1 COWPACT, TIERED SULFUR RECOVERY UNI T This application clains
priority to United States Patent Application No. 12/173,605 which is

i ncorporated herein by reference. Field of the Invention. This invention
rel ates generally to a conpact, tiered sulfur recovery unit for the 5
recovery of elenmental sulfur from hydrogen sulfide, and nore particularly
to a conpact, tiered sulfur recovery unit utilizing a conpact, efficient
design configuration that conbi nes a burlner, a conbustion chanber, a
reacti on chanmber, a waste heat boiler and a steamdruminto a three-tiered,

conpact design, requi rCOYIRACY, ATBREP ULFERBEGOVERSFMT. Description of

the Related Art. 10Sul fur recovery plants, also called Caus plants, are
wel | known and uThisappicatios ciims pEomfitd UnigadtStajesPathas Abplinafion Ng. 13138685 f or
recovering elenental sul fur from gaseous hydrogen sulfide (H ' S). Hydrogen
sul fide i s whblipincerperatefl haremaby eferermer osi ve, highly toxic gas having a
pungent odor. Sul fur recovery plants recover elenental sulfur from hydrogen
sul fi de gasFfetdioftthé mveraour al gas and fromthe byproduct gases containing
hydrogen sul fide 15 resulting frompetroleumrefining processes and ot her
i ndustrial proceThiesaveidrf telatescgomerily tgh abmpact,aieréibsudfuv reboderyning forvbe
primary process stages: a thermal or conbustion stage and
5 recovery of elemental sulfur from hydrogen sulfide, and more particularly to a compact,

tiered sulfur recovery unit utilizing a compact, efficient design configuration that combines

a burner; a combustion chamber, a reaction chamber, a waste heat boiler and a 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 miost
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



a catalytic stage. In the thermal stage, which is carried out in a
conbustor and reactor, the hydrogen sulfide gas is partially oxidized with
a stoichionetric amount of air or a m xture of oxygen and air in a burner.
The oxidation reaction (Equation | infra) is highly 20 exotherm ¢ and not
limted by equilibrium Wile in the reactor, a portion of the unconbusted
hydr ogen sulfide reacts with sone of the sulfur di oxi de (SQ2) product to
form el enental sul fur (Sn) and wat er vapgor (Equation 2 infra) which is
sonetines referred to as e "Claus reaction," is endothermc, and the

extent of BAhASHET diaxide te ﬁ’éml'%?@’r S8R Isdlimitsdply bntheslipmisal equiibiriya pigthe

el enmental sulfur is limted only by the chem cal equilibriumof the
reaction. reactionThe fol | owi ng chenmical reactions are utilized by sul fur
recovery plants to convert the hydrogen sulfide gas to elenental sulfur:
5[err] In the tHeerfallowingghemigal gaetionpare alized woulfar rrovpent Plars thganvergen
sulfide gas originally 10 fed into the reaction chanber i.s converted to
el enent al $b¢ hydrogenrsulfidstzas tntlementdisulfetses from t he conmbustor enter a waste
heat boiler and are partially cooled by generating steam The hot
conbust ion gasedHsrel'gdlhf icFentdOs +ddbl ed t o ddhdense the el enental sul fur
formed in the conbustor. The heat given off by the conbustion gas and the
condensati on he& HS86B80ed <are U,iS,itZ2d,Q 0 gen@jate steam The condensed
el emental sulfur is renmoved from 15 the waste heat boiler, while the
remai ni ng uncontiiletedraliyectige forghed prockds and sul fur di oxi de enter the
catalytic stage for additional sulfur renoval, which is typically carried
out in a series of dows+erocatad B iS¢+BdROL @)S.
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



In the catalytic stage, the remaining hydrogen sulfide is reacted with the
sul fur dioxide at |ower tenperatures over a bed of sulfur conversion

catal ysts, typically alumna 20 or titaniumdioxide. Prior to being passed
over the catalysts, the gases are reheated in order to avoid sul fur
condensing in the downstream catal yst bed. Thereafter, the remaining
hydrogen sulfide is reacted with the sul fur dioxide at |ower tenperatures
over the catalyst to make nore sul fur. Additional catalytic reactors are
necessary to allow the reaction to go to conpletion, wth elenmental sulfur
bei ng r emoVRSEPIHSEGeFoReaniRyan, Elopaaterage seactien fegyperatuse, finflueppsthe JERCHORs
concentration, flowrate and reaction tenperature, influence the reaction.
Anywher e f rowbere fiom dnsue fa dilditionsd hedtingt feppjion pedeondeningritheed agardd g
stages are usually enployed industrially to react nost of the remaining
hydr ogen s@mblayed mdustgallyftareadi mgstadé the Thmaiging hydrogescolfide png belfir diayide. gas i s
typically routed to either a tail gas unit for further 5 desul phurization
or to an i Atk mselfiatrearveryrplént tahigahisagpicallyl routedl 6o eithee p dil gaupfitiforrfaetherer y of
over 97% Current sul fur recovery units ("SRU') utilized in the

t her mal st dgalphuricaionoe td asineineratiyypigg vhicH cah dllow foranerall ssifgnedoviery ef
linear, end to end fashion. In addition, the burner, the conbustor, the
reaction clsaed9ses.and the waste heat boiler of known SRU s are typically 10
| ocated in grade | evel separate individual platfornms. Another disadvantage
i s that the equCpfreftiullis rédopeganity (CISRIUY) ailizeanitthelthsingl edge im rafihériesare, end
to end fashion, nore expensive to build and causes the SRU to take up a

| ar ge anmoumypically Mi®butapadesigled 0k tigéar] éndae ehdfasition | Inaddieony thé burner, the
ever-increasing environnental regulations, typical SRU s constitute a great
deal of eqebRBEMr, M3GFe2G6N Bianibel afidthe SRARGeatlBrliler dfknbWaISKDE eredgsicalpbl e to
provi de a conpact, tiered SRU that provides space-savi ngs

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 Itis 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.

