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[0002]  Sulfur compounds, including carbonyl 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 physical solvent in processes such as
the Rectisol (r) process orscrubbing with a chem cal
W@ 0066489 such as diglycol am ne ("DGA"). PCT/US2005/042179

Al ternatively, the COS may be renpoved by absorption

onto solid sorbents such as in a Pressure Sw ng
Adsorption ("PSA") unit. Still other COS renoval

nmet hods i ncl ude hydrogenati ng with hydrogen over a

base netal catalyst such as €@Mly and hydrol yzi ng

with water over various specialty catalysts such as

catal ysts sold under the designations G 41P and
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di scl osed as a catal yst for hydrol yzing the CCS.
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St fotlewedhbly camtb@mgjhhs gh$ with acoatpoalrid sethoerthe #bfs 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 processes for
removing carbonyl sulfide and carbon disulfide compounds from feeds for
hydrogen generators. The processes 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



hydr ogen generators. The processes generally involve a
hydrol ysis step in which the sul fur conpounds are
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use of two solid sorbent beds for renoving the sul fur
conmpounds and the hydrogensul fide. Suitable hydrolysis
catal ysts are identified as including alum na,
zirconia, and titania. Suitable sorbents for renoving
the H2S are zinc oxide and irbn oxide. [0007] PCT
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reaction vessel, of hydrol ysis and the sorben

sulfur compound from a hydrocarbon—contammg 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 zine oxide, copper oxide, hydroxides,
carbonates, hydroxycarbonates, and mixtures thereof for absorbing the second
sulfur compound. The hydrocarbon-containing stream is directed sequentially 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-



material or to at |east one |ayer containing a m xture
of the hydrolysis catal yst and sorbent material.

WO 0®60$54FD1 | owi ng hydrol ysis of the first sul fReT/US2005/042179
compound to the second sul fur conpound and absorption
of the second sul fur conpound, a hydrocarboncont ai ni ng
stream having a reduced sul fur content is produced. In
one enbodi nent, the systens and processes descri bed
herein are used to produce substantially sulfur-free
hydr ocar bon streans. For purposes of this disclosure,
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plants, or for other uses for hydrocarboncontaining
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 streams 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.



stream havi ng reduced sul fur content. BRI EF
DESCRI PTI ON OF THE DRAW NGS [0012] FIG 1l is a

W@ ehens4sL representati on of an enbodi nent of PE¢EUS2005/042179
systens and processes described herein incorporating a
single vessel with separate |ayers of a hydrolysis
catal yst and sorbent material.[0013] FIG 2 is
schemati c representation of an enbodi nent of the
systens and processes descridied herein incorporating
mul tiple vessels with separate |ayers of a hydrolysis
catal yst and sorbent material. [0014] FIG 3 is a
schemati c representation of an enbodi nent of the
systens_and processes described herein incorporating a
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absorbi ng the second sul fur conpound. [0016] In

exenpl ary enbodi nents, the first sulfur compound is

ﬁ@ﬁdﬂgtﬂgfg@ﬂ? URpup consisting of COS5, CS, and
se sul fur conpounds are

frequently found in hydrocarbon-containing streans. In

EOW)%S{” oﬁ“?l (ﬁsclosure relates to systems and processes for removing at least one
sulfur compound 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 sulfur
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



systens described herein, the hydrocarbon-containing
streamis directed to the hydrol ysis catal yst and
wa@orobes4saat eri al in reaction vessel to reducerP€®s2005/042179
sul fur content of the hydrocarbon-containing stream
When the first sul fur conpound contacts the hydrolysis
catalyst in the presence of water, it is hydrolyzed to
a second sul fur conpound. In exenplary enbodi nents,
t he second conpound i sH2S. Hydrol ysis of COS and CS2
takes place in accordance with the follow ng
equations: (1) COS + H2O (r) H2S + CO2 (2) CS2 + 2 H20
(5. Hyd2Slysis GO QDM S Fakéopihewginhycordhysi witb thet foHowing
first sulyur conmpound to the second sul fur conpound,
eheatiméond sul fur conpound is absorbed by the sorbent
material tg.yi r oAx~cont ai ni ng stream
havi ng a r@éucgggéﬁ] %?_%gﬁﬁgh¢pz[0018] FI G 1provides

