. Therwafzmroosiohe remai ni ng hydrogen sul fide is reactea/useao/obive sul fur
di oxide at | ower tenperatures over the catalyst to nmake nore sul fur.

Addi tional catalytic reactors are necessary to allow the reaction to go to
conpletion, with el enental sul fur being renoved between catal ytic reactors.
Vari ousfgctors, such as concentration, flow rate and reaction, tenperature,
| nf | uencdatiAE: Sueh S EORCeIRAY O eY FHB I FRICHEP FORReraleta (Y BEES EAETNgD
reaction and condensing stages are usually enployed industrially to react
nost of theywhenaframmypetiq dowgdditionpk hegeingrgacsighfang cendsrpigs StagRBaSHSHYFY
recovery plant tail gas is typically routed to either a tail gas unit for
further deslbydilindwsatdlhnoeeact maanof the irereaiaing diydroged sulfifie aind sidfuralidode.f or
overal |l sulfur recovery of over 97% Current sulfur recovery units ("SRU")
utilized THe dulRr tERVER! plakta@R dal i§ &fpid¥@lyi B6ted € efthid Lalill yashaiid fauturasd
designed in a linear, end to end fashion. In addition, the burner, the
conbusg or : [ - t i R s
R A e L S LA e e R A L T
di sadvant age j7(§ that the equipnent is typically laid out and designed in a
linear, €en r?o %end fashion, nore expensive to build and causes the SRU to
take up a large anount of plot s ..,h order to be ip conpliance with
ever - i ncr easi ngV & SYEHTRTRVEY ﬁﬂ@%ﬁ@%@h&t}lﬂ@gm thgth SRECGASH PP E A
great deal of equipnment and occupy a |arge space. It is therefore desirable
to provi depigaltohjsheut and desigaedsmu Hregarmeve ged fashige e Isadditioydhe hurnge thg der
of 50 - 65%over traditional SRU s having a serial layout. It is further
desi r abl econtbustonyihdeeationwpanber dndehe dvaSRlieattatileabf buwvia SREXS areitpgically

10 located in grade level separate individual platforms. Another disadvantage is that the
equipment is typically laid out and designed in a linear, end to end fashion, more expensive
to build and causes the SRU to take up a large amount of plot space. In order to be in
compliance with ever-increasing environmental regulations, typical SRU’s constitute a great
deal of equipment and occupy a large space.

15 It is therefore desirable to provide a compact, tiered SRU that provides space-savings
on the order of 50 — 65% over traditional SRU’s having a serial layout.

[t is further desirable to provide a compact, tiered SRU that allows an existing
refinery who is revamping and/or upgrading its capacity to implement without having to
relocate roads, pipe racks, and other equipment.

20 It is further desirable to provide a compact, tiered SRU that provides benefits to new

plant constructions in savings to plot area, piping, pipe racks, etc.



refinery who is revanping and/or upgrading its capacity to inplenent

w t hout having to rel ocate roads, pipe racks, and other equipnent. It is
further dwei2zosiossoBo provi de a conpact, tiered SRU t hat ppraseaesodvenefits
to new plant constructions in savings to plot area, piping, pipe racks,

etc. SUWARY OF THE | NVENTI ON I n general,4 in a first aspect, the invention
relates to a conpact, tiered sulfur recovery unit includes a burner fluidly
connected to a conbustion Cgﬁﬁﬁg@&§§§%ﬁﬁén i nber having a

hori zontal body and a subst i 4$ﬁ%¥gﬂgﬁ&gThe hori zontal body of
the reaction chanber has opposing ends, while the upright plenum has a

| over end and 4R geRsEdy NSt aspect dhel YN RRrehses t9 8 paIPa otéﬁl'e‘i‘ﬂ;umﬁéecroéé’d/t i on
chanber is fluidly connected in the conbustion chanber, while the other end
of the hounzomtladestdnynafltidly coeagtédto acdvamtpmstion shafnhluﬁrdhgif aceavtientchamber t he

| ower end of the upright plenum The conpact, tiered sulfur recovery unit

al so incl wdeisga Mabatahbady &l 4 sibstdnubldy Mpggnitaied The hdizonppedodeodtef the
upright plenumof the reaction chanber and a steamdrum fluidly connected

to the m?éa%tlgﬁ@ﬁ L h&s opgf%gmg@ll% V\Fl)l?lE the Lﬁﬂ&hﬁﬁ%ﬂﬁg hhdh bOR:r bier dn%l%ﬂtu%l)elb()dy

of the reaction c anber celpt of an acidic sulfuric gas, such

hyd i
gaseous %P(ré?eée exﬁoc{f tpe h n?eldtbodlyooguc 1Sela tidH dx ﬂvteeg 1§ Hwtdgrocdl\@ls &4 h(e{ﬂc

Eﬁlkgr to on p i ona an1su|fur
owdown. The waste h at oj ler is nounted above i zont al of the
reaction 6H@§H§f° "‘51 f@aﬂﬂ? ﬂﬁhﬁ‘iﬁq@qmr@nﬁ‘ﬁgﬂ’/@ ‘E}ﬁ&e frasten ‘H@qu%bgi | er,
resulting in the conpact tiered sul fur recovery unit. The burner, the

conbust i ofluidixreanectechte thedewenand 194k pprighkelopsn.e THe00m5SE! dicreh quliwe

steam drum of the conpact, tiered sulfur recovery unit may be horizontally
ori ent ed, recovery unit also includes a waste heat boiler fluidly connected to the upper end of the

upright plenum of the reaction chamber and a steam drum fluidly connected to the waste
10 heat boiler. An inlet port is provided in the horizontal body of the reaction chamber for

receipt of an acidic sulfuric gas, such as gaseous hydrogen sulfide. An outlet port is

provided in the waste heat boiler to release hot combustion products for additional

downstream sulfur blowdown. The waste heat boiler is mounted above the horizontal body

of the reaction chamber and the steam drum is mounted above the waste heat boiler,
15  resulting in the compact, tiered sulfur recovery unit.

