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FRACTI ONAThadlobdkd2By OF THE | NVENTI ON 100011 The present i nvq;&tﬂfgg?,,[sghilt es to
a process for the selective hydro- desul furization of ol efinic naphtha
streans containing a substantial anount of organically bound sul fur
("organosul fur") and ol efins. The olefinic naphtha streamis selectively
hydr odesul furized in a first sulfur renovyal stage and the resulting product
stream that contains hydrogen sul fide and residual organo- sulfur is
fi-actionated at a tenperature that produces a light fraction containing

| ess than about 100 wppm organi cally bound sul fur and a heavy fraction
contai ning greater thefURBTDST AQGE NWPRODESN ICRURYZ AqUQN §XH fur. The i ght

fraction i SCRACRESINNPRTHASTR AR WITH NTERSTWAEOSRACHJN AT16RH can
be recover and conducted away 0 € process fror, 1Tor exanple, storage,

further processing, or gasoline blending. The heavy fraction is passed to a
second sul fur renoval stage wherein at |east a portion of any remaining
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gasoline sulfur level regulations are expected to result in a need for the
production of |less than 50 wppm sul fur nogas by the year 2004, and perhaps
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stream {sr%e ectively hydrogesu? urized in a first sul}"ur removal stage and the

resulting product stream, that contains hydrogen sulfide and residual organo-
sulfur is fractionated at a temperature that produces a light fraction containing
less than about 100 wppm organically bound sulfur and a heavy fraction
containing greater than about 100 wppm organically bound sulfur. The light
fraction 1s stripped of at least a portion of its hydrogen sulfide and can be
recovered and conducted away from the process for, for example, storage,
further processing, or gasoline blending. The heavy fraction is passed to a
second sulfur removal stage wherein at least a portion of any remaining

organically bound sulfur is removed.

BACKGROUND OF THE INVENTION

{0002]  Motor gasoline sulfur level regulations are expected to result in a need
for the production of less than 50 wppm sulfur mogas by the year 2004, and
perhaps levels below 10 wppm in later years. In general, this will require deep
desulfurization of catalytically cracked naphthas ("cat naphthas”). Cat naphthas
result from cracking operations, and typically contain substantial amounts of
both sulfur and olefins. Deep desulfurization of cat naphtha requires improved
technology to reduce sulfur levels without the loss of octane that accompanies

the undesirable saturation of olefins.



2 1 3 MAR 2006 PCT/ US02/ 35954 100031 Hydrodesul furization is a hydrotreating
process enployed to renove sulfur from hydrocarbon. The renoval 1 M%@@ﬁlﬁ

or ganosul f Wwo Byegefyversion to hydrogen sulfide is typicall ypcglzll}"ﬁ e y
reaction with hydrogen over non-noble netal sulfided support

unsupported catal ysts, especially those of Co/Mo and N /M. Severe
tenperatures and pressures may be required to neet product quality
specifications, or to supply a desul furi gd streamto a subsequent sul fur
sensitive process. [00041 A efinic napht'has, such as cracked naphthas and
coker naphthas, typically contain nore than about 20 W % ol efins. At | east
a portion of the olefins are hydrogenated during the hydrodesul furization
operation. [gofme elyfrbdssudfueizatioh 198 hydporARPRNABESSs dnplosedto ratheve f uel
use, it is desirable to retain the olefins rather than to hydrogenate them
t o sat ur at eshlimodmonhysredeabon.albe rgmporall ofyfebdwegarasutfot byeon@erswanto onal
fresh hydraqdesul furization catal ysts have both hydrogenati on and
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This results in a |lower grade fuel product that heeds additional refining,
such as i sanmiity spéoficatbdrsndi ngsumile a desuffondet etrbiarghen subsanent selfs:  Thi s,
or course, adds significantly to production costs. 100051 Sel ective

hydr odesul fSgRFIENEIPFACESS. e., hydrodesul furizing a feed with selective

catal ysts, selective process conditions, or both, may be enployed to renove
organosul fur while m nim zing hydrogenati on of ol efins and octane
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are incorporated by reference herein, disclose_ various aspects of
SCANf i ni ng.olefins are hydrogenated during the hydrodesulfurization operation. Since
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olefins are high octane components, for some motor fuel use, it is desirable to
retain the olefins rather than to hydrogenate them to saturated compounds that
are typically lower in octane. Conventional fresh hydrodesulfurization catalysts
have both hydrogenation and desulfurization activity. Hydrodesulfurization of
cracked naphthas using conventional naphtha desulfurization catalysts under
conventional startup procedures and under conventional conditions required for
sulfur removal typically leads to a significant loss of olefins through hydrogena-
tion. This results in a lower grade fuel product that needs additional refining,
such as 1somerization, blending, etc. to produce higher octane fuels. This, or

course, adds significantly to production costs.

[0005] Selective hydrodesulfurization, i.e., hydrodesulfurizing a feed with
selective catalysts, selective process conditions, or both, may be employed to
remove organosulfur while minimizing hydrogenation of olefins and octane
reduction. For example, ExxonMobil Corporation's SCANfining process
selectively desulfurizes cat naphthas with little or no loss in octane number.
U.S. Patent Nos. 5,985,136;6,013,598; and 6,126,814, all of which are

incorporated by reference herein, disclose various aspects of SCANfimning.
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hydr odesul furi zati on processes have been devel oped to avoid siQhiMiR ¢edht

ol efin sat ya&tioR,and | oss of octane, H2S liberated in the pr SS_can

react mﬁthqigﬁg?ﬁé olefins to form nercaptan sul fur by renggﬁgﬂy&ﬁﬁth
mercaptans are often referred to as "reconbi nant™ or "reversion" mnercaptans.
[ 00061 Sul fur renoval technol ogies can be conbined in order to optim ze
econom ¢ objectives such as minimzing capital investnent. For exanple,

napht has suitable for blending into a nbfor gasoline ("nogas") can be forned
by separating the cracked naphtha into various fractions that are best
suited to individual sulfur renoval technol ogies. Wile econom cs of such
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| NVENTI ON [0008] In accordance with the present invention, there is provided
a process for hydrodesul furizing ol efinic naphtha feedstreans and retai ni ng
a subst ant i[e#06] anoSuifuraferridial edchhohguiesnddrche t@atdiedaamsriai dosoptimizee range of

about 50F (10C)  to about 450F (232C) .and contai ns substantial anmounts of
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separating the cracked naphtha into various fractions that are best suited to
individual sulfur removal technologies. While economics of such systems may
appear favorable compared to a single processing technology, the overall
complexity is increased and successful mogas production is dependent upon
numerous critical sulfur removal operations. Economically competitive sulfur
removal strategies that minimize capital investment and operational complexity

would be beneficial.