a schematic _representation_of an_enbodi nent of the
systems and® pr dedskedlh e?cz%égﬁ (I:é? ein. In this

enbodi nent, the hydrol ysis catal yst and sorbent
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enbodi nents in which the hydrolysis catal yst and

sdydeovarhpmteantaining seen boviaad refiyced sphuocadert. fi xed
bed. Vessel 1may be any suitable vessel capabl e of
functioning as a fixed bed reactor. A
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vessel 1. The hydrocarbon stream 3 may be any of a

ematbIBt gd pravgsios desctibed Beteiark (s embpdineens, 6 e sis
B30 e ISP M SR L 8pepfec o same
$tdcEdivedRt HBkeR&! i if WRlerdd&d that the details provide below are
applicable to embociiments 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.
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the formof particles having surface areas over a w de

range. | n one enbodi nent, the surface area of the
(00241 y s {Theduytlicdysésscatalysts in section S 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 cétalyst 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.
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[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



be added to the hydrolysis catalyst section 5 to
i ncrease the hydrolysis reaction rate. [0024] The
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catal yst may be nmaintained at a tenperature from 250 C
to 500 C over a w de pressure range such as from
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[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. Alternatively, 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



enbodi nents, the nolar ratio of water to first sulfur
conpound i n the hydrocarboncontai ni ng stream ranges
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hydr ocar bon-cont ai ni ng streans selected for use as
stream 3, as identified above, will have water
concentrations wthin these ranges. However, in the
event the water concentration of stream3 falls bel ow
the ranges set forth above, -Af opti onal water source
(not shown) may be provided to supply water to stream
3 prior to entry into the first section of vessel 1.
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of the vessel ranges from 10 to 6,000 hour -~
(18028 d arQff enuitsies gerssallypdie hishest penvestion ratgsefithepulfur compound

talyst)., I f ' i
are Db se R B ST e e e R R SR b sthr
@aipoRidsab HJSEin\eRs6&6 bf 9991026 aftsianbld Q00 the2b00O dbetibed
In still other enbodi nents, the space velocity of the

thydralysis inohe eenstariviebssy B onsambadimerihthedstisuttys compound

section of th essel ranges.f o3 0 4 h
bt Tese V0 B 58 Ry afcEPHF G YoRss pivatel b Xodp 0 B Other
retiRRiRénts, NBe Sotvewiof REPRAUBES R6M 9396 toBShtetlBBh @) €.

It has been found that conversion rates of the first

sul fur conmpounds to H2S in excess of 99%are
a[bb?d]naq{e%e}n%rgqg %Gt ,eaff?e? 8:‘{1%118 i3 ﬁr's?SGedction 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 resulting
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,
hydroxycarbonatevs, 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.



hydrolysis in the reactor vessel. In one enbodi nment,
the first sul fur conpound conversion rate to H2S in

wo poosoeertion is from90%to greater than 99%CT/NS2005/042179
ot her enbodi ments, 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
hydrol ysis reaction takes place, the
hydr ocar bon- contai ning streahl-is directed to the
second section 7 of vessel 1 which is in conmmunication
with the first section of the vessel 1. Wthin the

sRASAHy St86 kb®Rnt/matbigs Pyl aBS@Eb peshtaaniounts ¢S the diphesthe
contac¥ed with a sorbent material to renove at | east a

pﬁmnpeiratnreonamtaenmg thessagprd aestion aviicresseedn op spgnbpaterial

he .f
tgwgl&,e:[ﬁr%ﬂg H ﬁletf?{ ngrgq, ﬁ%ﬁ# Qe@hf:trl%%l r%;deg g ﬁi d%p cBXnectlon with
SRy heatredusefie hyliRlysifedalgiton in the second section of

the vessel are zinc oxide, copper oxide, hydroxides,
carbonates, hydroxycarbonates, and m xtures thereof.

