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[0002]  Sulfur compounds, including carbony! sulfide (“COS™) and carbon
disulfide ("CS,”), are typically found in streams derived from gas resources
containing carbon dioxide and hydrogen sulfide (“H,S™). The sulfur compounds
may be created from CO, and H,S in refinery processes. Also, the sulfur
compounds may be naturally occurring in gas streams produced from reservoirs

containing significant quantities of CO, and H,S.

[0003] In various uses for such hydrocarbon streams, existence of the sulfur
compounds may have significant detrimental effects. For example, if the
hydrocarbon-containing streams are used as feeds for reformers to produce
hydrogen-containing streams, the sulfur compounds may “poison” the reforming
catalysts. Although the hydrocarbon-containing streams may be scrubbed to
remove the CO, and H,S, the scrubbing processes will not remove all of the sulfur

compounds, particularly COS and CS,.

[0004] Several known methods may be used to remove COS from the
hydrocarbon-containing streams. For example, the COS may be removed by

scrubbing with a physical solvent in processes such as the Rectisol® process or



scrubbing with a chem cal solvents such as diglycol am ne ("DGA").
Alternatively, the COS nay be renpoved by absorption onto solid sorbents such
as in a Pressure Swing Adsorption ("PSA") unit. Still other COS renoval

met hods i ncivgtodnesysegenati ng wi t h hydrogen over a base retedomauahyst such
as Combly and hydrolyzing with water over various specialty catal ysts such
as catalysts sold under the designations G 41P and C53-2-01 avail able from
Sud Chemie and Puraspec 2312 available from Synetix. Al of these known
processes are expensive alternatives for renmoving COS form

hydr ocar bon-cont ai ni ng streans. [0005] O-er processes for renmoving COS from
hydr ocar bon-contai ning streans are known. For exanple, U S. Patent
Application 2002/ 0159939 di scl oses systens for renoving odorants and sul fur
conpounds fronsgabbisg with @akhemival sifvnemchmdiglyestlantife (DG Yeps of contacting
the streamwi th a COS _hydrolysis catalyst tqQ convert H2S foll owed by
contacti ng theAétﬁ@aWththeﬁﬁﬁééﬂﬁhbe regoyedh by absprpliopipato solid serbents syghyasoni a,
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[0005)  Other processes for removing COS from hydrocarbon-containing streams

are known. For example, U.S. Patent Application 2002/0159939 discloses systems
for removing odorants and sulfur compounds from gas streams. The systems may
include the steps of contacting the stream with a COS hydrolysis catalyst to convert
H,S followed by contacting the gas with a material to remove the H,S. Titania,
zirconia, thoria, lanthanide oxide, alumina, ceria, molybdenum oxide, vanadium
oxide, manganese oxide, cobalt oxide, iron oxide, and nickel oxide are disclosed as
a catalyst for hydrolyzing the COS. Zeolites are disclosed as suitable materials for
removing the H,S. U.S. Patent 4,735,788 discloses a process for reduction of COS
and carbon disulfide compounds in a gas stream containing water vapor through
hydrolysis. The catalyst may be titanium dioxide.

[0006] PCT Application WO 2004/033367 discloses a variety of pracesses for
removing carbonyl sulfide and carbon disulfide compounds from feeds for
hydrogen generators. The proce.;:ses generally involve a hydrolysis step in which
the sulfur compounds are converted to H,S. The processes may also include the
use of two solid sorbent beds for removing the sulfur compounds and the hydrogen



sul fide. Suitable hydrolysis catalysts are identified as including alumna,
zirconia, and titania. Suitable sorbents for renoving the H2S are zinc
oxi de and iron oxide. [0007] PCT Application WO 03/011436 di scl oses a

process for ' froma stream The streamis p a
fixed bed coﬁ?ﬁﬁ%%%%wggfh a COS hydrol ysis catal yst andqiﬁﬁgﬁ%%é%ﬁ%gulfide
absorbent. The application identifies activated alumna as a suitable
hydrol ysis catal yst. Suitable H2S absorbents are identified as copper

and/ or zinc oxides, hydroxides, carbonates, or hydroxycarbonates. BRI EF
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BRIEF DESCRIPTION OF THE DISCLOSURE

[0008] This disclosure relates to systems and processes for removing at least one
sulfur compound from a hydrocarbon-containing stream. The systems and
processes incorporate at least one reaction vessel incorporating a hydrolysis catalyst
suitable for hydrolyzing a first sulfur compound, such as COS or CS,, to a second
sulfur compound, H,S. Exemplary useful hydrolysis catalysts are activated
alumina, titania, titanium dioxide, and mixtures thereof. The reaction vessel also
includes a sorbent material selected from zinc oxide, copper oxide, hydroxides,
carbonates, hydroxycarbonates, and mixtures thereof for absorbing the second
sulfur compound. The hydrocarbon-containing stream is directed sequentiaily to
separate layers, within the reaction vessel, of the hydrolysis and the sorbent
material or to at least one layer containing a mixture of the hydrolysis catalyst and

sorbent material.

[0009] Following hydrolysis of the first sulfur compound to the second sulfur

compound and absorption of the second sulfur compound, a hydrocarbon-



enbodi ment, the systens and processes described herein are used to produce
substantially sulfur-free hydrocarbon streans. For purposes of this
di scl osure, "substantially sulfur free" streans neans streans contai ning

| ess than O. wpmosida@isl sulfur. In certain enbodi ments, pERuSHEIRNEand
processes described herein may incorporate nore than one vessel

I ncorporating the hydrolysis catal yst and sorbent naterial as described
above. Generally, the greater the nunber of such vessels inplenented, the
nore conplete the renoval of the sul fur conpounds. [0010] Both the

hydrol ysis catal ysts and the sorbent nmate#tals descri bed above are

rel atively inexpensive. Therefore, following the useful lives of the
hydrol ysis catalyst and the sorbent nmaterial, both may be di sposed of as

waste. The sysSteitainingbtrefth Ma%aE aFedubedstfinboentésBoanced] I8uhé ur conpounds
from hydrocarbon- contai ning streans w thout the need for_ a se‘gggate
hydrol ysi s reaémbpdigent, fhs sysiems andpropessesfleserihed horein aremsed toypsedies. [ 0011]
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I n accordance processes’ de d herern are’ suitable

for a variety Ofubstastially sntfuriflee¥gtremnsmems stréansicint=Aning 1dse thap)dl pge fotgll ant s,
process gas streggs for power generation plants, or for qther uses for
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material . WO 2006/ 065459, PCT/ US20 5/%2179 hglh%oo 3] FIG é%i s schematic
repr esent at i onTBHeRFntEd e mots fomplets fhe rerpaval ﬁﬂﬁmpct‘)&a’é’é‘g descri bed

herein incorporating multiple vessels with separate |ayers of a

[0010] Both the hydrolysis catalysts and the sorbent materials described above
are relatively inexpensive. Therefore, following the useful lives of the hydrolysis
cataiyat and the sorbent material, both may be disposed of as waste. The systems
and processes also enable removal of sulfur compounds from hydrocarbon-
containing streams without the need for a separate hydrolysis reactor as typically

utilized in conventional systems.