It 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.



on the order of 50 - 65%over traditional SRU s having a serial |ayout.

It is further desirable to provide a conpact, tiered SRU that allows an
existing refinery who is revanpi ng and/ or upgrading its capacity to

i npl enent wi thout having to rel ocate roads, pipe racks, and other

equi pment. 20It is further desirable to provide a conpact, tiered SRU that
provi des benefits to new plant constructions in savings to plot area,

pi pi ng, pipe racks, etc. 4 SUMVARY OF THE | NVENTI ON In general, in a
first aspect, the invention relates to a conpact, tiered sulfur recovery
uni t includes a burner fIuid@%@éﬁﬁﬁggﬁgﬁlﬂégﬁygﬁggﬁﬁtion chanber and a
reacti on chanber having a horizontal body and a substantjally upright

pl enum The hori Fogrngral. rafirsispechdhe inyentiop felepsifs epmpacs tisprdsulimgeeay,
whil e the uprjght(PIenun1ha§ a lower end and an upper 5 end. One end of the
hori zont al baidynchides hbumeniiyidlycontesiedde aicembpsiion e Apedta egction ghpaber
conbustion chanber, while the other end of the horizontal body of the
reacti on chhaveg ajherizoni@l dbgy asrmabsientially upnight plewim. ehag hSlFiZ@lNély Ryshyiod e

pl enum The conpact, tiered sulfur recovery unit also includes a waste heat
boi | er fl ui ddagticocinebtdds ogposing engspwhilethd updight blenwm hasghowerlead amd @fuppére
reaction chanber and a steamdrum fluidly connected to the waste 10 heat
boil er. An emnd.eOnpend of the poxizontte doty of the rieribz olrtnzter dtlydlgfcotieteddadite on
chanber for receipt of an acidic sulfuric gas, such as gaseous hydrogen

sul fide. Ancewbustion jphariber,Sviilcahd dikel end of the hosdsing! hebtof e ie@tioh ohamsbeeise hot
conbustion products for additional downstream sul fur bl owdown. The waste
heat boi | er flukilyroouieerdd ab eheclotvBeembof teniprighbpidyunnf Theeompaa; tiered chfaber
and the steamdrumis nounted above the waste heat boiler, 15 resulting in
t he conpact recbv@® editalbofitdludes @GOV teyhdahbdiler fluidly coinectbditohe uppdrendafithest i on
chanber, the reaction chanber, the waste heat boiler and the steam drum of
the conpact upfigifpechulideithd reb@foR\cBbMbetnd aBidanb@uMOoiidl9 Rbaddcied a6 Henvatd,
respectively. In addition, the burner, the conbustion chanber and the

hori zontigl Red¥bonkr. t AL ill& ekt 19 ProvRADE theM¥izbMaI oy fof Bfetreddtioh chihiBerviist e
heat boiler nmay forma second tier, and 20 the steamdrummy forma third

tier. The fidliptloreh acldiesiifEioNMs! dueh a8NWsddls hidbich dulfde. CAR elefhb@med on
paral | el axes. Further, the burner, the conbustion chanber and the

hori zont al gRQ/Ydle it B WAL héRboPBA Y Lle£8 P RomBastion! priddd eireshdidapover
the inlet port of the reaction chanber and the outlet ‘port of the waste

heat boi | er 3584 RE AR HIQVES T &8l aBE neaTBil&RoRted HBvE ARSI ontdl ib@di}e d

sul fur recovery unit.

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.



5 The horizontal body and the upright plenum of the reaction chanber
of the conpact, tiered sulfur recover unit may include internal thermal

el enents, such as ceramc tubes or refractory materials. Additionally, the
reaction chanber may include a plurality of reaction zones. 5The waste heat
boil er may be nounted to a support platform above the horizontal body of
the reaction chanber, and the orientation of the waste heat boiler and the
upri ght plenumforma radi ant heat wall Sbetween the reaction chanber and
the waste heat boiler. The acidic sulfuric gases wiithin the reaction
chanber can be Hé&ghedzangl hpdyrand theapeskt pienpuef the reagtiorrehgmbaipithscoBmnptier
fluidly connected to the conmbustion chanber. The heated acidic 10 sul furic
gases f or miigted subur reeonstyRit B1aY g éntemaliherntal gamens. syeh agferaypEIbee A of
the upright plenumof the reaction chanber into the waste heat boiler. The
hot combustéieasiqry outesials. Aelitiondly, Be resstien diamperyos] isduden plnalityos reactient
boiler to approximtely 300 -500C by steamcreated in the steamdrum In
general , i m@orgessecond aspect, the invention relates to a conpact, tiered
sul fur 15 recovery unit including a substantially horizontal conbustion
chanber Shavi ng dhbuwastsrheat baalef inpy be monmtedtdl a sipgora phitfarms abovedlnt liaalzpytal

hori zontal reaction chanber having a main body and a substantially upright
pl enum Théodmbfithb oehgtiod clidneber, @ad theanieotatioef thh amste ppadorier apddis:, upnight e t he
upright plenumhas a |ower end and an upper end. One end of the nmain body
of the reapienam fohanriredianthedt wildbeywenrnhesh@ibnicharabaaad e watertieaghoilend of

t he conbustion 20 chanber, and the other end of the main body of the
reacti on ciragbéadicissiflilicigadtsywition freéxetdon chatrider dagve heatdtito approtienatepy 1,000

pl enum The conpact, tiered sulfur recovery unit also includes a

su 3st ?nt i al-l1y3doer wsingihe butkesihadiyeainebrt tthe Edmbudiion chambec Tadhdatedidariicipper
end o