or hent b OVIded in._an ye
JIEWT s Rl g et et T SHEPHERYy {8 88ona
SbARa.7 ('F_fCthe QR8P %epe@ﬂ%ﬁt%ﬁ%@ ?r&'ﬁm’é ofMfRd dtredinPaXEit eXits the first
wth I engths between 7 nmto mm may be used. Zinc
eedtide Spafrthe vbssel.in this formare commercially
avai | abl e from Harshaw Chem cal Co. under the product
desi gnation: Harshaw ZN-0401 E 3/16. Cenerally, the
ﬁfﬁﬁm Aff?etr%()hﬁbﬁwﬁ\h {He RbSRE atkrR@irethe @Mﬂts‘écﬁﬂ& vessel

i gher the tenperature maintained in the secon
detheihydrazhrtionecontining stragve 99e raveeited fiare theayespalyang éhrected to

rovided in the formof, a fixed be h
PR TIRE DERGe RO OTCr gy e Sppginine
RYER 0Vt CHRE FedeBE may QQv?elzl fifee B@If@l dohpolii€ content of less than 1
tenperature, pressur€, and space velocity in the
sppmrid one etmbodinfentf It mtha;wéiodlrgerdetbe hardrpcahentqeataining

%trrgastﬁ lére?clt%{g t réevessste may P hive a hrs% sultfur ctorﬁlepogﬂl(ri Lbntent of less than .5

vppm. In still other embodiments, the hydrocarbon-containing stream 9 exiting the

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

[0033] In the systems and processes disclosed, both the hydrolysis catalyst and
the hydrocarbon are relatively inexpeénsive. Therefore, following the)useful 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



section 5 of the vessel. [0032] After contact with the
sorbent material in the second section 7 of vessel 1,

W0 b@shgsdsopcar bon- cont ai ning stream 9 i s renoveRCT/DMN5/042179
the vessel and directed to further processing or use
as may be appropriate. The hydrocarbon-cont ai ni ng
stream 9 exiting the vessel may have a first sul fur
conmpound content of less than 1 vppmin one
enbodi nent. I n anot her enbodiZrent, the
hydr ocar bon-contai ning stream9 exiting the vessel may
have a first sul fur conpound content of less than .5
VERAD 1, ke &dthpdnetshbéresfand iteiieams ehRring and exiting vessel 1 are
hydrocar bon-contai ning stream9 exiting the vessel may
provided with ghe ssmemumezisabdasignations asisedin Fisadl. t Hagse elpments

v 0033] . In the systens_ and .nr S d: ,

B ek B g BRSSP pgeefhpno 2
Bahg&hé/&h%eh&asmwe Siydfolystd edtglysrids § @t ewb Rerbehtmaterial beds
useful lives of the hydrolysis catalyst and the

% as bppesed tothe axisjerise ofiospbed af efchiwpaadile. IWhkdditignally, the

he hydrol ysis catal yst dth b i s
AR R iy 0 bt B SoBLEIA it witin
AEQLNEMaGHRARE SR astesENISdEINE0RReE BN GEESBES. 1ddagkd bed
here. In"this enbodi nent, the systens and processes

embodipena depicisd ivEYS 61, aftereatiadi axithrihe sobeniympisrigisinghe

catal yst | ayers an sor.bent terial | . Ih .
pecoat G%é’%? Xlit,eﬂfﬂ&%c%ﬁg%%éﬂﬁs e fPhep oo esiiag shgdn g is
BRE&LH RPa 8ODnEXbdsEND HABSI8H cdnt@ing tw6 BY @i didlydtbeds 13 and
same nunerical designations as used in FIG 1. }Il'hese

tveserhest matgribldeds dS s Asevitls thedustvessad 1j thedvdrecatbioan

ith FIG 1. The diff Ln F 2 bei h .
s SiameRram By rBienenD (ianyls “Bas Rk Afalppping
ﬁg&i&}%@is SRLSEIRYs PREShyireRz0 RPRERE doftider B¥ifigdtenge Of
ohe bed of each type in FIG 1. Additionally, the

compound remaining in hydrocarbon stream after treatment in the first vessel to

st 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.



hydr ocarbon streans and the tenperatures, pressures,
and other conditions within vessel 1 nay be the sane
w@200d063aF9 bed in connection with FIG 1. hi theCT/US2005/042179
enbodi nent depicted in FIG 2, after contact with the
sorbent material in the second sorbent material bed 7
of vessel 1, the hydrocarbon-containing stream?9 is
directed to a second vessel 11 that also contains two
hydrol ysis catal yst beds 13-Ead two sorbent materi al
beds 15. As with the first vessel 1, the
hydr ocar boncontai ning streamis routed sequentially
t hrough the various beds of alternating hydrolysis