[0007)  Consequently, there is a need in the art for technology that will reduce
the cost of hydrotreating cracked naphthas, such as cat naphthas and coker

naphthas.

SUMMARY OF THE INVENTION

[0008] In accordance with the present invention, there is provided a process
for hydrodesulfurizing olefinic naphtha feedstreams and retaining a substantial
amount of the olefins, which feedstream boils in the range of about 50°F (10°C)
to about 450°F (232°C) and contains substantial amounts of organically bound

sulfur and olefins, which process comprises:



presence of hydrogen and a catalytically effective anount of a 008
hydr odesul furi za- tion catal yst, at hydrodesul furization reacti or1 3(:%%? P‘i ons

i ncluding ¢ Fabres from about 232C (450F) to about 427G 43005 ks0sy
pressures ofmqgeut 60 to 800 psig, and hydrogen treat gas rates )f] about

1000 to 6000 standard cubic feet per barrel, to convert at |east about 50
wt % of the organically bound sulfur to hydrogen sul fide and to produce a
first product streamcontaining fromabout 100 to about 1,000 wppm
organi cal ly bound sul fur; b) fractionatrﬁb'said first product streaminto a
|ight fraction and a heavy fraction, wherein the fractionation cut point is
at a tenperature such that the Iight fraction contains hydrogen sulfide and

l'ess than about 1P ngm?%ﬂhg%éyeed@%m U itk <@gy thfohaaYapefihagd i on
contains the remdi nder of the organically bound sulfur from said product

stream c) piesempge ofthysiroger aghh chrabeddadly effecivel@aaintafpoydrodesfifiriza-
hydr ogen sul fide; d) conducting the stripped |i ght fraction away fromthe
process t o, i¢weatabysh iy dradasufisrizption eeastiag cop ﬁwnaln@fiﬁmtpﬂm@nme pool ;

e) conducti ion.to | fur rerm erein
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point is such that the light fraction contains”less than about 30 wppm
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I n anot her ﬁ?etended enbodi ment of . the resent i nvention, the

hydr odesul f 101G ®agbay | L40ppem %aamﬂmt@@a SMIBNMD catal ytic conponent, a Co
catal ytic conponent and a support conponent, with the Mo conponent being

b) fractionating said first product stream into a light fraction and a heavy
fraction, wherein the fractionation cut point is at a temperature such that the light
fraction contains hydrogen sulfide and less than about 100 wppm organically
bound sulfur and the heavy fraction contains the remainder of the organically

bound sulfur from said product stream;
¢) stripping said light fraction of at least a portion of its hydrogen sulfide;

d) conducting the stripped light fraction away from the process to, for

example, further processing or to a refinery gasoline pool,

e) conducting said heavy fraction to a second sulfur removal stage
wherein the level of the remaining organically bound sulfur is reduced, thereby

producing a second product stream.

[0009]  In a preferred embodiment, the stripped light fraction is combined

with the second product stream.

[0010]  In a preferred embodiment of the present nvention the fractionation
cut point 1s such that the hight fraction contains less than about 30 wppm

organically bound sulfur,



present in an amount of froml| to 10 wt% cal cul ated as MOLl, and ‘_itihe %Oq
conponent being present in an amobunt of fromO. 1 to 5 W% cal cUlatEG108s
CoO, withwogaplatomc ratio of 0.1 to 1. 100121 In yet nggQ$53qﬁ4

enbodi nent, the invention relates to a nethod for regulating t%e'cUt-point
in the fractionation step of the naphtha desul furization process (step b,
above) in order to provide a target sulfur in a conbined stream conprising
the stripped |ight and the second product stream The target sulfur |evel
will preferably range fromabout O ppm {0 about 50 ppm based on the weight
of the conbi ned stream DETAILED DESCRI PTI ON OF THE | NVENTI ON 10013] In one
enbodi nent, the feedstock is conprised of one or nore ol efinic naphtha

boi I'i ng range1r)ef i ieayorher paferédambodpheaal dfthbpidsenninvieatioange of about
50F to about 450F. The term "ol efinic naphtha streanf as used herein are

t hose streanuirpdssulfgriantion edtalyst ontanpriggsd efta Mameatabitisuaonspeneys, Nea- | i miti ng
exanpl es of ol.efinic nag#th streans includes fhghghgatal tic cracking unit
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napht ha refdongioneat b&aRT reene imhh Mnfount 8f froRo. 10wl 3 witd, *kfdulsted ap @0, henes,
and aromatics, but al so unsaturates, such as open-chain and cyclic ol efins,

di enes, andvidlyelGCo/ My atopvarsomeof @ik to bl ef i ni ¢ side chains. The olefinic
napht ha feedstock typically also contains an overall olefins concentration
WO 03/048273 6 1 3 MAR 2006 PCT/ US02/ 35954 rangi ng as high as about 60 wt %

more typi Cabgﬁ%as_rﬁie%o}l:ﬁ@.tl?é?%%bcgﬁ{r}v]%%m@g}fl:enmﬁtreltaYeQit%azlJn% ddofgrabout 5wt %

to about 4 efinic na a fee stock can al so have a di ene
concentr at irgguldfin @wﬁl‘hﬁkﬁoiﬁﬁimﬂh%ﬁ'dwionﬁﬁdil@sieﬁmmﬁé hiiphthasdestifanzabmut 5 wt %

based on the total weight of the feedstock. H gh diene .
process (step b, above) in order to provide a target sulfur in a combined stream
comprising the stripped light and the second product stream. The target sulfur
level will preferably range from about 0 ppm to about 50 ppm, based on the

weight of the combined stream.

DETAILED DESCRIPTION OF THE INVENTION

[0013]  In one embodiment, the feedstock 1s comprised of one or more
olefinic naphtha boiling range refinery streams that typically boil in the range of
about 50°F to about 450°F. The term "olefinic naphtha stream” as used herein
are those streams having an olefin content of at least about 5 wt%. Non-limiting
examples of olefinic naphtha streams includes fluid catalytic cracking unit
naphtha ("FCC naphtha™), steam cracked naphtha, and coker naphtha. Also
included are blends of olefinic naphthas with non-olefinic naphthas as long as

the blend has an olefin content of at least about 5 wt%.