The burner, the combustion chamber, the reaction chamber, the waste heat boiler and
the steam drum of the compact, tiered sulfur recovery unit may be horizontally oriented,
respectively. In addition, the burner, the combustion chamber and the horizontal body of
the reaction chamber may form a first tier, the waste heat boiler may form a second tier, and

20 the steam drum may form a third tier. The first tier, the second tier and the third tier can be
aligned on parallel axes. Further, the burner, the combustion chamber and the horizontal
body of the reaction chamber can be coaxially aligned. Moreover, the inlet port of the
reaction chamber and the outlet port of the waste heat boiler may be positioned near the

same ends of the compact, tiered sulfur recovery unit.



respectively. In addition, the burner, the conbustion chanber and the

hori zontal body of the reaction chanber may forma first tier, the waste
heat boi IwO 208p00888m a second tier, and the steam drum may/uSeeoxoessshi r d
tier. The first tier, the second tier and the third tier can be aligned on
paral | el axes. Further, the burner, thesconbustion chanber and the

hori zontal body of the reaction chanber” can be coaxially aligned. Mreover,

the inlet port_of the reactio hanber and t outlet port of. the waste
hoat bot | e reyprelel Pt Eas e Eaita obffdts o ARTE bR oraried

sul fur recovery unit.The horizontal body and the upright plenum of the
react i on tierechpBiur gecaviepuip meydacludg wicspal dhrmg} clemeniperuchdis cerpayc fUheF Qe
internal thermal elenents, such as ceram c tubes or refractory materials.
Addi t i onakfrggtotyheatesalst Additmmalipehe reagtidnrbhmber raaypinghudk atpjurality of st iiom
zones. The waste heat boiler may be nounted to a support platform above the
hori zont alonbsdy of the reaction chanber, and the orientation of the waste
heat boiler and the upright plenumforma radi ant heat wall between the

reactipn chanbgfe 3Adtehbs: WARE 1a) SRIMARId L0 2 sUPBoRPlaformSibol & feh BB RG
wi thin the reaction chanber can be heated to approximately 1.000 -1, 3000C

using the, UOSK 1okl Y GANREELEle bRcLRG CATRUSELONGMATRR L.y Hhe et ed

acidic s rrc gases torm ) stion produ _ of the
bor Ter - PGB STEb BRI SR SR BOPS Rl T HOAN PR o SEOEd KA e
waste heat boiler to approximtely 300 - 5000C by steamcreated in the
st eam dr urhe Aciliganair gasesvishigdewisactipgsdambendaa be Roaipd ioppraiapely 180Q
conpact, tiered sulfur recovery unit including a substantially horizontal
conbust i enl,30RfMheingthe bngeaflbidhym@nnedted to the combustion chamber. The heated acidic
10 sulfuric gases form the hot combustion products that flow out of the upper end of the upright
plenum of the reaction chamber into the waste heat boiler. The hot combustion products
may then be partially cooled in the waste heat boiler to approximately 300 — 500°C by steam
created in the steam drum.
In general, in a second aspect, the invention relates to a compact, tiered sulfur
15 recovery unit including a substantially horizontal combustion chamber having a burner at
a first terminal end and a substantially horizontal reaction chamber having a main body and
a substantially upright plenum. The main body of the reaction chamber has opposing ends,
while the upright plenum has a lower end and an upper end. One end of the main body of
the reaction chamber is fluidly connected to a second terminal end of the combustion
20 chamber, and the other end of the main body of the reaction chamber is fluidly connected
to the lower end of the upright plenum. The compact, tiere‘d sulfur recovery unit also
includes a substantially horizontal waste heat boiler fluidly connected to the upper end of

the upright plenum of the reaction chamber and a substantially horizontal steam drum

fluidly connected to the waste heat boiler. An inlet port may be provided in the main body



a first termnal end and a substantially horizontal reaction chanber having
a main body and a substantially upright plenum The nmain body of the

react i on wbanmy#sivas opposi ng ends, while the upright plPERIIS2ITAH0FR5P Oner
end ‘'and an upper end. One end of the main body of the reaction chanber is
fluidly connected to a second term nal end of the conbustion chanber, and
the other end of the main body of the reaction chanber is fluidly connected
to the | ower end of e upri Ienun1 The ac tiered sul fur recovery
uni ¢ a1 500 TN £hanber e sfofhw?%ﬂwg Shkicke 4n GG T
connected to the upper end of the uprig Ienun1of t he reaction chanber
and a subBroiiedain] wehwmtﬁdmaalbosl@reé@nldﬁm Ptusanustonmwedecds for adrblionelst e
heat boiler. An inlet port may be provided in the nain bodyof the reaction
chanber f downgrempulfof bypasiesus hydrogen sul fide. An outlet port nmay be
provided in the waste heat boiler to rel ease hot conbustion products for

addi tional dowrs¢ bemer,shd Esthbidti@ntdumberl g RBEHITRAy of e acduisdliapbeC hanber ,
the main body of the reaction chanber, and the | ower end of the upright

pl enumst ofn 1gwki &t oft t'h@ AkhepIERTR ef&tm alfr8 &Y oF Yl oHipab € GieNarshliiebovertne
wast e heat boiler and 8 upper end of the upright pl enumforma second

tier of t Eﬁt C?{TQ%&e 154&%% §ﬁﬂ I EJS CNg rf¥hei fr{Br Iht ﬁ’ﬂ. b oS o srtég(ﬂ{iﬁ]htgr é’f st

forms a third covery uni

tier, the_second tier an the thlrd tler of the c a r.ed .sul fur
ecovery. I GOMIRES APTSgEURB ASGSIER! Wl "SRl thepiRan Bt 1@ 811 B o &t i on
chanber and the outlet port of the waste heat boiler my be EOSI ti oned near
the sanme epfHBAchfticrefbsudimpesomvent yrut ebheshinst tier, thesecandyiiog and thetthiad fig ¢f thsody

and the upright plenumof the reaction chanber may include internal thernmnal
el enent s, caupdrtderaksdivr cecdonbeysunot are efigieact cor parattel exdsal s. Additionally, the
reaction chanber can
10 The inlet port of the reaction chamber and the outlet port of the waste heat boiler
may be positioned near the same ends of the compact, tiered sulfur recovery unit. The main
body and the upright plenum of the reaction chamber may include internal thermal elements,
such as ceramic tubes or refractory materials. Additionally, the reaction chamber can
include a plurality of reaction zones within the reaction chamber. The waste heat boiler of
15 the compact, tiered sulfur recovery unit may be mounted to a support platform above the
main body of the reaction chamber, and the orientation of the waste heat boiler and the

upright plenum form a radiant heat wall between the reaction chamber and the waste heat

boiler.



include a plurality of reaction zones wthin the reaction chanber. The
wast e heat boiler of the conpact, tiered sulfur recovery unit may be
nount ed twoaosupgsmst pl at f orm above the main body of thecrasetwwomsshanber,
and the orientation of the waste heat boi | er and the upright plenumforma
radi ant heat wall between the reaction anber and the waste heat
boi | er. BRI EF DESCRI PTI ON OF THE DRAWN Fi gure 1is a side elevation view
of an exanple of a conpact in accordance with
an illustrative enbodi nemr==s : FEr-€ recovery unit
di scl osed herein; Figure 2 is a cross- section view al ong line 2-2 of the
conpact, ti er edFigutef Lis asideclevagion iew eftamarampleifgugompnet, Henedmnifurecaens a
top el evation view of an exanple of a conpact, tiered sulfur recovery unit
i n accor damiteinictdrdancd Withiat ilhistragveadbodiment ofothe ichmpaanpeet sulfireeedesgul f ur
recovery unit disclosed herein. O her advantages and features wll be
appar ent funemaithesddaldr@mi ng description, and fromthe cl ai ns. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The devi ces and net hods di scussed
herein are ner i f t use
thi s Invention Hed %%%%f’sg b e TP T et C R e
the dew ces. arllld gp aye, been described with a certain degree of
particul ar |ntnyS oM it %%rebe noted that nmany nodifications may be nmade in the
details of thehlglgnstructl on and the arranig{erregt of the devi aes and
conponent s wi t HOSH RIS PP AlFVRIGhY FHOTSP ISR APP e Y 2seBpacioiicr sUltf 1569Y68ur e.
It is understood that the devices and nmethods are not

unit in accordance with an illustrative embodiment of the compact, tiered sulfur recovery

unit disclosed herein.
Other advantages and features will be apparent from the following description, and