catal yst beds 13 to hydrolyze at |east a portion of
[0087F i r §tis snddrsivod trap eltimeiighahavesselg depicieddn §8@r Hbave two
strea fter treatnent .in the first. vessel t
St orenip 460 B0 FaRgR: Redbp s eBPOSRTED B Sl el idve
| 5 HeddBE &lch ¥ pe & dHelo? bR bods iBe6pORitingRlmixhat of a
%ﬁe{j@u@g of vessel c1?.’1)[0035.] The vari ous@gonpgﬁents in
hirdrobsisarathlyst sskh sdrbentematesialof the types described in
connection with vessel 1 of FIG 1. Mreover, the
conditions vessel 11 may be within the ranges

| begls 865ihePebbdiméassaly sttnfantlfocedses describe
F@@?E] ﬁ%ﬂgi&??%n to seequen]tmi al olr}J,er_ati onr%:? t he
herec th dris vmbsdinent, thosystdnodndiirGzesgesdncatpgustd deigletvieesel 11

¥£§§f$§éd%y£$ﬁgréfﬁ%gﬁl 3ta%or ?nlﬂ.ed a}fﬁs‘?ﬁ&@% tcggbﬁun\%leig SSl(i_:‘rlected.
FRY vB&el P? frﬁBﬁ%ﬁtgsd\Ag ﬁ?gﬁeﬂi&ﬁ){)egfl 7tcBRtagline b mivkiedoPat least

confrguration-a r one vessel to remain_ o
epehgdrobysis cadlyst end hieleastivae subsstahateraln SPheogpadiiong mathin the

epRgbl e oo Ty Ghe anes BN hdraietpt S GRET g tee
teﬂl%o}f]ﬁﬁe?ﬂgée %eﬂlé%&gﬁl Fid. 1l ﬁldl'trlgﬁ DS W@o&&?ﬁeﬂyﬂf&}%c&ﬂgs’t and

vessel's I'cted I1n FIG 2 have two catal yst beds ana
tybesonbenilshed Sixed bed bhengeardnbuhayiatas desdibed ése@ingetion

r\IV%%/h IDI%}YGI 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 procéss depicted in FIG. 3 are capable of producing
hydrocarbon-containing streams having sulfur contents within the ranges described
for the reduced sulfur 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.



any nunber of beds of each type or one or nore beds

i ncorporating a mxture of a hydrolysis catalyst and a
waenbeet4sat erial . [0038] FIG 3 depicts anot hBCT/US2005/042179

enbodi ment of systens and processes described here. In

this enbodi nent, the systens and processes incorporate

a single vessel 11 to which a hydrocarbon stream 13

containing a first sulfur conmpound is directed. The

vessel 11 incorporates a sinite fixed bed 17

containing a mxture of at |east one hydrolysis

catal yst and at |east one sorbent material. The

GO0V t | Ghi§ cohfe éﬂhté(ileln‘aeé‘(ﬁdﬁnc& Witeie bH dﬂtﬁdﬂyﬁtehﬁeand
ranges described in connection with vessels in th

ondvsaiesdpicsibad perein dhatiiple vessglsdnggrporaping Wé&l&w catalyst

T oA ALY SO AL PSRl
GRBNRE FHIAR thinltD thekthebamB thyfloCarbdn-cbhtaiming stheant soce@ntially.
bed 17, the hydrocarbon stream comes into contact wth

M@renwtr il tbes w@n@ast eanbosimpnis.tany DYEbSE AE ¥ossels aYiBg ipgorporating
o950 R B oy Rlaso L s TR RS

'E?Hﬁfchfﬂon%hﬁirﬂné Bﬁ‘eafrh xeghriRsk dfwh@hei theweseld are implemented
hydr ocar bon- cont ai ni ng stream having a reduced sul fur

sequiteatially pr0@Baiatelyie syst em and process depicted in
FIG 3 are capable of producing hydrocarbon-contai ni ng
streans having sul fur contents within the ranges

JoSPERIPENPALI DY ATONTEONSU! fur content streans

produced 1 n the enbodi nents depicted in FIG 1 and FIG
2 as Iong as thorough m xing of the hydrolysis

sorbent mater

D e CAR A -
td'agcrﬁieh h@lfelﬂ hersvRicpiaRe@ NThHK PERS FRE cfle@platpReirbesrbbi,
that nmultiple vessels incorporating a hydrolysis

cantinisg 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 processes 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. In total, 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.