{0014]  Olefinic naphtha refinery streams generally contain not only paraffins,
naphthenes, and aromatics, but also unsaturates, such as open-chain and cyclic
olefins, dienes, and cyclic hydrocarbons with olefinic side chains. The olefinic

naphtha feedstock typically also contains an overall olefins concentration



concentrations are undesirable since they can result in a gasoline product
havi ng poor stability and color. The sul fur content of the ol efisnM ﬁﬁpht ha
wi Il generaldysnisange from about 300 wppm to about 7000 wpprp gﬂeﬁ'ﬁg@l cally
fromabout 1000 wppm to about 6000 wppm and nost typicall erom'ab(iut 1500
to about 5000 wppm The sulfur will typically be present as organosul fur.
That is, organically bound sul fur present as sul fur conmpounds such as
sinple aliphatic, naphthenic, and aronmatic mercaptans, sulfides, di- and
pol ysul fides and the like. O her organoSdlfur conpounds include the class
of heterocyclic sulfur conpounds such as thiophene and its hi gher honol ogs
and analogs. Nitrogen wll also be present and will usually range from

about 5 wopandifg abatth BOShouMERMW61RRES &y ditallysadhiihl a5 Agfitsableot and enove
het eroatom i mpufities such as sulfur fromolefinic naphthas with as little
ol efi n sat umedt irgmcaldy fossalbde.S W% t© dlono40Widhl Thdedefinil mphthafredert as
much as the organi¢ sul fur species of the naphtha to H2S with as Ii}tle
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sul fur renmoval stages. The first sulfur “renoval stage Is a
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step. The feedstock is typically preheated prior to entering the reactor to
a target edramscrfg@mdémylrtﬁﬁgivmméﬁa erc1OUhwepag eneis| picallyderatahost The
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be naphthenic, and aromatic mercaptans, sulfides, di- and polysulfides and the like.

Other organosulfur compoun‘ds include the class of heterocyclic sulfur

compounds such as thiophene and its higher homologs and analogs. Nitrogen

will also be present and will usually range from about 5 wppm to about 500

wppm.

[0015] 1t is highly desirable to remove heteroatom impurities such as sulfur
from olefinic naphthas with as little olefin saturation as possible. It is also
highly desirable to convert as much as the organic sulfur species of the naphtha

to H,S with as little mercaptan reversion as possible.

{0016]  The invention relates to the discovery that unexpectedly high levels of
sulfur can be removed from an olefinic naphtha stream without excessive olefin
saturation or mercaptan reversion taking place. In one embodiment, the process
1s operated in two sulfur removal stages. The first sulfur removal stage is a
hydrodesulfurization stage that typically begins with a feedstock preheating step.
The feedstock is typically preheated prior to entering the reactor to a targeted
first desulfurization reaction stage inlet temperature. The feedstock can be

contacted with a hydrogen-containing gaseous stream prior to, during, and/or



in a mxture with other conmponents found in refinery hydrogen streans. It is
preferred that the hydrogen-containing streamhave little, nore prichd B v
no, hydro {4.de. The hydrogen-containing streampurity _shoul d be at

| east abogﬁp%%&?ﬂ§ vol une hydrogen, preferably at |east abéﬁ?n$%y§ﬁy‘volune
hydr ogen, and nore preferably at |east about 90% by vol ume hydrogen for best
results. It is nost preferred that the hydrogen-containing stream be
substantially pure hydrogen. 100171 The_first sulfur renoval stage is
preferably operated under selective hyd?odesulfurization condi tions that
will vary as a function of the concentration and types of organosul fur
species of the feedstock. By "sel ective hydro- desul furization" we nean that

the hydrodesi} hrhei@id. ﬂﬁcﬁﬂsnlo_?tﬁ@ﬁ_{‘/aﬁo%@nJcr&n?amim@rgh%éoﬁ@s@&am%&ﬁaﬁa high a
| evel of sulfur renoval as possible Wth as low a™ Tevel of olefin

sat ur at i onbasadded af i eterimedistedbsacaper tht dy drtadeaulfudzasomeaic tiomeoaapt an
reversion as possible. CGenerally, hydrodesul furization conditions in the
first and d&€dndregengeentanngalream cae bayubyanayly npicdwdigret oniiaadss, whi ch

i ncl ude. temperatures. from about 232 450F) 10 about 427C (80
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i ncl ude f| pudk mattoperds, ebul | ati ng beds, slurry beds, and noving beds.
I nterstage cooling between reactors, or between catal yst beds in

[0017]  The first sulfur removal stage is preferably operated under selective

hydrodesulfurization conditions that will vary as a function of the concentration

and types of organosulfur species of the feedstock. By "selective hydro-

desulfurization” we mean that the hydrodesulfurization zone 1s operated in a

manner to achieve as high a level of sulfur removal as possible with as low a

level of olefin saturation as possible. 1t is also operated to avoid as much

mercaptan reversion as possible. Generally, hydrodesulfurization conditions in

the first and second stages are selective hydrodesulfunization conditions, which

include: temperatures from about 232°C (450°F) to about 427°C, (800°F)

preferably from about 260°C (500°F) to about 355°C (671°F); pressures from

about 60 to 800 psig, preferably from about 200 to 500 psig; hydrogen feed rates

of about 1000 to 6000 standard cubic feet per barrel (scf/b), preferably from

about 1000 to 3000 scf/b; and liquid hourly space velocities of about 0.5 hr”' to

about 15 hr'', preferably from about 0.5 hr”' to about 10 "', more preferably

from about 1 hr'' to about 5 hr'.



the sane reactor, can be enployed since sone olefin saturation ca.g @ﬁ@,;
pl ace, and olefin saturation and the desulfurization reaction ar fally

exot her m cy, (ém%_,r.‘,si on of the heat generated during hydrodeﬁgﬁw&/;ﬁ@“ on can
be recovered. ere this heat recovery option is not avail abl e, conventi onal

cooling may be performed through cooling utilities such as cooling water or
air, or through use of a hydrogen quench stream In this nmanner, optinum
reaction tenperatures can be nore easily maintained. 100191 In an

enbodi nent, a catalytically effective amfiat of one or nore hydrotreating
catal ysts are enployed in the first sulfur renoval stage. Suitable
hydrotreating catal ysts nay be conventional and include those which are
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where the noble netal is selected fromPd and Pt. It is within the scope of

t he presenttyPeneénnialystbeds mebede finwiizashleedsy pulistinglondst slewmy brflscandl yst be
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2 to 10 wt %ndorfinyacuiatioh @hdbhy dedulAniABOH reZction dreWelerallyl exth@msicvwei ght
percents are on cat alﬁ/st. By "on catalyst" we nmean that the percents are
based on t hA postian ofwhe heatgenerated derny Hydrodesulfimizaomecand> o sr@yge3 9
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of a hydrogen quench stream. In this manner, optimum reaction temperatures

can be more easily maintained.