10  from the claims.



limted to the enbodi nents set forth herein for purposes of
exenplification. Referring to the figures of the draw ngs, wherein |ike
nuner al s wo 2nef@smace designate |ike el enents throughouPCrius2eemesdad vi ews,
and”initially to Figure 1, a conpact, tiered sulfur recovery unit 10
conprises a burner 12, a conbustion chanper 14, a reaction chanber 16, a
wast e heat boiler 18 and a steamdrum 2 The vvaste heat boiler 18 is

above the wast e Al QESGRIPIIQR OF T PREEERREILEMBE Solmact
design, requiring only a sin I e pl atform for space The reactl on chanber 16
conprises a horThesieviges drsd etggdsacﬁac@wddlprm@m nisredy U seativerH epectlaeminpers
chanber 16 includes an inlet 26 for receipt of an acid gas, such as gaseous
hydr ogen s$whfhiceto(rhi&s) andQse tien dn@tiof atdiaremot toztleninirpiedyas 2iniahg thscope.
reaction chanber 16 is attached in fluid connection to the conbustion
chanber 14, whiwailthBe AehREs @Rd R&heds hive b&nl dRbligdd ReGYa 2ért@h ddpeee of

reaction chanber 16 is fluidly attached to a |lower end 32 of the upright

bl enum 24 safuARSICCRGE (0 ROSTORR thiy DGADHIASIncAZe H0ge AOMBURLRN efianber

14 and th ori zont al reactlonca may be coaxially
al i gne The hor.i zon tion
chanber 1608 HeaPAAhPerarteiay R urdraRby %@P&?a&mggoue@?w'&ff% By or
other refractory materj al to aid in klnetlc reactions during the sul fur
recovery pPBEESd chﬂfeofctbwp%i&OSLtr?e#léaUg@ﬁl$ta? Fhat Hiretay 1G58 iand Todbeds Hptot
require catalysts or a catalyst bed within the reaction chanber 16, but

rat her ut ilinpigesktottheeinhodimeats seh&rthalicrein dommirsoses of exaatpldratienani ¢ t ubes or
other thermal or refractory elements to sufficiently heat the inputted
acidi c sul furi Regfasmg foothet figuteherfntbke drewotgsowheripiidducenahBnehtetreacd f ur .
An upper end 34 of the upright plenum 24 of the reaction chanber 16 is

gt t ?c hed idasikhate dike ARGt BRodedolde Wesh 8 iea), ah@idigdllyl@. Fidire 1vasb@phaat
oiler

10 tiered sulfur recovery unit 10 comprises a burner 12, a combustion chamber 14, a reaction
chamber 16, a waste heat boiler 18 and a steam drum 20. The waste heat boiler 18 is
mounted above the reaction chamber 16, and the steam drum 20 is mounted above the waste
heat boiler 18, resulting in a three-tiered, compact design, requiring only a single platform
for space. The reaction chamber 16 comprises a horizontal body 22 and an upright plenum

15 24. The reaction chamber 16 includes an inlet 26 for receipt of an acid gas, such as gaseous
hydrogen sulfide (H,S). One end 28 of the horizontal body 22 of the reaction chamber 16
is attached in fluid connection to the combustion chamber 14, while the other end 30 of the
horizontal body 22 of the reaction chamber 16 is fluidly attached to a lower end 32 of the
upright plenum 24 of the reaction chamber 16. The burner 12, the combustion chamber 14

20 and the horizontal body 22 of the reaction chamber 16 may be coaxially aligned. The
horizontal body 22 and the upright plenum 24 of the reaction chamber 16 contain internal
thermal elements 66, such as ceramic tubing or other refractory materials, to aid in kinetic

reactions during the sulfur recovery process. The compact, tiered sulfur recovery unit 10



18 includes an outlet 36 for the release of sulfur dioxide (SQ2) for
downstream sul fur bl omdown to produce additional elenental sulfur via

cat al yti cwpeaordogses. The waste heat boiler 18 is fluidl ycatusawbedssd t he
steam drum 20. Both the waste heat boiler 18 and steam drum 20 are
substantially horizontal, resulting in #he reacti on chanber 16, the waste
heat boiler 18 and the steam drum 20 being aligned al ong paraIIeI axes.

Mor eover, ,the | nIet t 26 of on chanbe d, t he outlet port
56 of & ne<RaBe s AR o s bosER oy SR Rbarberie. s g IS "L he
conpact, tiered sulfur recovery unit 10. In operation, acidic sulfuric
gases suche dateppbthesmal elegents %ﬁt Freh ras feraneia tebpsndseqtharmthermalt orerafiaciony por t
26. In the reaction chanber 16, the sulfuric acidic gases are heated to
approxinﬁﬂ@hyﬁ&yﬂaﬂﬁiwaﬂﬂﬁemshﬂgnnmedb@ﬂﬁemhbﬁc&aﬁadhedwubmmhér@mﬁbm$®ion
chanber 14. In the reaction chanber 16, the acid gas is thermally converted

t o sul f urprddwei €lemée@eP pulfurThAs dpper end 3¢esfcthe apright pledest by of hige tdakcaomal
thermal elenments 66 within the horizontal body 22 and the upright plenum 24

of thes reaahiven ERarRGed 16AuliRBnAQLILIRS the WAV NEA®RIIA 18! MBe AR HRABHIRII NS
in the horizontal body 22 of the reaction chanber 16 and conti nues through

the upri ol ROUTLARR( 36NS: §RARILQD PRARRETLfe EDS KT Bl NP4

all ows for e conpact tiere esign o e conp lere

recovery nit 10 and j S necess for conplete thermal crac ction.
The ot CORBHRET P PR TGP RE e e ght o PRI S Gy HOE P

chanber 16 enter the waste heat boiler 18 and are partially cool ed by steam
gener at et {his hidlyttachas todhe steran Him 2@ Betdithoagie bepidpderarfeandsttasy i n

