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hydrodesulfurization catalyst, which second hydrodesulfurization catalyst

contains a lower level of catalytic metals than the first hydrodesulfurization

catalyst.

BACKGROUND OF THE INVENTION

[0002] Eﬁvironmentally 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



-2 typically achieved by reaction wi th hydrogen over non-noble netal

sul fided supported and unsupported catal ysts, especially those of Co/ M
and Ni / Mowo 0Bl s usual |y achieved at fairly severe tenpeaTarsosesroand
pressures in order to neet productp) quality specifications, or to supply a
desul furized streamto a subsequent sulfur sensitive process. [0004]

A ef m ¢ naphtha, such as cracked naphthas fromfluid catalytic cracking

and coker napht has, _can cont ai re th U talaphigéds. At least a
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cracked napht has using_  conventional naphtha desul furization catal ysts,
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or gani al{ ¥ phaititostetolefinsielydnogrnaied Hering %‘@éﬁﬁ@?%ﬁ}%’fz BP%f s and
octane reduction by various ., techniques, such I | al ¥sts and/ or
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desulfurization activity. Hydrodesulﬁlrization of cracked naphthas using

conventional naphtha desulfurization catalysts, under conventional conditions

required for sulfur removal, typically leads to a 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 procesées have been developed to avoid significant olefin



hydr odesul furi zati on processes have been devel oped to avoid significant
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a process for hydrodesul furizing an olefinic nap oiling
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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



operated at hydrodesul furization conditions and in the presence of

hydr ogen and a first hydrodesul furization catalyst conprising 2 to WD

03/ 099963wedB/0B@3/ 14705 -4 30 wt.% of a Goup VIII netalpaxisee 45t o 50
w.%of a Goup VI netal oxide, ang.a nmedian pore dianeter of about 60A to
about 200A, said first reaction zone operated at hydrodesul furi zing
conditions such that about 20%to about 99% of the desired total sulfur
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reaction zone op'é‘FEﬁ o urtzing conditions and in the

presence of hydrg/@&& and firé: SEaRIAZzENIs eard dt lyilratesalfudaingl yst conpri sed
of 0.1 to 27 w.% of a group VI1I netal oxide, 1 to 4 Wt'%?afl a Goup Vi

metal  oxide, angylified aichpbeealbuPeCeto ebouiffie ofthe desiaddatal2ooa,  said
second hydrodesul furization catalyst having a als | :ng:. such that
each netal is pradémredncien erﬁﬁlﬂtfeq(btﬁeél@&%?%?lggg ré’ﬁﬂgﬂng%g amount
present on said first, hydrgdesulfurizati Sjpd and a nedi an pore

di aneter equal taama&]gr Pﬁ:ﬁn? he ﬁpf(?(g}sct?%%‘ﬁf%%esul furization
catalyst. [0009] In an enbodi nent, the anmount of feed desulfurization in

the first rea@;hﬁ&&&%@ﬁ(@gﬂgg%@ baff Alycddsulifizednafidha pe&decd! t he desired

total sulfur 1 on ach a targeted anmount of su(lé({ur removal in
the process). Prsﬁ-gﬁhr(ﬁtgt%p a)tat‘rﬂ)varimm’ﬂecoﬂdi'waoaéé)mm?}'ai fon zone ranges
0

from about 20% to about % of the desired fotal sulf .en, nore
preferably from alydmdezﬁbﬁurizi@gmd%ﬁoﬂﬁ%nde}ﬂd-{lgﬁ)ﬁslen?‘ﬁ)?]gf%@gglﬁg%?y from

about 20%to about 60% 010] ..n.a .pre i 1tihe7ieedst r eam
boils in the r angesegpn%g&g{o]delulfunzatﬁm éa%lgrgtdccﬁﬂﬁ‘?@dm weUs

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] Inan 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



50F (10C) to about 450F (232C). [0011] In another preferred enbodi ment the
hydr odesul furi zati on reaction conditions include tenperatures from about
232C (450Wpo @3mgdeput 427C WO 03/ 099963 PCT/ US03/ 14705 -5 KHCADMHO/14706 €SSUr es
of about 60 to 800 psig, and hydrogen treat gas rates of about 1000 to
6000 standard cubic feet per barrel. [0012] In still another preferred
enbodi nent, said first hydrodesul furization catalyst has a nmedi an pore

di anet er of about 60A to about 200A, is gonprised of a ytic
conpon@on°F g plessaatsadfyationt 6@ﬁp&@@rﬁSI&ﬁadiYQE%‘Feag&%S%‘ggto?%g‘lhfch that the
Mo conponent is present in an anount of fromabout 1 to about 10 wt.%

cal cuIb@@ﬁtm@o%ﬁe@d@lﬂ,C‘@h‘ﬂﬁi%é’ef:ga%ﬁlrrponent is present in an anount of
fromabout 0.1 to about 5 w.% calculated as CoO with a Co/M atomnic
ratio of,, ,aboyt Ol 1 DED iR DRRERK S Hyaho @suliiEzANWENT] ON