[0019] In an embodiment, a catalytically effective amount of one or more
hydrotreating catalysts are employed in the first sulfur removal stage. Suitable
hydrotreating catalysts may be conventional and include those which are
comprised of at least one Group VIII metal, preferably Fe, Co and Ni, more
preferably Co and/or Ni, and most preferably Co; and at least one Group V1
metal, preferably Mo and/or W, more preferably Mo, on a high surface area
support material, preferably alumina. Other suitable hydrotreating catalysts
include zeolitic catalysts, as well as noble metal containing catalysts where the
noble metal is selected from Pd and Pt. 1t 1s within the scope of the present
invention that more than one type of hydrotreating catalyst be used in the same
bed or in a stacked bed arrangement. The Group VIII metal 1s typically present
in an amount ranging from about 0.1 to 10 wt%, preferably from about 1 to 5
wt%. The Group VI metal will typically be present in an amount ranging from
about 1 to 20 wi%, preferably from about 2 to 10 wi%, and more preferably
from about 2 to 5 wi%. All metals weight percents are on catalyst. By “on

catalyst” we mean that the percents are based on the total weight of the catalyst.



foll ow ng properties: (a) a Mo concentration of about 1 to 10 Wt %
preferably about 2 to 8 w% and nore preferably about 4 to 6 VitdAbd8ed on
the total Wwgjghi.of the catalyst; (b) a CoO concentration f-1ahQytQ; 1 to 5
w'/c,, preferably about 0.5 to 4 w% and nore preferably about | to 3
wt % also based on the total weight of the catalyst; (c) a Co/M atomc
ratio of about 0. 1 to about 1.0, preferably fromabout 0.20 to about 0. 80,
nore preferably fromabout 0,25 to abo 0.72; (d) a nedian pore dianeter
of about 60A to about 200A, preferably ~trom about 75A to about 175A, and
nore preferably from about 80A to about 150A; (e) a MbQ3 surface
concentration of about 0.5 x 10-' to about 3 x 10-4 g. MO03/nR, preferably
about 0. 75Fyr d0amiplepifahehtalyh werd @d weight ¢0ppeflenatt wi¥s Groumbdlltmétak 10- 4
to about 2 x 10-0; and (f) an average particle size dianeter of less than
2.0 mm pr mlchmeynﬂb@@&&mf@mvgﬂsnmwmwe the e¥praibl y | ess t han about
1.4 mm and nost preferably as small as practical for a commercial hydrode-
sul furization process unit. The nost preferred catalysts will also have a

hi gh degr Sl ar. R en
Chem sor pt F@%e[res”?ilg}ées@%bétgﬁfin ' t&tﬁ@?ﬁr@ Lg%éﬁér ope?#@gv?rlﬁkg‘fg de%um

Sul fide: Cogllcaliaii opatie S aFaeoeRrddhtanatonhotibuodasul(f wide ptdferably
Activity," S.J. Tauster et al., Journal of Catalysis 63, pp 5 15-5 19
(1980), whilkeutiksto § mdtr pod mers prefesablymponed ¢ énelo, Trsdonyderio@heni sor pti on

17 a3 VB P R A TRl PR R o
ed. For ey 5 14 B&wte ,T‘%ﬁglgrﬁ?gé‘glf’é‘zf%ﬁpﬂﬁaﬁﬁﬁt‘@‘tBB e apgg}galggafon%ﬂg to 2,800,

preferably from about mor e prefeéra rom about 1, 200

to 2,000 ptorallweighkyDehe/@utanstVidéta Collollsiclidid iat abol 018BtdVAEN R A0B
PCT/ US02/ 35954 100211 In an enbodi nent, a supported catalyst is enployed in
the first Predgjably fap ahaut 8p3Qta areud Bt ynergtpeefesably fremeabailt .3 ter gani ¢

oxi de SUppglggut%ir(id?lasmedian pore diameter of about 60A to about 2004, preferably
from about 75A to about 175A, and more preferably from about 80A to about
1504 (e) a MoO; surface concentration of about 0.5 x 10™ to about 3 x 10™ g.
MoOs/m’, preferably about 0.75 x 10™ to about 2.5 x 10, more preferably from
about 1 x 10™ to about 2 x 10”; and (f) an average particle size diameter of less
than 2.0 mm, preferably less than about 1.6 mm, more preferably less than about
1.4 mm, and most preferably as small as practical for a commercial hydrode-
sulfurization process unit. The most preferred catalysts will also have a high
degree of metal sulfide edge plane area as measured by the Oxygen
Chemisorption Test described in “Structure and Properties of Molybdenum
Sulfide: Correlation of O, Chemisorption with Hydrodesulfurization Activity,”

S.J. Tauster et al., Journal of Catalysis 63, pp 515-519 (1980), which is

incorporated herein by reference. The Oxygen Chemisorption Test involves
edge-plane area measurements made wherein pulses of oxygen are added to a
carrier gas stream and thus rapidly traverse the catalyst bed. For example, the
oxygen chemisorption will be from about 800 to 2,800, preferably from about
1,000 to 2,200, and more preferably from about 1,200 to 2,000 pmol
oxygen/gram MoOs.



may be used for the catal yst support. Non-limting exanples of suitable
support materials include: zeolites, alumna, silica, titania, TRiEHEM

oxi de, strQnb | UMmg,0xide, barium oxide, carbons, zirconia, digt G BQY4S
earth, | antqﬂgr'ljlﬁdez oxi des including ceriumoxide, |anthanum ogﬁjdmg,ﬁneodyni um

oxi de, yttrium oxide, and praesodyni um oxide; chrom a, thorium oxide,

urania, niobia, tantala, tin oxide, zinc oxide, and al um num phosphat e.

Preferred are alumna, silica, and silica- alumna. More preferred is

al um na. For the catalysts with a high ﬁé@ﬁee of netal sulfide edge plane

area of the present invention, magnesia can also be wused. It is to be

understood that the support material can contain small anmount of

cont am nant uch R ' bl ; i t X t hat

can Do prdegHl G Rn RRLRHERL BRupBRtE SRl i SRyt dTR e et e

cont am nantAnpseitaide esfattonnniateial gpyefimubhyi mbsgutedxide pippparmatenmlsuppor t

and will preferably be present in anounts |ess than about | wt% based on

the total weRyhe ustd forethesapbpsttsupperti Namlisipnafespmples Maguitahle SURPOST t

mat eri al be_subs anth&#[é f.ree .sucn.conganinants. lt. 1s an enbodi nent of
h

f t.
the present™Pi8H: 16 BOLLER, U1 IR, Stlksay, fisanid, clipmypyide, _ﬁ)tﬁ(_rmalﬂﬂﬂt 0.5to 4
wt % and Wﬁd&rﬁﬁﬁﬁggﬁi EEQ'E‘O?:Q%FCO:M&,%%% ror%Bu% E&tlﬂr\aﬁﬁﬁﬂde\’@)d%s present

in the support, rtrve I's selecte e group consi sting of

phosphor us iackdirgt edrsurroxidd, dinthameaoxidgmecdoniun Axideaykadum oridzl spd of t he
Periodic Table of the El enments. 100221 The product streamfromthe first
sul fur remivassoslyagum oxdes ichvgrhia, tharpira aiXide, soaniai piobiarratsbutiniggde.o 1, 000