t hewaste heat boiler 18 to approxinmately 300 - 500C. The resulting

el ement aldrswl 3Quare salstivgiallyriovednfat, oesul ez netbe ecabiect clizoiieer 6,1@¢ wisid leeat he
remai ni ng cool ed conbustion products | eave the waste heat boiler 18 through
the ouwl | edoilB36] Sumel the stch@eiutQOtEingEAntOhlohgprAel axes. Moreover, the inlet port
26 of the reaction chamber 16 and the outlet port 36 of the waste heat boiler 18 may be
positioned near the same ends of the compact, tiered sulfur recovery unit 10.
In operation, acidic sulfuric gases, such as H,S, are fed into the reaction chamber 16
via the inlet port 26. In the reaction chamber 16, the sulfuric acidic gases are heated to
15 approximately 1,000 — 1,300°C using the burner 12 attached to the combustion chamber 14.
In the reaction chamber 16, the acid gas is thermally converted to sulfur dioxide (SO,). This
thermal reaction is aided by the internal thermal elements 66 within the horizontal body 22
and the upright plenum 24 of the reaction chamber 16. The thermal conversion of the acid
gas begins in the horizontal body 22 of the reaction chamber 16 and continues through the
20  upright plenum 24 of the reaction chamber 16. The upright plenum 24 allows for the
compact and tiered design of the compact, tiered sulfur recovery unit 10 and is necessary
for complete thermal cracking reaction. The hot combustion products from the upright

plenum 24 of the reaction chamber 16 enter the waste heat boiler 18 and are partially cooled

by steam generated by the steam drum 20. The hot combustion products are cooled in the



sul fur bl owdown using catalytic reactions to produce additional elenental
sul fur. Referring nowto Figures 2 and 3, the conpact, tiered sulfur
recovery woi20101083vas a substantially horizontal conbustipam/usheioesvsdd w t h
a burner 12 fluidly connected at a first terminal end 38. A second terninal
end 40 of the conmbustion chanber 14 is fIU|dIy connected to a first
opposi ng end 28 of a main body 22 of a Qubstantlally hori zontal reaction

hanb 16. The 12, th t h 14 d th b 22
of e r S BiPt B ©PBPieRymEECA QTG Ths Gretine FFARA S e e

burner 12, the conbustion chanber 14 and the main body 22 of the reaction
chanber 1BTOyEd{RNT fhesyastd kaat hoilest1 8 wehile shgpremaining spelgd sompustiongrredesty uni t
10. The mai n body 22 of the reaction chanmber 16 includes an inlet port 26

f or receilptaveotheawdsth leeas bbflerr iScthgaghftbe otithetridedndpare ¢esisdavgnstrearpriodticeher

el emental sul fur. The conbustion chanber 14 and the reaction chanber 16 may

heat the Jubfaublopeiona) ity Satdlftid teac@as tb rafapé additehlelenlen@dQuturl, 3000C
using the burner 12 fluidly connected to the conbustion chanber 14. A | ower

end 3250f a s Uﬁéifeﬁ‘iﬁgs@d\i/ Yo Fﬁ%ﬁfeg IQta11B|°e ﬂ{é@ogﬂ)abls tibleHisdifyr /& %ﬁ{n‘ﬁg 16 Bada
second opposi ng end e main body 22 of the reaction chanber 16. The

in bod - I
R B L e T T T S
ic tub fract Furt h rrb
T6 my. begepaf se€a% v oteuph iRl Shad pbihectonpi e <G Ghe DrEa a
t hermal conversion of inputted acidic sulfuric gas, such as hydrogen

sul fide. crmacetpimiirstenposingienh2d et a maindwdy2e ok pyhstangaliphorizegiahscacion he
mai n body 22 of the reaction chanber 16 and continues through the upright

pl enum 24chafbiehd6r et hwnercHarthe combustibhedhamber 14 and the main body 22 of the

10 reaction chamber 16 may be coaxially aligned. In addition, the burner 12, the combustion

chamber 14 and the main body 22 of the reaction chamber 16 form a first tier 42 of the

compact, tiered sulfur recovery unit 10. The main body 22 of the reaction chamber 16

includes an inlet port 26 for receipt of acidic sulfuric gas for thermal processing to produce

elemental sulfur. The combustion chamber 14 and the reaction chamber 16 may heat the

15 inputted acidic sulfuric gas to approximately 1,000 — 1,300°C using the burner 12 fluidly
connected to the combustion chamber 14.

A lower end 32 of a substantially upright plenum 24 is fluidly connected to a second
opposing end 30 of the main body 22 of the reaction chamber 16. The main body 22 and
the substantially upright plenum 24 form the reaction chamber 16, both of which may

20  include internal thermal elements 66, such as ceramic tubes or other refractory materials.
Further, the reaction chamber 16 may be separated into separate zones (not shown) to allow
additional thermal conversion of inputted acidic sulfuric gas, such as hydrogen sulfide. The
thermal conversion of the acidic sulfuric gas begins in the main body 22 of the reaction

chamber 16 and continues through the upright plenum 24 of the reaction chamber 16. The



substantially upright plenum 24 of the reaction chanber 16 allows for the
conpact footprint of the conpact, tiered sulfur recovery unit 10. An upper
end 34 ofwOhelswk®Banti al |y upright plenum 24 of the re&criuseoooesvser 16 is
flufdly connected to a substantially horizontal waste heat boiler 18, which
i s nounted above the main body 22 of thglreaction chanber 16. The waste
heat boiler 18 nay be nounted on a support platform 48 above the main body

22 of the reacti. chanber 16 .. The orientation. of the te heat . boiler 18
2nd the P SRb iR RPERepdR At ot MRl kB SR PRI WS (R GoniliodBlint
chanber 16 and the waste heat boiler 18, which prevents the waste heat
boi | er 18 HribareRpaduieed sulftracsoysnamtit Heat zone produced by the conbustion
chanber 14 and the reaction chanmber 16. The support platform 48 may be
supported by a phupatiend fofshppdistantialfsusght plddumi 28l thy reacthen emstber Iveat
boiler 18 may be nounted to the support platform 48 using a pair of support
bracket s 52 fluidig const¢ed®ad siistdngnlll oifiamid vasteeeantdoilérer8, 44hiol id eunted
conpact, tiered sulfur recovery unit 10. A substantially horizontal steam

drum 26 i sibhlaligd asoBo@e e d iR theidmstanheal. boid ehstd eansbiles IROHN R
above the waste heat boiler 18. The steam drum 20 may be fluidly connected