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, tieréd 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



t he upright plenum of the reaction chanber and a substantially horizontal
steamdrum fluidly connected to the waste heat boiler. An inlet port may be
provided in the main body 6 of the reaction chanber for recei pt of gaseous
hydrogen sul fide. An outlet port nay be provided in the waste heat boiler
to rel ease hot conbustion products for additional downstream sul fur
bl omdown. The burner, the conbustion chanber, the main body of the reaction
chanber, and 5 the lower end of the uprifght plenumforma first tier of a
conpact, tiered sulfur recovery unit. The waste heat boiler and the upper
end of the YPF HREID QRMEET B PRI OF 8rgoys lydragen spiEdeo Myt Rargpddesul fur
recovery unit, while the steamdrumforns a third tier of the conpact,
tiered sul fRiPvided vy dhey Wasfr theatr hailqr tostelepsechot ¢amebusiierp REPAuFts rfor adfitond t hi r d
tier of the conpact, tiered sulfur recovery unit are aligned on parall el
axes. 10Thedqwiiseeanpgifur bfowdeanr eacti on chanber and the outlet port of the
wast e heat boiler may be positioned near the sanme ends of the conpact,
tiered sul fur rebwbamerthe comystonahambsodle man bode ofideirggstiopthambes ¥ t he
reacti on chanber may include internal thermal elenents, such as ceramc
t ubes or 5r ethe daeyepd nfithe ipeklst. plamieh farorrafidsitiertoie compadti iaed$vdivhrecoverin
include a plurality of reaction zones within the reaction chanber. The
wast e heat Wbuoi. |The valte h§att Hodecaonighe tpper st efdhsupright plepwoyamya seadnd tivast be
nounted to a support platform above the main body of the reaction chanber,
and the oritatanpan tefed hdfimasoeerganit, oild dre sanach diom fopms ghbirgtigmithef or m a
radi ant heat wall between the reaction chanber and the waste heat boiler.
7 BRI EF DEStoRripadt, GidedDbul furliredOMAWUNGES The first tied-thgse@nd tiesaral thé third eleeafadtei on
vi ew of an exanple of a conpact, tiered sulfur recovery unit in accordance
w th an il |dsipaed tisted suthe dédorery vaft atdwticaah@agirallel iesed sul fur recovery unit
di scl osed herein;

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.



Figure 2 is a cross-section view along line 2-2 of the conpact, tiered

sul fur recovery 5 unit shown in Figure 1; and Figure 3 is atop

el evation view of an exanple of a conpact, tiered sulfur recovery unit in
accordance with an illustrative enbodi nrent of the conpact, tiered sulfur
recovery unit disclosed herein. O her advant ages and features
w Il be apparent fromthe foll ow ng description, and 10 fromthe clains. 8
DETAI LED DESCRI PTI ON OF TRE PREFERRED ENMBODI MENTS The devi ces and
met hods di scussed herein are nerel |IIustrat|ve of specific manners in
which, to make and use t hBRIERL IQAOR JHEJat interpreted as
Ilnltlng in scope. Wi | e the deV|ces and net hods have been descri bed
with a certain dEgueel s spleidvatigrariew gt an exaingletos algemprst.digredisulfurageyery

nodi fications may be nade in the details of the 5 construction and the

ar r angenent uoit it irgorienéeceish anilusioatiyo rmhodiment $fabe categrat tiered stlfigrreeoheryscope
of this disclosure. It is understood that the devices and net hods are not
limted to uhiédiselobmidhensint s. set forth herein for purposes of
exenplification. Referring to the figures of the draw ngs, wherein

| i ke nuneral s of Figafe? sRcessleaitigneice alank énel-&nx iitesompanughaisulfotrecoseryer al
views, and initially to Figure 1, a conpact, 10 tiered sulfur recovery unit
10 conpr i5sesniasiowm@arFigde 1aamgionbusti on chap her 14, a reaction chanber 16
a waste heat boiler 18 and a steam drum 20. The waste heat boiler 18 is
mount ed above t hgighfesisiaatp eloedtida vielGof aardartiple of b eanpaitt, tiereAGuifsr iviuvatyed
above the waste heat boiler 18, resulting ma three-tiered, conpact design,
requi ring owhiy irflacbfighe: witiabd Dlusirftive efpadithentlbfthe esnpdct fiefedantiarreddery
conprises a horizontal body 22 and an Upright plenum 15 24. The reaction
chamher 16 yhigHiseIRSedteréinl et 26 for receipt of an acid gas, such as
gaseous, hydrogen sulfide (112S). One end 28of the horizontal body 22 of
the reaction chapp@y adfintapefddddediads Wil dd dpbatefiGroie Bleifeibwifg ddserig@ibatdt i on
chanmber 14, while the other end 30 of the horizontal body 22 of the
reactionochaghethe ichs fluidly attached to a | ower end 32 of the ulfright
pl enum 24 of the reaction chanber 16. The burner 12, the romans on chanber
14 20 and the horizontal body 22 of the reaction chanber |I. be coaxially
al i gned. The horizontal body 22 and the upright plenum 24 of the reaction
chanber 16 contain internal thermal elenents 66, svch.as .cermc'tubing or
other refractory materials, to aid in kinetic reactions during the sulfur
recovery pnctess. The conpact, tiered sulftir recovery unit IC




9 does not require catalysts or a catalyst bed within the reaction chanber
16, but rather utilizes the internal thermal elenents 66, such as ceramc
tubes or other thermal or refractory elenents to sufficiently heat the
inputted acidic sulfuric gases for the thermal reaction to produce

el enental sulfur. An upper end 34 of the upri?ht pl enum 24 of the reaction
5 chanber 16 is attached in fluid connection To the waste heat boiler 18.
The waste heat boiler 18 |ncI udes an outBet 36 for the rel ease of sul fur
di oxi de (SQ2) for (]13 .
el ement al sul fur viFetatarytic-re
fluidly attached tﬁe g‘?‘:Ste am dru