[ 0013] P%@Zstgelégﬂ]s%ﬂot%é Ie%ecglrleduse In the present inyention areﬁgj efinic
napht ha, | t& a et P@lfei digfictatafedont 60Attotappit 2004, saampisedd r ange of
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used heegicatalytid vompontmise Gat easalysiclamnagenhast & SPRPYL FPEWPTEY- at | east
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wei ght e naphtha stream [0014] Cracked naphtha refinery streans

gener ahhyuc®@nttdiabonpt. only paraffins, naphthenes, and aromatics, but also
unsaturates, such as open-chain and cyclic olefm dienes, and cyclic

hydrocarbons wth olefinic sj CHAE D g finic naphtha feedstream
can comMETAL ﬁiﬁgv 'gfn.mﬂ?@ﬁgi ng as high

[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



as about 60 wt.% nore typically as high as about 50 wt.% and nost
typically fromabout 5 wt.%to about 40 w.% The ol efm ¢ napht ha

f eedst r eamc@rogdeso have a di ene concentration up to aboWwCTIES0dM4BG but
nore typically |l ess than about 5 w-.66 based on the total weight of the
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hydr ode8Bilogs MAHPEF by alsebe; Byeseitin a1aass Fan) aboytid PRRPEIAbME. [0016] 1t
has bee %’;ﬂﬂnt hat unexpectedly high |evels of sulfur can be renoved from
an ol efinic fapht ha stream wi t hout excessive ol efins saturation or

mer capt an reversion taking place. The feedstreamto be desulfurized is

typi cal [0015)r eh&apeshipndlo ménticirideitiphidhe desieale o k@holé Balfu@ai Nng to a
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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] It 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



contai ni ng gaseous stream |If the naphtha feedstreamis preheated, it can
be reacted with the hydrogen-containing treat streamprior to, during,
and/ or af wero3omoeeheati ng. At |east a portion of the hydragansssensmsni ng
treat gas can also be added at an4nternediate |ocation in the first
hydr odesul furi zati on reaction zone. The hydrogen-containing treat gas
stream can be conprised of substantially pure hydrogen or it can be in a
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substanttally pure hydrogen. [0017] The first hydrodesul furization zone is
pr ef erﬁ;tﬂry)g@]}%bﬁtaiﬁdngmﬂ&amb@swam@lllydﬂﬁﬁbé’dm t zati on conditions that
will vary as a function of the concentration and types of organically
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hydr od rization  conditions, for both the first and second
hy dr odggulsbldctivahydrodesntfarizasontelt ks meantthyt Belydy Asul furi zati on

zone incClude: tenperatures from about ,.232 E 27C, (800F),
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out (500F) to about 355C (671F), nore 1
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 e 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,
eBullating 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



preferably fromabout 1 hf(err) to about 5 hr(err). [0018] This first
hydr odesul furi zati on reacti on zone can be conprised of one or nore fixed
bed reactwosomagdss of whi ch can conprise one or nore catal ytr/iseda4706f t he
sane catal yst. Although other types-@&-catal yst beds can be used, fixed
beds are preferred. Such other types of catalyst beds include fluidized
beds, ebullating beds, slurry beds, and noving beds. Interstage cooling
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not avail abl e, conventjional cooling may be perforned through cooling
utiliti eBenelpireamcdpthis gnapncs, OpIMIL Teaghion HBPRIAtUG_ECHT bameyer ogen

quench cam._.|.n. thi - opt | react t eratures.can be nore
easily m %lﬁf Qa _t e tSI|t g?lé}?g{%?cfg}?k ﬂ#ar%rsf ﬁxﬁoﬁgé’%l%%’e% _efl{?ri zation zone
be confobanpgddin @mﬁﬁﬂ&edn@@ﬁ%r@%ﬁﬁid%ﬂhgﬂﬂﬂesﬁllﬁ%i’ﬁﬁﬁl%éﬂaﬁﬁ&lﬁtéu‘éﬁ

condi tions Such that from about 20%to 99% nore preferably from about 20%
t o abouth&3P6mfabouh20%wtoed 9 %anpet prefarabinfroad abeutf20% te abyad 95% ofeached in
the first hydrodesul furizatiaqon zone, the further renoval of sulfur to

reach t e tobdldprgeted gmount ehslfr rsmoyal sueachadondhe desturs in the second
hydr od l.furizati.on. . h t al t f eed |
oS VLo A, DB e A SR Tecd sl
renoved g}r@etteh%lﬁé tof SAYRIE ?%594(1}]:(?1({(/: f 0. 'k @?5&{%¥(ﬁ%QG§lﬂhﬁ%Fiﬁnport ion of

the tot renoved In the secon esulfurization zone. I n an

enbodi mephe. Ihetheewmdrds, & wnalveatoutt oftfbed fulfst refudabderutdied faraheon zone
ranges upwards from about 20% of the total anount_ of feed sul fur renoval
t ar get . PTORsspovith argreter pertias of thedetl semeoved inthedrat target renoved in the

fir hydr. |.furi ion n nds_.on .
rst ¥1§i/dr%%%glﬂﬁ1rlilzelltlzoq}1 Iz%ne,za?ﬂ a ?eesgeer ;90%&811 otf qge 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 hydrodesulfurization 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



process's catal yst choice and operating conditions, as discussed.
Typically, this portion wll range from about 20%to about 60% or about
75% or aboui3/O@Bs or about 99% of the total sul fur renovacCiresiges7os[ 0019]
Sui tabl e hydrotreating catalysts for. use in both the first and second

hydr odesul furization zones are those that are conprised of at |east one
Goup VIII nmetal oxide, preferably an oxide of a netal selected from Fe,