I
to the V\B‘Zlé&gggé?%g 9{&%%2:‘% };iQtwa?ét gﬁﬁoqnfaeggﬁezlgﬁ}l$1lb§?g ?ﬁ oPiht ?éac?élé MGG 1‘]%3 of

| ower pip pI pes y connec 0 a bottom 58
oi pes 56, REPTOR Uit os G Akaeatr §6 o5 PR B EreR 282088 o AR B um
20 and a | ower portion 64 of the waste heat boiler 18. The steam drum 20
forms a tHickyee de ragction chamber borpad the wasis bent SoilerylS, vauel areyepfthe wpte
St eam produced in the steamdrum 20 partially cools the hot conbustion
product s leahbailer 18 from exposure to the radiant heat zone produced by the combustion chamber
10 14 and the reaction chamber 16. The support platform 48 may be supported by a plurality
of suppbrt legs 50. Additionally, the waste heat boiler 18 may be mounted to the support
platform 48 using a pair of support brackets 52. The waste heat boiler 18 forms a second
tier 44 of the compact, tiered sulfur recovery unit 10.
A substantially horizontal steam drum 20 is fluidly connected to the waste heat
15  boiler 18 and is mounted above the waste heat boiler 18. The steam drum 20 may be fluidly
connected to the waste heat boiler 18 via a series of upper pipes 54 and a series of lower
pipes 56. The upper pipes 54 may be fluidly connected to a bottom 58 of the steam drum
20 and a top 60 of the waste heat boiler 18. The lower pipes 56 may be fluidly connected
to a lower portion 62 of the steam drum 20 and a lower portion 64 of the waste heat boiler
20 18. The steam drum 20 forms a third tier 46 of the compact, tiered sulfur recovery unit 10,
Steam produced in the steam drum 20 partially cools the hot combustion products within
the waste heat boiler 18 to approximately 300 - 500°C. The cooled combustion products

exit the waste heat boiler 18 through the outlet 36 positioned at an end opposite the fluid

connection the upper end 34 of the substantially upright plenum 24 of the reaction chamber



the waste heat boiler 18 to approxi mtely 300 - 5000C. The cool ed
conbustion products exit the waste heat boiler 18 through the outlet 36
posi ti onewsioap1ozs®ad opposite the |Iluid connection the rppars2emaodd of the
subStantially upright plenum 24 of the reaction chanber16. The cool ed
conbustion products are feed downstreang or further sulfur blowdown in at
| east one catalytic reaction to produce~“additional elenental sulfur. The

first tier 42 having the hurner. 12, the conbustio hanber 14, the main
body 22 of6-t Fad FtEfs SRR a4t o FEV P BR A orLid Wabee ARt ol 1y
upright plenum 24, and the second tier 44 having the upper end 34 of the
subst ant i #Il¢3pt ope Py tipreapiion Paraderetadditipask demental dfur.er 18, and the third
tier 46 having the steamdrum 20 are aligned on parallel axes to formthe
conpact, ti eredhsflkdtuer #2bavieg theunirberll@, thewontbestiort teniber é#, thomtai@®od§ t he
reacti on chanber 16 and the outlet port 36 of the waste heat boiler 18 may

be posi tiznhefitheeasctionechamber BNalsl OF 16We drBRasfta, substefiedlysipricht pleaa@vEr y
unit 10. The conpact, tiered sulfur recovery unit 10, which is the heart of

a sul far plARt seddAd tREIB LU ﬁ%vtﬁi%ﬁ&?cﬁﬂé‘f t@@%ﬁb&ﬁﬂﬂaﬂ%ﬁbi@&ﬁ&ﬁuﬁ?@ﬂﬁm c
advant ages. The conpact, tiered sulfur recovery unit 10provides an

ef ficientysyl ' ngﬁ%g-,e' - o@i til %ﬂg ' f our
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Separ at o Lomvsiond SO it BN AR ALGE Ry SHREYER DaERBRLRR ey
16, the SRU lI/efst e hefat oiler 18 .apegt t Ee SRU st eam gr E% [ ntlo a sj ggl e
t hr eet i erJ2t ACKEY 1AER IR FOTHRFEY GEIStSUOH SEPYSE PR 1§ nth&tRlGERYUF &% and
foundation, thus allowing all the structural, thermal, piping and civil
| oads t o Yetheortstivaccharber d6rpdcthe autlst eert S\l eluthe reasésy beaj homlier 18onaabes on
mul tiple structural and civil foundations, resulting in a great deal of
space savpasgsyned meir ths simemd0fhthoc@bpaocovered sukfur radiveryomal10seri al | ayout
of SRUs. The conpact, tiered sulfur recovery unit 10 saves engi neering
time amd cost, The compact, tiered sulfur recovery unit 10, which is the heart of a sulfur plant, has
numerous advantages in both engineering and economic advantages. The compact, tiered
sulfur recovery unit 10 provides an efficient sulfur recovery unit (SRU) design contiguration
by combining four separate components, the SRU combustor 12 and 14, the SRU reaction
chamber 16, the SRU waste heat boiler 18 and the SRU steam drum 20, into a single three-

15 tiered stacked design configuration utilizing a common structure and foundation, thus
allowing all the structural, thermal, piping and civil loads to be combined. The compact,
tiered sulfur recovery unit 10 saves on multiple structural and civil foundations, resulting
in a great deal of space savings, such as from 50% to 65% over the traditional serial layout
of SRU’s. The compact, tiered sulfur recovery unit 10 saves engineering time and cost,

20 review, precious plant space, which is particularly acute in retrofit applications with
increased capacity, in which space is limited.

The compact, tiered sulfur recovery unit 10 also provides savings in both civil and

structural work, along with supply, piping layout and runs, piping supports, and in efficiency

of compact equipment flow. Additionally, the compact, tiered sulfur recovery unit 10



review, precious plant space, which is particularly acute in retrofit
applications with increased capacity, in which space is limted. The
conpact, wopenshoswBf ur recovery unit 10 al so provi des sa&¢irng300000396¢ h ci vi l
and structural work, along with supply, piping |ayout and runs, piping
supports, and in efficiency of conpact equipnment flow Additionally, the
conpact, tiered sulfur recovery unit 1dPncreases operation efficiency, as

wel | as maintenance effigciency. The conpact, tiered sulfur recovery unit 10
2l | ows QPSRRI (FIUI0Y HECEBNE AR 1Al dunFngiece SHawy TisoarerLpiead by
allowing all field work and operating mai ntenance to be preforned in one

| ocat i on,Sul{if recexers upit 19aHews fergllexerk t pegongeontrajed inpneggntdllt ineatedinsset |
tiered sul fur recovery unit 10. Each of the conponents 12, 14, 16, 18 and
20 i n eadly afowihgal] fieldswaik and #perating ramtenanogs fodemrefotmedini cant ewtiah] with ng
fine tuning of both the internal and external critical w ndows of

oper at i oreasd bfadeeéd toeath etk 94 and d6df egLiopipant, tisfeddalfar etoopenaitilon are
critical to the process design, equi pment design and safety of the conpact,

tieredssul fur gegouahy csitpénea® 173, M4 2R iafM2b th @xfiodiRdidraid Wiesds are
i nproper operation. Furthernore, the piping 54 and 56 fluidly connecting

