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[0001] Thewws @@Bés3i Nnvention relates to a process for the selective

hydr odesul furi zati on of naphtha streams containing a subst aR€TABOGARDNt oOf

ol efins and organically bound sul fur. The naphtha streamis sel ectively

hydr odesul furi zed by passing it through a first reaction zone containing a
bed of a first hydrodesul furization catalyst, then passing the resulting

product St Rary PGP S TR ESPEFORIZAFONHE CRACREISY of a second
st R s S o Pt o carl o

hydr odesul furi zati on catal yst. BACKGROUND COF THE I NVENTI ON [ 0002]
Environnental |y driven regulatory pressure concerning notor gasoline sulfur
| evel s are expected to result in the w despread production of |ess than 50

wppm SETEEDOFFHE INVENTRONO004. Level s bel ow 10 wppm are bei ng
considéred for later years. In general, this will require deep

desul furi zation of cracked naphthas. Cr acked ngﬁht has are napht has
resul t i[A@01} omTiheprasent dnvendionl rglates torapidoess fgrehaseleolye st eam cracki ng,

coking.a e rocesse Such naphtlhas typical]y contain substanti al
amount &Y&O&fﬁﬁ‘wﬁaﬂﬁ 0 Hépg‘lh@fﬁ%ms QOBRERNHESY pl;ﬁarrg:@i ABuBL Ogr acked
napht hag tequ uce sul vel s without the
severe 9 ‘Eé%s # 855%%@? aﬁé@h@a %ﬁ?&ﬁg&sﬁgiﬁ%"g turation of
olefin Q&%]@M Qg,glﬂé rotreating
processes of refining E]TngtlF g%ﬁh%ﬂ i?s?fé%ﬁg{nrl %gge Emg%ﬂ Eerfszat i on
removes fiFsy hydfcﬁidsmfaﬁmbzscdtﬁlyst hlters passdig i rebltihg rodadt stiehf de which is
through a second reaction zone containing a bed of a second
hydrodesulfurization catalyst, which second hydrodesulfurization catalyst
contaimns a lower level of catalytic metals than the first hydrodesulfurization

O

catalyst.

BACKGROUND OF THE INVENTION

[0002] Environmentally driven regulatory pressure concerning motor
gasoline sulfur levels are expected to result in the widespread production of less
than 50 wppm sulfur mogas by the year 2004, Levels below 10 wppm are being
considered for later years. In general, this will require deep desulfurization of
cracked naphthas. Cracked naphthas are naphthas resulting from fluidized
catalytic cracking operations, steam cracking, coking and related processes.
Such naphthas typically contain substantial amounts of both sulfur and olefins.
Deep desulfurization of cracked naphthas requires improved technology to
reduce sulfur levels without the severe loss of octane that accompanies the

undesirable saturation of olefins.

[0003] Hydrodesulfurization is one of the fundamental hydrotreating
processes of refining and petrochemical industries. Hydrodesulfurization
removes organically bound sulfur by conversion to hydrogen sulfide which is
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reaction with hydrogen over non-noble netal sulfided supported?d&nglT 2006
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achieved at fairly severe tenperaturges and pressures in or dfCHBSO3dEns
product quality specifications, or & Supply a desulfurized streamto a
subsequent sul fur sensitive process. [0004] d efinic naphtha, such as
cracked naphthas fromfluid catalytic cracking and coker naphthas, can

cont ai typwallytachaevesoby raction witlo hgdiagen over nopeablenedali sudfided t he ol ef i ns
are hydrogenated durin
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usi ng s@@gy@mﬂtgnﬁhna@ﬁﬁh@ flreyd furi zati on catal ysts, under conventi onal
conditions "required for suFf ur renoval, typically leads to a significant

| oss of olefins through hydrogenation. This results in a |ower grade fuel
product{0004} n&definicoaphthasuichrasfaracieg, naphttrasafsoinstiurdrdataytion, bl endi ng,
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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 conditions
required for sulfur removal, typically leads to é significant loss of olefins
through hydrogenation. This results in a lower grade fuel product that needs
additional refining, such as isomerization, blending, etc., to produce the desired
higher-octane fuels. Such additional refining, or course, adds significantly to the
cost of the final naphtha product.

[0005] Selective hydrodesulfurization to remove organically bound sulfur
while minimizing hydrogenation of olefins and octane reduction by various
techniques, such as selective catalysts and/or process conditions, has been
described in the art. For example, a process referred to as SCANfining has been
developed by ExxonMobil Corporation in which olefinic naphthas are
selectively desulfurized with little loss in octane. 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 SCANfining. Although selective
hydrodesulfurization processes have been developed to avoid significant olefin
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and | oss of octane, such processes have a tendency to |iberate H2S that
reacts with retained olefins to form nercaptan sul fur by reversion. [0006]
Many refiners are _consjidering conbinations of available sulfur renoval
t echnolsagiration ang dews of octang, i surk precessrsmhavedbicadenaety liberateddihithat have

sought to m ni.m ze cagpi,tal jnyvestnent to t .| ow sul.fur nogas objectives,
t echnolf &3S b‘flgbTﬁmgl%@%@/{%wm%ﬂyeﬁvﬁgﬂwhat i ncl ude
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syste may appear tavorable —conpare 0 a single processing technol ogy,
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nogas production is dependent upon nunerous critical sulfur renoval
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operations 1s increased and successful mogas production is dependent upon

numerous critical sulfur removal operations. Economically competitive sulfur

removal strategies that minimize olefin saturation and capital investment and

operational complexity are favored by refiners.

[0007] Consequently, there is a need in the art for technology that will reduce
the cost of hydrotreating cracked naphthas, such as cat cracked naphthas and
coker naphthas. There is also a need for more economical hydrotreating
processes that minimize olefin saturation, total sulfur, and mercaptan sulfur

resulting from mercaptan reversion.

SUMMARY OF THE INVENTION

[0008] In accordance with the present invention, there is provided a process
for hydrodesulfurizing an olefinic naphtha boiling range feedstream and
retaining a substantial amount of the olefins, which feedstream contains
substantial amounts of organically bound sulfur and olefins, which process

comprises:

a) hydrodesulfurizing said feedstream in a first reaction zone
operated at hydrodesulfurization conditions and in the presence of
hydrogen and a first hydrodesulfurization catalyst comprising 2 to



for hydrodesul furizing an ol efinic naphtha boiling range feedstream and
retaining a substantial anmbunt of the ol efins, which feedstream contains

subst anti al of organically bound sul fur and ol efins, WhigQTTOMMCESS
conpri ses: ‘%?ggly%%‘lsj‘desul furizing said feedstreamin a first w@EagddsQqpeE0Ne

operated at hydrodesul furization condiiions and in the presence of hydrogen
and a first hydrodesul furization catalyst conprising 2 to WD 031099963 2 6 O
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reduction of said ream occurs, ere resultin a partially

desul fi ui zed naphpo@Apssiddirst ssacienzone dpbatédy o pgiredésulfiirtding t he partially
desul furized naphtha product streamof step a) above in a second reaction