[0011]  The hydrocarbon-containing streams having reduced sulfur contents
produced in accordance with the systems and processes described herein are
suitable for a variety of uses, including uses as a feedstreams for hydrogen plants,
process gas sirearns for power generation plants, or for other uses for hydrocarbon-
containing stream having reduced sulfur content.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012) FIG. 1 is a schematic representation of an embodiment of the systems

and processes described herein incorporating a single vessel with separate layers of

a hydrolysis catalyst and sorbent material.



hydrol ysis catal yst and sorbent material. [0014] FIG 3 is a schematic
representation of an enbodi nent of the systens and processes descri bed
herein incorporating a single vessel incorporating a single I|ayer of a

m xture of ayhyslhOldsls catal yst and sorbent material. DETA LED DI SCLOSURE

[ 0015] This disclosuré relates to systens and processes R T Hﬁ9at

| east one sul fur conmpound from a hydrocarbon-contai ning stream The systens
and processes incorporate a hydrolysis catalyst suitable for hydrolyzing a
first sulfur conmpound to a second sul fur conmpound. The vessel also includes
a sorbent material selected fromzinc oxide, copper oxide, hydroxides,
carbonates, hydroxycarbonates, and m xtures thereof, suitable for absorbing
t he second sul fur conpound. [0016] In exenplary enbodi nents, the first

sul fur compound is selected from the group consisting of COS, CS2, and

m xtures thereof. These sulfur conpounds are frequently found in

hydr ocar bon- cojdE8)ni rRIGs2 ik i@matic tepreSenbition OF & embotdiment TR By s#aR Ghd bed
herein, the hydrocarbon-containing streamis directed to the hydrolysis

catal yst and sppeseses dageribed hereinineasperetingmyltiplecvessels witl separattlayers pf air
content of th%ﬁﬂ?ﬁf@tﬁ@ﬂ'ﬁ??&ﬁéﬂi 4 ream When the first sul fur conpound
ro S n )

contacts the h ysis tataly | e presence of water, it is hydrolyzed
to a second sul fur conpound. In exenplary enbodi nents, the second conpound
is WD 2006/ 065459, _PCT/ US2005/ 042179 -6 H2S. Hydrol ysis of COS and CS2 takes
place in accorld®fle filPn3 tsrschematiafepgsentajientaf amembedimentef thpsysiems HpS+C02

(2) Cs2 + 2 Hzagd'piroc%ss'ég Festrib&iPherein incorporating a single vessel incorporating a single
( layer of a mixture of a hydrolysis catalyst and sorbent material.

DETAILED DISCLOSURE

[0015] This disclosure relates to systems and processes for removing at least one
sulfor comp;)und from a hydrocarbon-containing stream. The systems and
processes incorporate a hydrolysis catalyst suitable for hydrolyzing a first sulfur
compound to a second sulfur compound. The vessel also includes a sorbent
material selected from zinc oxide, copper oxide, hydroxides, carbonates,
hydroxycarbonates, and mixtures thereof, suitable for absorbing the second sulfur

compound.

[0016] In exemplary embodiments, the first sulfur compound is selected from
the group consisting of COS, CS,, and mixtures thereof. These sulfur compounds
are frequently found in hydrocarbon-containing streams. In the processes and
systems described herein, the hydrocarbon-containing stream is directed to the
hydrolysis catalyst and sorbent material in reaction vessel to reduce the suifur
content of the hydrocarbon-containing stream. When the first sulfur compound
contacts the hydrolysis catalyst in the presence of water, it is hydrolyzed to a

second sulfur compound. In exemplary embodiments, the second compound is



[0017] Foll ow ng hydrolysis of the first sulfur conmpound to the second
sul fur conpound, the second sul fur conpound is absorbed by the sorbent
material to yield a hydrocarbon-containing stream having a reduced sul fur

content. [ 003W) 2d0b/bss4d9 provi des a schematic representati opcpysAbs@RPedi ment
of the systens and processes described herein. In this enbodi nent, the

hydrol ysis catalyst and sorbent nmaterial are provided in separate
sequential beds in the same reaction vessel. However, it is understood that
the details provide below are applicable to enbodinents in which the

hydrol ysis catal yst and sorbent material #e provided mxed into sane fixed
bed. Vessel 1 may be any suitable vessel capable of functioning as a fixed
bed reactor. A hydrocarbon-containing stream3 is directed to the vessel 1.

The hydr ocar boH,$.t Hydmblyis eHCOS atl @S Pk lieictoffancd WHH @sfollewingt  eans
useful as a source of hydrogen or fuel. enplary streans are
hydr ocar bon- coRWIARYig streans such as natural gas streans and refinery fuel
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("vppni) to 1 volune p Sl f ur compound. I n one

enbodi ment, the stream conf ai romi_ v to 1,000 vppmof the first

sul fur conpound. In anoz@er 8%23!2@?@%&?% 3 contains from5 vppmto 20

vppm of the first sulfur conpound. [0019] Once the hydrocarbon-cont ai ni ng

streamenters I oo d ' ' | sel 1.
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certain enbodi nents, fhe hydrolysis catalyst is
i nexpensi ve cathY Q?“{J‘b‘“ﬁ%%ﬂﬁnﬂé%e%@%ﬁmﬁed faeee- of the systens and
processes described herein. If such catalysts are used, it is economcally
feasi ble to dispose of the hydrolysis catal yst as

{0018] FIG. 1 provides a schematic representation of an embodiment of the

systems and processes described herein. In this embodiment, the hydrolysis
catalyst and sorbent material are provided in separate sequential beds in the same
reaction vessel. However, it is understood that the details provide below are
applicable to cmbociiments in which the hydrolysis catalyst and sorbent material are
provided mixed into same fixed bed. Vessel 1 may be any suitable vessel capable
of functioning as a fixed bed reactor. A hydrocarbon-containing stream 3 is
directed to the vessel 1. The hydrocarbon stream 3 may be any of a variety of
hydrocarbon streams useful as a source of hydrogen or fuel. Exemplary streams are
hydrocarbon-containing streams such as natural gas streams and refinery fuel gas
streams. The stream 3 may contain from .5 volume parts per million (*vppm™) to 1
volume percent of the first sulfur compound. In one embodiment, the stream 3
contains from 5 vppm to 1,000 vppm of the first sulfur compound. In another
embodiment, stream 3 contains from 5 vppm to 20 vppm of the first sulfur

compound.