LERYN - iy L = d
s':] eam drum 20 are SUbst anclar ?tvdﬁgsf(fuf%ﬂ? pelpinarg @s‘i‘iﬁ’fﬁﬁga‘f"ﬁ ot gc'!r'cenéc %gn?n
chanber 16, e?%é%?ggﬁg thd uJSQ thl?st xﬁve%horiL gltd%re noE to%g% rS;inke oy ﬂ%ﬁ% %eé al gned

~al ong parall reove f 6acl Fon chanber 16

and the outlet porgyR6mRfselilss Xﬁsltn@rggfsaifavp %&énecfes&i%emthbaec%ﬁx' §dgREGH near

the same ends of the conpact, tiered sulfur recovery unit

operati on, a%ﬂiﬁala‘}h& fif4 | kb DRIE that Sl nRdifdcdidns ﬁ’xﬁfbcih f n% ﬂttﬁb ddidis be@st ' On

chanber 16 via the inlet port 26. In the reaction c 6, the sulfuric
aci di ¢ gases @husnhieat fd tleQrrdzeRRRIONE BBARS ebﬁd gox%ént.é—w%%@ieﬂ&hﬁ wdh@e bur ner
12 attached to the conbustion chanber 14. In the reaction chanber 16, the
~acid gas is tdegendithiy dpoioses. tield uh@ergoddfithet tdi dexiceleant Sathods T nd: kilaReda |
~reaction is aided by the internal thermal elements 66 within the horizontal
body 22 and ttheeriidirgdiits st Rt herdid fof pukgoeesiof atdniplificgilanber 16. The t her nal
conversion of the acid gas begins in the horizontal body 22 of the reaction
chanber 16 and corRefemingesto the ofipginest dfethe Arawhigsgivhergih dikenuitderadd of heferereact i on

. chanber 16. The upright plenum 24 allows for the conpact and tiered design
of the conpadesighateliledklauinisthrongmuihe yeverai wievksararioitialy to Ftgsshr gohpact,

conpl ete thermal cracking reaction. The hot conbustion products fromthe
upri ght plk@nuier@sulier redoreny aait 0 ovmprsesdivinet 82, e nombustibrecheaderl dhaerctioni | er 18
and are partially cooled by steam generated by the steam drum 20. The hot
combust i on prebambers! 6ap avagte dieatchoiler Thand10steamsdromPat THeowdsterheatgbailer 18 is

approxi mately 300- 500C. The resulting elenmental sulfur nay be renoved from
the waste hedbousgadiabpvetlss reagtipn ¢chamber I6eand theistayn dos 28ds roomdebe\siiepyas8uct s

| eave the waste heat boiler 18 though the outlet 36 _and are feed downstream
. for further JBrFROHenSotRadtiRg ingitige-aeredh compact deaign rrpamirine sl SRElrclatiogi t i onal
el enental sulfur. 5 Referrln now to Figures 2 and 3, the conpact, tiered
sul fur recovdPisPase (Theseagtipne ‘“@é?ﬁ‘i’f’ﬁ‘ﬁ‘?éFSIa;}")ﬁWB?ﬂYa’-?%?Pdli’é‘ﬁ‘t@??“l{’ﬁarrber

14 with a bur, 12 fluidly connected at a first t 38. A second
termnal | ’%o[fh repgtion ehanthse 19 B %am&t?%rﬁegmmﬂg ' %ﬁﬂ PEFRYS a

E)ieéiii Sﬁpgﬁ;h?e%sﬁg%z?ﬁq%éﬂq% hof o ¥arh %%m@i%’?%ﬁﬁ%' a|| o?rﬁéh’a% e min
22

adal tion, el BT %Wm%%ﬁgﬁ*eeweﬁ@wﬁw&a?a th Firgosay 22 o
ecovery. uni Poagkadiad %k fecivh Shylek Lo f Bufl e AR el RS o
inl et port ZQ‘R{' it plefifun b@%f%re%ﬁc%% halﬁ%lf]élrt_lh% bie: %(hetcg}:ﬁh%glm BAE&S3! ng to

produce el e reaction

hanmber 16 : tel
1000 1, Soot e 2P SR B ool 10 B TSofARIARE TR 1Y

chanber 14. RoliVed] b@d}ﬂbz%%d ofe Lam@m%énaﬁatm#hx r&%é%ﬁry%ﬁ@éﬁh@% ihtSnfyl Ui dl'y

connected to a second "opposi ng end 30 of the main 22 of the reaction
chanber 16. FR&EmiRidmdARBYS, $#h 88\ ramic tubing or other refractory materials, to aid in kinetic

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



the substantially upright plenum 24 formthe reaction chanber 16, both of
whi ch may 20 include internal thermal elenents 66, such as ceram c tubes or
other refractory materials. Further, the reaction chanber 16 may be
separated into separate zones (not shown) to al |ow additional thernal
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 chanber 16 and continues tfArough the upright plenum 24 of the
reaction chanber 16. 'The 1i substanti al IP/ upr.i ght plenum 24 of the
reaction cﬁﬁ?ﬁj@ﬁreﬂB‘f%ﬂaF%V%s o gcatakyst bed miyhbthererstipp Fhﬂ“b@f 16, hut rathergEidiees ti er ed
sul fur recovery unit An upper end 34 of the substantially

upri ght pl dfuinteaal dhermqb clemgetsi @9n Sediaprbesramig tabes for gther yhermahercrefigctety a
substantially horizontal waste heat boiler 18, which is nounted 5 above the
mai n body 2Emsnistthsuffisicatly bept heainputiedasidicTyiiutin gases frs she thetmadreatfomisy be
mounted on a support platform 48 above the main body 22 of the reaction
chanber 1 @rodppeelspicatat sulfusn Af uppes endstdeoftbaupnght| pdenuns 24 ed theeeagirn ght