wppm or gani_cal | y. pboun ul fur as | as_.hydrogen sul fide that S not
Eroved. n 2Rk oFidtetha gl pimmLAGR el RN PRl Ang sifce-
fractionati A48 (o faold i fir-antiQn d a heavy
fraoti on. TRamFR McIebrofEneRet Al TR A CR el Ol B e A ™ Wi 11
produce a Imehl silfidetddpe ptaitatnofthd peseithaneboutmd@Esipi algo eker abl y

| ess than or equal to about 50 wppm of organically bound sulfur. This
tenpera 1 3skARIDBOS bamrolRrwas gt HETHWHERY B8SBH] can kontaon emalll dmeyri cal | y

be in a range from about 1130F to %40F, A.refercflbly in th?
of contaminants, such as Fe, sulfates, silica, and various meta

oxides that can be
present during the preparation of the support material. These contaminants are
present in the raw matenals used to prepare the support and will preferably be
present in amounts iess than about { wt%, based on the total weight of the
support. It 1s more preferred that the support maternal be substantially free of
such contaminants. It1s an embodiment of the present invention that about 0 to
5 wt%, preferably from about 0.5 to 4 wt%, and more preferably from about 1 to
3 wt%, of an additive be present in the support, which additive is sefected from

the group consisting of phosphorus and metals or metal oxides from Group JA

(alkali metals) of the Periodic Table of the Elements.

10022}  The product stream from the first sulfur removal stage, which will
typically contain from about 100 to 1,000 wppm organically bound sulfur as
well as hydrogen sulfide that was not removed in the first sulfur removal stage 1s
fractionated in a fractionation zone that 1s operated to produce a light fraction
and a heavy fraction. The fractionation cut will take place at a temperature that
will produce a light fraction containing less than about 100 wppm, preferably

less than or equal to about 50 wppm, of organically bound sulfur. This tempera-



range of about 180F to about 210F. In general, the light fraction_ wlI
contain relatively high levels of olefins in addition to rel atibéIW\RIz%
| evel s of sulfur. This lighter fraction will also contain zJ<he
hydr ogen s‘igi"?}]c'fészt%at was produced during first stage hydr oﬁesu‘ﬂju}r‘fzati on
by the conversion of organically bound sulfur species. The lighter fraction
is stripped of at least a portion of this hydrogen sulfide and is now
suitable for blending with the gasoline pool at the refinery. The stripped
hydrogen sulfide is disposed of in a sdfle and environnent al | y acceptabl e
manner. Any stripping agent can be used that is suitable for this purpose.
Conventional stripping agents and stripping conditions are well known in
the art an o] 4ont trd DDLOG: {otizahl -6 et 0L - i.ncl ude
#2201 %}llg%esﬂn d 1%3%8'203@%%@ E}eﬂa‘if?t% Aoef {Sle‘f*é%bﬂﬁ{nethe

fuel gas, nitrogen, st eam vier fraction w'l| contain

rel ativel y g @hof otk 3807F RUAIIH: 2209F. uﬁg@ﬁémgltue ligwt frevedswefl cehid ns. This
heavier fraction is conducted to a secon sul fur renoval stage that is

capabl e of releduelyriggh heveleyfedlefifs ar gddinoalib yeladuely losulelvels offsulfars heavy
fraction. Non-limting exanples of sulfur renoval processes that can be
used in thildisbgbisafizanen will alsveantainggme efcthedwdrogrmonidBde thatiwas ti on,
adsorption, apd extraction. Preferred.is.hydrqdesul furizatiop wth selective
hydr odesul P[ﬁ“ﬂﬁcgﬁ idgﬁmﬁélf’ﬁgsr%? EyﬁrogF%‘f]bgbz.a%g&gﬁ ﬁvoqogaggs&cpq Bfi zation
condi ti ons ouelg i\ SEAURAREDI AR QYEeied t The 1IRHEI ST 0t 429 FARYM st Qf

or ganosul f\?\f I nct rfa (?{?ght fragt&flggﬁ gle] gl gatleeq:k?%grfg?hédﬂ;munt éc])%s

or ganosul f gortion dhnphedivgen ssifideamdiic aow hiatabdefordbiendihpwitledizval st age as
wel | as being greater than the anount of organosulfur in a stream conprised
of both t hgasalytetpdal attheois1ane . t hee stiipped hydreganomlfide 15 disposed qfriafaer r ed

t hat the conbi ned stream tain m about 5 to .50. m or gapnosul fur. 1 3
VAR 2006 VeSS0V ETEroT BB GRaRIE | A PRIERRL AR Sa et . t he
i nvention pghad §Sitdl? %%I!?ﬂﬂﬁ& . C88WRonal H%i hﬁgp A Eerippitde
fractionation step o? tlheS ap t%a %esuln?gg#]?zg?lipgn ?%%nggs Eﬂfﬁlﬁ@

conditions are well known in the art and non-limiting stripping agents suitable

for use here include fuel gas, nitrogen, and steam,

[0023] The heavier fraction will contain relatively high levels of sulfur and
relatively low levels of olefins. This heavier fraction 1s conducted to a second
sulfur removal stage that is capable of reducing the level of organically bound
sulfur of this heavy fraction. Non-limiting examples of sulfur removal processes
that can be used in this second sulfur removal stage include hydrodesulfuriza-
tion, adsorption, and extraction. Preferred is hydrodesulfurization with selective
hydrodesulfunization being more preferred. Such hydrodesulfurization
conditions were discussed above. 1t is preferred that the amount of organosulfur
in the light fraction be greater than the amount of organosulfur in the product
stream from the second sulfur removal stage as well as being greater than the
amount of organosulfur in a stream comprised of both the light fraction and the
heavy fraction. 1t 1s also preferred that the combined streamn contain from about

5 to 50 wppm organosulfur,



In the fractionator, where the first product streamis separated %&mm
light fraction and a heavy fraction, the fractionation cut poi nt | "

sel ect ed a\t\,oa"_,m;r#gmgerature that results in mnimzing the opganasybdoss
present in a conbined streamconprising the stripped light fraction and the
second product stream The organosul fur may be mnimzed into a target

sul fur level range, and the target sulfur level wll preferably range from
about 0 ppmto about 50 ppm based on t?g wei ght of the conbined stream
This aspect of the invention is particularly beneficial when selective

hydr odesul firrization is enployed in the first stage, and nore particularly
when the reversion nercaptans present follow ing the first stage are heavy
mer capt ans, {0824l asn @hofhtr efdoBhemp tienmventoh irélads.to k0a2thbdTiee régllhow ng
exanples are presented to illustrate the invention. Exanple | (Conparative

