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of hydrocarbon m xtures boiling within the naphtha
range. More particularly, the instant invention
relates to a process to produce high octane, |ow

sul fur naphtha products through the renoval of basic
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sul fur products from naphtha boiling range streans
while attenpting to mnimze olefin
BACKGROUND OF THE INVENTION

[0002] Liquid hydrocarbon streams that boil within the naphtha range, i.e.,
below 232°C, and produced from the Fluidized Catalytic Cracking Unit ("FCC")
are typically used as blending components for motor gasolines. Environmentally
driven regulatory pressure concerning motor gasoline sulfur levels is 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 some regions
of the world, and this will require deep desulfurization of naphthas in order to
conform to emission restrictions that are becoming more stringent. The majority,
i.e., 90% or more, of sulfur contaminants present in motor gasolines are typically
present in naphthé boiling range hydrocarbon streams. However, the naphtha
boiling range streams are also rich in olefins, which boost octane, a desirable

quality in motor gasolines.

[0003]  Thus, many processes have been developed to produce low sulfur
products from naphtha boiling range streams while attempting to minimize olefin

loss, such as, for example, hydrodesulfurization processes. However, these



| oss, such as, for exanple, hydrodesul furization

processes. However, theseprocesses also typically
woysopeanat e feed ol efins to some degree, thusPeEUSD4IER4126

the octane nunber of the product. Therefore, processes

have been devel oped that recover octane |ost during

desul furization. Non-limting exanples of these

processes can be found in United States Patent Nunbers

5, 298, 150; 5, 320, 742; 5, 326, 462; 5, 318, 690; 5, 360, 532;

5,500, 108; 5,510,016; and 5,554,274, which are al

i ncorporated herein by reference. In these processes,

in order to obtain desirable hydrodesul furization with

a reduced octane loss, it is necessary to operate in
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reversion. [0005]" Thus, there still exists a need in
and betane reduction bgr\mmms tecdunthsp sudhhas thehiseof selective catalysts
and/or process conditions. For example, one selective hydrodesulfurization
process, referred to as SCANfining, has been developed by ExxonMobil Research
& Engineering Company 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 saturation and loss of octane, such processes

have a tendency to liberate H,S a portion of which may react with retained olefins

to form mercaptan sulfur by reversion.

[0005] Thus, there still exists a need in the art for a process to reduce the sulfur
content in naphtha boiling range hydrocarbon streams while minimizing octane loss

and mercaptan reversion.
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sul fur naphtha products. The process conprises: a)
contacting a naphtha boiling range feedstream
cont ai ni ng organically bound sul fur,
ni trogen- cont ai ni ng conmpounds, and olefins in a first
reacti on zone operated under-Zonditions effective at
renoving at | east a portion of said
ni trogen-contai ni ng conpounds with an acidic materi al
to produce a first reaction zone effluent having a

SUBVESRYORTHIDINVEN 996N cont ai ni ng conpounds; b)
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the presence of hydrogenfcontaining treat gas with a second catalyst
comprising at least one zeolite having an alpha value in the range of 1 to 100
to produce a second reaction zone effluent; and

c) hydrotreating at least a portion of the second reaction zone effluent of step b)
above in a third reaction zone operated at effective hydrotreating conditions
and in the presence of hydrogen-containing treat gas and a third catalyst
selected from hydrotreating catalysts comprising 0.1 to 27 wt.% of a Group
VIII metal oxide, 1 to 45 wt.% of a Group VI metal oxide, and having a
median pore diameter of 60A to 2004 to produce a desulfurized product.