[0019] Once the hydrocarbon-containing stream enters vessel 1, it is directed to
a first section 5 of vessel 1. First section 5 contains at least one hydrolysis catalyst.



waste, once it is spent, as opposed to using a nore expensive catal yst that
may economcally dictate regeneration of the catal yst. Exenplary suitable
hydrol ysis catalysts are alumna, titania, titaniumdioxide, zirconia, and
m Xt ures therv?(?st{og/ﬁe qne enbodi nment, the hydrol ysis catal ¥st I s selected
from al umina, T PPENA” and mixtures thereof. In a specif PEVESHOMRES: | the
catalyst is an activated alumna, comonly used in C aus-type processes.
These C aus-type catalysts are commercially available froma variety of
suppliers. A specific exenplary catalyst 1is commercially avail abl e under
the designation "DD-431" from Al coa. [0029] The hydrolysis catalysts in
section 5 may be provided in the forma fixed catalyst bed. The catal ysts
may be in the formof particles having surface areas over a wide range. In

one enbodi nment , the sunf r of the.catralvyst partjcl.es ranges from 10
to 500 square feen °§I$VST§TY£§1C§%§E¥'“)‘? W@%@Hﬁ?ﬁ%%@%"’%ﬂtﬁ’sﬁe t he catal yst
particl es havehpir6lykit 2sialyst i fel€ftedid Y réifivéiylitRkfeniRicRhtalyRtio hxdwize( BET") .
I n ot her enmbodi nents, the catalyst particles have surface areas of 100 to

400 square metlegconnmigeffipiepcypiithe systerppand preressea desoyibed berginndfsush hel d in

Phe fixed car of CAPRERY WaER fonbRReR Rl o Wisbah S EEMYREFRALIE 07, ¥
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are placed on top of a |layer of an inert catal yst support nmaterial
posi ti oned on %pompm&agtd@éﬁe@smauqn@fghwam@t Exereplagyuiiabdehytiobysiat s, a

| ayer of the i . .1 g v . NOSLL1an t he
cat al yst bed. %lgﬁ%%%%gg%é’/lﬂtugﬁgﬁiw%g&n%xﬁgﬁh%g% di ment s,
the jnert cat adbnesémisidivpentf therbydrolysis canalyshie s¢iécied fiel aluminbgtitadigradof spheres

of various sizes. [0022] Alum na and titania catal ysts havi ng hi gh surface
areas may be a@f}ﬁprggs tolqcfe]of Inaspec?iﬁc embodiment, the catalys¥' i 2

is an activated alumina,
commonly used in Claus-type processes, These Claus-type catalysts are

-

commercially available from a variety of suppliers. A specific exemplary catalyst

is commmercially available under the designation “DD-431” from Alcoa.

[0020] The hydrolysis catalysts in section § may be provided in the form a fixed
catalyst bed. The catalysts may be in the form of particles having surface areas
over a wide range. In one embodiment, the surface area of the catalyst particles
ranges from 10 to 500 square meters per gram (“BET”). In certain embodiments,
the catalyst particles have a surface area of 50 to 400 square meters per gram

/ (“BET"). In other embodiments, the catalyst particles have surface areas of 100 to
400 square meters per gram (“BET”).

[0021]  The catalyst bed may be held in place in through means used in
conventional fixed catalyst beds. Typically, the fixed catalyst bed is held in place
with a support grid or grating at the bottom of the reactor bed. In one embodiment,
the catalyst particles are placed on top of a layer of an inert catalyst support
material positioned on a wire screen above the grating. In certain embodiments, a

layer of the inert support material may be positioned at the top of the catalyst bed.



t he hydrocarbon-containing streamincludes olefins, the acidity may pronote
undesired polynerization side reactions within the first section of the
vessel. To mnimze such side reactions, dopants, such as sodi um and

pot assi um oxiw@sos/eessss be applied to the catal yst bed to Bichushesodri®

pol ymeri zation reactions. However, due to the difficulties in handling
sodi um and pot assi um oxi des, the use of these in commercial operations is
general ly undesirable. Alternatively, cracking and polynerization nay be
m nimzed by adding water in the formof steamto the reaction vessel 1.
100231 Various pronoters such as iron, coi8alt, nickel, copper, and zinc may
al so be added to the hydrolysis catal yst section 5 to increase the

hydrol ysis reaction rate. [00241 The first section of vessel 1 containing
the hydrol ysi s Ig aéredily Sibbotiemts, thérierticaialyerbuppord niabsHiae frdy Be providedin e C to
500 C over a wi de pressure_range such as from atnospheric pressure (100
kPa) to 10, 000 femnof spherss plevariopp®igesnent s, the first section i s maintained
at a tenperature from300 Cto 450 C and a pressure of 100 kPa to 5, 000
kPa. In still other enbodinents, the first section is maintained at a
tenperature fr¢go22$0 Ahirpind @ Raniacamiystsdasingdigh sutfioe kieas hay Be AHdickBR.
[0025] In certain enbodi nents, .the tenperature and pressure of the reactor

i s mai nt ai ned HeyRYSHArRIRCPRgmingstreamncludes oleting othg agidity, may promate

hydr ocar bon- ¢ b0 EAiTh Jidd] : : am.directly
control ling thg%%% tr@%é W tﬁll.(ﬁr%%g&?%gg@%r. orgeé:é%ﬂrrgilttg?g?shée" ggsi red

t enper at ur e of niiltienizd sueh 8ide réACH M) oG fsAdush BE I diliA AN pOhekiviR oxides, iy be

mai nt ai ned by supplying heat to the strea rior to entry jnto _the first
section of vesgég .ed(%%ﬁéﬁalﬁqudﬁ@%%z%gpﬁbﬂmﬂl@e@aﬁ?% Heweveex changer
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exanple, in certaln bodi nent s, eat s y the
may be deri vedcémmercialwpettions is generally undesirable. Alternatively, cracking and

polymerization may be minimized by adding water in the form of steam to the

reaction vessel 1.

[0023] Various promoters such as iron, cobalt, nickel, copper, and zinc may also

be added to the hydrolysis catalyst section 5 to increase the hydrolysis reaction rate.

[0024]  The first section of vessel 1 containing the hydrolysis catalyst may be
maintained at a temperature from 250° C to 500° C over a wide pressure range such
as from atmospheric pressure (100 kPa) to 10,000 kPa. In other embodiments, the
first section is maintained at a temperature from 300° C to 450° C and a pressure of
100 kPa to 5,000 kPa. In still other embodiments, the first section is maintained at
a temperature from 350° C to 400° C and a pressure of 100 kPa to 1,000 kPa.

[0025]) In certain embodiments, the temperature and pressure of the reactor is
maintained by controlling the temperature and pressure of the hydrocarbon-
containing stream 3 directed to reactor 1 rather than directly controlling the
conditions within the reactor. For example, the desired temperature of the stream 3



stream from a hydrogen generator reformer or froma fuel cell waste stream
[0026] ' To achieve satisfactory hydrolysis of the first sulfur conpound, it
IS necessary to maintain an appropriate water concentration in the

hydr ocar bon- lRlddg stream In certain enbodi nents, tﬁ | ar ratio of
the water tot @% |r§$ sul fur compound in the hydrocarbo 8%%%?@%%?“& stream
ranges from1l:1 to 1000:1. |In other enbodi nents, the nolar ratio of water
to first sulfur conmpound in the hydrocarbon-containing streamranges from
1:1 to 10:1. In still other enbodinents, the nolar ratio of water to first
sul fur conmpound in the hydrocarbon- contagning streamranges from2:1 to

10: 1. [0027] Typically, the hydrocarbon-containing streans selected for use
as stream 3, as identified above, will have water concentrations wthin

t hese ranges. VE-T- | [ C ntr.atd tream 3
falls bel ow th%llﬁyggges sdé%h 6$§P§%‘§§£@ t%\gé%ﬁﬂ @'ﬁ%ﬁo%\% e?%gggﬁész (not
shown) may be gtisn 6fvksded 1S Geakmllyahekeat indy bt s8iled b b hedt exchanpéd (ot Nt 0 t he
first section of vessel 1. Alternatively, the optional water source may be

used to provi dthowa) thet supplies hept from ather processes wostieam 3o fFor gxample, in cengivever |

it is generall : 4 Ci - nt.ai ni ng
ydr ocar bon- c odticaint a & of18 a hdle ptedagn. catal ys
over a range of space velocities, which are, of course, dependent on the

pressure drop across the first section 5 of the vessel. In one enbodi nent,

the space WO 2@9%0651405&&&3@%‘%%&9@@%?%@3 of b 11 Qi & %u.rnﬁ(':it is

hydr ocar bon-cont ai'ni ng stream acro Irst section o e vessel ranges
from 10 to 6, Of@edsanyrto'majsthinradapgroprite water ebngeatratiomiin thpdrydeadaitonf eet  of