zone operated at conditionesucls that abogt 20dotabont 99%dof thetdesirpd éatahce of
W56 5f 5 Group SR TRONTOBRF Guid TecdBTead Qe WS GRCEEto BOBIDE Ak al x| do.
Pydr odesul f ur | zat PTG, Gy Rbrizkd Hhfina srpafd SHsali A8 such t hat each metal
is present in an anpunt 10 to 95 wt.%less than the amount present on said
B e i B o IR
enbodi ment, the agmwerth offstépeichbdes uhfaecand reaction Zohe dperated at

hydrodesulfurizing conditions and in the presence of hydrogen and

a second hydrodesulfurization catalyst comprised of 0.1 to 27 wt.%

of a Group VIII metal oxide, 1 to 45 wt.% of a Group VI metal

oxide, and a median pore diameter of about 60A to about 2004,

said second hydrodesulfurization catalyst having a metals loading -

such that each metal is present in an amount 10 to 95 wt.% less

than the amount present on said first hydrodesulfurization catalyst

and a median pore diameter equal to or greater than said first

hydrodesulfurization catalyst.

[0009] In an embodiment, the amount of feed desulfurization in the first
reaction zone ranges from about 20% to about 95% of the desired total sulfur
reduction (to reach a targeted amount of sulfur removal in the process).
Preferrably, the amount of feed desulfurization zone ranges from about 20% to
about 90% of the desired total sulfur reduction, more preferably from about 20%
to about 75%, and still more preferably from about 20% to about 60%.

[0010] In a preferred embodiment the feedstream boils in the range of about
50°F (10°C) to about 450°F (232°C),

[0011] In another preferred embodiment the hydrodesulfurization reaction
conditions include temperatures from about 232°C (450°F) to about 427°C
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Feedst ocks suitable for use in"the present invention are olefinic naphtha
boi | i ngwt 36 gealcwhitadeasyMri0sg and thd@o doppperrent ¥s freséntiin anhemowgsef of about
50(10C) to about 450F (232C). The term "ol efinic naphtha streani as used
her ei n froo abeiys Q. hde abeut & avt ohealcnlgtedhasCofd, withoa oottomic re@e of about 5

wt . % n-limti exanpl es of ol efinic naphtha streans include fluid
catal yt glgoutéig]&iaﬁguhﬁit napht ha (FCC catal yti c naphtha or cat naphtha),
st eam cr acked

DETAILED DESCRIPTION OF THE INVENTION

[0013]  Feedstocks suitable for use in the present invention are olefinic
naphtha boiling range refinery streams that typically boil in the range of about
50°(10°C) to about 450°F (232°C). The term "olefinic naphtha stream" as used
herein includes those streams having an olefin content of at least about 5 wt.%.
Non-limiting examples of olefinic naphtha streams include fluid catalytic
cracking unit naphtha (FCC catalytic naphtha or cat 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.%, based on the total weight of the naphtha stream.

[0014]  Cracked naphtha refinery streams generally contain not only paraffins,
naphthenes, and aromatics, but also unsaturates, such as open-chain and cyclic
olefin, dienes, and cyclic hydrocarbons with olefinic side chains. The olefinic
naphtha feedstream can contain an overall olefins concentration ranging as high
as about 60 wt.%, more typically as high as about 50 wt.%, and most typically
from about 5 wt.% to about 40 wt.%. The olefinic naphtha feedstream can also
have a diene concentration up to about 15 wt.%, but more typically less than
about 5 wt.% based on the total weight of the feedstock. The sulfur content of



napht ha, and coker naphtha. Al so included are blends of ol efinic naphthas
with non-olefinic naphthas as |long as the blend has an ol efi t 60k of at
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PCT/ USO3rdgeidas or%ambm boeid eulfuma”vham ad dulfigegumipounds' stich s fsifleabout 50
wppmto about 7000 wppm nore pically from about 100 wppm to about 5000
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usual |y berﬁs sent_as organi cghly bou sulfur That as sulfur conmpounds
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f rom about o about wppm f As previouSty nmentioned, it is
hi ghl'y $e®i wppine to renmove sul fur from cracked napht has with as I|ttIe

ol efin satura ion as possible. It is also highly desirable to convert as
much of the organic sul fur species of the napht ha to hydrogen suI fide with
as |ittI[8018} capisgnevionslysmentianedidb s ighly dssivable topremove drom we nean
t he reactign of dr oge fid th ol efins during_the

cracked nap?l as with as LfJJt:l:le ofetﬁ saturation as possﬂ)Ie It is also highly

desirable to convert as much of the organic sulfur species of the naphtha to

hydrogen sulfide with as Little mercaptan reversion as possible. By mercaptan

reversion we mean the reaction of hydrogen sulfide with olefins during the

hydrodesulfurization process to form undesirable alkylmercaptans.

[0016] Tt has been found that unexpectedly high levels of sulfur can be
removed from an olefinic naphtha stream without excessive olefins saturation or
mercaptan reversion taking place. The feedstream to be desulfurized is typically
preheated prior to entering the reactor for final heating to a targeted first
desulfurization reaction zone temperature. The feedstream is sent to a first
hydrodesulfurization zone where it is contacted with a first hydrodesulfurization
catalyst, at hydrodesulfurization conditions, in the presence of a hydrogen-
containing gaseous stream. If the naphtha feedstream is preheated, it can be
reacted with the hydrogen-containing treat stream prior to, during, and/or after
preheating. At least a portion of the hydrogen-containing treat gas can also be
added at an intermediate location in the first hydrodesulfurization reaction zone.
The hydrogen-containing treat gas stream can be comprised of substantially pure
hydrogen or it can be in a mixture with other components typically found in

refinery hydrogen streams. It is preferred that the hydrogen-containing treat gas



hydr odesul furizati on process to formundesirabl e al kyl mercaptans. [0016] It
has been found that unexpectedly high |l evels of sulfur can be renpved from
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first hydrodesulfilrization cat st, ~_hydr sulfuri zati on conditions,
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hydr odesul furi zati on“zone is preférably operated under selective

hdr ode By fselectvei ynirodestil furtnationhittis wadant deat thahydrddemlfamzativh t he
concentration and types of organically bound sul fur species of the
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hydr Od%%lsjsl;i{)fler witi'as9w a level of olefin saturation as possible. It is also operated to

avoid as much mercaptan reversion as possible. Generally, hydrodesulfurization
conditions, for both the first and second hydrodesulfurization zones, as well as
any subsequent hydrodesulfurization zone 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 260°C (500°F) to about 355°C (671°F), more
preferably from about 1 hr' to about 5 hr'.