"i-" and "n" are neant to refer to "iso-" and

"normal ", respectively. [0008] In the hydrotreating of
woaphbiachoi | i ng range feedstreans, ol efins arBCT/US2004/024126

typically saturated in the hydrotreating zone. As

ol efins becone saturated, the octane nunber of the

desul fiirized product decreases. However, the present

i nvention reduces octane |oss of the desulfurized

product through the use of a novel process involving

contacting a naphtha boiling4Tange f eedstream

cont ai ni ng ol efins, organically-bound sul fur, and

ni trogen-contai ning conpounds in a first reaction zone

containing an acidic material suitable for the renoval
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conducted to a second reaction zone containing a
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and the first reaction zone effluent is contacted with

the second catalyst in the presence of a
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and thus a higher octane than a desul furized napht ha
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process_only, i, W t hout an oct ane recovery .ste
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boxfl{n%r?a}lgg feedstream. The effluent exiting the first reaction zone is conducted
to a second reaction zone containing a second catalyst selected from medium pore
zeolites, and the first reaction zone effluent is contacted with the second catalyst in
the presence of a hydrogen-containing treat gas under effective hydroisomerization
conditions. The contacting of the first reaction zone effluent with the second
catalyst produces a second reaction zone effluent. The second reaction zone
effluent is then contacted in a third reaction zone operated under effective
hydrotreating conditions, and in the presence of hydrogen-containing treat gas, with
a third catalyst comprising at least one Group VIII metal oxide and at least one

Group VI metal oxide supported, preferably on a suitable substrate.

[0009] The desulfurized product thus obtained has a higher iso-paraffin to n-

paraffin ratio, and thus a higher octane than a desulfurized naphtha treated by a



unexpected finding by the inventors hereof that by
operating the second reaction zone under conditions
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of nolefins to iso-olefins results in a desulfurized
napht ha product having a hi gher octane nunber than a
desul furized product resulting froma sel ective
hydr odesul furi zati on process only. The inventors
hereof have found that the dggree of skel etal
i somerization of n-olefins to iso-olefins benefits the
final product because the saturation of iso-olefins to
i so-paraffins that occurs in the third reaction zone
herein provides for less octane loss in the fina
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possi bl e. By nmercaptan reversion we mean the reaction

satafatirdoDigerolsfind isdgpivallp shivedrithan thatiofig-olefins. Therefore, by

hydrotreating to form undesirabl e al kyl nercapt ans.
increasing the ratio of iso-olefins to n-olefins present in the second reaction zone

effluent, the resulting desulfurized naphtha product exiting the third reaction zone
has a higher iso-paraffin to n-paraffin ratio, and thus a higher octane than a
desulfurized naphtha treated by a selective or non-selective hydrotreating process

only.

[0010] In the hydroprocessing of naphtha boiling range hydrocarbon
feedstreams, it is typically highly desirable to remove sulfur and nitrogen-
containing compounds from the naphtha boiling range feedstreams with as little
olefin saturation as possible. 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 hydrotreating to form undesirable alkylmercaptans.

The inventors hereof have unexpectedly found that through the use of the presently



The inventors hereof have unexpectedly found that

t hrough the use of the presentlyclained invention,
woe@oimeel s of sul fur can be renoved from an BdBEUSID0024126

napht ha stream w t hout excessive olefin saturation or

mer captan reversion taking place. [0011] Feedstreans

suitable for use in the present invention include

napht ha boiling range refinery streans that typically

boil in the range of 500F (1Q0C) to 4500F (2320 '

containing olefins as well as nitrogen and sul fur

cont ai ni ng conpounds. Thus, the term "naphtha boiling

range feedstreant as used herein includes those

streanms having an olefin content of at least 5 wt.%
clanoad linvantionghighaepels of shlfnnpan bardoovédfjomeargelefinic naphtha

f eedst.reans that c]a be treated by the present .
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cracked napht ha, and coker naphtha. Al so included are
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The sulfur will usually be present as organically

bound sul fur. That is, as sulfur conpounds such as
[0042]pl E€racked naphtha refinery streams generally contain not only paraffins,