Co and Ni, nore preferably Co andlor N e ; and at
| east bomsedaimtipe SMNCESAGIOR RCHE!- #]é? ﬁggpﬁ%@%hgkge gﬁgme?/g?ﬁsel ect ed
from Mo_and nor.e r.ef er abl 0 i ushaaet arBang Uipmar t

mat erhﬁdf,()dﬁ‘ﬁ%"éﬂé‘gpy g‘ftﬁiﬁsﬁé.s &é\%lel}, @S??Ig[bﬁg aﬁy%ﬁlgt /% e%th i nggca;tkﬁle ysts

i nclu i L t bmesbdrll & abmitd2%athe yyoupwher e t he
ol oafafitd Al fYB] Sref@abORbnemant & Wi t hi n@i’?’ﬁhasco e of the

presenfql ' @bl thart inas anypEt eAngingHm t02PqM st o
03/ 09 eééxlrbéécﬂrg h%%%?ogm@r 5y y

be used in t ) reaction e G oup
VI setwd. % preferalfly themfabougt 10@&@&&2&%%?‘35?8%60 Eeﬁ%%@@ f|~Igﬁ:1'?ypi cally
present in an anmount rangi fr a . _ er abl
f r om aboutt2Qita ebABAR Wi'g/‘g’/ﬁ Mh@@o%gglwm%%%re%%y eezgmn\lil; %/%P(%{ ly bey
present in an .amunt | abo wei ot suppefter ably from
Bbout -0 SBPGUE ol g B R b e B s about 26 1

nore preferably from about 20 to, about 30

Wt . % F%k'exﬁ@?éﬁ iPiHledRpoONErepRrweighsL 0 @ then 20ppoYa Grewp VIBmeabport " we

mean that ercents are based on the weight of thﬁws%&ﬁgtt' For
exanplgidd fvotiiemsan tatt20neref GroupVh Hl‘ﬁ@l@’.% £ Sb™es oup VI1I netal
oxi de woul d nean that 20 g. of Group VIII netal oxide was on the support.

[ 00201 Preferred properties o el ectq ' kQBedat al ysts
used i[0028he E&féﬁégﬂi’y‘a?%@%ﬁh%rem%et ?%(ﬁogéﬂgﬂg?%ﬁgﬁgag%?g? iqzed by Kavi ng

metal hde Ha0L ke aBRRe 4R Ehi6@rizad beshavhigymetal loadingsecond

react i'9f 5% ngseus I'zation catalyst is characterized such that the

wt . % Q@g@ﬁ‘ﬁﬂe Bhob-deSeibiel fngeenHowevehehe sceondl wacPy 00§ s about 10%t o
0

about ess than the anount of the_sa G au al. _oxi resent in
t he figkydrodesdfurization catalyst is characterized vach that the” With Al 91 SRt

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 metal 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.



hydr odesul furi zati on catal yst, preferably the wt.% of each netal oxide
present in the second catalyst is about 30%to about 90% | ess than that of
the firstwoaidabyss and nost preferably about 50%to aboutrc330s0Bes®s For
exanple, if the first hydrodesul furipzati on catalyst contains 20 wt.% of a
Goup VIIl netal oxide and 50 wt.%of a Goup VI netal oxide, the second
hydr odesul furi zation catalyst wll have a netals |oading such that the

t:L%lrjlp; ﬁbbél;nﬂf Breffieh oyl SO scebo by R Betadtin M0 bALARD,, *o 1 e
ot e ot R s B e e ies The 50 ot % of the

G oup \tthémisdptivn Testndessbed an“Singcthia atd Pyapeodesofl Motybdenon  cat al yst .
Further, the second hydrodesul furization catal yst has a n%di.an por e
di anet eSulfideaCotrelasiongek@r &mentisorpting with Hydrosdnseligrgagen Al Wne fir st

hydr odesul furi zati o at al ys O 03/0999 / / .. -10 [0021
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i nt er chapgaahbyubeal Biterchhf@2bly Reimost preferred catal ysts for the second
hydr odesul furizati on zone