[ 00261 A canpgrhpltuhpoing e dieoigtionadios sieppette isphaliedeiviiamizanon gisbesss. bel ow,
was sel ectively %/Hd,rodesul uri geq. int stages. The first suiz.fur r enoval
stage used® BPBALOL o WheTeBE THF RIOGUEL siTermpssa03Eaied Fo BER oo coO on an
al um na su ' ] [ por e

G amet or ofrdtis AL ARt HAFEE (RETRCRbn AR buthpEoM P00 BTRAHR

conprised qbmplpatirelhalreduie MofinamZinh theWi¥afOWIAR REseat UhAnfBIREL!

havi ng a surface area of about 260 n2/g and a nedi um pore di aneter of about
80A. Pr ocessreaumddmponmgubeduippelddight tfteetionreetd the ageorahpraduet steeand st age
are set foqrth in Table 2 below .1.3 MAR 2006 WD 03/048273 - 13 Table 1
Properties Ot exgantafyihzmaybednipemiagdoptasdaget npfurdesslitapgs. andiieci fi ¢

Gavity, CQQJ‘gZ:?Zul?H} [l wil SF%%%% range from about 0 ppm to about 50 ppm,

based on the weight of the combined stream. This aspect of the invention 1s
particularly beneficial when selective hydrodesulfurization is employed in the
first stage, and more particularly when the reversion mercaptans present follow-

ing the first stage are heavy mercaptans, such as Cs or C¢ mercaptans and higher.
10025) The following examples are presented to illustrate the invention.

Example | (Comparative)

[0026] A cat naphtha feedstock, whose properties are given in Table 1 below,
was selectively hydrodesulfurized in two stages. The first sulfur removal stage
used a catalyst comprised of about 4.3 wt% MoQO; and 1.2 wt% CoO on an
alumina support having a surface area of about 280 m*/g and a medium pore
diameter of about 95A. The second sulfur removal stage used a catalyst
comprised of about 15.0 wt% MoQO; and 4.0 wi% CoO on an alumina support
having a surface area of about 260 m*/g and a medium pore diameter of about
80A. Process conditions used in both the first stage and the second stage are set

forth in Table 2 below.



Brom ne Nunmber, cg/g70.2 Boiling Point, F 5 vol % 141.4 50 vol % 209. 6 95
354.6 Table 2 Reactor Conditions Operating Conditionsl st Stage2ridl Bih{8
LHSV, hr-'3v4(shHysFeactor EIT, F518515 Treat Gas Ratio, SCF/ ?é 102000 Treat
Gas Purity, nol.% Hz10075 Average Reactor Pressure, psia268352 REdc%0t

Qutl et H2 partial pressure, psial60166 (00271 The reaction product after the
first stage and the product after the second stage were anal yzed and the
results are shown in Table 3 below. Table 3 Properties of Reactor Products
First Stage Product Second Stage Product” fPotal sul fur, wppnil6810. 5 Broni ne
Nunmber, cg/g56.134.1 100281 Thi s exanpl e shows that the cat naphtha, after
hydr odesul furi zation contains 10.5 wppin sulfur and has a brom ne nunber of
34.1 cg/g. The brom ne nunber translgygg fo an olefin content of about 20.0
w % 13 MAR 2006 WO 03/048273 - 14 Exanpre 2 PCT/ U 502135954 [0029] The

procedure of Exanple | was fqrhpueids @fCapNaplithd Fdedt stage

é/ol %
"

AP1 Gravity 55.5
Specific Gravity, g/cc 0.757
Sulfur, wppm 1385
Bromine Number, cg/g 70.2
Boiling Point, °F
5 vol% 141 4
50 vol% 209 6
[ 95 vol% B 354.6
Table 2
Reactor Conditions
Operating Conditions Ist Stage 2nd Stage
LHSV, hr" 3.4 7.0
Reactor EIT, °F 518 515
Treat Gas Ratio, SCF/B 1610 2000
Treat Gas Purity, mol % H; 100 75
Average Reactor Pressure, psia 268 352
Reactor Qutlet H, partial pressure, psia 160 166

|0627] The reaction product after the first stage and the product after the

second stage were analyzed and the results are shown in Table 3 below.

Table 3

Properties of Reactor Products

First Stage Product Second Stage Product
Total Sulfur, wppm 168 10.5
Bromine Number, cg/g 56.1 341

[0028}  This example shows that the cat naphtha, after hydrodesulfurization
contains 10.5 wppm sulfur and has a bromine number of 34.1 cg/g. The bromine

number translates to an olefin content of about 20.0 wt%.



product was fractionated into a CS-195F fraction and a 195-430F fractian
The first stage product and fractions are characterized in Tabl eld WI@QM
Tabl e 4 Poapestjses of Product Cuts First Stage C5 - 195 Cu &lﬁ%}w 4)30 Cut
Productafter First Stageafter First Stage Sul fur, wpnl6819 Mné
Nunber, c¢56.181.942.8 100301 The nearly sul fur-free C5-195F fraction, once
stripped of hydrogen sulfide, can go directly to nogas bl ending. The
195-430F fraction is processed in a secgnd hydr odesul furi zati on stage to
renove nost of the sulfur fromthis cat'? Final fraction properties and the
properties of the conbined full range naphtha are characterized in Table 5
bel ow. Table 5 Second Stage Product and Final Product Blend Properties 195
430F Cut Tpkampko2- 430F Product after Second Stageafter Hydrotreating Cat
Napht ha Fraction, wt %8.28100 Sul fur, wppn®. 113 Brom ne Nunber, cg/g27, 248.
[00311 In this exanple, the full range naphtha, after hydrodesul furization
cont ai ns 1{®oaPpm skiid procadutehdf £ anplon wes felhdeed efcedB tle Dovtgtagehe bromi ne

6

nunber translates to an olefin content of about 28.5 wt% WD 03/048273 -15 1

3 MAR 2006Produrt was fgetignasd into a Cs-195°F fraction and a 195- 430°F fraction. The

first stage product and fractions are characterized i Tabie 4 below.

Table 4

Properties of Product Cuts

First Stage C5-195Cut 195 - 430 Cut
Product after First Stage after First Stage
Sulfur, wppm 168 19 260
Bromine Number, cg/g 56.1 g81.9 42 8 B

[0030]  The nearly sulfur-free Cs-195°F fraction, once stripped of hydrogen
sulfide, can go directly to mogas blending. The 195-430°F fraction is processed
in a second hydrodesulfurization stage to remove most of the sulfur from this
cut. Final fraction properties and the propeﬁies of the combined full range

naphtha are characterized in Table 5 below.