pl enum 24 form a radi ant heat wall between the reaction chanber 16 and the
wast e hefat chanbesd 6 isgitackied ohflypd ewewttion th theweste bean beiter bdi Therwas®: Weatdwilexposur e
to the radi ant heat zone produced by the conbustion chanber 10 14 and the
reacti on chA8nbdndesGn otitlet 36 Hpotht releasefadrsmifuiSdioge RO.3 fppdowmstieny salfur
plurality of support legs 50. Additionally, the waste heat boiler 18 may be
nmount ed t o bidveloswpp erddupd additional didmestahgnlfar piaicatalyfic saapparst Theacsetlzab2. The
waste heat boiler 18 forns a second tier 44 of the conpact, tiered sul fur
recovery ubbilerl@.is fuidlylasthehet t@ihk yteardran 00.aBoth tieamstirhisnn biler 58 dddutediny
connected to the waste heat 15 boiler 18 and is nounted above the waste
beat boi | edrih$20 ZRsubitaaniigd homzadalnRyultitg fnl thé @hdtion chamber 16, the waste heat

10  boiler 18 and the steam drum 20 being aligned along parallel 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 [4.
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 inv 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



connected to the waste heat boiler 18 via a series of upper pipes 54 and a
series of |ower 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 | ower pipes 56 nmay be fluidly connected to a | ower portion 62 of the
steam drum 20 and a | ower portion 64 of the waste heat boiler 20 18. The
steam drum 20 forns a third tier 46 of the conpact, tiered sulfur recovery
unit 10. Steam produced in the steam dri¥m 20 partially cools the hot
conbustion products within the waste heat boiler 18 to approximately 300 -

500C. The cfedisachailsult tognpmgximaiRly 30@x2Q0°¢ hEhgrga ing demeniadisPIdr M® ¥ r ough

the outlet 36 positioned at an end opposite the fluid connection the upper
end 34 of trR@oxgdiEem fhei wasioheabbdilghd 8.pvhileuhs manafing erolqdsgmbugiipnghatisdsy 12
16. The cool ed conbustioniggoducts are feed downstream for further sulfur
bl owdown i rieave thewsaste beae beitar 4B hiosgl BeouileiB o andpreotead dovweigiean daafurdeerent al
sul fur. The first tier 42 having the burner 12, the conbustion
chanber 14 sulfiaeblpwiowibening mlyic redpsionetaairedyae advhiidret elemeniaigutie | ower end
32 of a substantially upright plenum 24, 5 and the second tier 44 having
the upper end 3Refdrringreove todSgans 2 ahd 3, thgoeangdatt, péredh suifu@ Zecavady tuie L0hata heat
boiler 18, and the third tier 46 having the steamdrum 20 are aligned on
par al | el axebstangiaflpharizohtal @worbmstidn chiinberdd va thl afbwrner £2 Huidlywomneicted 20 fiSur t her ,
the inlet port 26 of the reaction chanber 16 and the outlet port 36 of the
wast e heat téoiih@rend 38mas sbeondasintingned #kaf tHehensasipnecidmbef 14 e flowiiypact ,
tiered sul fur recovery unit 10.
connected to a first opposing end 28 of a main body 22 of a substantially horizontal reaction
chamber 16. The burner 12, the combustion chamber 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



10 The conpact, tiered sulfur recovery unit 10, which is the heart of a

sul fur plant, has nunerous advantages in both engi neering and econonic
advant ages. The conpact, tiered sulfur recovery unit 10 provides an
efficient sulfur recovery unit (SRU) design configuration by conbining four
separate conponents, the SRU conmbustor 12 and 14, the SRU reacti on chanber
16, the SRU waste heat boiler 18 and the SRU steam drum 20, into a single
three- 15 tiered stacked design configurHdtion utilizing a common structure

and foundation, thys allow ng all _the structural hermal , piping and civil
| oads to be® Wﬂiﬁ“ﬁ@lﬁl‘.‘prﬁk’ém@ﬁ‘% 4t Pf,ti’? reastion chamies 6 ?IMB?‘&C Eﬂﬁ“{i‘cifgo'ﬁ‘é‘ves on
multiple stryuctural and civil foundations, resulting in a great deal of
space savi ngsthesgawagistisred siBnogcover ol dder the traditi onal serial |ayout

of SRU s. The conpact, tiered sulfur recovery unit 10 saves engi neering
tinme and cost, 2@\YWPPRed 3 ehesybstptiahy ueishé plenyip 2¢ R the repgtion eamkenly acute
inretrofit applications with increased capacity, in which space is
l'inited. is fluittlyecanppgiedtto, a substpatiplly dlofigental evastediegt katler 18.0vRiFk &5 mewiEd des
savings in both civil and structural work, along with supply, piping |ayout
and runs? prbevegths ipgiebedy 22 0t therreadtibn chambsy 16f Thenyprstst haag boipwd bt mdyl bew,
Additionally, the conpact, tiered sulfur recovery unit 10 In increases
oper at i on efrfoupiedrony supporiglhtforamst Srabb vt tharanméody 27 efithewsgctioniehargarpacthe
tiered sulfur recovery unit 10 allows for all work to be concentrated in
one cent r al byiettetian eftths paste hbat ballérdiang tiel uprightgllehuwo24kfoana ragientdieatrgll

mai nt enance to be preforned in one location, with ease of access to each
tier 42,44 betsveds tigfrebdiioncbapbatlé dndehedage hdatboileed8ywhigh praventt Ghe as€ach of
t he conponents 12, 14, 16, 18 and 20 in each of the tiers 42,44 and 46 are
hor i zont al | Jieasbodat I8drah kxywismrg td tha eadiann hexyzoie phalubed byehe eingusaibn enadiber
external critical wi ndows of operation. The critical processes and

equi pnend wihdadveheGtactipe chdmlien 161 Thesuppoit platfbon 4 map be e@psrteleby gplurality

equi pment design and safety of the conpact, tiered sulfur recovery unit 10,
i n addi ti onof suppearilelisty. fAaddidonaly,ake Wik BREboiRP €S alaly ®8 mdutitetihe e pportt he