naphthenes, and aromatics, but also unsaturates, such as open-chain and cyclic
olefins, dienes, and cyclic hydrocarbons with olefinic side chains. The olefin-
containing naphtha feedstream can contain an overall olefins concentration ranging
as high as 70 wt.%, more typically as high as 60 wt.%, and most typically from 5
wt.% to 40 wt.%. The olefin-containing naphtha feedstream can also have a diene
concentration up to 15 wt.%, but more typically less than 5 wt.% based on the total
weight of the feedstock. The sulfur content of the naphtha feedstream will
generally range from 50 wppm to 7000 wppm, more typically from 100 wppm to
5000 wppm, and most typically from 100 to 3000 wppm. The sulfur will usually
be present as organically bound sulfur. That is, as sulfur compounds such as simple
aliphatic, naphthenic, and aromatic mercaptans, sulfides, di- and polysulfides and

the like. Other organically bound sulfur compounds include the class of



al i phatic, naphthenic, and aromatic nercaptans,
sul fides, di- and polysul fides and the |ike. O her
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of heterocyclic sul fur conmpounds such as thi ophene,
t et rahydr ot hi ophene, benzot hi ophene and their higher
honol ogs and anal ogs. Nitrogen can al so be present in
a range from5 wppmto 500 wopm [0013] The
feedstreans used herein are typically preheated prior
to entering the first reacti e zone herein and fina
heating is typically targeted to the effective
hydrotreating tenperature of the third reaction zone.
If the naphtha boiling range feedstreamis preheated,
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reaction zone, the above-described naphtha
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preferably no, hydrogen sulﬁde The hydrogen-containing treat gas purity should

be at least 50% by volume hydrogen, preferably at least 75% by volume hydrogen,
and more preferably at least 90% by volume hydrogen for best results. It is most

preferred that the hydrogen-containing stream be substantially pure hydrogen.

[0014]  In the first reaction zone, the above-described naphtha boiling range
feedstream is contacted with an acidic material suitable for the removal of nitrogen-
containing compounds contained in the feedstream. Non-limiting examples of
suitable acidic materials include Amberlyst, alumina, sulfuric acid, and any other
acidic material known to be effective at catalyzing the removal of nitrogen
compounds from a hydrocarbon stream. It should be noted that if sulfuric acid is
selected, the sulfuric acid concentration should be selected to avoid polymerization

of olefins. Preferred acidic materials include Amberlyst and alumina.



conmpounds from a hydrocarbon stream It should be

noted that if sulfuric acid is selected, the sulfuric
wa@edod/ocanxent rati on shoul d be sel ected to avoi BICT/US2004/024126

pol yneri zation of olefins. Preferred acidic materials

i ncl ude Anberlyst and al um na.[0015] It should be

noted that spent sulfuric acid obtained froman

al kylation unit could also be used to renove the

ni trogen contam nants. In this enbodi nent, the spent

sul furic acid can be diluteddw th water to forma

sul furic acid solution having a sulfuric acid

concentration suitable for renoving nitrogen

contam nants. The sulfuric acid solution is typically

m xed with the naphtha boiling range feedstream by

m xi ng val ves, m xing tanks or vessels, or through the
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By at least a portion, it is nmeant at |east 10 wt. % of
t he nitrogen-containing conpounds present in the
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ni trogen-contai ni ng conpounds that wll result In a
readtiorszones each of which can comprise the same acidic material. In some
cases, the acidic material can be present in the form of beds, and fixed beds are
preferred. The first reaction zone can employ interstage cooling between reactors,

or between beds in the same reactor if present.