{0018]  This first hydrodesulfurization reaction zone can be comprised of one
or more fixed bed reactors each of which can comprise one or more catalyst beds
of the same catalyst. Although other types of catalyst beds can be used, fixed
beds are preferred. Such other types of catalyst beds include fluidized beds,
ébullating beds, slurry beds, and moving beds. Interstage cooling between
reactors, or between catalyst beds in the same reactor, can be employed since
some olefin saturation can take place, and olefin saturation and the

desulfurization reaction are generally exothermic. A portion of the heat
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hydr odesul furi zati on zones, as well as any subsequent hydrodesul furization
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hydrodesulfurizatioin zone, and a lesser portion of the total removed in the

second hydrodesulfurization zone. In an embodiment, the portion removed in

the first hydrodesulfurization zone ranges upwards from about 20% of the total

amount of feed sulfur removal target. The portion of the total feed sulfur

removal target removed in the first hydrodesulfunization zone depends on the

process's catalyst choice and operating conditions, as discussed. Typically, this

portion will range from about 20% to about 60%, or about 75%, or about 90%,

or about 99% of the total sulfur removal target.

[0019]  Suitable hydrotreating catalysts for use in both the first and second
hydrodesulfurization zones are those that are comprised of at least one Group
VIII metal oxide, preferably an oxide of a metal selected from Fe, Co and Ni,
more preferably Co and/or Ni, and most preferably Co; and at least one Group
VI metal oxide, preferably an oxide of a metal selected from Mo and 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 catalysts where the noble metal is selected from Pd and Pt. It is within the
scope of the present invention that more than one type of hydrotreating catalyst



the total targeted anmount of sulfur renoval is reached in the first

hydr odesul furi zati on zone, the further renoval of sulfur to reach the tota
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the fiyst hydrodesul firization zone_ranges u rds from.,ab 20% of the
Loral DEmsEtIngNe sgBY HACHOR YeSttl ailhe doRRp. VA Tomstl e ot BRashal f oed

dependly BRERHuRE hENRLTS, LRSI phdsehy B GBE ARG YabaRle oo
di scusggshy TyPabGt 20 Wb SprefeyablPfroM hboutad & aﬁéﬁmmo%e@%?mbout 60%

or about 75% or about 90% or about 99% of the total sulfur renoval target.
[ 0019] mBtalt @bde will dypicatintbengresattdhuntBndait rafginignfromt dbduts i abwiat and second
hydr odesul furi zati on zones are those that are conprised of at |east one

G oup SYwi. Yarprefierably deom abetsé lQntoyabant Qi wk%efand merepreferably &ontrom Fe, Co

Sﬂg o Bt A oot v AL meteh e esserofts ok ORI UBBP dl From N
o ef or s ppdfy hE Be ahf 08 P oS Bhe i By TSIt Bl 201111
cat al ypgs exaﬁﬁn?lé',eiﬂ th@%g{aﬁéﬂt&vcr@%%ei tl@bzg.ttﬁem@ervet.%ﬁer hange@l s

sel ected from Pd and . It s withifrn th scope of the present i1nvention

t hat noxsletvauidaneart ﬂmezoz?. lof dExtupealil ng:talad-ddy stas\va Ms&%ﬁ@ﬁ.?» 2 6 OCT 2006
PCT/ US03/ 14705 -9 be used in the same reaction vessel. The Goup VIII netal
oxide of the first hydrodesul furization catalyst is typically present in an

anmount [0820i nPrefasred praperties elsaledive nalrogde tien gBtajysts uescBout 4 to

0,
about Ze@ec-(l)_xrf&" h?dlgolﬁ%sx\/ffudzaﬁon zone are characterized by having metal loadings

within the above-described ranges. However, the second reaction zone
hydrodesulfurization catalyst is characterized such that the wt.% of each metal
oxide present on the second catalyst is about 10% to about 95% less than the
amount of the same Group metal oxide present in the first zone
hydrodesulfurization catalyst, preferably the wt.% of each metal oxide present in
the second catalyst is about 30% to about 90% less than that of the first catalyst
and most preferably about 50% to about 85% less. For example, if the first
hydrodesulfurization catalyst contains 20 wt.% of a Group VIII meta] oxide and
50 wt.% of a Group VI metal oxide, the second hydrodesulfurization catalyst
will have a metals loading such that the Group VIII metal oxide is present in an
amount about 10% to about 95% less than the 20wt.% of the Group VIII metal
oxide present on the first hydrodesulfurization catalyst and the Group VI metal
oxide is likewise present in an amount about 10% to about 95% less than the 50
wt.% of the Group VI metal oxide present on the first hydrodesulfurization
catalyst. Further, the second hydrodesulfurization catalyst has a median pore
diameter equal to or greater than the median pore diameter of the first

hydrodesulfurization catalyst.



nmetal oxide will typically be present in an anount ranging fromabout 5 to
about 50 wt.% preferably fromabout 10 to about 40 w.% and nbf&CT 2006
pref er abl ywly @eogghout 20 to about 30 wt. % Al netal oxide wei ght percents
are on support. By "on support"” ri%fan that the percents BfEUBSXHASN t he
wei ght of the support. For exanple, t he support were to weigh 100 g.
then 20 wt. % G oup VIIl netal oxide would nean that 20 g. of Goup VIII

nmet al oxi de was on the support. (0020] Preferred properties of selective
hydr odeg®Z1jr i zBtéferredatatdlystt of deeskcond hivdeodesalfindizhtion aors whllwldczat i on zone
are characterized by having netal |oadings wthin the above-described

rﬂngest hﬂmgﬂgh dﬁgéeﬁs?%?ﬁtﬂl ISElsﬁsh ?tgezlﬂﬁ:@e H@}@de@aﬂ;mdlb}’ih@ tQm’gctaL al yst i 3
char act ei zed suc eac oxi nt on the secon
ot ol ysChegmspmion Bostidssche in vl b hronestes AEMAVBIRR sare & oup
b e er asPHdG Co g df13, Chibladt it Y LY BERARHIRLY Sl o 1

about 3@%ytpagdteriét A0%olfied dfiaRalyR6PD tﬂg 519 ngwsmta.lwﬁhs and nost

preferably about 50%to about 85% I €5s. or exa first
hydr Odemﬂdrgmami hereie yaefaene nThe Oxygen Ghetiobrpiod Dewp ivddivegret al  oxi de

and 50 Yoof a Goup VI netal oxide, the second hydrodesul furization
cat al yscdovalan&me memansntlsmdmghsmm;mlsas of bsy@ware added tosxt al oxide is

present in an anount ut 10%to about, 95% the 20wt % of the

e} gupthmqﬁaﬁls"feBm Japidly, frayerse the S%mh%i’Sée%n@F £RALP |q3‘?1 cat al yst
10%

2bout 58Ty EeLeHtmiER Bign %ﬂ"rﬁaﬁﬁ;no%%ﬁ@t@Bwtm%@ﬁlxiﬂﬁrﬁ%?@&ﬁ% on the

[ 1S A HRAEAbOHY hiich préf@tbhy Hom BHBEED00 k52 PRI

hydr odesul filri’zati on cata as a ne I an ‘pore ter equal to or

greater ok?%éh/%fﬁn We0an ']Ilfért%nﬁs fre@ifin hﬁui ipdrodBysl indasien! 4ké zat i on
cat al yst 2°6 0°C T WD 03/ 099963 PCT/ US03/°14705

sometimes used interchangeably herein.