and a sorbent material may be used to treat separate
hydr ocar bon-contai ning streans rather than to treat
W0 b@e®et¥sd hydr ocar bon- cont ai ni ng stream sequenPCHIUE2005/042179
Mor eover, in the various enbodi nents, any nunber of
vessel s having incorporating a hydrolysis catal yst and
a sorbent material nay be used to treat one or nore
hydr ocar bon-cont ai ni ng stream regardl ess of whether
the vessels are inplenented sbguentially or
separatel y. EXPERI MENTAL EVALUATI ONS [ 0041] The
foll ow ng experinental evaluations of the systens and
processes descri bed herei nTWBIEEEUNndert aken. Tabl e |
lists four exenplary hydrocarboncontai ni ng streans

{ higdhe Vier € K5 eat €d df, dccoy dange Wit gosyst rﬁ;loanc COS
DT ggess %hgﬁg%j be(t%)her ei n. (%I;}ﬁv)coq‘;p%ﬁlg ar(qppgyj Ufonversion %
:orrpf)lund CONVEr §i ons flor eqc st'rieam dur| ng 't redt menty
e T el vglogity = o0 O oo " hydrol ysis
hrisedsses 3tidok pl 8680 by contacting PR stre@hwith an
acPidvat ed 34umi na%@iﬂr ol ¥si s batal y8tl2commertially 999
-~ avabpl abl e 3wsder t bge7elesignati@g " DDo4B1" from Al coa.99.9
' :oI1I50vvi ng 3c@nt act 95\&75 h the hygpol ysipggcatal yst, the ggg
st hgans w%r(g cont g d \/\M h gshaw %ll\l- 0401 ,E 3/ 16 99.9
zi nc oxid The h g I ysjs catal yst z%nd zi ng, oxi de
ha t5|cles re prg ed |n selytenti 4t Iayers ina 9
$iAgle reddion v8&8%l . Tn t &I, 1918 n of activat®&P
A Examipda? GpaceS2ldoityr 30®OIZbO were used in these
eXRel | "enbsyg The sf ggam contacted tfe gl ayersgpoat a
{ egrer at ugyz0f 378, %and* presgyre of %00 kPa. TABLE 194t
Det{'écti on mt f FFD, anal | c t ni que ,of 0.1
D resi &Udg Revi ew of t resul ts set 99.8
folfh in ﬁé@le I E%%als wrtQ;@IIy d % 99
2.0 3.04 97.68 * 0.11 * 99.9
2.5 297 97.23 * 0.5 0.17 *, 99.8
3.0 2.88 97.08 * 0.6 0.18 * 99.8
Example 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
25 3.08 97.47 * 0.7 <0.10 * >99.5
3.0 3.09 98.16 * 0.7 <0.10 * >99.5
Example 4 (space velocity = 3000 n)
Feed 2.93 97.67 243 500
0.5 2.86 96.58 * 1.5 0.15 * 99.4
1.0 2.98 - 9684 % 1.2 <0.10 * >099.6
1.5 3.00 9646 * 1.5 0.14 * 99.4
2.0 3.02 9753 % 1.5 0.11 * 99.5
25 3.03 97.31 * 1.4 0.11 * 99.5
3.0 3.07 96.30 ¥ 1.3 <0.10 * >99.6

* Not measured
# Detection limit for PFFD analytic technique of 0.1 ppmv residual COS



conversion of COS to H2S for hydrocarbon-cont ai ni ng

streans havi ng COS concentrations of 5000 vppm and 500
WO ppanetssspace vel ocities of 1500 and 3000 houPCT/US2005/042179

[0043] The systens and processes described herein

enabl e the renoval of sulfur conmpounds from

hydr ocar bon-cont ai ning streans wi thout the need for a

separate hydrolysis reactor as typically found in

conventional systens. The hylocar boncont ai ni ng

streans having reduced sul fur content produced in

accordance with the systens and processes descri bed

[R4Q] N REPichUbiitAO rdufltoBet Foritain Bitle Dfeveals virtially! 100D
uses as a feedstreans for hydrogen plants, ocess _gas
es

someEssIen 6f)€O§dwéhSg‘gh_by(.gpcpa@bprppgﬁmg}ng?ﬁtrep@‘s %I%YIH&C
E&&gﬁé%tﬁcﬁ%?&rfgﬁg% %ﬁ]{)]ﬁélra?{n. ISP@ Bﬁﬁl%ea %aa{:}é'gjﬁfgs&itgeﬁg}f'lgso and 3000