the wast qlo@&%&amiogjggteéggg\g&gffn}%.tﬁﬁiﬁgmé O et ANANES A b RERSHL T ur

bl owdown process: iere recovery unit
provi des increased _desi.gn flexibili i.n the .SRU reacti on chanber
fGpercheds iy i
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thermal process, as well as fine tunes the conplex_desiqn par%npagrs’
r equi r ed ArAceSRUESign, egymnes deyjemindoriaiy of he campusd) tirethall g sea0vely WHalber 16
or single zone reaction chanber 16 with conpl ex chem stry without having to
change t he afldisioprtp myoiding fagdurss wp avpropei ereeadionu|Fugthemearovibe pining §4 agd 56
10 fluidly connecting the waste heat boiler 18 and the steam drum 20 enhance the further sulfur
blowdown process.
The compact, tiered sulfur recovery unit 10 further prolvides increased design
flexibility in the SRU reaction chamber 16, allowing for increased capacity during recovery
of elemental sulfur in the thermal process, as well as fine tunes the complex design
15 parameters required in SRU’s, such as by allowing for a dual zone reaction chamber 16 or
single zone reaction chamber 16 with complex chemistry without having to change the
footprint of the compact, tiered sulfur recovery unit 10.
The external structure of the components of the compact, tiered sulfur recovery unit
10 have a window of thermal optimum operation, which is enhanced by the compact, tiered
20  vertical structure. The compact, tiered configuration of the compact, tiered sulfur recovery
unit 10 allows tighter control by design of the external thermal environment at the primary

and secondary levels, which is critical for the lifetime of the components, maintenance, and

safety.



The external structure of the conponents of the conpact, tiered sul fur
recovery unit 10 have a wi ndow of thermal optimm operation, which is
enhanced W9 20to@oswapact, tiered vertical structure. ThePcomsaaw/0039er ed
configuration of the conpact, tiered sulfur recovery unit 10 allows tighter
control by design of the external therngl environment at the primary and
secondary levels, which is critical for ' the lifetinme of the conponents,

xpansi on of khBuAosRe a0 Bed g onel chrpdbt O RAPESRDE frobetover y

unit 10. Known SRU s utilize serially aligned conponents. which exaggerates
the ther Rl thexeRinRAcrigsed ISR recven Wt Hdikoyw SRH amtilizg serallymegned
foundati on | oads are accounted for in one unit with the conpact, tiered

sul fur r evevemgnignivhichOexaggdroteh thé éhecmhdexpiangivic podheang, ivath amdddtive ngial
operation. The conpact tiered sulfur recovery unit 10 allows for horizontal

thermal giffest.hThafdundafdsn rady aleereedbuntedtont e vedully wappiestdrepandiddesurtilr
growh in the secondary level, which is divided into the vertical plane.

Thi s epuntesvesd g€ o pMSAE tRWold fgid Qaditne A0 Quﬁﬁ%%@ﬁtﬁﬁu. IeRosab ity of
t he whol e conpact, tiered sulfur recovery unit 10." The vertical growth

wth the W&?@%tegﬂgﬁghlﬁﬂ 1@“all§>@§f&%ﬂ§§ﬁal th%r?x{aﬁgrrow%é#F]heé?glff%\fg;]e&ep Bbinid@d! S

al | oned constraints, oper ati onal
conditions are allowed and accounted for,in tEF onpact,..tiere suL{ur
Fecovery BHITBOEQE eRbEEara orias U Eeosabl p ot Gomer Hdrh LS Tt e
with the conpact, tiered sulfur recoverg 10, and gives inproved flexibility
of desi gridangynileiy cpuntpreffecs gyens qpt thgllopding and mapaigeload stability oSty whole
Additionally, the internal process operation is enhanced and inproved with
i he conpawmpack,dreedd slfuf pecorveryowner 0. Ui tvert@al grawdmevitf the kenhggatiomplothe ant
and critical criteria,

10 compact, tiered sulfur recovery unit 10 is allowed without plant constraints, and further,
both cold and operational conditions are allowed and accounted for in the compact, ticred
sulfur recovery unit 10. Moreover, there are no overhead constraints associated with the
compact, tiered sulfur recovery 10, and gives improved flexibility of designs, which is
particularly important in large capacity SRU’s.

15 Additionally, the internal process operation is enhanced and improved with the
compact, tiered sulfur recovery unit 10. In one of the most important and critical criteria,
the orientation of the waste heat boiler 18 and the upright plenum 24 form a radiant heat
wall between the reaction chamber 16 and the waste heat boiler 18, which protects the waste
heat boiler 18 hot face tube sheet from exposure to the radiant heat zone produced by the

20 combustion 14 and reaction chamber 16. This improves and enhances the waste heat boiler
18 operation, in addition to preventing malfunction from disaster, failure and/or leakage.

Moreover, the compact, tiered sulfur recovery unit 10 provides numerous economic

advantages in savings in plant space. The compact, tiered sulfur recovery unit 10 allows for

efficient and compact piping and instrumentation configuration yielding easy access for



the orientation of the waste heat boiler 18 and the upright plenum 24 form
a radi ant heat wall between the reaction chanber 16 and the waste heat
boi | er 18yowniodhssot ects the waste heat boiler 18 hot Patastawmomieet from
exposure to the radi ant heat zone produced by the conbustion 14 and
reacti on chanber 16. This inproves and %nhances the waste heat boiler 18
operation, in addition to preventing maPf unct i on fromdi saster, failure

and/ or | eakage reover, the ¢ re ul fur over un|t

o vt des SRR RBL SN G dao b By o B B Pt e
conpact, tiered sulfur recovery unit 10 alloms for efficient and conpact

pi pi ng arfdicigt WarerthscrBwasotEicd ShIART tere Vgnetal Hiplearipvides lngey lé)treo‘ﬁé‘reatl on
and mai nt enance, centralized fieldwrk, and decreased pl ant engi neering,
revi ew arpztObiem'slanddcds.mﬁﬁhenmcieﬁntte wmm@hdimntage@mfecty’m i urthe@mates o
provides longer life, fewer problens and | ess mai ntenance as definite
econom ¢ tad\anipage tivtedf atfup Fsoveyr et preiddselvanagsdh, plintesedtisu| The
recovery unit 10 provides advantages in plant esthetics. The conpact tiered

sul fursrecRYRKY dfdisu i feSoves MGt @%‘ek%e@&lﬂ%bﬂ)é&%? Ss'le%ﬁkand%'aﬂn PReIRAGHs and
has an appealrng formfactor,” which inproves overall plant esthetrcs