[0022] The most preferred catalysts for the second hydrodesulfurization zone -
can be characterized by the properties: (a) a MoO; concentration of about 1 to 25
wt.%, preferably about 4 to 19 wt.%, and more preferably about 5 to 16 wt.%,
based on the total weight of the catalyst; (b) a CoO concentration of about 0.1 to
6 wt.%, preferably about 0.5 to 5.5 wt.%, and more preferably about 1 to 5 wt.%,
also based on the total weight of the catalyst; (¢) a Co/Mo atomic ratio of about
0.1 to about 1.0, preferably from about 0.20 to about 0.80, more preferably from
about 0.25 to about 0.72; (d) a median pore diameter of about 60 A to about 200
A, preferably from about 75 A to about 175A, and more preferably from about
80 A to about 150 A; (e) a MoO; surface concentration of about 0.5 x 10™ to
about 3 x 10 g. MoO,/m?, preferably about 0.75 x 10™ to about 2.5 x 10™, more
preferably from about 1 x 10 to 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 hydrodesulfurization process unit.

[0023]  The catalysts used in the practice of the present invention are
preferably supported catalysts. Any suitable refractory catalyst support material,



-10 [0021] Preferred catal ysts of the second hydrodesul furization zone w |
al so have a high degree of netal sulflde edge pl ane area as rreagrgrg{q g t he
Oxygen Chwoig@oeles on Test described in "Structure and Propertie

Mol ybdenum Sul fi de: Correl ati on of 02 Chemisorption with PCT/USO3/14705

Hydr odesul furi zation Activity," S- 13- Twister et al., Journal of Catal ysi s
63, pp 515-519 (1980), which is incorporated herein by reference. The
Oxygen Chem sorption Test involves edge-plane area neasurenents nade

wher ei prefigtatdeg mérgenyage:mdarsappahﬂmhténala maybe used gasumiortsafior el t hus rapidly
traverse the catal yst bed. For exan‘f) t he oxygen chem sorption will be

fr om aleialys®f the presobinysoapn, Asmy umbng@zs@mp lesiofomatable suppod, and nore

St AL 4200 L5 S0 PIBL, Culacl aiaD A0S, The Tor
LSB?LS@%@%’%@ o sl 5@5{?&&?9@%55%@%@%%5 el 550

MOGB Conitn; QJ)%&@QHﬁm&nﬁrﬁo%éde‘ﬁeo Bl yrddAWxide, t@nd19 W . %

and nore pre ra ouit 5to 16 w./% base on t’he total wei ght of the
cat al Y@tasebbjmﬂuﬁo&:denchtma,t thofiuaf oxideytradid, riobiabtantalds tiwbeide abl y about
0.5to 5.5 w.% and nore preferably about 1 to 5 wt.% also based on the
t ot al mcgmmdc,f amdrglmmmyphesp@@ye rehemed alte(ﬁhlmmiatsﬂbcaofandtsdma- 0.1 to

about 1 pr f rabI out 0 to, about re pref rably from
Sbout Shhink, Vs, pref liff it e %&rleaererﬂrla?rb@érse SR, 10 about

200 g3 PR gl #*?s%’iﬁﬁ%aﬁgﬁr"@"?%@&ﬂ Bfout 0.5 x

10"" t gp bakmderstodd ﬁ%t%esuWﬁﬁ%nﬂrcﬁﬁ%nﬁmamMama&%uﬁ sigft to about 2.5

x 10°4, nore preferably from about x 104 to 2 x 10-4; and (f) an average

parti ckengntiaantd sueh as Fef sulfasss, titra, ih@vmoumiz&mhﬂes thetsscari kean about 1.6
nm nore (i)referably | ess than about 1.4 mm and nost preferably as snmall as
pract i &aro adurggrhe picparatipn of dbe sepReTt materdd. Thesreeontaminants

are present in the raw materials used to prepare the support and will preferably

be present in amounts less than about 1 wt.%, based on the total weight of the

support. It is more preferred that the support material be substantially free of

such contaminants. It is 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 selected

from the group consisting of phosphorus and metals or metal oxides from Group
i IA (alkali metals) of the Periodic Table of the Elements.

[0024]  The following examples are presented to illustrate the invention and

should not be considered limiting in any way.

EXAMPLES

[0025]  As used herein, Catalyst A is meant to refer to the catalyst present in
the first hydrodesulfurization zone described above, and Catalyst B refers to the
catalyst present in the second hydrodesulfurization zone described above.

[0026]  In all of the following illustrative examples, unless otherwise
indicated, the hydrodesulfurization relative catalyst activity (RCA) for Catalyst



[ 0023] The catalysts used in the practice of the present invention_are
preferably supported catal ysts. Any suitable refractory catal yZﬁ %&ﬂﬂ%rt
mat eri al . W6 080999d3 2006 WO 03/ 099963 PCT/ US03/ 14705 -11 pl‘@f/?%(ﬁﬂwoa
i norgani c oxide support materials nayohe used as supports for € catal yst
of the present invention. Non-limting exanples of suitable support
materials include: zeolites, alumna, silica, titania, calcium oxide,
strontiym oxjde, bari xi,d carbons, . zi rconi a, di atgma s .earth,

| ant han‘?idwa’bﬁb?f@? toiatheck| °°n&@%iﬁro£?t&bf5t EWPH&RB%@?%%&S%OW um oxi de,
yttriu ' . ] Lde: ' 1Ok i ' ni a,

hi obi a. ORAFtesslt? iy BOFRERS UYL REL s N BIGR0 AR RRLPEET L o
are al upaRa atid ¢ p(@,gf[lﬁlysi lica- alum na. More preferred is alum na.
Magnesi a cglna?ldsé&gg used for the catalysts wth a high degree of netal
sul fide edge plane area of the present invention. It is to be understood
that thExamglerdt material can also contain small anounts of contami nants,
such as Fe, sulfates, silica, and various netal oxides that can be

i ntroduced during the preparation of the support material. These

cont ani HHRd  atke datagankable, 11p based prmade! predictiens whersie fatalyst support
d wll f | b ' ts | baut. w./o, b d
the 1ot ltBhay BfdtestifEaRes FaBhve " THe G of CARERR s kb e ompor s
teri b, i all . - 2IT) . ' di t of
The® pr 2 &3 MOEMBOL2 1,23t Y500, orf ihifif iflTh Hdtiin pblc LapMerdion: MON D)

4 wt . %958d THY @ithlefeedstidarn iy @ inpinbi feddstie@m3boilinYoin the aangdsli t i ve be
present in the support, which additive is selected™ fromthe group

consi staait@d°P{aopBY taisbautd SOEF{R32UT) aved adntaiisdZ00 wppm Suléurmand A (al kal |
metal s) of the Periodic Table of the Elements. [0024] The fol |l owi ng exanpl es

are pr ehasm Bgomang Numsberafd4 ¢gf/gi nhlas feadstraam is desulfarized th30 wppm der ed
Him t "Shthur &%‘ﬁaﬁdm&mﬁ%m conditions. Conditions of the

hydrodesulfurization reactor include 300 psig total pressure at the outlet of the

D}

reactor, a hydrogen treat gas rate of 2000 scf/bbl with the H; purity being 80:20
v/v H,:CHj, and a liquid hourly space velocity (LHSV) of 2.1 v/hr/v. The
average temperature (T) of the reactor is calculated by measuring the miet
temperature (Tny) of the reactor using a thermocouple device and also measuring
the outlet temperature (Toyt) of the reactor using a similar device. The average
temperature is then calculated by dividing the sum of Ty and Toyr by 2. Also,
the loss in octane number, both road octane number (RON) and motor octane
number (MON), is determined. The total road octane loss is calculated by
dividing by 2 the sum of the ARON and AMON.