Ao+ cations, including priority docunments and testing

procedures, referred to herein are hereby incorporated
by reference in their entireties. [0045] Although the

T A BT R f
%%Rgﬂ?ds% 96&roc bR Icohtdinit Greagitdvihdue tiad heed Socosepdrate
e

de w thout departing fromthe spirit and scope of
hipdrolysiscrebitonasaypidelly fiemdiy comentionalewptagsc The fydrocarbon-

Mor epver, any . upper Limt recited nm oJ1h| i

AP g ol v B b R GEE TRt Wi e

aisgélﬁgnafug rob&IIBY EQGriBed hérsih apdbifitablecOMR AUty fofaRes} including
rocarboncontaining streamto produce a stream

hses 23q faedsedaime dorshyldrogengdantss proasengas siieagps 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.



at | east one vessel wherein each vessel of the at
| east one vessel conprises a hydrol ysis catal yst
w@eloensas® from t he group consisting of activatBdI/us2005/042179

alumna, titania, titaniumdioxide, and m xtures

thereof and a sorbent material selected fromthe group
consi sting of zinc oxide, copper oxide, hydroxides,

car bonat es, hydroxycarbonates, and m xtures thereof.

2. The systemof claim1 whel’ein the hydrolysis

catalyst is provided in a first zone and the sorbent
material is provided in a second zone in conmrunication

oAIMse first zone. 3. The systemof claim2 wherein

the first zone is a fixed bed conprising the

hydrol ysis catal yst and the second zone is a fixed bed
onprj sing the sor ' ' _
Foast SHachydoEie i L A RSl Yoy M ShPatobiodh

S MMNoGataano PpeddRe R saedit Ahvingaleducirsetiun Gomism €onprising

The system of claim 3 wherein the hydrol ysis catal yst

atdeast paevesatlumharaingseh verselsafithe t lead ae vesselemnTisst 8

i nc, oxi de i Nyt fi . Z . .
S8 sy L U BB b bl yistBE 6L Ainh By 87 eni,
GRRRmMm ﬁioxﬁief AR RFSufeR thet €Tl Rk oftbenk BRtdriad sdledted Gondihe
a first sulfur conpound from a hydrocarbon-cont ai ni ng

gtoup aonsigingraftireoxide,icopperwiden by drawides @rhamaissed
ontent .of the first sul,fur .compound conprising: (i)
ﬁ%%f’ﬁ%ctaft??&a{eﬁ’ea PR BSH%ont ai ning streamwith a
catal yst selected fromthe group consisting of
alumna, titania, titanium dioxide, and m xtures
2her eBlig syistennof ¢lnisn 1wewrein the lydsolybis catalyst isgagtided in a first
he first. .sulfu

%{H al‘ﬂ%nqg% %ﬂfﬁf}?{dﬂatgﬂﬁl is prov1c{ed018 gps%%‘n% FReth 26 rl‘l%ication with

the first zone.

3. The system of claim 2 wherein the first zone is a fixed bed comprising the
hydrolysis catalyst and the second zone is a fixed bed comprising the sorbent
material, and wherein the at least one vessel has an inlet means providing

communication between a hydrocarbon stream source.

4. The system of claim 3 wherein the hydrolysis catalyst comprises alumina
and the sorbent material comprises zinc oxide, and wherein the first zone of the at

least one vessel is disposed. vertically above the second zone.

5. 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:



(ii) contacting the hydrocarbon-containing stream

containing the second sul fur conpound with a sorbent
wOoraioensas9 sel ected fromthe group consi sting OPCRUSINOS/042179

oxi de, copper oxide, hydroxi des, carbonates,

hydr oxycar bonates, and m xtures thereof, in the first

vessel, to renove at |east a portion of the second

sul fur compound from the hydrocarbon-contai ni ng stream

to produce the first stream-b&ving a reduced content

of the first sul fur conmpound. 6. The process of claim

5 wherein the hydrocarbon-containing streamis

cont ag} ed otntdetihddetgdaditionatoainiigneteatnuyith afcaBBt @lected
to 450 C and a pressure of 100 kPa to 5,000 kPa.