[0017] The first reaction zone is operated under conditions effective for removal
of at least a portion of the nitrogen-containing compounds present in the feedstréam
to produce a first reaction zone effluent. By at least a portion, it is meant at least 10
wt.% of the nitrogen-containing compounds present in the feedstream. Preferably,
at least that amount of nitrogen-containing compounds that will result in a first
reaction zone effluent containing less than 50 wppm total nitrogen, based on the
first reaction zone effluent. More preferably the first reaction zone effluent

contains less than 25 wppm total nitrogen, most preferably less than 10 wppm



reacti on zone effluent containing |less than 50 wppm

total nitrogen, based on the first reaction zone
webdosnemss More preferably the first reacti on RONES2004/024126

effluent contains |less than 25 wppm total nitrogen,

nost preferably less than 10 wppmitrogen, and in an

ideally suitable case, less than 5 wppm t ot al

nitrogen. Thus, by "conditions effective for renoval

of at least a portion of the nitrogen-containing

compounds", it is neant thosé-conditions under which
the first reaction zone effluent will have the above
descri bed total nitrogen concentrations, i.e., 10 m.%
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ef Iptheppopdpcigddo 2 secandirgastion zene whesels 18B@EEted with a

seaReohal B R Momartfine Brolehss speniPaes sPrafirred catalysts
cofn%'r@& 'aVl%a@Péﬁé’kédhtW ZBofifes Bgcﬁ/x fois %QWé&an%éﬁéh{uﬁ @and those

i ca-al um na cracki ng cat erm ne

usai dreinvbavecarmslpha edlueenahe rarfé&&)falnﬁ) DO0) 6 fer &y ibetween 2 and
determ ned at 8000F. Conversion is variéed by var| ation

80; mogqaa@éer\ablwquweg deand Hhtand most\mc&rahiymev\eteeml 0 afd 30.

Al VatuByr Bl Rutber g Aneasirer ol 36 ari Ratidonality and is
moqvﬁl Iﬁgsc‘gigtreprépg ﬁltﬁ%tﬁ Ldrfglgscrgl s rQr%efl? IPUY%RLd States

Patent Number 4,016,218, J. Catalysis, 6, pages 278-287 (1966) and J. Catalysis,
61, pages 390-396 (1980), which are all incorporated herein by reference.
Generally the alpha value reflects the relative activity with respect to a high activity
silica-alumina cracking catalyst. To determine the alpha value as used herein, n-
hexane conversion is determined at 800°F. Conversion is varied by variation in
space velocity such that a conversion level of 10 to 60 percent of n-hexane is
obtained and converted to a rate constant per unit volume of zeolite and compared
with that of the silica-alumina catalyst, which is normalized to a reference activity
of 1000°F. Catalytic activity is expressed as a multiple of this standard, i.e., the
silica-alumina standard. The silica-alumina reference catalyst contains 10 wt.%
ALO; and the remainder is SiO,. Therefore, as the alpha value of a zeolite catalyst

decreases, the tendency towards non-selective cracking also decreases.



of 10000F. Catalytic activity is expressed as a
multiple of this standard, i.e., the silica-alumna
war@andees The silica-al um na reference catal yBET/US2004/024126
contains 10 wt.% Al 203 and the remainder is SiC.
Therefore, as the al pha value of a zeolite catal yst
decreases, the tendency towards non-sel ective cracking
al so decreases.[0019] Zeolites suitable for use in the
second reaction zone include both | arge and nmedi um
pore zeolites, with Beta and!fedi um pore zeolites
bei ng preferred. Medium pore zeolites as used herein
can be any zeolite described as a nedium pore zeolite
in Atlas of Zeolite Structure Types. WM Maier and
[0D18) OZzolitesBuitbblevior ufSin theRbEGHd deachiidl iR RRIEe l?otg large
zeolites are defined as those having a pore size o
andomgdisng poreozes]ites, whith Beta andenediahi perefeetites trdnppreferred.
nal ecul es such as nhexane, 3-nethyl pentane, benzene
Mg, pera zapditesgioissdhereimesn belamyseplitadessribed es afmedium pore