Py ooar bon- o HAPLHIR §RAGk [ aTIE g HGRIRERE: 1o SRR PEHE St e iy e
ranges from 1, Q0kk EénpouGh BRWydrocarbBn-containing stream ranges from 1:1 to 1000:1.
In other embodiments, the molar ratio of water to first sulfur compound in the
' hydrocarbon-containing stream ranges from 1:1 to 10:1. In still other
embodiments, the molar ratio of water to first sulfur compound in the hydrocarbon-

containing stream ranges from 2:1 to 10:1.

[0027]  Typically, the hydrocarbon-containing streams selected for use as stream
3, as identified above, will have water concentrations within these ranges.
However, in the event the water concentration of stream 3 falls below the ranges set
( forth above, an optional water source (not shown) may be provided to supply water
) to stream 3 prior to entry into the first section of vessel 1. Altematively, the
optional water source may be used to provide water directly to the first section of
vessel 1. However, it is generally more efficient to add water to the hydrocarbon-

containing stream prior to contact with the hydrolysis catalyst,

[0028] The hydrocarbon-containing stream may be directed to the hydrolysis
catalyst over a range of space velocities, which are, of course, dependent on the

pressure drop across the first section 5 of the vessel. In one embodiment, the space



still other enbodi nents, the space velocity of the hydrocarbon-containing
stream through the first section of the vessel ranges from 3,000 to 4,000
hour '. [00291 O course, generally, the highest conversion rates of the

sul fur conpowaxckoosdesssh he nost desirable. It has been foungedhabosioafiyer Si on
rates of the first sulfur conpounds to H2S in excess of 99% are attainable

t hrough the above described hydrolysis in the reactor vessel. In one
enbodi ment, the first sul fur conmpound conversion rate to H2S in first
section is from90%to greater than 99% In other enbodinents, the
conversion rate ranges from95%to greateld-than 99% [00301 Referring to
FIG 1, after exiting the first section 5 of vessel | where the hydrolysis
reaction takes place, the hydrocarbon-containing streamis directed to the

second sect i onvelogify of tisesleldrdcayftn@ontathing st acfdse del first seeﬁdsh dftke {dskeit
section of the vessel 1. Wthin the second section 7,

hydr ocar bon- coFenges{rom 18 ¢ 6,800 heur *{standacd sebiofeckper Qb?m&ﬂblﬁﬁ'ﬁﬁpfal to

renove at | eas of the
first sulfur c%ant%B%ﬁJ}] |°%%‘tnbbl r SF@&QE%‘? %%R'B@g%é%trﬁgﬁé}ﬁﬁgg%go%wgor bent .
Exenpl ary sui t stteaf thoupk tHeirstssettion of tie vessd] waigenfrom 1,008 t6 Se090housE&Cln on of
the vessel are zinc oxide, copper oxide,  hydroxi des, carbonates,

hydr oxycar bonaftidkoth ﬁﬁ&’bﬁflﬂ%ﬁhetsﬂ%qeéﬁomt!ﬁéﬂ@@ﬂﬂ@ﬁ ﬂ%rﬁoﬁémﬁ?&)%?%féd in any
conveni ent sh B&rﬂ@ls aty of sizes.
For exanpl e, ex% Pldat es OPE@ ﬁ%ﬁ?ﬂésg{l%ebé?ﬁ%% jt]ﬁoq g@?s Eet ween 7 nmto 15
mm may be used. Zinc oxide particles in this formare commercially
available fro rs Chem cal er the product ation: Harshaw
ZN- 0401 E 3/ 121 5@ 3%%@9 %ﬁwgwt@alzwmﬁoé@w gompoyed sor bent
materials wll t AESAbRN ah & QhRgr ature
mai ntai ned in ?ﬁlgﬁig{é% sect |I§ir?g?éntsfﬁe %{éﬁéggqﬁ%ﬁgqg%r eﬂglte ﬁrn’%t erral nmay be
provided in t h@mipmmndﬂb HSfin metstxd @904 art latiainglfle tinteughrthé ebbvierdesaribadct i on wi t h
hydrolysis in the reactor vessel. In one embodiment, the first sulfur compound
conversion rate to HS in first section is from 90% to greater than 99%. In other

embodiments, the conversion rate ranges from 95% to greater than 99%.

[0030] Referring to FIG. 1, after exiting the first section 5 of vessel 1 where the
hydrolysis reaction takes place, the hydrocarbon-containing stream is directed to
the second section 7 of vessel 1 which is in communication with the first section of
the vessel 1. Within the second section 7, the hydrocarbon-containing stream is
contacted with a sorbent material to remove at least a portion of the H,S resuiting
from the conversion of the first sulfur compound in the first section by absorption
onto the sorbent. Exemplary suitable sorbents useful for inclusion in the second
section of the vessel are zinc oxide, copper oxide, hydroxides, carbonates,
hydroxycarbonateé, and mixtures thereof. The sorbent may be provided in any
convenient shapes such as pellets or monoliths having a variety of sizes. For
example, extrudates of 5 mm in diameter with lengths between 7 mm to 15 mm
may be used. Zinc oxide particles in this form are commercially available from
Harshaw Chemical Co. under the product designation: Harshaw ZN-0401 E 3/16.



the fixed bed for the hydrolysis catalyst. [0031] Generally, the
tenperature, pressure, and space velocity in the second section 7 of the
vessel is dependent on the pressure of the streamas it exits the first
section 5 of W ?00%%55" [0032] After contact with the sorbent material in
the second section 7 of vessel 1, the hydrocarbon-cont ai REFYS¥PYMAKPO i s
renmoved fromthe vessel and directed to further processing or use as may be
appropriate. The hydrocarbon-containing stream9 exiting the vessel nay
have a first sulfur conpound content of less than 1 vppmin one enbodi nent.
I n anot her enbodi nent, the hydrocarbon-cgﬂpaining stream 9 exiting the
vessel may have a first sul fur conpound content of less than .5 vppm In
still other enbodi nents, the hydrocarbon-containing stream9 exiting the

vessel may havg._a first sul fur conmpound, content of | ess n .1l .vppm [0033]
In the syst ensaﬁ’ﬁ?falb’l’ ilbcesf_tgjléegyﬂlfg?&g?é F‘_’ﬁ?%?ﬁmﬁf%wn%ﬁ?&é@he _3’[@?%‘? and
the hydrocar bognefinire nbliktiiaky in the3eR6AE se¢Hon 51@E 9EREIC THEGLIRW Mfledifle usef ul
lives of the hydrolysis catal yst and the sorbent, both may be di sposed of

as waste. Whenmaypeprovideddn edomn gEa fixesbhed of shestypsdestiikedsio chereciomwiter i al s
may be renoved,f ' I 341 El 2 depicts anot her enbodi nent of
systens and pr‘é)h éﬁé{gggé%goﬁ%@é%ﬁ&ﬁse éa.ly%n this enbodi nent, the systens and
processes incorporate two vessels, each having two hydrol ysis catal yst

| ayers and two_sorbent material |ayers. The first W 2006/ 065459

PCT/ US2005/ 042[031] - 1Gengsally, the tempeatusee Byssnien 254 spase selpcitnindhe seeond r eans

entering and exj ] . i ] e ne [ 14C

desi gnati ons ags%chéﬂ;g orﬁééﬁéeﬂﬁi%g%%éI@W%ee %%%Pnaéqggﬁ%hgzﬁrﬁescri bed
i n connection wdctibn Fbfthekessthe difference in FIG 2 being the existence of
two hydrolysis catal yst beds 5 and two sorbent material beds