pi ping 54 and 56 10 fluidly connecting the waste heat boiler 18 and the

st eam dr um gRtBRAABGRinghpalrbtistigiortthdkets 0! qWE Qakte BEAGBRE: 18 forms a Jéhd
conpact, tiered sulfur recovery unit 10 further provides increased design

flexibilitytibiusd HehSEYnpRRAG kQINuElARBReryléhit @, | owi ng for increased capacity
during recovery of elenental sulfur in the thermal process, as well as fine

tunes the conpl ex G@sidRallohRBoRIRLEAR @AY EHuidy FRedted RIMR Vitedat
allowing for a dual zone reaction chanber 16 or si'ngle zone reaction

chanber 136 yhiid} 189ARIs | flgl?e%@béizé the Wa§t99<f[:§1tt R&(}Pe\’ilﬁ‘.grﬁe‘%_tre%ﬁ?cﬂ&ﬂ zbiﬁﬁﬁyfb@‘ﬂhimyi nt of

the conpact, tiered su recovery uni e external strucCture

of Lhe COMPANERERA9h i \EnfOMBRGer b KEL:OL M ERRNE Yo Lerik0oNBNE @

wi ndow of thernmal optinmum operation, Ichis e conpact,

compact . t1 BPet SuT PovbliEt Bhs o0 By 67 TR corhicfl il ATRRbAL F el b

conpact, ti u ecovery u . t|§hter con esign of
o critoar ) BRERRE GERbE QRNE Rl Bhud I8, BRETRIY RS o6 BRIRE Ry Bk I 1
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 ot the compact, tiered sulfur recovery unit 0.
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



14 The probl ens associated with |Iarge thermal expansi on of known
SRU s are solved by the conpact, tiered sulfur recovery unit 10. Known
SRU s utilize serially aligned conponents, which exaggerates the thernal
expansi on problens, with an additive serial effect. The foundation | oads
are accounted for in one unit with the conpact, tiered sulfur 5 recovery
unit 10 in both the cold static condition and during operation. The
conpact, tiered sulfur recovery unit 102all ows for horizontal thernal
growt h on theTprinarX | evel , countered by opposite end thermal growth in

t he seconddfy Thegaoled gpmbustipmprapvqtierg feedido wnpfeeatneior fusther syifanllowseys it ount er
effect evens out the |oading and maintains |load stability of the whole
conpact, tialeas ogaichtalytie eeghiaarty praduge adglitionpkelgraentalsulfurgr owt h, with the
configuration of the 10 conpact, tiered sulfur recovery unit 10 is all owed
wi t hout pl ant cdhetfirstitier 42 hayint the buiner 12, Hetdembubtibnzhembydriathie srpan body
conditions are allowed and accounted for in the conpact, tiered sulfur
recovery urfi2tof Hile renttiaonhembert ligeand tiger lownioenohZ2r df@sdbstantislly wprighs plessniat ed
with the conpact, tiered sulfur recovery 10, and gives inproved flexibility
of desi gns,anilieciecorsl tEpar# hauhgthk yppareod 84nf the sulistanga lyompighi plynu SR snd
15Additionally, the internal process operation is enhanced and i nproved

Wi t h the cadinpeeite heatdroder B8)lahdithertezdvier 46 tavibg #@.stdam drom f arthabignaisén
inmportant and critical criteria, the orientation of the waste heat boiler
18 and t he pajutlelpies pl forri thebmipadtMiced adifuafdcoveentninel. | Fuphtneennietgort Bact | on
chanber 16 and the waste heat boiler 18, which protects the waste heat

boi |l er 18 hftthd AeeidribantRees ahd @Y EXROSUF B & thbevakRdicanboiReat MBNBe
produced by the 20 conbustion 14 and reaction chanber 16. This inproves and

enhances t hgsiviesddneaek sifé bl ofl the@PRpaAdt] t@fled dulfupitdberihit 10. pr eventi ng
mal function fromdi saster, failure and/or | eakage. Mor eover, the

conpact g ti er ed ThHekbMpadt RERMANNuUBE JveUnRNOVWHRE isTHTRAAYE a SARMPIENE has
advantages in savings in plant space. The conpact, tiered sulfur recovery

unit 10 al leuRrduehd@intdgel BottPlgite ARl Rbiinte adidtalfls ITHEBRAD ALt dted
configuration yielding easy access for 15 operation and mai nt enance,

central i zedyjrhebdWelmitd0 frodfiet SAFRHREARK r&;_egérg@ﬁ{ (sR) dEEY QWRBGaMosi Vi |
wor k. The conpact, tiered sulfur recovery unit 10 al so provi des | onger

life, femrby%ﬁ@lrﬁﬁ@fo%?%gbﬁ&:%oﬂi?hﬁ@n&?f’r@%"}‘(@ﬁ x?tﬁ.{slo‘i‘hﬁ@nc??@%@?&%ﬁ&ﬁ ageous

factors. Fufthernore. t conpact, tiered s recovery unit 10 provides

advant ages ché]npérq @:[ th€ %Rlﬂf“\lfz;s?eileat-lﬂ?ﬁer 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 muitiple 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