j it ' ves nstr ai ex
et MAIEY S 2E0e TGRS, ot 158 eBel 6 URevoer
B 8, [ [ [ .
e G sor o caly: BedBnEie ROAIBMEUE A of HloR BaGfiga pore
sizefoflS too7 Ahgstrarsdswuoh thhetheerbliteefredlorord mbiséules such as n-
nodi fiers and prior to treatnment to adjust the

hegpng, dsmpthypeitans benaeng anst p-xpleseerAratharetmmapoclessification
usEE Rl BT BoHSZaPEs Dol w7 CERA Eont [rdek 16 vhegh tesdescribed
in ¥Gted Irhids 'Pa’t’é!n]tt NusbériBo PE 19, WARKTE ﬁEr%&ﬁégél@?gantad by

[0020] The at least oné zeolite uUsed as

referdneby Medinm pereceoliiosasipiohlli have HiCGRRLBINI A4S 0Pl 1682, based
or matrix material. Non-lTimting exanples of such
onithg eeelie glonecvitheutanoiifieraand priactd treatmeeneto adjmsstheh
silica, oxi des _such as al um na.

BT B theged _fgggrgﬁh REAGHDPIS OUGRS 10r goe hegan are
sobIEH 590 B AER g RIS L T g s, z5w.
57 sathbESMoAB] with Z8M-48Beiv@ahé ffost pratepby, known as

D xi e, MNanee,
[0020]  The at least one zeolite used as the second catalyst may be combined
with a suitable porous binder or matrix material. Non-limiting examples of such -
materials include active and inactive materials such as clays, silica, and/or metal
oxides such as alumina. Non-limiting examples of naturally occurring clays that
can be composited include clays from the montmorillonite and kaolin families
including the subbentonites, and the kaolins commonly known as Dixie, McNamee,
Georgia, and Florida clays. Others in which the main mineral constituent is
halloysite, kaolinite, dickite, nacrite, or anauxite may also be used. The clays can
be used in the raw state as originally mixed or subjected to calcination, acid

treatment, or chemical modification prior to being combined with the at least one

zeolite.



Georgia, and Florida clays. O hers in which the main
m neral constituent is halloysite, kaolinite, dickite,
WO 0501863 or anauxite may al so be used. The clByBUSAN/024126
be used in the raw state as originally mxed or
subjected to calcination, acid treatnent, or chem cal
nodi fication prior to being conbined with the at | east
one zeolite.[0021] It is preferred that the porous
matri x or binder material conprises at |east one of
silica, alumna, or a kaolin-ldray. It is nore
preferred that the binder material conprise al um na.
In this enbodiment the alunina is present in a ratio
of less than 15 parts zeolite to one part binder,
er ;
O roariobreRTRd g bosB fa b L BBk meBa Ry Kby figa ot least

oot silisx dbemamayor adadlinfcloneltes mvee prdferred thadhe binder material
reactors qr reaction zones each of which can conprise
CoFpRIIgs alyprea.c Bt By embpdimentithe Ahinginpds piasent inat mitipsdf less than
t hough..ot her t s _of cat.al yst, beds can be used,
1§ pirgug \Phe bR Pinder SR Tal B teRuineny do e PEGietaL) dess
thRB4S ah Rl Ll ged beds, ebul lating beds, slurry
bedéf1 ancfgngﬁ%%lbg}e%s. I nterstage cooling between
reactors, or between catal yst beds in the sane
reactor, can be enpl oyed since sone ol efin saturation

[0022] t alfbestewrs reaponizetié casalsabatconprsed of oae or more fixed bed
esul furization reac n are generally exothermc.