[0032]  Afier contact with the sorbent material in the second section 7 of vessel
1, the hydrocarbon-containing stream 9 is removed from the vessel and directed to
further processing or use as may be appropriate. The hydrocarbon-containing
streamn 9 exiting the vessel may have a first sulfur compound content of less than 1
vppm in one embodiment. In another embodiment, the hydrocarbon-containing
stream 9 exiting the vessel may have a first sulfur compound content of less than .5
vppm. In still other embodiments, the hydrocarbon-containing stream 9 exiting the

vessel may have a ﬁrst sulfur compound content of less than .1 vppm.

[0033] In the systems and processes disclosed, both the hydrolysis catalyst and
the hydrocarbon are relatively inexpénsive. Therefore, following theluseﬁll lives of
the hydrolysis catalyst and the sorbent, both may be disposed of as waste. When
spent, the hydrolysis catalysts and the sorbents materials may be removed for
disposal.

[0034}  FIG. 2 depicts another embodiment of systems and processes described
here. In this embodiment, the systems and processes incorporate two vessels, each

having two hydrolysis catalyst layers and two sorbent material layers. The first



7 as opposed to the existence of one bed of each type in FIG 1.
Additionally, the hydrocarbon streans and the tenperatures, pressures, and
ot her conditions within vessel | nay be the sane as described in connection
with FIG 1. Wo2dsesmsbodi ment depicted in FIG 2, after gghasiospsys the
sorbent material in the second sorbent material bed 7 of vessel 1, the

hydr ocarbon-containing stream9 is directed to a second vessel 11 that al so
contains two hydrolysis catalyst beds 13 and two sorbent nmaterial beds 15.
As with the first vessel 1, the hydrocarbon- containing streamis routed
sequentially through the various beds of 42ternating hydrolysis catalyst
beds 13 to hydrolyze at | east a portion of the first sulfur conpound
remai ni ng i n hydrocarbon streamafter treatnment in the first vessel to H2S

and then renoveest! 1, dRstontpoperitt thereoffanthie dtkamb¥ntefind and exifigveSQ! PRl
material in alterpating sorbent material beds 15 of vessel 11. [0035] The

vari ous conpon@Fvided withhthe serae memericad designationsasmeedhin KlGe 1+ Fhess eletesntsr i bed i n
connection wt ' : ver ..t ordi tiions ve "o 11 may
be within the ?%%3’3?4 ésﬂ%eﬂsﬁgéﬁﬁ&%%é%%r?”%‘f@'@eﬁs Frgce HS@%"E.

[0036] | n addi being thecexistence of twa) hyalpsivsis catalystibetlh s afi® s scobeny pakshbbelisand 11
of FIG 2 as describe é]he vessels 1 and_11 may be arranged to operate in

a lead-lag co PF@EI?"&P‘?% FSXWWﬂWGWEW¥EB@%J%E£@II-rﬁ itmallpehet ed

i ndependent | y $hah é}Etfu}eP | |4l o pessel to
remai n operati gjr,\%r%)%?lfe t%lgaégﬁ%é?meesse %@%ﬁ’-%&é’%icrg)ﬁé?&g%'@my be
particul arly usesselll minebe the same andesedbead iy cotreotien with Fi@; bl Jagthe and sor bent

mat eri al s of one, of. the vessel 006/ 065459 PCTI US2005/ 042179 -13
[0037] It is uffgee? B‘odqpfféﬁd‘ai‘iﬁgf ef Frntart wath the sopbsnt materizhinthes, 2 have

(wo catalyst Redfd aiifler el Bl oPalsel 1| the®l B8tab RO HRNE Sireddig sy CSSC! S
may have any nunber of beds of each type or bne or nore beds I ncorporating
a m xture of adirected to a second vessel 11 that also contains two hydrolysis catalyst beds 13 and

two sorbent material beds 15. As with the first vessel 1, the hydrocarbon-

containing stream is routed sequentially through the various beds of alternating

hydrolysis catalyst beds 13 to hydrolyze at least a portion of the first sulfur

compound remaining in hydrocarbon stream after treatment in the first vessel to
H,S and then remove at least a portion of the H,S by contact with sorbent material
in alternating sorbent material beds 15 of vessel 11.

[0035] The various components in the second vessel 11 may be of the types
described in connection with vessel 1 of FIG. 1. Moreover, the conditions vessel

11 may be within the ranges described in connection with vessel 1 of FIG. 1.

[0036] In addition to sequential operation of the reaction vessels 1 and 11 of
FIG. 2 as described, the vessels 1 and 11 may be arranged to operate in a lead-lag
configuration to allow in which each vessel may be operated independently of the
other. Such a configuration allows for one vessel to remain operational while the
other vessel is non-operational. This may be particularly useful when it is

necessary change the catalyst and sorbent materials of one of the vessels.



hydrol ysis catal yst and a sorbent material. [0038] FIG 3 depicts another
enbodi nent of systens and processes described here. In this enbodinent, the
systens and processes incorporate a single vessel 11 to which a hydrocarbon
stream 13 coRb@hddk/oékssd first sulfur conpound is directed. The vessel 11

i ncorporates a single fixed bed 17 contai ning a m xture ofCHUSIOgYWIgne
hydrol ysis catal yst and at | east one sorbent nmaterial. The conditions within
the vessel 11 may be within the ranges described in connection with vessels
in the enbodinments depicted in FIG 1 and FIG 2. Mreover, the hydrolysis
catalyst and sorbent materials and fixed,bed arrangenent nmay be as
described in connection with FIG 1 and FIG 2. Wthin the fixed bed 17,

t he hydrocarbon streamconmes into contact with the hydrolysis catalyst in
the presence of water as described above to convert the first sulfur
conpound to H28. The H2S is then absorbed onto the sorbent material wthin

the fixed bed (G390 Pk aiiaBrs@ol ikt ARRGRAMORRR Riphded RIFIGhARYKEY 2

reduced sul fur content. [0039] The syst’em and process depicted in FIG 3 are
capabl e of pr ottalysiyedsandrtwo aobent-beds, timpthenenbndiraents, thewvessels mey have cont ent s

wi thin the ranges described .for the reduced sulfur content strea pr oduced
' the ermbodt rEWCWIHER PLEER of Hith 1R or g e mpiecseds HeoftByERS TRRBFOBER i xi ng
of the hydrol yigjdeolgat sanivit 1809 sedeRfbteridlt eri al particles may be achieved.