Wer eas, epgﬁYLPﬁﬁnqﬁgoh @d%n §X <R%%ﬂl %ﬁ l_lgﬁgsnln relation to the

dramnngs and’ aifs er'st er and further

nodi fications, apart nrthose shown or sted herejn, may be nm
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conpact, tiered sulfur recovery unit conprrsr a burner (12)
fluidy codrréamesditsboydbswpdersiosd ﬂeaﬁarﬁlrféraném er nspdrgf@élpn@;@p@qﬁér@rjerhorsqe)
having a horizontal body (22) and a substantlally upright plenum (24); the
horizontamOMmdyspg@¥Kﬁﬂwhﬁelneﬂb¢hmdeeh@hb@mspﬁﬁﬁnhaumn@fdppbskngomnds (28,
30); the upright plenum (24) having a | ower end (32) and an upper end (34);
wher ei n



one end of the horizontal body (22) of the reaction chanber (16) is fluidly
connected to the conbustion chanber (14); wherein the other end of the

hor i zont avolkzotyo0§3d2) of the reaction chanmber (16) is fl ecalus2aoom®sted to
the |l ower end (32) of the upright plenum (24); a waste heat boiler (18)
fluidly connected to the upper end (34)60f t he upright plenum (24) of the
reacti on chanber (16); a stean1drun1(2d) fluidly connected to the waste

heat boi | 1 i 20 fnlet port (26) in the horizontal body (22) of the
reaction-§i%£%§iﬁ?¥§¥§for recei pt of an acidic sulfuric gas; an outlet port

(36) in the waste heat boiler ( 18) to rel ease hot conbustion products for
addi ti bnal- dowfsompsgt. digreduulivr sravemm und AED)wHERRISING he wast e heat boi | er
(18) is nmounted above the horizontal body (22) of the reaction chamber (16)
and th& steam aburmef 2@) flugdlysomesteddh e wembhstionasdiambaedtd) boi | er ( 18),
resulting in a conpact, tiered sulfur recovery unit (10). 2. The conpact,
tiered3sul fur &eseoien yhambdr (06) Kdvangra horditalibady 22 indresubstahaldomdrigiti on
chanber, the reaction chanber, the waste heat boiler and the steam drum are

hori zopt %hb,yurﬁréiz@@t&%orrz%ﬁﬁﬁs&ay@zy oBthe HORtiBARARDer (16 PRRMSHp gl G@OVEr Yy

uni t of aim?2 wherein the burner, the conbustion chanber, the hori zont al

body of t agtl on. , : r 1. ght ] form
2 trrst 25 O e BER L R R S en Rt B SR Gl R R

righ | en f.orm a.second, tjer, erei.n the st .d forms a third
P er O oot B iR POy B of e FREH T chaR et CLiNdS THALTPEEIEY to iy e
aligned on parallel axes. 4. The conpact, tiered sulfur recovery unit of
caimi wesRsHop Hléalglgprrrqg}),; whggein the other end of the horizontal body (22) of the reaction

8 chamber (16) is fluidly connected to the lower end (32) of the upright plenum (24);

9 a waste heat boiler (18) fluidly connected to the upper end (34) of the upright
10  plenum (24) of the reaction chamber (16);
11 a steam drum (20) fluidly connected to the waste heat boiler (18);
12 an inlet port (26) in the horizontal body (22) of the reaction chamber (16) for receipt
13  of an acidic sulfuric gas;
14 an outlet port (36) in the waste heat boiler (18) to release hot combustion products
15 for additional downstream sulfur blowdown; and
16 wherein the waste heat boiler (18) is mounted above the horizontal body (22) ot the
17 reaction chamber (16) and the steam drum (20) is mounted above the waste heat boiler (18),

18 resulting in a compact, tiered sulfur recovery unit (10).

1 2. The compact, tiered sulfur recovery unit of Claim 1 wherein the burner, the
2 combustion chamber, the reaction chamber, the waste heat boiler and the steam drum are

3 horizontally oriented, respectively.



conbusti on chanber and the horizontal body of the reaction chanber are
coaxially aligned. 5. The conpact, tiered sulfur recovery unit of Caiml
wher ei n twe 20ml@ssoport of the reaction chanber and the @arluszoopooiosof the
wast e heat boiler are positioned near the sane ends of the conpact, tiered
sul fur recovery unit. 6. The conpact, tigred sul fur recovery unit of Caim
1 wherein the acidic sulfuric gas is ga§ ous hydrogen sulfide. 7. The
conpact, tjered_sul fur recover nit of daim erei.n the horizontal body
and t hel upti ght T EAIRAGS tiErd Sl g schambor mmuaew ey sl DYRER e
elements. 8. The conpact, tiered sulfur recovery unit of Claim7 wherein

t he i nt®r r@mbustiemehanthesfhpharizansal bedy af the reagtien ehanther raadthy lpwienerd ¢ths. 9.
The conpact, tiered sulfur recovery unit of Claim1l wherein the reaction
chanber3 i ngirighepleaumpl formld fiyst oier, relzgtinahe zasesheat bbiler ankdehe eppdriand of the
chanber. 10. The conpact, tiered sulfur recovery unit of Claim1l wherein the
wast e heatuhight plenius folnatsesbnidaied, whigpdrthe ftkah HamMtabR\wahird Gek)@hd 20Rtch
body of the reaction chanber. 11. The conpact, tiered sulfur recovery unit
of C aiqn Lnwhgs&ieR thd'scBhd GBE Ad @B tafd Eiélearé!‘@l?éd%dfbﬁgﬁr&?l%l Less and the upright
pl enum form a radi'ant heat wall between the reaction chanber and the waste
heat boiler. 12. The conpact, tiered sulfur recovery unit of C aim lwherein
the acidic sulfuric gases within the reaction chanber are heated to

approxi mat el y 000 - 1,3000C usi.ng the burner_fluidly connected to the
conbustf‘ca)nf'c ha FOTB?‘CtTHSregoﬂ'gégt recoYeEY ditsefi dﬂ’mr Loskeeey A burgen dhai m
12 wherein the heated acidic sulfuric gases formthe hot conbustion
product% teabustignchambespnd the hgppentaldingy of thereactipn Flgimber are coaxially aligned.

I 5. The compact, tiered sulfur recovery unit of Claim 1 wherein the inlet port of the

2 reaction chamber and the outlet port of the waste heat boiler are positioned near the same

(V8]

ends of the compact, tiered sulfur recovery unit.

1 6. The compact, tiered sulfur recovery unit of Claim 1 wherein the acidic sulfuric gas

2  is gaseous hydrogen sulfide.

7. The compact, tiered sulfur recovery unit of Claim 1 wherein the horizontal body and

[\

the upright plenum of the reaction chamber include internal thermal elements.

1 8. The compact, tiered sulfur recovery unit of Claim 7 wherein the internal thermal

2 elements are ceramic tubes or refractory materials.