[ 0025] As used herein, Catalyst Ais nmeant to refer to the catal yst present
in the first hydrodesul furization zone descri bed above, and Cat st B
refers to the catalyst present in the second hydrodesul furi zati 96h &0
descri bed Yd0H0999¢30026] In all of the following illustrati %@rﬁ?@@ﬂ?{ﬁ@

unl ess otherwi se indicated, the hydgodesul furization relative catalyst
activity (RCA) for Catalyst 2 6 OCT 2006 WD 03/099963 PCT/ US03/ 14705 -12 A
was chosen to be 100% the RCA for Catal yst B was chosen to be 400% the
out | et LERSpre is 300 psig, and the treat gas rate is 2000 standard cubic
f eet péL—Eaia rel at 80 % H2 purity. Exanple 1 (0027] The data in Table | is
based on nodel predictions wherein Catalyst B is the hydrodesul ferization
cat al yste—Th mositiomof—Cataty B is taken to be 4.3 w.% MO3, 1.2
wt . % G L “,;ﬁéb | th—a—ntem-an—z di ameter of 95A. The initial

f eedst 1 4 Brania {G dlam béfling in the range of about 50F (100C)
to about 450F (232C) and contains 700 wpm sul fur and has a Brom ne Nunber

of 74 ¢ —(tedstre I esu rlized to 30 wopm sul fur under
hydrodérg( 5= ?.TF'. TPU%J?'U?; Guj'.;::gr?tions of the hydrodesul furization
react ol 7 HENGEEC 40 '%?Péur@ﬂal pressurg at the outlet of the reactor, a
hydr oged=8tr 88t gas rate of 2000 |scfAbBI} with the H2 purity being 80:20 v/v

H2: CH3,| Lsi8Va wingwi d hourly spade ved.¢qity (LHSV) of 2.1 v/hr/v. The
aver age O0f the rjeact i.s cal culated by neasuring the inlet
Lcé,s%ﬁ Ur'sp Bled Log

t enper t reactot a thernocoupl e device and al so
measur i - ) of the reactor using a simlar
devi ce. lystdndBettormeBedr at urd iNOBBEN cal cul ated by dividing the sum of

TN and | TRfal DatalystVaiume {f€)| ogs 55584t ane nunber, both road octane nunber
(R@\I) and nmotor octane nunber (MOXN), 1js determ ned. The total road octane

L 0ss 1 SR Ut S Wppm 30
A RON (loss) 5.46
A MON (loss) 2.04

A Road Octane (loss)=(A
RON (loss) + A MON
(loss))/2 3.75

Example 2

[0028] The data in Table 2 was obtained by modeling the
hydrodesulfurization of the naphtha feedstream of Example 1. The
hydrodesulferization reactor conditions are disclosed in Table 2 along with the
sulfur and bromine number of the feedstream. The data in Table 2 is obtained by
using Catalyst A as the catalyst. Catalyst A was chosen to contain 15.0 wt.%
Mo03, 4.0 wt.% CoO, on alumina having a median pore diameter of 80A.



dividing by 2 the sumof the ARON and AMON. 2 6 OCT 2006 WO 03/099963

PCT/ US03/ 14705 -13 Table 1 Feed Sul fur wppm 700 Feed Brom ne NQW’Zgﬁglg
74 Averaqyo'[);/o@% + Tour /2, OF 535 Difference in TIN and TOUT Est. 115
LHSV, v/ hr/v 2. talyst in Top Bed a Catalyst Volume ftPGEYS0I/1EHS,| yst

I n Bottom Bed None Total Catalyst votdme ft 5552 Product Sul fur, wppm 30
A RON (loss) 5.46 A MON (loss) 2.04 21 Road Cctane (loss)=(d RON (loss) +
A MON loss 12 3.75 Exanple 2 [00281 The data in Table 2 was obtai ned by
nodel i ndrddle 2 hydr odesul fiui zati on of the naphtha feedstream of Exanple 1.
The hydrodesulferization reactor candifions are disclosed in Table 2 al ong
wi t h t heFeed Sufupwpmmoni ne numper #0the feedstream The data in Table 2

I s obt a] PeedoBromma dlurabalyed/gA|as te|catal yst. Catal yst A was chosen to
cont ai n[I5. 9% N 9% CoU, _pn al um na having a nedi an pore

di anet e

Average T=(Tm + Tou)l2, °F | 535
Difference in Ty and Tout

Est. °F 120
LHSV, v/hriv 7.9
Catalyst in Top Bed A
Catalyst Volume (ft°) 1488
Catalyst in Bottom Bed None
Total Catalyst Volume (ft°) 1488
Product Suffur, wppm 30
A RON (loss) 5.74
A MON (loss) 2.18

A Road Octane (loss)=(A
RON (loss) + A MON
(loss))/2 3.96

Example 3

[0029] The data in Table 3 was obtained by modeling the
hydrodesulfurization of the naphtha feedstream of Example 1. The
hydrodesulfurization reactor conditions chosen are disclosed in Table 3 along
with the sulfur and bromine number of the feedstream. The data in Table 3 was
obtained by utilizing two reaction stages in which Catalyst B was used in the
first reaction stage, the top bed, as the first hydrodesuifurization catalyst, and
Catalyst A in the second reaction stage, the bottom bed, as the second
hydrodesulfurization catalyst.



2 6 OCT 2006 WO 03/ 099963 PCT/US03/ 14705 -14- Table 2 Feed Sul fur wppm
700 Feed Brom ne Nunber, cg/g 74 Average T=(TIN + Tour /2, 3??20%
Di fferencgyg @3@9%fnd TOUT Est. OF 120 LHSV, v/hr/v 7.9 Catd i Top
Bed A Cata yst ume ft 1488 Catal,yst in Bottom Bed Non@CTHEWOMI4Rt al yst
Vol une ft 1488 Product Sul fur, wpm éé A RON (loss) 5.74 A MON (loss) 2.18
A Road Cctane (loss)=(A RON (Ioss) + AMN loss /2 3.96 Exanple 3 (0029)
The data in Table 3 was obtai ned by nodeling the hydrodesul furization of

t he napli&ﬂ_ﬁeedstream of Exanple 1. The hydrodesul furization reactor
condi t i pps—ehasen—are—di-setosed—r—Eahte 3 along wth the sul fur and

br oni nel REEHesUEEr WPDM cadst ream| THOXata in Table 3 was  obt ai ned by
utilizi hfeeddraming biurebasekd/gn [whi 4 |Cat al yst B was used in the first
reactiop stage, the top bed, as fhe firjst hydrodesul fixrization catalyst,

and Ca g\\%?égg-rl.___rt Tol§ TEGH oEeqCT I50% st age, the bottom bed, as the second