WO 2006/ 065459 PCTI US2005/ 042179 -14 [0040] It is contenplated, in

accor danlce with the all of the systems and processes described herein, that
L " vessiihan, AP gt Aa R S o R SRR
rather than t cheré.ehi thisheenbsdifent XY SR AN pROEREYiInBEpEiatrdingedesetilal | y.
Moreover, in the various enbodi nents, any nunber of vessels having
i ncor por at i ng te which a hydrocarbon stream 13 containing a first sulfur compound is directed.
The vessel 11 incorporates a single fixed bed 17 containing a mixture of at least
one hydrolysis catalyst and at least one sorbent material. The conditions within the
vessel 11 may be within the ranges described in connection with vessels in the
embodiments depicted in FIG. 1 and FIG. 2. Moreover, the hydrolysis catalyst and
sorbent materials and fixed bed arrangement may be as described in connection
with FIG. 1 and FIG. 2. Within the fixed bed 17, the hydrocarbon stream comes
into contact with the hydrolysis catalyst.in the presence of water as described above
to convert the first sulfur compound to H,S. The H,S is then absorbed onto the
sorbent material within the fixed bed 17 to produce a hydrocarbon-containing

stream having a reduced sulfur content.

[0039] The system and proc;ass depicted in FIG. 3 are capable of producing
hydrocarbon-containing streams having sulfur contents within the ranges described
for the reduced suifur content streams produced in the embodiments depicted in
FIG. 1 and FIG 2 as long as thorough mixing of the hydrolysis catalyst and sorbent
material particles may be achieved. |



a hydrolysis catal yst and a sorbent nmaterial nay be used to treat one or
nore hydrocarbon-contai ning stream regardless of whether the vessels are

i npl emented sequentially or separately. EXPERI MENTAL EVALUATI ONS [ 0041] The
fol | ow ng exmweo :ooBdsade eval uations of the systens and propepgSmosises’ | bed
herein were undertaken. Table | lists four exenplary hydrocarbon- contai ning
streans that were treated in accordance with systens and processes

descri bed herein. The content and sul fur conpound conversions for each
stream during treatnment for three hour time periods at various space
velocities are provided in Table I. Al -Rydrolysis processes took place by
contacting the streamw th an activated alunina hydr ol ysi s catal yst

comerci ally avail abl e under the designation "DD 431" from Al coa. Foll ow ng
contact with trumhydrnhsy@n&m;ﬂatawﬁhccoidmcsswnmn oRhesyseiisamted Wi th

Har shaw ZN-0401 E 3/ 16 zinc oxide. The hydrol ysis catal yst and zinc oxide
particles wer eppacesseeidescribed herpim that amltipls vessels incarporatige @ hydelysioeptalysissel |

Lhese axper | rofihe St iialeiial hef o Tedily 324 sofure BhalpartRMBEGECS 0 07
and pressure ﬂieaﬁﬁ&aﬂi&&haﬂ@ﬁ’dﬂﬂﬂie@ﬁﬁéﬁﬁhﬁiﬁﬁbdﬁmﬁﬁé%&% seqhbntBABLE | Ti me

N2 CH4 CO2 H2S. COS H2O COSs (h) (wol urre% (%9 (p (vppm) (vppm
conversion % Msgreoves inihe yarioyssgrahadirpents; apy 9“1&'”6@@03%013 YiBg éNCITPRIRLE. 00

96.8 500 0.5 3, ﬁf}dr%ﬁrsﬁ %ataly%t shd% sbebent haterlal may be used to treat one or more

hydrocarbon-containing stream, regardless of whether the vessels are implemented

sequentially or separately.

EXPERIMENTAL EVALUATIONS

[0041] The following experimental evaluations of the systemé and processes
described herein were undertaken. Table I lists four exemplary hydrocarbon-
containing streams that were treated in accordance with systems and processes
described herein. The content and sulfur compound conversions for each stream
during treatment for three hour time periods at various space velocities are provided
in Table I. All hydrolysis procesées took place by contacting the stream with an
activated alumina hydrolysis catalyst commercially available under the designation
“DD-431" from Alcoa. Following contact with the hydrolysis catalyst, the streams
were contacted with Harshaw ZN-0401 E 3/16 zinc oxide. The hydrolysis catalyst
and zinc oxide particles were provided in sequential layers in a single reaction
vessel, Intotal, 17.5 ml of activated alumina and 52.5 ml of ZnO were used in
these experiments. The stream contacted the layers at a temperature of 370° C and
pressure of 100 kPa.



1.0 3.08 96.70 * 0.8 0.11 * 99.9 1.5 3.19 96.75 * 1.0 0.19 * 99.8 2.0 3.05
96.92 * 0.8 0.11 * 99.9 2.5 3.12 96.57 * 0.9 0.11 * 99.9 3.0 3.06 96.68 *
0.8 0.13 * 99.9 Exanple 2 (space velocity = 3000 h") Feed 2.98 97.88 109.8
500 0.5 3. 03, Q7. 9 0.15 * 99.9 1.0 2.97 97.81 * 0. 8 1.5
3002 07 50 W mielosxel. %0 ° 5 095704 07 65+ 05 0. 11 Hgorsghsipes "o

97.23 * 0.5 0.17 99.8 3.0 2.88 97.08 * 0.6 0.18 * 99.8 Exanple 3 (space
velocity = 6000 h'") Feed 3.05 97.60 21.9 500 0.5 3.12 96.99 * 0.8 0.10 *
99.5 1.0 3.02 97.42 * 0.9 <0.10 * >99.5 1.5 2.99 97.45 * 1.0 <0.10 * >99.5
2.0 3.06 97.35 * 0.8 <0.10 * >99.5 2.5 3,68 97.47 * 0.7 <0.10 * >99.5 3.0
3.09 98.16 * 0.7 <0.10 * >99.5 Exanple 4 (space velocity = 3000 h") Feed
2.93 97.67 24.3 500 0.5 2.86 96.58 * 1.5 0.15 * 99.4 1.0 2.98 96.84 * 1.2
<0.10 * >99.6 1.5 3.00 96.46 * 1.5 0. Iy j1 859 4

Time N; CHy | CO; | H;S Ccos H,0 COS
(h) | (volume%) %) (ppmv) | (vppm) | (vppm) | conversion %
#
Example 1 (space velocity = 6000 h'")
Feed 3.10 97.00 96.8 500
0.5 3.24 9683  * 1.0 0.12 * 99.9
1.0 3.08 96.70 * 0.8 0.11 * 99.9
1.5 3.19 96.75 * 1.0 0.19 * 99.8
( 2.0 3.05 96.92 * 0.8 0.11 * 999
' 25 3.12 96.57 * 0.9 0.11 * 99.9
3.0 3.06 96.68 * 0.8 0.13 * 99.9
Example 2 (space velocity = 3000 h'™")
Feed 2.98 97.88 109.8 500
0.5 3.03 97.17 * 0.9 0.15 * 999
1.0 297 97.81 * 0.7 0.24 * 99.8
1.5 3.02 97.22 * 0.6 0.13 * 999
2.0 3.04 97.68 * 0.5 0.11 * 99.9
25 2.97 97.23 * 0.5 0.17 * 99.3
3.0 2.88 97.08 * 0.6 0.18 * 99.8
Example 3 (space velocity = 6000 h™")
Feed 3.05 97.60 219 500
0.5 3.12 96.99 * 08 0.10 * 99.5
1.0 3.02 97.42 * 0.9 <0.10 * >99.5
L5 2.99 97.45 * 1.0 <0.10 * >99.5
2.0 3.06 97.35 * 0.8 <0.10 * >99.5
25 3.08 9747 * 0.7 <0.10 * >99.5
30 3.09 98.16 * 0.7 <0.10 * >99.5
Example 4 (space velocity = 3000 Y
Feed 2.93 97.67 , 243 500
0.5 2.86 92658 * 1.5 0.15 * 99.4
1.0 298 - %684 * 1.2 <0,10 * >99.6
1.5 3.00 9646 * 1.5 0.14 * 99.4
2.0 3.02 9753 * 1.5 0.11 * 99.5
2.5 3.03 97.31 * 1.4 0.11 * 99.5
3.0 3.07 9630 * 1.3 <0.10 * >99.6
* Not measured