Table 5
Second Stage Product and Final Product Blend Propeities

195 - 430°F Cut Tota! Cs - 430°F Product
after Second Stage after Hydrotreating
Cat Naphtha Fraction, wt% 5828 100
Sulfur, wppm 9.1 13
Bromine Number, cg/g 27.2 48.6

[0031]  In this example, the full range naphtha, after hydrodesulfurization
contains 13 wppm sulfur and has a bromine number of 48.6 cg/g. The bromine

number translates to an olefin content of about 28.5 wt%.



[0032] In order to make a direct conparison between the conventional

process wi thout interstage fractionation versus the process of thej pinvagenih

i nvention \M',ényj,ggﬁrstage fractionation a kinetic nodel was_ used :t’o_‘gdj ust
the interstage fractionation case to a product |evel of 10PST(MPHEH fur at
the conditions set forth in Table 6 below with the conventional process.
The adjusted results are set forth in Table 7 below. Table 6 Operating
Condi tions Used Wth Kinetic Mdel Opergl'f’jgt ng Conditionslst Stage2nd Stage
LHSV, hr"3.43.1 Reactor EIT, F518515 Treat™ Gas Rati o, SCFB 16102000 Treat
Gas Purity, nol, % H210075 Average Reactor Pressure, psia253337 Reactor
Qutlet H2 partial pressure, psia 160168 Table 7 Second Stage Product and
Final Prodyggspl enth SrdeP&S fake akfiRect c4nihrisH bES eendBPoVEn@ddgr Second

St ageafter Hydrotreating Cat Naphtha Fraction, wt % 58.28100 Sul fur,

wppnb. 010. pr&EcagsiwichdNyiderstageoirgetiobahidn . vérduBABS prdaest b sheepaphte, the ful |
range naphtha, after hydrodesul furization contains 10.5 wppm sul fur and has
a broni ne AbysBiongdith mtprstagegiractinnabosr kectiomaskel wasarset 4¢ adiusdthn ol ef i n

tent of .about 2 % ..10034] . B ' le 2 bout 5
o5 ot o olSETTRE RagoTakBRARE: 1o %p BT LRL Of LU Whpm@UEHTAIANS ot on. Based
on an oct a'&%nﬁﬁfﬁ?%éffo?@l indﬁ{u tﬁsé @%%@ﬁ%r}@h%ﬂal@@cssﬁ hengr eservation

of about 5 wt%olefins res savl of approxi mately
0. 7 oct ane adjmb®y results are set forth in Table 7 below.

Table 6
Operating Conditions Used With Kinetic Model
Operating Conditions 1st Stage 2nd Stage

LHSV, hr” 34 3.1
Reactor EIT, °F 518 515
Treat Gas Ratio, SCF/B 1610 2000
Treat Gas Purity, mol % H, 100 75
Average Reactor Pressure, psia 253 337
Reactor Outlet H; partial pressure, psia 160 168

Tabie 7

Second Stage Product and Final Product Blend Properties

195 - 430°F Cut Cs - 430°F Cut
after Second Stage after Hydrotreating
Cat Naphtha Fraction, wi% 58.28 100
Sulfur, wppm 5.0 10.5
Bromine Number, cg/g 17.4 427

{0033]  In this example, the full range naphtha, after hydrodesulfurization
contains 10.5 wppm sulfur and has a bromine number of 42.7 cg/g. The bromine

number translates to an olefin content of about 25 wt%.

[0034] By comparison, Example 2 preserves about 5 wi% more olefins than
Example 1 at the same level of desulfurization, Based on an octane correlation
developed from pilot plant data, the preservation of about 5 wt% olefins results

in (RON + MON)/2 savings of approximately 0.7 octane number.



CvO 03/0-18273 - 16 CLAIMS: 13 MAR 2006 PCT/ US02/35954 1. A process for

hydr odesul furi zi ng ol efini c naphtha feedstreanms and retaining aj3wRtiti al
amount of thenghsbins, which feedstreamboils in the range fr ahgut,50F
(10C) to about 450F (232C) and contains substantial anounts o{ organical ly
bound sul fur and ol efins, which process conprises: a) hydrodesul furizing the
feedstreamin a first sulfur renoval stage in the presence of a hydrogen
and a hydrodesul furization catal yst, at hydrodesul furiza- tion reaction
conditions including tenperatures from™about 232C (450F) to about 427C
(800F), pressures of about 60 to 800 psig, and hydrogen treat gas rates of
about 1000 to 6000 standard cubic feet per barrel, to convert at |east

about 50 w%p0fmEhe organically bound sul fur to hydrogen sulfide and to
produce a first product stream containing fromabout 100 to about 1, 000
wppm organically bound sul fur; b) fractionating said product streaminto a

light fractiion anghracdieFyhydrodedilfitizingelediic haghthhFetddranioihdut point is
at a tenperature such that the light fraction contains |ess about 100 wppm

of organi catthyunpasdbsantialranmatoditke olsfthsoydncts (dedsiearandilshe the sange
fraction COEt ains_the remi nder of the ﬁq{&%ani cally bound sul fur; c)
strippi ng PhabewtgH Fi(d Bek | wratsrut 4507 e 4332°5 )pard: ¢riaias spbglanyal pewsul fi de;
d) conducti t he ri d light fraction.away fromthe. process; e)
conduct i ngofﬂég%%% lfcf"g‘?t Umgtﬂad&l&%%ﬁ%lghﬁ%esﬁ éﬂWé’ISQ%t age wherein at
| east a portion of the renmaining organically bound sulfur is renmoved. 1 3
MAR 2006 - 17 2., The process_of cl ai whereip the cut point ,is at,.a
tenperatur e wher iR ERGamace PR Ll Pat PubrerBp Praseds B
fraction i5,Q8H& of # hQBrdges ank ANy ABALuIRPIAMBBMcatalyst, at hydrodesulfuriza-

tion reaction conditions including temperatures from about 232°C (450°F) to

about 427°C (800°F), pressures of about 60 to 800 psig, and hydrogen treat gas

rates of about 1000 to 6000 standard cubic feet per barrel, to convert at Jeast

about 50 wt% of the organically bound sulfur to hydrogen sulfide and to produce

a first product stream containing from about 100 to about 1,000 wppm

organically bound sulfur;

~ b) fractionating said product stream into a light fraction and a heavy
fraction, wherein the fractionation cut point is at a temperature such that the light
fraction contains less about 100 wppm of organically bound sulfur and some
hydrogen sulfide and the heavy fraction contains the remainder of the

organically bound sulfur;
c) stripping the light fraction of at least a portion of its hydrogen sulfide;
d) conducting the stripped light fraction away from the process;

e) conducting the heavy fraction to a second sulfur removal stage

wherein at least a portion of the remaining organically bound sulfur is removed.