[0022] The most preferred catalysts for the second hydrodesulfurization zone -
can be characterized by the properties: (2) 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; (c) 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 1754, and more preferably from about
80 A to about 150 A; (e) a MoOs surface concentration of about 0.5 x 107 to
about 3 x 107 g. M003/m2, preferably about 0.75 x 10 to about 2.5 x 10‘4, 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,



can be characterized by the properties: (a) a MoG3 concentration of about 1
to 25 w.% preferably about 4 to 19 w.% and nore preferably about 5 to
16 wt ./ o, whhsaeshedn the total weight of the catal yst; (b) PCTORD3/14705
concentration of about 0.1 to 6 wy1% preferably about 0.5 to 5.5 wt.%
and nore preferably about 1 to 5 w.% also based on the total weight of
the catalyst; (c) a Co/Mo atomc ratio of about 0.1 to about 1.0,

preferably fromabout 0,20 to about .0. 80 re_pr Y about 0.25

t o abouefdably: inprpanac ﬁﬁﬂeawpﬁeﬁ"tén@?‘é‘ﬁlétlg?ygg“é%(gﬁ%agwstfg}a out 200 A

preferably fr about 75 A t I§: 140A, Bicequpbyt from about

80 A tQﬂt%lbfémfofg’]f}d’fi@e"(té?v%ﬁci}?%t}’?é@é%nc L ont 0.5 x 10-4

to abou imetide: in®rghier aviniaadciund oXfdexstiéntiimo about 2.5 x
Biler < i ZephRRP AN B TRl Bhatie

10-4 pre om about 1 x 10-4 to 2 x 10-4 ; ana (f) an
averag%dger]géﬁﬁlﬁ oXide€ catb@npiicomt, diatanadeans zaﬂh;ﬁﬁlﬂwmee% £ less than
6 2

about 1.6 mm nore preferably |ess than about 1.4 .and .qpst preferably
as snajnchating cadtincaxideolanthanyaheside; momﬂ%e&ﬁ% %%?%ﬁaparngcess unit.
[0023] The catal ysts used in the.practic f. 1 LHRG&d. on are

pr ef er@@ﬁ@@ﬂﬂbﬁ?@é&de@é’&?% i".‘o‘}iﬁ? 0%‘&4?’2‘5&?‘%%?6})2%?%%&&2?& yst support
et er i gl MO0 099863, 4 7Q5ferred hrd hRinginabtilica, nadgalice oxi de
supportzulﬁé)txéﬁlef’aqngaﬁrgﬁﬁ%e sbg asté'sﬁpgﬁes for the catalyst of the present
i nvent L inNomibieprciéige & ccdpingsa. oMaguetialohe atsogponsed fentle saiplysisncl ude:

zeolites, alumna, silica, titania, calciumoxide, stront IB‘ﬁlm g{d de, barium
oxi de, witr Hhigh, desiree ofinzstaldiudfideredgaplne 4Fean0t theRIASERE VeGP et 15

I ncl udi ng
cerium oxi de, |anthanum oxi de, neodym um oxi . ' ' and

pr aseotyhs undesstend thak "é’,Po{tHB?‘ieﬁ%InS% PCﬁﬁgﬁgﬁ{aﬁ%@ﬁtg? tf;mt ala, tin
oxide, zinc oxide, .a | Liing . sa(mp? ioRBéal bedeatieat@hniena, silica,
and si CPRIGMIANES, fich %bdlig Slgﬁg%g’p%rlggg’i S a Eﬁlnglﬁa. Magnesi a can al so be used

for the cahmleddutingMhlehrépdtadbn de dicesupplornmuteriad UThésdconthganghisne area of
the present invention. It is to be understood that ({hel su&gorbi mat eri al
can al gfe prseat in theahv mateuialssusefl to prepare the support an will preterably

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 O 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
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 1iniiting 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] Inall of the following illustrative examples, unless otherwise
indicated, the hydrodesulfurization relative catalyst activity (RCA) for Catalyst



contam nants, such as Fe, sulfates, silica, and various netal oxides that
can be introduced during the preparation of the support material. These
cont am nawoso3/caym3present in the raw materials used to praEaresoBheosupport
and wll preferably be present in-d@sunts |ess than about 1 w.% based on
the total weight of the support. It is nore preferred that the support

mat eri al be substanti aIIy free of such contamnants. It is an enbodi nent

of the prese ol n}/cggéi 2@% R@?@T&r @%fa&st% Was %ho@h%%eaNO%f fiem about 0.5

to 4 wi>3s rom a 9% of an additive be

Pr esentyifa gp@s 'eﬁl‘d the dicat ¥es tate '&eﬁ(ﬂlﬂ ﬁdnda‘.rdmnbimﬁaegpmup
consi stl ng osp hor S and nmetals or netal oxides from Goup |A (alkali

met al S)b@felhh@OF%r]}E{p;immtyTabl e of the Elements. [0024] The foll ow ng

exanpl es are presented to illustrate the invention and should not be
considered imting in any way. EXAMPLES [0025] As used herein, Catalyst A
i s mearixampleder to the catalyst present in the first

hydr odesul furi zati on zone descri bed above, and Catalyst B refers to the
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i ndi catigqne h)@rdiedngaRsH dnlddtal 7@1! OThé ed>m byieionaf latalyseBtis vikiep toRCA) f or
Cat al yst WO 3/ 099963 PCT/ US037 14705 A was chosen to be 10@6; t he RCA

f or Catb’ﬂ4§th°/&\hfﬁo®§;olsénNt%(1390409%imnmwlihtalléﬁ lpn@s%@ diameferoh psig, and
bur 1 1y ST hpednitiqldosdpirenias aarapnt seadriseart ol e e ihedde o edi ot i ons
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a medi AhsP rﬁogmrﬂ%:r?]éﬁn ) fof 79%%y/¢. ?ﬁﬂf&h&ét?éanﬁ?ﬁ@@sh[ﬁﬁ%bd%oaowmﬁmha

f eedstr e raneo .
sulfur under hydrodesulferization conditions. Conditions of the

hydrodesulfurization reactor include 300 psig total pressure at the outlet of the
reactor, a hydrogen treat gas rate of 2000 scf/bbl with the H, purity being 80:20
v/v H:CHs, and a liquid hourly space velocity (LHSV) of 2.1 v/ht/v. The
average temperature (T) of the reactor is calculated by measuring the inlet
temperature (Tpy) of the reactor using a thermocouple device and also measuring
the outlet temperature (Tour) 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.