I 9 The compact, tiered sulfur recovery unit of Claim 1 wherein the reaction chamber

2 includes a plurality of reaction zones within the reaction chamber.



pl enum of the reaction chanber into the waste heat boiler. 14. The conpact,
tiered sul fur recovery unit of Caim13 wherein the hot conbustion products
are _part inabl2g1o0msioed i n the waste heat boil er to approxiPoattisker®ads9 5000C
by steamcreated in the steamdrum 15. A conpact, tiered sulfur recovery
unit (10), conprising: a substantially Iorizontal conbusti on chanber (14)
having a burner ( 12) at a first termn end; a substantially horizontal
reaction chanber (16) having a main body (22) and asubstantially upright

pl enum (24); the main body (22) of the reaction chanber ( 16) having
opposi ng ends; the upright plenum (24) having a | ower end (32) and an upper
end (3k4); Iwher dhe compacindersd sulier reeaveberlyof SRymdf whersir ha erastsrheehbemsr
(16) is fluidly connected to a second term nal end of the conbustion
chanbe? (ik4hoynteher @suppbiielafdrerabend thef hdrizentabbedybafdiie (22)iorothankteerr eact i on
chanmber ( 16) is fluidly connected to the lower end (32) o | the upright

pl enum (24); a substantially horizontal waste heat boiler (18) fluidly
connected to the upper end (34) of the upright plenum (24) of the reaction

chambey (1f); &ns EQ]%E)@H'[ fi@kd Xulmrrb@@v@haumfs&ie@ﬁhg rlLWhe(rgg)thé bHélqlaB( orf 9“2}%“ ed

to the waste heat boil (18); an inléet port in the main body (22) of
the react spg 18 hydr o sul fid
out | et %{?ﬁe ci]% & 'ietr a}ig thé ?lérl%ﬁt qéxﬁ}m %mg?{%) 4 he}(lg lwgagbe Yegn th the rlr.%a(’%olnon
producxs f.or additional %trean1sulfur bl owdown;

3~ chamber and the Waste eat boiler

1 12. The compact, tiered sulfur recovery unit of Claim 1 wherein the acidic sulfuric gases

2 within the reaction chamber are heated to approximately 1,000 — 1,300°C using the burner

3 fluidly connected to the combustion chamber.

1 13. The compact, tiered sulfur recovery unit of Claim 12 wherein the heated acidic

2 sulfuric gases form the hot combustion products that flow out of the upper end of the upright

plenum of the reaction chamber into the waste heat boiler.

(V8]

1 14. The compact, tiered sulfur recovery unit of Claim 13 wherein the hot combustion
2 products are partially cooled in the waste heat boiler to approximately 300 — 500°C by steam

created in the steam drum.

[93]

I 15, A compact, tiered sulfur recovery unit (10), comprising:
2 a substantially horizontal combustion chamber (14) having a burner (12) at a first
3 terminal end;

4 a substantially horizontal reaction chamber (16) having a main body (22) and a



wherein the burner (1T), the conbustion chanber (14) and the main body (22)
o( the reaction chanber (16) are coaxially aligned; wherein the burner

(12), thewoantwmsioon chanber (14), the main body (22) offCrhis2600ae3959n
chanber (16), and the |lower end (32) of the upright plenum (24) forma
first tier (42) of a conpact, tiered sqlfur recovery unit (10); wherein the
wast e heat boiler 18) and t he upper ﬁh (34) of the upright pIenun1(24)

form a.second r f th act, ti d sul fur.recov

wherei i t HESEp ﬁ?ﬁx Bérlﬁi% P%ﬁ}lmf @4}7*&11 Ma L’f‘)&lyﬁér(’f(ﬂlfb‘)ea?}font ’é‘“’@’Sf\;ﬂ% “‘"g‘ﬁer ed
sul fur recovery unit and wherein the first tier (42), the second tier
(44) ahd PHROSHIg] f‘f“ésst‘ihérup(lgb‘) plenpumKed)charingct lowereandd33 and an pprasveayShhi t (
10) are aligned on parallel axes.16. The conpact, tiered sulfur recovery
unit of CQvheminigewndoithe mhia Hodly €22)pdtite redctiph@hamhcrt(il onis dhidtp eonrmgtidithe
outlet port of the waste heat boiler are positioned near the sane ends of

t he coRmpagiecohd &r@ihas hd ur the@ombaktyonkdhainbed(14) Th@eRNPAGther bh@bLtheSwih Ur
recovery unit of C aim 15 wherein the main body and the upright plenum of

the re@CUkQ@(Qh?HPQ&I%QﬁkMﬂﬁmhﬂkﬁfﬂﬁhshh%hna&nﬁkﬁﬂﬁgﬁﬁéld@%aeTH?)?PHQﬁEt
tiered sulfar recovery unit m 17 wherein the thermal elenents are

cera t f tory naterlals 19. The conpact, tiered sulfur
recocggy]HQE@I en&ﬁ”?%flS wherein the reaction chanber |ncludes a plurality

tion zones withjin . the reaction ¢ The co tiere
sul fu?Fr ecover§S @ff%“tlahy BPLToRAlSVaRfrhaf H"‘[m Z{}@éﬁ?@]yﬁ%‘ﬂe% be PRPSHNt ed

to a support Platforn1above the main body of the reaction chanber and

wher eil (34) of the upright plenum (24) of the reactioni chamber (16);
13 a substantially horizontal steam drum (20) fluidly connected to the waste heat boiler
14 (18);
15 an inlet port (26) in the main body (22) of the reaction chamber (16) for receipt of

16  gaseous hydrogen sulfide;

17 an outlet (36) port in the waste heat boiler (18) to release hot combustion products
18 for additional downstream sulfur blowdown;

19 wherein the burner (12), the combustion chamber (14) and the main body (22) of the
20 reaction chamber (16) are coaxially aligned;

21 wherein the burner (12), the combustion chamber (14), the main body (22) of the
22 reaction chamber (16), and the lower end (32) of the upright plenum (24) form a first tier
23 (42) of a compact, tiered sulfur recovery unit (10);

24 wherein the waste heat boiler (18) and the upper end (34) of the upright plenum (24)
25 form a second tier (44) of the compact, tiered sulfur recovery unit (10);

26 wherein the steam drum (20) forms a third tier (46) of the compact, tiered sulfur
27 recovery unit (10); and

28 wherein the first tier (42), the second tier (44) and the third tier (46) of the compact,

29  tiered sulfur recovery unit (10) are aligned on parallel axes.



the orientation of the waste heat boiler and the upright plenumforma
radi ant heat wall between the reaction chanber and the waste heat boil er.
WO 2010/008503 PCT/US2009/003959

20

30 16. The compact, tiered sulfur recovery unit of Claim 15 wherein the inlet port of the
31 reaction chamber and the outlet port of the waste heat boiler are positioned near the same

32  ends of the compact, tiered sulfur recovery unit.

1 17. The compact, tiered sulfur recovery unit of Claim 15 wherein the main body and the

o

upright plenum of the reaction chamber include internal thermal elements.

1 18. The compact, tiered sulfur recovery unit of Claim 17 wherein the thermal elements

2 are ceramic tubes or refractory materials.

1 19. The compact, tiered sulfur recovery unit of Claim 15 wherein the reaction chamber

2 includes a plurality of reaction zones within the reaction chamber.

1 20. The compact, tiered sulfur recovery unit of Claim 15 wherein the waste heat boiler
2  is mounted to a support platform above the main body of the reaction chamber, and wherein

the orientation of the waste heat boiler and the upright plenum form a radiant heat wall

(8]

4  between the reaction chamber and the waste heat boiler.