7,
The pr ocedtorofthegranprrensifigecimlumiaa, titania, titanium dioxide, and

hydr ocar bon- cont ai ni sty eam | Q ' g

hydr ol ysi Ju A {eo?,ﬂng rffgﬁsgeibtﬁé:%%?&% E@e%{\glttra&om of the
vessel andikhgify 66868800 L0bRd filfg ceinbeand;iand
contacted with the sorbent material in a second zgne

of th@i)f i reomtagting the hydregarkamenniaining sgeammeonizinipg fsgeeond

and a pressure of 100 kPa to.5 T

of p|ainlfu%ﬁaf%PﬂmFﬁé”ﬁQEF%ﬂ?&H§%€§5§F¥%F*%@§%ﬁﬁﬁg§ﬁﬁ
activat ed @nytififoRifc biide SEY anéxiﬂ@,th?ﬂfcﬁdidespﬁﬁbbm_ ,
zinc oxide, and wherein the first sulfur conpound is
sel ected fiysmotysarbgnates and meixgwesiferspl, dathsokgst vessel, to

sul fide, carbon disulfide, a i xt yr r .

process of *E%4F md]@a#ﬂé)roéﬁl?fl ?ﬂ%‘e @S?Qgg r’?ﬁﬁuég?%fiﬁ e d%gmﬂ-%
present i nyidaScatdil &mddikiRg-s&RRiab pddics tHeet fiteatn having a
concentrati'on of 5 vppmto 1,000 vppm and water is

present i rretiheedvopateotef thedirsteutfar eamppusds eam at nol ar
ratio of water to

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

7. The process of claim 6 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 at a temperature of 300° C to 450° C and a pressure of 100
kPa to 5,000 kPa.

8. The process of claim 7 wherein the hydrolysis catalyst comprises activated
alumina and the sorbent material comprises zinc oxide, and wherein the first sulfur
compound is selected from the group consisting of carbonyl sulfide, carbon

disulfide, and mixtures thereof.



carbonyl sulfide of 1:1 to 100:1. 10. The process of

claim9 wherein the first stream having a reduced
w@ovbeedsof the first sul fur compound has a car@Dny1005/042179

sul fide content of less than .1 vppmand the first

stream havi ng a reduced content of the first sulfur

compound is directed to a second vessel and contacted

with a catalyst selected fromthe group consisting of

alumna, titania, titaniumdi®xi de, and m xtures

t hereof, to produce a second stream conprising the

second sul fur conmpound and directing the second stream

QONPI Td PidcbiiOredanBlwhbteliihe campaynehifids i8 pseaseheintthe
materi al” sel ected fromthe group consisting of zi nc

hydnbearbomppmalmng slesanhgidr euceRiEAtionzahorRRIES, 1,000 vppm and

SR E R e e g e bl Bl B i o
%ﬁfbfo %;1 sl td1eg:The pr ocess of claim 10 wherein
t he rst stream having a reduced content of the first

sul fur conmpound is contacted with the catal yst at a

:\lggp? fa 5%%585@?&8@ w%ﬁrglsngtihg glgg gtrgfl clfaglsn alrf af; eéd(r)(gontent of
ttltﬂ@ﬁﬁﬁgﬂﬁir%&erﬁoﬁﬁ& ahys Earg&ﬁﬂ? ShiFRe cefifehi/artiess thhm Vﬁ)m and

e sorbent nateri al corrprl ses zi nc oxi de an
whefist sirdanehsdog ndediced amtbwt\nfrﬁ]ge first swl{ic sampOHDE dlEﬁCted to

fglps%p&glgfets Ellé lcjzén‘r\%gtgﬁ,l h aca ?ﬁysa% sel%ctaed frsblflr|1 chh%rgr&%] Egrmlstmg 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.

11.  The process of claim 10 wherein the first stream having a reduced content of
the first sulfur compound is contacted with the catalyst at a temperature 0of 300° C
to 450° C and a pressure of 100 kPa to 5,000 kPa.

12.  The process of claim 11 wherein the hydrolysis catalyst comprises activated
alumina and the sorbent material comprises zinc oxide, and wherein the second

stream having a reduced content of the first sulfur compound has a total sulfur

content of less than 0.1 vppm.