about 50F (10C) to about 450F (232C) and contains 700 wppm sul fur and has
a Brom ne Nunber of 74 cg/g. This feedstreamis desulfurized to 30 wppm

sul f ur underosrgebsedesul feri zati on conditions. Conditions ®CT/is®3/14705

hydr odesul furization reactor includg 300 psig total pressure at the outlet
of the reactor, a hydrogen treat gas rate of 2000 scf/bbl wth the H2
purity being 80:20 v/v H2:CH3, and a liquid hourly space velocity (LHSV)
of 2.1 v/ihr/v. The average tenperature (T) of the reactor is cal cul ated by
measurlablethe inlet tenperature (TIN) of the reactor using a thernocouple
device and al so neasuring the outlet tenperature (TOUT) of the reactor

usi ng im j enperature is then cal cul ated by

di vi di|iteeth SWMhWEPM N and TOUF 5Y=21 Also, the loss in octane nunber,

bot h r|{deekdBramineiNumber_esig and or octane number (MON), is

determned. The total road octdgne |osg is calculated by dividing by 2 the

sum of—+ N o WO 084899963 PCT/ US03/ 14705 -13 Table 1 Feed
A BRI AT A IO 0966

Sul f urlsWe 00— =oed —1c / 74 Average T=(TIN + Tour /2, F
535 DiPf@rense ind irAR%aheutrouT Est, OF 115 LHSV, v/hr/v 2.1 Catalyst in

Top BedE&. °Eat al yst Vol une ft 5552 atal yst in Bottom Bed None Tot al
Cat al ytH®&/ Wmr/Att 5552 Product S@.Mdr, wopm 30 A RON (loss) 5.46

Catalyst in Top Bed B
Catalyst Volume (ft) 5552
Catalyst in Bottom Bed None
Total Catalyst Volume (ft°) 5552
Product Sulfur, 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.%
MoQ;, 4.0 wt.% CoO, on alumina having a median pore diameter of 80A.



A MON (loss) 2.04 L Road Cctane (loss)=(/ RON (loss) + AMON loss /2 3.75
Exanple 2 [00281 The data in Table 2 was obtai ned by nodeling the

hydr odesutvousioasded on of t he napht ha feedstream of Exanpl e PLT/U398/14705

hydr odesul ferization reactor conditiphs are disclosed in Table 2 along with
the sulfur and bronmine nunber of the feedstream The data in Table 2 is
obtained by wusing Catalyst A as the catalyst. Catalyst A was chosen to
cont ai n, % e0 wt.% MQO3a 4.0 wt.% CoO, on alum na having a nedi an pore

di anet OA. WD 03/099963 PCT/ US03/ 14705 -14- Table 2 Feed Sulfur wm

700 F efﬂeéﬁ@ﬂlin ﬁﬁﬁr’ cg/g 4 73@@ age T=(TIN + TOQUT)/2, OF 535
Differ rﬂeeg(ﬂ' bh"%nw r‘n T, E@ 7‘4' LHSV, v/hr/v 7.9 Catalyst in Top
Bed A |CA4 L 1 48 ""t atyst in Bottom Bed None Total Catalyst

Vol une [ft 1488 Pr oduct Sul fur, wppm 30 A RON (loss) 5.74 A MON (Il oss)
2.18 A MoaxcagaTa(B(+ Tos 2/ F 535
Difference in T\y and Tour

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 Sulfur, 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 hydrodesulfurization catalyst, and
Catalyst A in the second reaction stage, the bottom bed, as the second
hydrodesulfurization catalyst.



RON (loss) + AMON loss /2 3.96 Exanple 3 [0029] The data in Table 3 was
obt ai ned by nodeling the hydrodesul furization of the naphtha feedstream of
Exanpl e 1wolis@9odsydr odesul furi zati on reactor conditions cHEIeUS0an€70s

di sclosed in Table 3 along wth thel>sul fur and brom ne nunber 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 £ gi rst hydrodesul furization catalyst, and Catalyst Ain the

second on stage, the bottom bed, as the second hydrodesulfurization
cat al ystrePRAUPWHHH PCT/ US03/|147p60 |- 15 Table 3 Feed Sul fur wppm 700
Feed BroH] , 7 vieraggg [=TIN + Tour /2, OF 535 Difference
| n TAN P BIITAE NG Cald 5T OIS Gt al yst in Top Bed B

Catal ysit Vol une ft 1202 —Catalyst i-nBottomBed A Catalyst Volume ft 1202
Total ~ Gohetrage Vol Tinet ouzWB3°F Ar 0d®3® | Sul fur, wppm 30 0 RON (I 0ss) 5. 73
A MN (| pEfereded In Ty 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 (it°) 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 Example 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.