Difference in T,N and Tour

Est. °F 119
LHSV, v/hriv 4.9
| Catalyst in Top Bed B
Catalyst Volume (ft°) 1202
Catalyst in Bottom Bed A
Catalyst Volume (ft°) 1202
Total Catalyst Volume (ft°) 2403
Product Sulfur, wppm 30
A RON (loss) 5.73
A MON (loss) 217

A Road Octane (loss)=(A
"RON (loss) + A MON
(loss))/2 3.95

Example 4

[0030] The data in Table 4 was obtained by modeling the
hydrodesulfurization of the naphtha feedstream of Exampie 1. The
hydrodesulfurization reactor conditions are disclosed in Table 4 along with the
sulfur and bromine number of the feedstream. The data in Table 4 was
obtained by utilizing two reaction stages in which Catalyst A was used in the
first reaction stage, top bed, as the first hydrodesulfurization catalyst, and
Catalyst B in the second reaction stage, bottom bed, as the second
hydrodesulfurization catalyst.



hydr odesul furization catalyst. 2 6 OCT 2006 WD 03/099963 PCT/ US03/ 14705 -
15 Table 3 Feed Sul fur wppm 700 Feed Brom ne Number, c / 74 AvefgqeiTafT!I N

+ Tour /2, 8!?’3%% Difference in TIN and TQUT Est. OF 119 LHSV, v/hr/v 4.9
Cat al yst O3B B catal yst Volune ft 1202 Catal yst i nPEEVPGRHIEEI A

Catal yst Volunme ft 1202 Total CatalySt Volune ft 2403 Product Sul fur, wppm
30 4A RON (loss) 5.73 A MON (loss) 2.17 A Road Cctane (loss)=(A RON
(loss) + AMON loss /2 3.95 Exanple 4 [00301 The data in Table 4 was

obt ai ne@ale dodel i ng the hydrodesul furization of the naphtha feedstream of
Exanpl e stHfuzati-on—teact or conditions are disclosed in

——TFhe —hydrodesul4 tH-oh—re
Tabl e 4| BESAOUFYHWMPRIN sul fur and B ne nunber of the feedstream The

dat a i n| Feed<Bromire Numbeneth/gy |uti I74zj ng two reaction stages in which
Cat al ysf A~ was used 1 n the

AVGI’_&QE T=(Tn + Tout)/2, °F 535
Difference in T\y and Tour

Est. °F 117
LHSV, vihriv 5.2
Catalyst in Top Bed A
Catalyst Volume (ft°) 1129
Catalyst in Bottom Bed B
Catalyst Volume (ft°) 1129
Total Catalyst Volume (ft°) 2257
Product Sulfur, wppm 30
A RON (loss) 5.56
A MON (loss) 2.09

A Road Octane (loss)=(A
RON (loss) + A MON
(loss))/2 3.83




first reaction stage, top bed, as the first hydrodesul furization catal yst,
and Catalyst B in the second reaction stage, bottom bed, as tf@ gfﬁ@ﬁd
hydr odesul furi zation catalyst. 2 6 O C T 2006 WO 03/ 099963 PCT 805/ 48705
-16 Table 4 Feed Sul fur wppm 700 Feed Brom ne Nunber, cg/ 74 Average
T=(TIN + Tour /2, OF 535 Difference in_TIN and TOUT Est. OF 117 LHSV,
vihr/v 5.2 Catalyst in Top Bed A Cat’é?yst Vol unme ft 1129 Catalyst in
Bottom Bed B Catal yst Volune ft 1129 Total Catal yst Volune ft2257 Product
Sul fur, % A RON (loss) 5.56 A MON (loss) 2.09 A Road Cctane
(loss)=(A 0oss) + AMONIloss /2 3.83 2 6 OCT 2006 _17 CLAIMS 1. A
process for hydrodesul furizing an ol efinic naphtha boiling range feedstream
and

l. A process for hydrodesulfurizing an olefinic naphtha boiling range feedstream and
retaining a substantial amount of the olefins, which feedstream contains a substantial
amount of organically bound sulfur and olefins, which process comprises:

a) hydrodesulfurizing said feedstream in a first reaction zone operated at
hydrodesulfurization conditions and in the presence of hydrogen and a first
hydrodesulfurization catalyst consisting essentially of about 1 to about 30 wt. % of CoO,
about 5 to about 50 wt. % of MoOs, and a median pore diameter of about 60 A to about 200
A, said first reaction zone operated at hydrodesulfurizing conditions such that from about
20% to about 99% of the sulfur reduction of said feedstream occurs in this first reaction

zone, thereby resulting in a partially desulfurized product stream; and

b) hydrodesulfurizing the partially desulfurized product stream of step a) above
in a second reaction zone operated at hydrodesulfurizing conditions containing a second
hydrodesulfurization catalyst consisting essentially of about 0.1 to about 27 wt. % of CoO,
about 1 to about 45 wt. % of MoQs, and a median pore diameter of about 60A to about 200
A, said second hydrodesulfurization catalyst having a metals loading such that each metal
is present in an amount of about 10 to about 95% less than the amount present on said first
hydrodesulfurization catalyst and a median pore diameter equal to or greater than said first

hydrodesulfurization catalyst.



retaining a substantial anount of the olefins, which feedstrearn contains a
substantial anount of organically bound sul fur and ol efins, which @r@qeﬁgﬁ
conprises: a) hydrodesul furizing said feedstreamin a first reacti 3 one
operated at hydrodesul furization conditions and in the presence of hydrogen
and a first hydrodesul furization catalyst consisting essentially of about 1
to about 30 wt. % of CoO  about 5 to‘é%out 50 wt. % of MbQ3, and a nedian
pore di ameter of about 60 A to about 200 A, said first reaction zone

operated at hydrodesul furizin ondi tigns su hat fr about 20% to about
000t ot ottt sul P Acthifha® JARY il PULe bE pa e RSP HAGE | oaat s on
zone, thesell slefnd dohfRgt dhuptto PBSIItICAIVY deE Wl shMiid atknPRrefWGbutstonesym twand b)
hydr odesul furizing the partially desul furized product stream of step a)

above i n2bRus M WPARact i on zone operated at hydrodesul furizing conditions
containing a second hydrodesul furization catalyst consisting essentially of
about 0.1 to about 27 wt. % of CoO, about 1 to about 45 w. % of M3, and
a nmedi an por e thegretess awbrdapiotclBOA wicraboaitl ROGNnd Agid sedodd secterdzones

hydr odesu] furization catal yst. havin Jgetals adi ng such at. _each net al

i s present™ ioﬂ‘?rﬁtﬁg _&ﬁ%t?mp%yfs%@m 31)%94.%5@ g_‘g(b%tﬂub%@) P’easfgeﬁsﬁ%oéaﬁ%ﬁna@[?ﬂﬁt
present o ab3itBoDipsiEt a hiotes@adestbdsuhte RhBAN 1667 REVB %6 aBRE 6800 R RIROT €
diameter equal to or greater than said first hydrodesul furization catalyst.