5 conpact, tiered sulfur recovery unit 10 is esthetically appealing, sleek,
and conpact and has an appealing formfactor, which inproves overall plant
est heti cs. Wher eas, the devices and nmet hods have been described in
relation to the drawings clains, it should be understood that other and
further nodifications, apart fromthose shown or suggested herein, nmay be
made within the scope of this invention. 16 Wiat is Cained Is: 11. A
conpact, tiered sulfur recovery unit (16), conprising: 2a burner (12)
fluidly connected to a conbustion chanber (14) ; 3a reaction chanber (16)
havi ng” a hdiqreaset epergisayetficioncyaay wall sigpainienaneg efficigpey. githe goppashuifrq4) ;
the horizontal body (22) of the reaction chanber (16) havi ng opposing ends
5 (28, 30) sulfraecqyeiyginit I9lalawnior 2l Worko bpepngenteipsiin epgicepally lagredsmacoper
end (34); wherein 6 one end of the horizontal body (22) of the reaction
chanber ( 1&y allewingaildield weonané praating nayeterpnestatbe prefermed inersdecation withwher ej n
the other end of the horizontal body (22) of the reaction 8 chanber (16) is
fluidly coeaectfadcesptodach fiends 4earil %@@tllwommg, tipred gHfurpecomersnupe4y..
5 Each of the components 12, 14, 16, 18 and 20 in each of the tiers 42, 44 and 46 are
horizontally oriented allowing fine tuning of both the internal and external critical windows
of operation. The critical processes and equipment windows of operation are critical to the
process design, equipment design and safety of the compact, tiered sulfur recovery unit 10,
in addition to avoiding failures or improper operation. Furthermore, the piping 54 and 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 prdvides 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.



9a waste heat boiler (18) fluidly connected to the upper end (34) of the
upright 10 plenum (24) of the reaction chanber (16); 1la steam drum (20)
fluidly connected to the waste heat boiler (18); 12an inlet port (26)

t he hori zont al

aci di ¢ sul

rel ease hot conbustion products 15 for additional downstream sul fur
and 16wherein the waste heat bbiler (18) is mounted above the
body (22) of the 17 reaction chanmber (16)_ and the steam dr um
(20) is rmount ed AEERPIeRRAsiEited Waharghergal %@@snomf kngwi SKthgage golyed

conpact, tiered sulfur recovery unit (10). 2. The conpact, tiered sulfur

bl owdown;
hori zont aI

recovery urVtthgrompagtniicredyselifiei iscoveey Buit A@r Knope SRU

o izs tseal lycHignpdr |

reaction chanber, the waste heat boiler and the steamdrumare 3

hori zont al

10

15

20

|c§)rr}5>pp@m achicly exagerratey gheythermpy expansion problems, with an additive ser ial

effect. The foundation loads are accounted for in one unit with the compact, tiered sulfur
recovery unit 10 in both the cold static condition and during operation. The compact, tiered
sulfur recovery unit 10 allows for horizontal thermal growth on the primary level, countered
by opposite end thermal growth in the secondary level, which is aivided into the vertical
plane. This counter effect evens out the loading and maintains load stability of the whole
compact, tiered sulfur recovery unit 10. The vertical growth, with the configuration of the
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, tiered
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.

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 reactidn 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
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

in

body (22) of the reaction chanber (16) for receipt 13 of an
furic gas; 14an outlet port (36) in the waste heat boiler (18) to



1 3. The conpact, tiered sulfur recovery unit of Caim2 wherein the burner,
the 2 conbustion chanber, the horizontal body of the reaction chanber, and
the lower end of the 3 upright plenumforma first tier, wherein the waste
heat boil er and the upper end of the 4 upright plenumforma second tier,
wherein the steamdrumforns a third tier, and wherein 5 the first tier,
the second tier and the third tier are aligne® on parallel axes. 1 4.The
conpact, tiered sulfur recovery unit of @ ai m 1 wherein the burner, the 2
conmbusti on chanber and the horizontal body t he reaction chanber, are
coaxial |y al ?‘ﬁﬁ’é‘&“ a“f “@“‘F?f@“%??ﬁ&é‘ﬂzed f‘?‘é\*’@& aé‘ﬁfi?cfﬁasqdé’%mﬁ?eﬂﬁ’ﬁt'ewwd aimi1
wherein the inlet t he reaction chanber d th ort of the
wast e heat bo?‘}déf"‘] P?‘?’Pﬁ‘fé&e‘i’?gé‘flfut FreoveryHaitdf} o’ﬂff"”&ﬁg ’@Bﬁffﬁg?we’tl ered

| d | f f d
S o %ﬂ%&ﬁ%ﬂ%&gﬁgﬂg%Cffgte&é%%e&a%ﬁ%%aﬁ SR
t, t d | f Y , . v tal bod
P o' oy PP B A S B Tk ™

te lhg rr:s m Z n él 8?(1 T%hpgﬁgt?er%asgltfur réoovery umﬂ’H is esthe{wa(ﬁ)g Xpeprelelé,n Slletek and c%ma}alagg azd K‘Qe rein

an appealing form factor, which improves overall plant esthetics.
Whereas, the devices and methods have been described in relation to the drawings
and cldims, it should be understood that other and further modifications, apart from those

shown or suggested herein, may be made within the scope of this invention.



2 elenents are ceram c tubes or refractory materials. 1 9. The conpact,
tiered sulfur recovery unit of Caiml wherein the reaction chanber 2
includes a plurality of reaction zones within the reaction chanber. 150 1
10. The conpact, tiered sulfur recovery unit of Claiml wherein the waste
heat boiler 2 Mnmounted to a support platformabove the horizontal body of
the reaction chanber, 1 11.The conpact, tiered sulfur recovery unit of
Claim1 wherein the orientation of the ifaste heat boiler and the upright

plenun1formbﬁ nag:ant heat wal|l between the reaction chanber and the waste
heat boil er= 5. tieredsltbrrecovejy unit of aim1l

wherei ntheacidic sulfuric has s 2 within the reaction chanber are to

appr oxi mat ely 1,/egmpact, tigepdculfus rwepvenaim i Oneamegistgyi dl y connected to the
cnbustit_chanber. The conpact, tiered sulfur recovty unit of Claim12

wher ei n % he heatadymggi(H) dudly penseeted oseonhwpfinnrdamber (§®snbt uni onpr oduet s

thatend of the tt reaction chanber into the wave heat boiler* )
3 a reaction chamber (16) having a horizontal body (22) and a substantially upright

4  plenum (24); the horizontal body (22) of the reaction chamber (16) having opposing ends
5 (28, 30); the upright plenum (24) having a lower end (32) and an upper end (34); wherein
6 one end of the horizontal body (22) of the reaction chamber (16) is fluidly connected to the
7 combustion chamber (14); wherein 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 biowdown; 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).