0 Road Octane (loss)=(0 RON (loss) + AMN loss /2 3.95 Exanple 4 [00301
The data in Table 4 was obtai ned by nodeling the hydrodesul furization of
t he napht Wa deeessr eam of Exanple 1. The hydrodesul f uri zadTovsosa&ws or
conditions are disclosed in Table 41él-ong with the sulfur and brom ne
nunber of the feedstream The data in Table 4 was obtained by utilizing
t wo reaction stages in which Catalyst A was used in the first reaction
st age, i@@ d as the first hydrodesul furization catalyst, and Catalyst B
in the reaction stage, bottom bed, as the second

hydr odesddgSufral Waspreat al yst. WO Q@I@P9963 PCT/ US03/ 14705 -16 Table 4
Feed Sut O1AAF ine ber, cg/g 74 Average T=(TIN + Tour
/2, OF TS L4 édécﬁ,%ﬁ‘%%? [+ Est . OF 117 LHSV, v/hr/v 5.2
Catalyst in Top Bed A (‘afal\lcf Volume| ft 1129 Catalyst in Bottom Bed B
Cat al y<tA\)mageeT=f=¢Tn;w-27§ouﬂ)é2,aciF Cat #3Bt Vol une ft 2257 Product Sul fur,

wppm 3( Dlﬁe%ﬁbé iﬁ)w aﬁd5'50UT

O e

Est. °F 117
LHSV, v/hriv 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




A MON (loss) 2.09 A Road Cctane (loss)=(A RON (loss) + A MON (loss /2 3.83
WO 03/ 099963 PCT/ US03/ 14705 -17- CLAIMS 1. A process for

hydr odesutouwsioe9asg an ol ef i ni ¢ napht ha boiling range feedxtesaameios
retaining a substantial anount of t-hgyolefns, which feedstreamcontains a
substanti al anmount of organically bound sul fur and ol efns, which process
conprises: a) hydrodesul furizing said feedstreamin a first reaction zone
operat ed at hydrodesul furization conditions and in the presence of

hydr oggglm(ji rst hydrodesul furization catalyst conprised of about 1 to
about - f a Goup VIIl netal oxide, about 5 to about 50 w.% of a
G oup VI netal oxide, and a nedj an, pore I amet (i{ﬁgog fibout 60A to about
200A, shid fArprocessalorihydrodassliugmmeancelefmapantiha SO 188Rg condi ti ons

h th f b 0% t.0. ab 9% of th i f i d
Foedst roam | Bedarein prkacin B sbsiied prsiife S HeSIhFS IR, og 1 &
partially  desildbihaehungduabstaht faodibRhgRidan ouhd vilfal agi  he

partially des urized product streamo step~a) above in a second
reaction zonglegRR! #héch ptocebycimpidsast f uri zi ng conditions containing a
second hydrodesuifuri zation catal yst having about 0.1 to about 27 wt. % of
a Goup VIII netal, about 1 to about 45 w.%of _.a Goup VI netal, and a
medi an pore @) amehydrasfesalfurizingoaid teedsizeam 1 AlrsE5agtion e d

hydrodesul furi zat ioggra & gé H}?&roggs\ﬁhﬁgiz%ﬁgﬁtc%'nﬁitio%%%ﬁ%%H@ Bresence of
hydrogen and a first hydrodesulfurization catalyst comprised of
about 1 to about 30 wt.% of a Group VIII metal oxide, about 5 to
about 50 wt.% of a Group VI metal oxide, and a median pore
diameter of about 60A to about 200A, 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 having about 0.1 to about 27 wt.% of
a Group VIII metal, about 1 to about 45 wt.% of a Group VI metal,
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 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.



that each netal is present in an anount of about 10 to about 9510 |Iess
than the anmount present on said first hydrodesul furization catalyst and a
medi an pow® @iasmeBer equal to or greater than said first PCT/US03/14705

hydr odesul furi zati on catal yst. WO 031899963 PCT/ US03/ 14705 -18 2. The
process according to claim1 in which said ol efm c naphtha feedstream has
an overall olefins content of up to about 60 w.% and a sul fur content
from abgut 5Q.wp 3 0 . . %ﬁsmdingtoclaiml
wher ei nasai d #\erpggb%sﬁaa%gglilﬂénégocglﬁﬁﬂ pl?iena\gmcén%%%%s ar% ope{lat ed at a
tenper at ure g QRRAMasXROGV Rl Astitls coHGHE, oftupPioRfbdut 606t Mhmidta 60 psig to
about 800 psig, a hydrogen treat gas rate of about 1000 scf/b to about
6000 scf/b, sulfuacontgut ffomoabduy SOpepem teelbout 7§0dWpabout 0. 5hf1 to about
15hr-1. 4. The process according to claim3 wherein said first catal yst and