2 6 OCT 2@8d hourly space vefhesityrod ey ObEdpabey 16r claim | in which said

ol efi nic naphtha feedstream has an overall olefins content of up to about
60 wt. % and a sul fur content from about 50 wopmto about 7000 wopm 3. The
process at¢cor dimgprb@schabrding whddiei wisatid shidrsét cantyssaiddakieecimd caglet | on
zones are oper atgzd at .a Eenger ature from about 450F to about 800F, a
pressure UF SUWSHE 82 pufahle HAYRYFPEID psig, a hydrogen treat gas rate of
about 1000 scf/b to about 6000 scf/b, and a liquid hourly space velocity of
about 0.5hr i to about 15hr-1. 4. The process according to claim3 wherein
sai d first catBiemeceanarcouiing watrmd o athaghysaid fingy eatalysd posaietirsoreaetionui t abl e

refract Or Yong %gﬂglrrlg about 2 to about 25.0 wt. % MoQOs, and about | to about 6.0 wt. % CoO.

6. The process according to claim 4 in which said second catalyst in said second
reaction zone contains about 1.0 to about 10.0 wt. % MoOj3, and about 0.1 to about 5.0 wt.

% Co0.

7. The process of claim 5 wherein said second hydrodesulfurization catalyst has a
Mo(; surface concentration of about 0.5 x 10 to about 3.0 x 107 gMoO3/1n2, and an

average particle diameter of less than about 2.0 mm,

8. The process of claim 4 wherein said suitable refractory support is selected from
zeolites, alumina, silica, titania, calcium oxide, strontium oxide, barium oxide, carbons,
zirconia, diatomaceous earth, lanthanide oxides including cerium oxide, lanthanum oxide,
neodymium oxide, yttrium oxide, and praseodymium oxide; chromia, thorium oxide, urania,

niobia. tantala, tin oxide, zinc oxide, and aluminum phosphate.



5. The process according to claim4 in which said first catalyst in said
first reaction zone contains about 2 to about 25.0 wt. % MG3, grgipebaide
Ito about Q(B"\t%% % CoO. 6. The process according to claim4 in which said
second cald A said second reac% on zone contains aboltTYS/HE5apout
10.0 wt. %NbCB and about 0.1 to ab %t 5.0 m. %CoO 7. The process of
claim5 wherein said second hydrodesul furization catalyst has a MQ3
surface concentration of about 0.5 x 10-4 to about 3.0 x 10-4 gMoQ3/ nR, and
an avel.age Phe presess of slmed wiereiasgid suitable safractory suppost isselectedbeess of
cl ai m 4 whergi n i d sw bl e r ory support is selected from zeolites,
al umina, silfg@ ?n%m%aqféi}fw ‘Hﬁzlast rontium oxi de, barium oxi de,
carbons, zi rconl a, di atomaceous earth, | anthani de oxi des including cerium
oxi de, gt RRL BrsE B claBfi ?’Wﬂe&‘éﬁl%&’ﬁm%ié BN dibpcfl pr aseodym um
oxi de; chrom a, or| um oxl ania, nro a n oxi de, zinc

oxi de, and awg_m phosphate. 2 6 O C T 2006 V\D 03/ 099963 PCT/ US03/ 14705
-19- 9. The process of claim8 wherein said suitable refractory support is
selected fromalumna, silica, and silica-alum na. 10. The process of claim
9 wherelh salle puodcesbaecordingitct cdaim Suwherein fom abouti 2086 thabowh60%r ocess
according to claim3 wherein from about 20%to about 60% of the sulfur
reduction ocefithe SW&?@W%@CWEﬂbé@dlﬂfﬁtﬂﬁfhﬁdﬁmﬁﬂnl@mme process

accordi ng to claim5 wherein said second catalyst has a Co/M ratio of
about 0 bout 1.0. 13, The .pro of ¢ n.said olefinic
napht ha eedz B URRS acggglbqgeg) ?Iﬁ"flﬁewg‘%b‘? S%‘ﬁa?&%"ﬂ ﬁata%ﬁéhﬂ? Bcess of claim
13 wherein i phAURtaE8 FABLLNO. 1 D Wt Q'0red between the first and second

hydr odesul furization stages.

13.  The process of claim 1 wherein said olefinic naphtha feedstream is

reacted in the vapor phase.

14.  The process of claim 13 wherein interstage cooling is performed between
the first and second hydrodesulfurization stages.

15.  The process of claim 13 wherein the feedstream is preheated to a
temperature up to the hydrodesulfurization temperature prior to entering

the first reaction zone.

16.  The process according to claim 2 in which said olefinic naphtha

feedstream has a diene concentration of up to about 15 wt.%.

17.  The process of claim 4 wherein said first hydrodesulfurization catalyst
and said second hydrodesulfurization catalyst contains about 1.0 to about
3.0 wt.% of an additive selected from phosphorous, alkali metals, or alkali

metal oxides.

18. A process for hydrodesulfurizing an olefinic naphtha feedstream 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



15. The process of claim 13 wherein the feedstreamis preheated to a
tenperature up to the hydrodesul furization tenperature prior to &ng ¢l 26
the first reaction zone. 16. The process according to claim2 in which said
ol efi nic naphtha feedstream has a di ene concentration of up to about 15
Ww.% 17. The process of claim4 wherein said first hydrodesul furization
catal yst and said second hydrodesulfu?@zation catal yst contains about 1.0
to about 3.0 wt.%of an additive sel ected from phosphorous, alkali netals,
or al kali X| . f.or, hydrodesul furizing an olefinic
napht ha f%ugg%{’tij‘égﬁogﬂggf?%?%F@}%O%gggﬂg%t\é{}ﬁ]tc?{g OCES%BWIP%E)‘?S‘ the ol efins, which
feedstream boils in _the range af. abou OF (10C) to about 450F (232C) and
contains 2 6 GF)C Tlﬁ@ﬁ%“ngﬁﬂggﬁﬁg?£ﬁﬁﬁg?%ﬁ ‘%WW§ of organically bound

sul fur, which process conprises: . at) reheating said ol efinic napht ha
feedstreans; bY hydpdesssiifuizing sayg %He%%f“ﬁb@ﬁ‘fti% zgn¢ ppegdted dact i on zone
operated at hydrodesul furization conditions and in the presence of hydrogen
and a fi rkdrodepelfwireden ¢anditioas parhindl preseste eldnprigsedndh fiabout | to about 30
w. %of a Goup VIIl netal oxide, about 5 to about 50 wt. % of a G oup VI
met al oxi khelrodend fiaizoeeh @inalpokemgiisdet abounfl to albmuB0 60. % of @ GebguVv1I1PBRtaA, sai d
first reaction zone operated at hydrodesul furizing conditions such that

f rom abougxidd Upé@ 5ababdut 38%t0% drResSup Vimefafoxiat. i 88 ahedsa fhre fiaRERE hEAM
occurs in this first reaction zone, thereby resulting in a partially

desul T uri zed: s@RHYESur SbA %?%icfi and r&lii ﬂfn@ggérgﬂleg%lg hdraBshiffiZ tially

desul furi zed product stream of step b) abov second reaction zone

operat ed at | f.uri zi n ndit i contai i ng.,a.second
v odesul PMETS RS0 §iePaBH R AR B A B BRBIH 06 o 2 & oup