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.



It Theunit of C ainthe hot conmbustign 2 productsthe pant |y cookhol | ow
opi um(00- son bysteamted in the swam 1 15, A corn 2 3 herizonj 0) ofl 2i Mt
(12) atatht a substantiallybet 00 haa ' b 19 5 substantially upright

pl enum (24); the main body (22) of the reaction chanber (16) having

17
1 3. The compact, tiered sulfur recovery unit of Claim 2 wherein the burner, the
2 combustion chamber, the horizontal body of the reaction chamber, and the lower end of the
3 upright plenum form a first tier, wherein the waste heat boiler and the upper end of the
4 upright plenum form a second tier, wherein the steam drum forms a third tier, and wherein

5 the first tier, the second tier and the third tier are aligned on parallel axes.

1 4. The compact, tiered sulfur recovery unit of Claim 1 wherein the burner, the

2 combustion chamber and the horizontal body of the reaction chamber are coaxially aligned.
1 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

3 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  1s gaseous hydrogen sulfide.

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

3]

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.



6 opposing ends; the upright plenum (24) having a |l ower end (32) and an
upper end (34); 7 wherein one end of the main body (22) of the reaction
chanber (16) is fluidly connected to 8 a second term nal end of the
conmbusti on chanber (14) ; wherein the other end of the main 9 body (22) of
the reaction chanmber (I 6) is fluidly connected to the | ower end (32) or
the 10 upright plenum (24); 1la substantially horizontal waste heat boiler
(18) fluidly connected to the upper end ;32 (34) of the upright plenum (24)
of the reaction chanber (16); 13a substantially horizontal steam drum (20)
fluidly connected to the waste heat boiler 14(18) 15an inlet port (26) in
the main bod* (§2) f the reaction chanbercg for receipt of 16 gaseous
hydrogen sul fi d& ~ 17%50BeAch Hered sulyr rproyary wv ﬁ@lnw\byb@elh@awaWPepféwlms) to

rel ease hot gonh rod IC 18 for dgl tio efdownst ream sul fur
bl owdown; 19v\her’§§%{e? E ia?f?’T’Z‘)b‘mtth%’ {R“?}' e H2Of)  and t he
mai n body (22) oldie

1 1L, The compact, tiered sulfur recovery unit of Claim 1 wherein the orientation of the

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

3 chamber and the waste heat boiler.
1 12, Thecompact, tiered sulfur recovery unitof Claim | whereinthe 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

Muric gases formthe hot combustion products that flowout of the upper end of theupright

3 plenum of the reaction chamber into the waste heat boiler.

I 4. The compact, tiered sulfur recovery unit of Claim 13 wherein the hot combustion

2 products arepartially cooled in the waste heat boiler to approximetely 300 500°C bysteam

3 coreated jivthe steam drum,

15, Acompact, tiered sulfur recovery unit (10) of Claim 1, comprising :

a substantially horizontal combustion chaniber (14) having a burner (12) at'a fivst

terminal end;

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



20 reaction chanber (16) are coaxially aligned; 2lwherein the burner (12),
the conbustion chanber (14), the main body (22) of the 22 reaction chanber
(16), and the lower end (32) of the upright plenum (24) forma first tier
23 (42) of a conpact, tiered sulfur recovery unit (10); 24wherein the waste
heat boiler (18) and the upper end (34) of the upright plenum (24) 95 form
a second tier (44) of the conpact, tiered sulfur recovery unit (10);
26wherein the steamdrum (20) forns a thrd tier (46) of the conpact,
tiered sulfur 27 recovery unit %10); and 28wherein the first tier (42), the
second t Per SYPANtiallypprighs nlenumy(2); die mate podyr (2R thereagiion chamberi M) dgviag f ur
recovery unit (10) are aligned on parallel axes. 20 30 16. The conpact,
tiered sl fRPOPIBEGUES vhepprighpplepym (34) 1avipg adewer endd32 ) andrangipper ‘?ﬂd%ﬁh 31

reaction_chapber and the outl|let port of the waste heat boiler are
posi ti onédd WBintoRe erdefghe main body (22) of the reaction chamber (16) is fluidly connected to

8 asecond terminal end of the combustion chamber (14) ; wherein the other end of the main
9 body (22) of the reaction chamber (16) is fluidly connected to the lower end (32) of the
10 upright plenum (24);
11 a substantially horizontal waste heat boiler (18) fluidly connected to the upper end

12 (34) of the upright plenum (24) of the reaction 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.



32 ends of the conpact, tiered sulfur recovery unit. 117. The conpact,
tiered sulfur recovery unit of Caim1l5 wherein the main body and the
upright plenum of the reaction chanber include internal thernal elenents.
118. The conpact, tiered sulfur recovery unit of Caim1l7 wherein the
thermal elenents 2 are ceramc tubes or refractory materials. 19. The
conpact, tiered sulfur recovery unit of Claim1l5 wherein the reaction
chamber 2 includes a plurality of reacti&h zones within the reaction
chanber. 1 20. The conpact, tiered sulfur recovery unit of C aim 15 mhereln
the wast3® hd&t bdileepmpactstiorsd puleny T%C@V%tyélﬂﬁﬁf)ﬂauﬁllétwlt?mﬁ‘ the glre Parhed Beai n
body of the reaction chanber, and wherein 3 the orientation of the waste
heat boidler reastion planhsrian thennusaupart ofrthe waste ivas heiles aga Posiiped Acop e iiien t he

reacti on chanber and the waste heat boiler.
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

[§8]

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

(P8

4  between the reaction chamber and the waste heat boiler.