said second catal yst are supported on_a suitable refracgtor upport. 5.
The prodess AP %Oﬁl%ggﬁﬂlailﬁ Wb@’f?%é?ﬁéﬂ%‘ié Ea&gié??é‘ffi n said first

reaction zone contains _abo t10..abo 01 t 1to
about 6.0 wt F%%C%?ﬁz%l.esﬁeeg}é)?%éegsagaaa'g ual’reg%r‘}ge ﬁ%mc%ﬂﬁ?nﬁgoﬁpo ich said
second cat al ogt I i QANE0C PBiloah My ttrdat@ak 0 about
10.0 wm. % I\/b?gg %nrh g%gﬁ'?ﬁg.g?g%%@ggfoglutt@rhgo Wt . ?}ngoO §r?. he pr (%cess of

cl ai m 5 wher eate ofaibdus €000 sciily ttr abastG000rsct/t and admuad hewvrly spacea nedi an
pore di aneter of about 60 to _@bouﬁ 200_A,, a MbG3 surface concentration of
about 0.5 x velpoity efinheut 8.5k taekoghbdl/ n2, and an average particle

di aneter size dianeter of |ess than about 2.0mm 8. The process of claimi4

uner el o2l 0l 0L (SRR Yo BB AR5 g e s

second catalyst are supported on a suitable refractory support.

=

5. The process according to claim 4 in which said first catalyst in said first
reaction zone contains about 2 to about 25.0 wt.% MoOQOs, and about 1 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.% MoOs, and

about 0.1 to about 5.0 wt.% CoO.

7. The process of claim 5 wherein said second hydrodesulfurization catalyst
has a median pore diameter of about 60 to about 200 A, a MoO; surface
concentration of about 0.5 x 10™ to about 3.0 x 10™ gMoog/mz, and an

average particle diameter size diameter of less than about 2.0mm.

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.



bari um oxi de, carbons, zirconia, diatonmaceous earth, |anthanide oxides

i ncl udi ng cerium oxi de, | anthanum oxi de, neodym um oxi de, yttrium oxide,
and praseodyosiavaeexi de; chrom a, thorium oxi de, urania, nirgli/es03/147n0t al a,
tin oxide, zinc oxide, and al um numlhesphate. WO 03/099963 PCT/ US03/ 14705
-19 9. The process of claim8 wherein said suitable refractory support is
selected fromalumna, silica, and silica-alumna. 10. The process of

cl ai m 9gwher & ' biaRl & wWiRIEGAGHRT difbRPRIFactsry stbibitNdselédtedThe
pr ocessg'acco?gil?r?g@%éésgrga%% V\%I‘ ein frorh about aSoootobgbout S%0% of the

sul fur reducfioanaluesiua ssilica,smidekifica-atunhindr odesul furi zati on zone. 12. The
process according to claim5 wherein said second catalyst has a Co/ M
ratio of about 0.1 to about 1.0Q. 13. The .process of claim 1 wherein said

ol ef i ni $0naphhpProesssof ﬁ@am?gvher@acs@t;hsmfﬂbfmeﬁﬁ&wy SYRRSE.1S14. The process
of claim 13 erein interstage cooling is perforned between the first and
second hydro urization stages. 15. The process of claim 13 wherein the
feedstreamis preheated to a tenperature up to the hydrodesul furization

tenperafyre %’b%&%ézgs i%g&ah‘a?xg%to $188n 3 Whtref fohl MR PV td @bodiGO%Rr Ocess

according to cl sai d ol efinic naphtha feedstream has a diene
concent r at i opf dfe sipfiraedindion déeuns i¥said Tirstlinalrpdesndfsizationlzanen 4 wher ei n
said first hydrodesul furization catalyst and said second

hydr odesul furi zati on catal yst caqntains, about é 0 to, about . 3.0 wt.% of an
addi ti vé2sel dBE&E0EasH BreATEHHt Slaum Savherein paid seeondycatalygbpas a et a1 oxi des.

18. A proces&of/l{)/lro r%ﬁgrocfda %1”1{ {).Lirt'ozéb%%t"i{b.m efini c naphtha feedstream and

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



retaining a substantial anount of the olefins, which feedstreamboils in
the range of about 50F (10C) to about 450F (232C) and contai ns WD 03/099963
PCT/ USO3/ w/@5999620 subst anti al anounts of organically bowad/sseBfisms whi ch
process conprises: a) preheating sa@- ol ef m ¢ napht ha feedstreans; b)

hydr odesul furizing said feedstreamin a first reaction zone operated at
hydr odesul furi zati on conditions and in the presence of hydrogen and a

first hydrodesul furizati | [PEY=Y0 JW0)i to about 30 wt.%
of & o oup Vit gl ARG PRt HRAL e b ibegss, ° 000 i et a
oxi de, and a,Reka: pore dianmeter of about 60A to about 200A, said first
reaction zone perated at hydrodesul furizing conditions such that from
about 20%to about 99% of the sul fur reduction of said feedstream occurs
in this firsa) reapteheatizgraid dlofinichyaphtsafeedsiveamns;a partially desul furized
product stream and c) hydrodesul furizing the partially desul furized
product stream of ction.zone operated at