# Detection limit for PFFD analytic technique of 0.1 ppmv residual COS



2.0 3.02 97.53 * 1.5 0.11 * 99.5 2.5 3.03 97.31 * 1.4 0.11 * 99.5 3.0 3.07
96.30 * 1.3 <0.10 * >99.6 * Not neasured # Detection limt for PFFD

anal ytic technique of 0.1 ppnv residual COS WO 2006/ 065459 PCT/ US2005/ 042179
-16 [0042] ReVOaW6ésishe results set forth in Table | reveghfsiokbddll Y 100%
conversion of COS to H2S for hydrocarbon-containing streans having
concentrations of 5000 vppm and 500 vppm at space velocities of 1500 and
3000 hour -'. [0043] The systenms and processes described herein enable the
removal of sulfur conpounds from hydrocarbon-containing streans w thout the
need for a separate hydrolysis reactor a-typically found in conventional
systens. The hydrocarbon- containing streans having reduced sul fur content
produced in accordance with the systens and processes described herein are

sui tabl e for a[00d2] et Reviéw of tite.redults ketdortigin Tbhs] @eedds Fiaasiht ropeas f or
hydr ogen plants, process_gas Sstreans_ for power generation plants, or for
e

ot her uses f or SHVEFHRRILAN todiaS:ion hydjossrban-cantaimng str 8 GQ¥uced sul fur
tent. [0044 i j i is i@k | t
ond tosting . prosbetiriShPBt S0 Hof il sHE vy Bt siaBE LAIGLHE: 180 bd a0t TN

reference in thairr'. entireties. [ 0045] ' Although the present invention and
i ts advant ages have been described in detail, it should be understood that
vari ous changes, substitutions, and alterations could be nmade w t hout

departing frondps) SPfd dysii afif PRZedEs delititied HRfin bbftomy ARAPSE sitful N
foll owi ng clains. reovér, any upper limt recited my be
compounds from hydrocarbon-containing streams without the need for a separate
hydrolysis reactor as typically found in conventional systems. The hydrocarbon-
containing streams having reduced sulfur content produced in accordance with the
systems and processes described herein are suitable for a variety of uses, including
uses as a feedstreams for hydrogen plants, process gas streams for power
generation plants, or for other uses for hydrocarbon-containing streams which

require reduced sulfur content.

[0044]  All patents and publications, including priority documents and testing
procedures, referred to herein are hereby incorporated by reference in their

entireties.

[0045] ' Although the present invention and its advantages have been described in
detail, it should be understood that various changes, substitutions, and alterations
could be made without departing from the spirit and scope of the invention as
defined by the following claims. Moreover, any upper limit recited may be

combined with any lower limit for selected sub-ranges.



conmbined with any lower limt for selected sub-ranges. -17- CLAIMS 1. A
process for renoving at least a portion of a first sulfur conpound froma
hydr ocar bon-contai ning streamto produce a first stream having a reduced
content of the first sulfur conmpound conprising: (i) contacting the

hydr ocar bon-containing streamw th a catal yst selected fromthe group
consisting of alumna, titania, titani3g1dioxide, and m xtures thereof, in a
first vessel, in the presence of sufficiént water to have a nolar ratio of
water to first sulfur conmpound of about 1:1 to about 1000:1, to convert at

| east a portion of the first sulfur conmpound to a second sul fur conpound;
and (ii) cgnA®sis ng t he hydrocarbon-containing stream containing the second
sul fur conpound with a sorbent material selected fromthe group consisting
of zinc oxide, copper oxide, hydroxides, carbonates, hydroxycarbonates, and

m xtures thereo I f LISt £ Q o \, tion of the
second sul fur c%%dggsﬁgﬂﬁegﬁb{nﬁeatYeﬁégﬁggé#bogﬁ%ﬁﬁﬁﬁoﬁy?23%0{o pr oduce
the first Istdt@arbohavhiaming stedmae grodocd efitst sifeant huwingi arsluced lcbntenteditizound. 2.

The process of claiml erei.n the hydrocarbon-containing streamis
cont act ed THHUE FRIVROBDG CYTPIIYPE S t enper ature of about 300C to 450C and a

pressure of abqyl 1Qnaldffy he hBbiroch-AiliER srehm FHE 4 EGREORIRleq ! 21 M 2

wherein the hy carbon-contalhing streamis contacted w'th the hydrolysis
cat al yst i fiom tlid greup comsisting of dleminay titanie g srsumaliekiddy) endupitaresitiersof, icant ai ni ng

streamis gontacted wth the sorben terial in,a second zone. of the first
veseel . 4. EPLHn SEPrEencs of IS TaRh u 1 e 2o aE] PESHPCB TSy ¢ he
second sul ¢gmipoufi®@ PR 11 So Bt OV0H t\bdrlvert REIeBR b BRI BRHIRY firdd sufthr &
tenperature of about 300C to

compound to a second sulfur compound; and

(i)  contacting the hydrocarbon-containing stream containing the second sulfur

compound with a sorbent material selected from the group consisting of zinc oxide,

copper oxide, hydroxides, carbonates, hydroxycarbonates, and mixtures thereof, in the

first vessel, to remove at least a portion of the second sulfur compound from the

hydrocarbon-containing stream to produce the first stream having a reduced content of

the first sulfur compound.

2. The process of claim 1 wherein the hydrocarbon-containing stream is contacted
with the catalyst at a temperature of about 300°C to 450°C and a pressure of about 100
kPa to about 5,000 kPa.

3. The process of claim 2 wherein the hydrocarbon-containing stream is contacted
with the hydrolysis catalyst in a first zone of the first vessel and the hydrocarbon-
containing stream is contacted with the sorbent material in a second zone of the first

vessel,

4. The process of claim 3 wherein the first stream comprising the second sulfur
compound is contacted with the sorbent material at a temperature of about 300°C to
450°C and a pressure of about 100 kPa to about 5,000 kPa.