VIII nmetal  oxide, about.l.to about 45 w %OI. a.Grou[Q. YI rreifal. oxi de, and
a nmedi an I5eYsEredin QfeHrs p s first reaction zone, thereby resulting in a partially desulfurized

product stream; and

c) hydrodesulfurizing the partially desulfurized product stream of step b) above
in a second reaction zone operated at hydrodesulfurizing conditions containing a second
hydrodesulfurization catatyst having about 0.1 to about 27 wt. % of a Group VI metal
oxide. about 1 to about 45 wt. % of a Group VI metal oxide, and a median pore diameter of
about 60 A to about 200 A, said second hydrodesulfurization catalyst having a metals
loading such that each metal is present in an amount of about 10 to about 95% less than the
amount of the same Group metal present on said first hydrodesulfurization catalyst and a

median pore diameter equal to or greater than said first hydrodesulfurization catalyst.

19.  The process according to claim 18 wherein said olefinic naphtha feedstream is

contacted with a hydrogen containing gaseous stream prior to, during, or after preheating.



about 60 A to about 200 A, said second hydrodesul furization catal yst havi ng
a netals |oading such that each netal is present in an anount of g@ﬁlfl

to about 95% 1| ess than the anount of the same G oup netal presen% gg\
first hydrodesul furization catalyst and a nedian pore dianmeter equal to or
greater than said first hydrodesul furization catalyst. 19. The process
according to claim 18 wherein said ol eflnic napht ha feedstreamis contacted
wi th a hydrogen contai ning gaseous stream prior to, during, or after
preheatin 2 es cordi ng.t.o cl aim 18 wherein
sai d hydr %Ogen @E)Ogl?esggccord'%to Cﬁ)a'msltg r"‘é‘geﬁ%"ﬁéa'gém‘gaﬁef{‘: mm% &R at e

| ocati on §treainhieaddetiat arhh‘:@h’rmd&ﬁu:l [baatioZ &f the first Radrblenlfatngion réittionlAmepr ocess
according to claim 18 wherein said hydrogen containing gaseous stream
contains at | east 50% by vol unme hydrogen. 22. The process of claim18
wherein t feﬂgsé 4 ; out 60 wt.
% and a s%rla'fur coﬁ?(geﬁ?b#?gdﬁga%\éﬁlﬁg Sme?élh %d%%E%%®Ea+ﬁgg %%Sg‘élzsgs accordi ng
to clai ms_ltzamh@nmmasmasiﬁloi’/crlsxwalwdebadrd csnecond reaction zones are operated
at a tenperature from about 450F to about 800F, a pressure of about 60 psig
to about 800 psig, a hydrogen treat gas rate of about 1000 scf/b to about

6000 sef/m. anTheproddsdbf laifOLy Witersipaec¥@@bih this 9bvahioblefifs &wtentt of @ about
| 5hr 1. 24. The process according to claim23 wherein said first catalyst

and sai d $edoHd0 Wabeangist subpecaipp Frmethosim U4n 7APAUWPAR. support. 25. The
process according to claim?24 in which said first catalyst in said first
reaction zone contains about 2 to about 25.0 wt. % Mb(Q3, and about Ito
about 6. 023t . %e@r@esaamtordjmgtos:di{imrm darah yad firn asdisald sseondckactemcionen zone
cont ai ns about to about 10.0 w. 9% MQCB, d.about O. 0 ghout 5.0 w.
% CoO. 263"3?%358?’ BE%EE‘PS'F“‘“EF i“’m Ul ey %f"nf%é{ @ﬂ’ E’caoi?{BSSHEFo"r]f&h%@g;pra‘rgi zation
catal yst Rapod sowtp@% S dragd FQANERNhE AT bt $H0RRAY Lo Moot B00Dschbl Mdabout 3.0
X 10-4 gvbQG3/nR |, an average particle di aneter of |ess t han about

2. 0mm 271'qu%bOLﬂPYd@é%ﬁsV3éftC¢tdr0@ﬁb@it9éhbltalah@LQ65b\Vr1er ein from about 20%to about
60% of the

24.  The process according to claim 23 wherein said first catalyst and said second

catalyst are supported on an alumina support.

25.  The process according to claim 24 in which said first catalyst in said first reaction
zone contains about 2 to about 25.0 wt. % MoOs, and about 1 to about 6.0 wt. % Co0, and
the second catalyst in said second reaction zone contains about 1.0 to about 10. 0 wt. %

MoOs3, and about 0.1 to about 5.0 wt. % CoQ.

26.  The process of claim 25 wherein said second hydrodesulfurization catalyst has a
MoO, surface concentration of about (0.5 x 10 to about 3.0 x 10 gMoO;/mz, and an

average particle diameter of less than about 2.0mm.

27.  The process according to claim 26 wherein from about 20% to about 60% of the

sulfur reduction occurs in said first hydrodesulfurization zone.



sul fur reduction occurs in said first hydrodesul furization zone. 2 6 OCT
2006 -22 28. The process according to claim 27 wherein said secoz%q:q;t@@yst
has a Co/M ratio of about 0.1 to about 1.0. 29. The process of (¢la
wherein said ol efinic naphtha feedst¥2amis reacted in the vapor phase.

The process of claim 18 wherein interstage cooling is performed between the
first and second hydrodesuifnization stages. 31. The process of claim18

wherein dhe I PEdptsRR b&%?@&%@ Whede ﬁ'iiaée%ﬁ%k&ﬂ%aiﬁtgﬁr B.ction zone.

hydrodesufurlzalon reprior to en erin

32. The procegg/ng-gﬁgldfgaH@tgl Bigaboutiino.whi ch sai d ol efi ni c napht ha
feedstream has a di ene concentration of up to about 15 w.% 33. The process

of claim 18 wherein said first hydrodesul furization catalyst and said
second 3&Jr odEhe pfecess af ichainc 38 atheseincaid alefmiahapiithd féedsreatmist 3.0 wt. %
of an additive selected from ﬁasosphorous al kali metals, or alkali netal
oxi des. reacted in the vapor p

30.  The process of claim 18 wherein interstage cooling is performed between
the first and second hydrodesulfurization stages.

31.  The process of claim 18 wherein the feedstream is preheated to a
temperature up to the hydrodesulfurization temperature prior to entering

the first reaction zone.

32.  The process according to claim 18 in which said olefinic naphtha

feedstream has a diene concentration of up to about 15 wt.%.

33.  The process of claim 18 wherein said first hydrodesulfurization catalyst and
said second hydrodesulfurization catalyst contains about 1.0 to about 3.0
wt.% of an additive selected from phosphorous, alkali metals, or alkali mctal

oxides.