tep b). above jn.a _second r
hydr odesul f ub) zi n@%@ﬁ&ﬁ‘ﬂ)ﬁ%@ngéﬁ{ eqflsigeamm é‘é%gﬁﬁt TGP AYS | f uri zati on

talyst havi bout . 0, : 0% Of .. bout 1
o about 45wt v, Orea A fyRuRblntatin SO0diBns Rt B Mo frelBhof P00k ou
60A to about 200%3(1 lofln aBEGOREL hyaf&ﬁgﬂﬁhﬁwﬂohaédtmsp@érﬁbmd baving a

a

netal s | oadi ng suc hat each ne is present in an anount of about 10 to
about 95% | ess té#soutthe sbou0 wt.2sehas Grous MIH mietad oxidejabdesditd u i zati on
catal yst and a nedi an 5ere di anet er equal Eo o({ greater . than said first
hydr odesul f uri zat alautd wt.ys of a Group V1 metal oxide, and a median pore

diameter of about 60A to about 2004, 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

c) hydrodesulfurizing the partially desulfurized product stream of
step b) above in a second reaction zone operated at
hydrodesulfurizing conditions containing a second
hydrodesulfurization catalyst having about 0.1 to about 27 wt.% of
a Group VIII metal, about 1 to about 45 wt.% of a Group VI metal,
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 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.

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.



19. The process according to claim 18 wherein said ol efinic naphtha
feedstreamis contacted with a hydrogen containi ng gaseous stream pri or
to, duri ng,0 arosgdeser preheating. WO 03/ 099963 PCT/ US03/ 14 #@F/US0314788. The
process according to claim18 whereiyy said hydrogen containing gaseous
streamis added at an internediate |location in the first

hydr odesul furi zati on reaction zone. 21. The process according to claim 18

VoT ume M ar oBRRPIOSESS R ioaigt 1R A By R R EREL  oam has 2
overal | ol ef g GORenh 18ha) LPaPBtindushodbittoane by content from

about 50 to e process according to claim 22 wherein said
first and saj geQNfuriz RAllcaftidiPpGE. 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 scf/b, and a

li qui d Dbur | Yhe paceess vetarding tootlath d§twitersiaf said Sydeepen copéHNIng24. The
process according to claim23 V\hfﬁrew i d fli rst, catal yst and said second
cat al yst ar eS¥GEBSFHEMNFPIFNDS AL FAH GS’&OYQW&W %e%r ocess according to
claim?24 in which said first catalyst in said first reaction zone contains

about 2%%.3 g‘iﬁgﬁ)ﬁ%sg o‘f{clg{%{\%he?élﬂ {RORMdsthediA hala0erdil Blefins% COO,  and

t he sec n sald second reaction zone contains about 1.0 to

about 10.0 wWoeMEBap adbaRBss w.2%4 ahd azbifut con@nt fionPalim® 5026.700ke process
of claim 25 wherein said second hydrodesul furization catalyst has a nedi an
pore di amet ewppfn.about 60 to about 200 A, a MbC3 surface concentration of
about 0.5 x 104 to about 3.0 x 10-4 gMoQ3/ n2,

23.  The process according to claim 22 wherein said first and said second

reaction zones are operated at a temperature from about 450°F to about
800°F, a pressure of about 60 psig to about 800 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* to about 15hr™.

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.% MoO;, 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.% MoQs, and about 0.1 to about 5.0
wt.% CoO.

26.  The process of claim 25 wherein said second hydrodesulfurizatioh |
catalyst has a median pore diameter of about 60 to about 200 A, aMoO;
surface concentration of about 0.5 x 10 to about 3.0 x 10 gMoOs/m?,

and an average particle diameter size 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.



and an average particle dianeter size dianeter of |ess than about 2.0nm

27. The process according to claim 26 wherein fromabout 20%to about 60%

of the suouws/mewdscti on occurs in said first hydrodesul f uriczawsosndsmsne. WO
03/ 099963 PCT/ US03/ 14705 -22 28. H@2 process according to claim27 wherein
said second catalyst has a Co/M ratio of about 0.1 to about 1.0. 29. The

process of claim 18 wherein said ol efinic naphtha feedstreamis reacted in

th ph : I I
per f or et bet BEBROSSRAFoRiRE R Gath 27 hCILAPMISERUM CHAGHENALE Gee. 31,
The process @Q)/Moaiia@ﬂoj(ﬁ"m[gilntotmumeﬂstream is preheated to a

tenperature up to the hydrodesul furization terrperature prior to entering
the first reaction zone. 32. The process according to claim18 in which
sai d ol 89i ni Thagpbedsa offcdainsis sderdinsanl diefnic feedstroamas up to about
15 wt. % 33. The ss of claim18 wherein tea x~d | hydrodesul furization
cat al yst anﬁea%ﬁ‘ﬁ &@moﬁ?ﬁ?%esul furization catalyst contains about 1.0
to about 3.0 wt.%of an additive sel ected from phosphorous, alkali netals,

or al kahp mﬁl@lpr&(ésgeiﬁ‘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 claiui i whuici - e dpndesulfurization 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.