450C and a pressure of about 100 kPa to about 5,000 kPa. - 18 5. The process
of claim4 wherein the hydrolysis catal yst conprises activated alum na and
the sorbent material conprises zinc oxide. 6. The process of claimb5 wherein
the first sulfur conpound is selected fromthe group consisting of carbonyl
sul fide, carbon disulfide, and m xtures thereof. 7. The process of claim®6é
wherein the carbonyl sulfide is present in the hydrocarbon- containing
stream at a concentration of about 5 Vdéﬁ]to about 1,000 vppm and water is
present in the hydrocarbon-containing streamat nolar ratio of water to
carbonyl sulfide of about 1:1 to about 100:1. 8. The process of claim?7

wherein the firphe gibdeRof dlaivi N FhareinaHe BRTtolgSin taallysttomiphiSes dctivaéd sul fur
conmpound has a carbonyl sulfide content of |less than 0.1 vppm 9. The

process of alemifiapnd thgrerhephmetedaliqoppriseptzineghidfavi ng a reduced content of the
first sulfur conpound is directed to a second vessel and contacted with a
catal yst selected fromthe group consisting of alumna, titania, titanium
di oxi de, a6d m Rieprosess bbslaaf § whereinthe firse sulfur sempmchdds sedeutedcfioomhiesi ng t he

second sul fur conpound, and djr i ng,the, conqg stream conprising the
second sul gHP E?ngaﬂﬁﬂf‘f”go%ygﬂﬁﬁéﬁnf’gfh‘é‘!g‘ﬁ‘iﬂg e, a8f BUXWEFS BeTeh t he group
consi sting of zinc oxide, copper oxide, hydroxides, carbonates,

hydr oxycar bonat es, and m xtures thereof, to produce a second stream having a
reduced cént enfhegirotdssof ¢laist 6 whereinrthe carbonyh sulfid®is piésentin thedgsrasarbohai m 9

wherein the first st havi ng.. t first sulf
Conpound | ARG S § A arematish AP SYPRa lcmput L0 ool 500C « o
450C and apfRidas MuUhehpdrosdPBitcob®finikP Strdath AR01Ar r2ti @ OOw kBt chrbonyinglfifeocess of

claim10 erein the hydrolysis cafal yst conprises activated ~al um na and
t he sor benef abavtel:] & abophid:Ees zi nc oxi de. -19-

8. The process of claim 7 wherein the first stream having a reduced content of the

first sulfur compound has a carbonyl sulfide content of less than 0.1 vppm.

9. The process of claim 7 wherein the first stream having a reduced content of the
first sulfur compound is directed to a second vessel and contacted with a catalyst selected
from the group consisting of alumina, titania, titanium dioxide, and mixtures thereof, to
produce a second stream comprising the second sulfur compound and directing the
second stream comprising the second sulfur compound to a sorbent material selected
from the group consisting of zinc oxide, copper oxide, hydroxides, carbonates,
hydroxycarbonates, and mixtures thereof, to produce a second stream having a reduced

content of the first sulfur compound.

10.  The process of claim 9 wherein the first stream having a reduced content of the
first sulfur compound is contacted with the catalyst at a temperature of about 300°C to
450°C and a pressure of about 100 kPa to about 5,000 kPa.

11.  The process of claim 10 wherein the hydrolysis catalyst comprises activated

alumina and the sorbent material comprises zinc oxide.



12. The process of claim 11l wherein the second stream having a reduced
content of the first sulfur conpound has a total sulfur content of |ess
than 0.1 vppm 13. A process for generating hydrogen conprising: (i)
contacting a hydrocarbon-containing streamconprising a first sulfur
conpound with a hydrolysis catal yst selected fromthe group consisting of
alumna, titania, titaniumdioxide, and m xtures thereof, in a first
vessel, in the presence of sufficient dater to have a nolar ratio of water
to first sul fur conpound of about 1:1 to about 1000:1, to convert at | east
a portion of the first sulfur conpound to a second sul fur conmpound; (ii)

contactingiat | FEaSrocesPO diAifiN I0Whdrii tREROGHA strehih Wavia® AREIHIE ¥dritdht 8f SOT bent
mat eri al selected fromthe group consisting of zinc oxide, copper oxide,

hydr oxi desthe fiss sl sompound lehs e gtabsubigneantent oflses thinc@.dvepmt her eof , in the
first vessel, to absorb at least a portion of the second sul fur conpound to
produce the first stream having a reduced content of the first sulfur
conmpound; d (Aiptgcesi forgdnefating hedrbgénsdoniirismgm havi ng a reduced content of
the first sulfur. conpound to a reforner to reformthe first stream having a
reduced cont ent{of t%émFW%%hYWW‘@BWHB%WW@H@%%§é§ UHRr st eam t o

produce a Do Wit Ayaldlysikabdlisf dficted!ffom Ao YrOGPethslstiie SEMMNIAA0 AL | cast a

portion of a‘first sulfur conpound froma hy arbon-contalning streamto
produce a fitanigf titaninmatoride; and)maxtmees theexbf,do a fiest tvesstl, trthe pfeserst of ul f ur

conmpound conpr.ising: (i) contacti.ng.the rocar bon-contapni ng. streamw th a
catalyst SUTRavater b heromREtR SEHaleS i s S AR of Pretht 30 ¢t ani um
di oxi de, agibutr 000U, BScdnert @Olkast b PoAion fof IRtfirtQEEEY confourd toResE suffer of from
about 300C to about 450C in the presence of sufficient water to have a

mol ar ratiepnafoupdit er to first sul fur conpound of about 1:1 to about 1000: 1,

to convert at |@gst @:00kid A%l a fliof bk sdhd e ORBAEHA Wit £

sul fur conpoun
material selected from the group consisting of zinc oxide, copper oxide, hydroxides,

carbonates, hydroxycarbonates, and mixtures thereof, in the first vessel, to absorb at least
a portion of the second sulfur compound to produce the first stream having a reduced
content of the first sulfur compound; and

(iii)  directing the first stream having a reduced content of the first sulfur
compound to a reformer to reform the first stream having a reduced content of the first

sulfur compound in the presence of steam to produce a hydrogen-containing stream.

14. A process for removing at least a portion of a first sulfur compound from a
hydrocarbon-containing stream to produce a first stream having a reduced content of the
first sulfur compound comprising:

(i) contacting the hydrocarbon-containing stream with a catalyst selected
from the group consisting of alumina, titania, titanium dioxide, and mixtures thereof, in a
first vessel, at a temperature of from about 300°C to about 450°C in the presence of
sufficient water to have a molar ratio of water to first sulfur compound of about 1:1 to
about 1000:1, to convert at least a portion of the first sulfur compound to a second sulfur
compound; and

(i)  contacting the hydrocarbon-containing stream containing the second sulfur

compound with a sorbent material, different from the catalyst of step (i), selected from



(i1) contacting the hydrocarbon-containing stream containing the second

sul fur conpound with a sorbent material, different fromthe catal yst of
step (i), selected from-20- the group consisting of zinc oxide, copper

oxi de, hydroxi des, carbonates, hydroxycarbonates, and m xtures thereof, in
the first vessel, to renove at |east a portion of the second sulfur
conpound from the hydrocarbon-cont ai ni 2& streamto produce the first stream
havi ng a reduced content of the first SUIfur conpound.

the group consisting of zinc oxide, copper oxide, hydroxides, carbonates,
hydroxycarbonates, and mixtures thereof, in the first vessel, to remove at least a portion
of the second sulfur compound from the hydrocarbon-containing stream to produce the

first stream having a reduced content of the first sulfur compound.