3. The process of claim1 wherein the naphtha feedstream contains from about
1,000 to about 6.000 wppm sul fur and up to 60 wt. % ol efins contéMiRallton.
4. The process of claim1l wherein the hydrodesul furization catalyst is
conprised of at |least one Goup VIII -ifdt-al, and at | east one G oup VI netal
on an inorganic netal support, wherein the G oups are selected fromthe
Periodic Table of the Elenents. 5. The process of claim4 wherein the

i norgani c oxi de support is selected fromthe group consisting of zeolites,
al um na, silicape bideBRid el kMR Rthdut pdlt WYt aUBnB%iafife whBREd (i OXi de,
carbons, zirconia, diatomaceous earth, cerium oxide, |anthanum oxi de,

neodyni unprganigelly youndisulfunlkivelef tamkigh factauipwijuahtori es theh rbertd0 wipon.i um
oxide, urania, niobia, tantala, tin oxide and zinc oxide. 6. The process of

claim5 wherein the Goup VIIl netal is selected fromN and Co and the
G oup VI netal TheépMeessbf g IPRRGEHThOhaphtial feeditreha icehRids TR BBeiit,000 G oup
VIIl nmetal in the hydrodesulfurization catalyst is fromabout | to 5 w. %

and t he atitheut 600GwHRE sylfur ard v to &) W ShrplgbBRiconEeRBIR. wt . % whi ch wei ght
percents are based on the total weight of the catalyst. 8. The process of
claim1 wherein the hydrodesul furization catalyst is conprised of a M

cat al yti c4conpgheptoced dfrlmtlakkidreid thORPROERUIfAghtian SWRBAT is coMpESiest , W th
the M conponent bein {)resent in an ampunt of from1 to 10 wt. %
cal cul at edt lgast gV 1t metabgnd ghisari one Gseymy! pretad enaniippregniamstaht of from

0.1to 5 9 ' : ] td 0.1to 1. 13
MAR 246 -%%Dp 81/[0 %ﬁ%)ﬂrggllctgégg?%% a%%rl%cééé&s%ﬁﬁﬁcgérwgmﬁgﬁ% %f{:h%r%‘%ﬁt t% f eedstreans
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neodynium oxide, yttrium oxide, and praesodyn oxide; chromia, thorium oxide,

urania, niobia, tantala, tin oxide and zinc oxide.

6. The process of claim 5 wherein the Group VIII metal is selected from Ni and Co

and the Group VI metal is Mo.

7. The process of claim 6 wherein the amount of Group VIII metal in the
hydrodesulfurization catalyst is from about 1 to 5 wt. % and the amount of Group VI
metal is from about 1 to 15 wt. %, which weight percents are based on the total weight of

the catalyst.

8. The process of claim 1 wherein the hydrodesulfurization catalyst is comprised of
a Mo catalytic component, a Co catalytic component and a support component, with the
Mo component being present in an amount of from 1 to 10 wt. % calculated as MoO; and
the Co component being present in an amount of from 0.1 to 5 wt. % calculated as CoO,

with a Co/Mo atomic ratio of 0.1 to 1.



about 450 F. to about 800 F., pressures of about 60 to 150 psig, and
hydrogen treat gas rates of about 2000 to 4000 standard cubic feet per
barrel, wherein at |east about 50 wt. % of the organically bourld} Mﬁfﬁﬁﬂ? is
converted to hydrogen sulfide and to pri8duce a first product stream
containing fromabout 100 to 1,000 wppm organically bound sul fur; b)
fractionating said first product streaminto a |ight fraction and a heavy
fraction, wherein the fractionation cut point is at a tenperature such that
the |ight of racti | : HHOO e WRRITL i bound
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wherein the amount of Goup VIII netal in the first and second
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on the tol@kref¥eihdMactionation cut point is at a temperature such that the light fraction contains

less than about 100 wppm organically bound sulfur and hydrogen sulfide and the heavy

fraction contains the remainder of the organically bound sulfur from said first product

stream;
c} stripping the light fraction of at least a portion of its hydrogen sulfide;

d) collecting said stripped light fraction;

¢) hydrodesulfurizing said heavy fraction in a second sulfur removal stage in the
presence of a second hydrodesulfurization catalyst comprised of at least one Group VIII
metal and at least one Group VI metal at hydrodesulfurization conditions to remove at
least a portion of the organically bound sulfur of said heavy fraction, and to produce a

second product stream; and



of the catalyst. 13. The process of claim9 wherein the first and second
hydr odesul furi zation catalyst is conprised of a Mo catalytic corrponent a
Co catal ytic conponent and a support conponent, with the Mo confidndift? Obfie ng
present in an anmount of from1l to 10 w19-% cal culated as Mo@3 and the Co
conponent being present in an amount of from0.1 to 5 w. %calculated as
CoO, with a Co/M atomc ratio of 0.1 to 1. 14. The process of claim9
wherein the content of organically bound sulfur in the stripped Iight

fraction is gr ?)acgoﬁbéltéin szilgh?r %chgﬁlttfractlogf.\gfﬁ] Wafefd Véiéroauct 5 Liyr in the

second produc ocess o rein ot he cont ent of
organi cal ly bound sulfur in the stripped Ilght fraction is greater than the

content of organically bound sulfur in_the  conbined stream conprised of
both the 3fri paéachasﬂoffc'laa@tﬂ wheraindhe fest ard sncane) hytradesul tupizatiomcatalyst

further comprise an inorganic oxide support independently selected from the group
consisting of zeolites, alumina, silica, titania, calcium oxide, strontium oxide, barium
oxide, carbons, zirconia, diatomaceous earth, cerium oxide, lanthanum oxide, neodynium
oxide, yttrium oxide, and praesodynium oxide; chromia, thorium oxide, urania, niobia,

tantala, tin oxide and zinc oxide.

11.  The process of claim 9 wherein the Group VIII metal of the first and second

hydrodesulfurization catalyst is selected from Ni and Co and the Group VI metal is Mo.

12.  The process of claim 10 wherein the amount of Group VIII metal in the first and
second hydrodesulfurization catalyst is from about 1 to 5 wt. % and the amount of Group
VI metal is from about | to 15 wt. %, which weight percents are based on the total weight

of the catalyst.

13.  The process of claim 9 wherein the first and second hydrodesulfurization catalyst
is comprised of a Mo catalytic component, a Co catalytic component and a support
component, with the Mo component being present in an amount of from 1 to 10 wt. %
calculated as MoO3 and the Co component being present in an amount of from 0.1 to 5

wt. % calculated as CoO, with a Co/Mo atomic ratio of 0.1 to 1.

14.  The process of claim 9 wherein the content of organically bound sulfur in the
stripped light fraction is greater than the content of organically bound sulfur in the second

product stream.

15.  The process of claim 9 wherein the content of organically bound sulfur in the
stripped light fraction is greater than the content of organically bound sulfur in the
combined stream comprised of both the stripped light fraction and the second product

stream.