d [ A
readers %rrres?thrhémﬁ‘ézﬁ%% ohahielsgay GOTREShOBE 6F mie icatalysibeds of
Wh [ recave ion jis no
S BTG BT ol SuBE gl SEYSIe A S bfoBel e
bedbarsiglefanal.| Sachibihel tyRS oF¥alalRE el Bhiz& beds,
air, or through use of "a hydrogen quench stream 1n
ebulatngrheds; slurppbeds, and eanting bede nhremtageedotiap beewsdt feactors,

gasi[@%/ ma nttgti) ned. %gOZB] As stated above, the
or bgbvesnyett sibadsdn the samarsastor, sapbeeawloyedsisee sore olefin

sat{\]x)?/%?%d cgaro}z ntég:g i)é:itc:}g mi §H:§frf s{aﬁégoé@ggrthg Eigs(?l(ill:uir}/z%tion reaction are
generally exothermic. A portion of the heat generated during hydrotreating can be
recovered. Where this heat recovery option is not available, conventional cooling
may be performed through cooling utilities such as cooling water or air, or through
use of a hydrogen quench stream. In this manner, optimum reaction temperatures

can be more easily maintained.

[0023]  As stated above, the above-defined second catalyst is placed in a second
reaction zone that is operated under effective hydroisomerization conditions. By
effective hydroisomerization conditions, it is meant those conditions that provide
for the skeletal isomerization of at least 10 wt.% of the n-olefins present in the
feedstream to iso-olefins, preferably at least 30 wt.%, more preferably at least 50
wt.%. By skeletal isomerization, it is meant the reorientation of the molecular
structure of the normal olefins with a preference for branched chain iso-olefins over

straight. Thus, skeletal isomerization, as used herein, refers to the conversion of a



effective hydroi sonerization conditions, it is meant
those conditions that provide for the skel etal

wo soeridgnt i on of at | east 10 wt. % of the n-ol BET/NIS2004/024126
present in the feedstreamto iso-olef ns, preferably
at least 30 wt.% nore preferably at |least 50 wt.% By
skeletal isonerization, it is neant the reorientation
of the nolecular structure of the normal olefins with
a preference for branched chain iso-olefins over
strai ght. Thus, skeletal isofi@rization, as used
herein, refers to the conversion of anormal olefin to
a branched olefin or to the rearrangi ng or novi ng of
branch carbon groups, which are attached to the

nctiado@fin Whabrnehed bROrasUhe redrfan@irtl & ﬁb@g{egsgifiﬁ%ggh carbon

atom and non-skel etal isonerization can be
grasps, véhick are aftapihed totthd Steaights¢haimoledin mbkecdbs) b @ diffegknt

ithin the straight chain or branched ol efin nolecule.
Ca%f&%togb Radmognskelgial isamerizatien canebe desseibed asdbe rearranging of
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weighthausbpsiace yelqadiesy  VEIS Y rangei figmtth té 20kt ™, preferably from
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0.4 e T ARY e coRERrurBicB bedRilie(: Fpresourts brajcally range
i I . d
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ratio of iso-olefins to n-olefins. The ratio
ofiso-olefins to n-olefins in the second reaction zone

[0024]| uddy cprtagtingtles firsh aeaction zoae ieffledritsuitlothef sevond atalyst
the second reagt.ion zone feed, preferably

-olefins i .
undaroglfReVR By droip et aodjtiegs, @ seeend raiwtion zonselfluent is
r : i . | east_a portio
prafghe! 2eecod e b on et Bbal ble b o o
~ isoz618fing{d hidéfind. SThERIPEEIEEDIE o bl Fins§A%hE S Al tRaction
wherein the second reaction

zone effluent is greater than the ratio of iso-olefins to n-olefins in the second
reaction zone feed, preferably 25% greater, more preferably 50 times greater, most

preferably 2 times greater.

[0025] At least a portion, preferably substantially all, of the second reaction
zone effluent is then passed to a third reaction zone wherein the second reaction
zone effluent is contacted with a third catalyst in the presence of a hydrogen- |
containing treat gas under effective hydrotreating conditions. The third reaction
zone can also be comprised of one or more fixed bed reactors or reaction zones
each of which can comprise one or more catalyst beds of the same third catalyst.
Although other types of catalyst beds can be used, non-limiting examples of
suitable bed types include fluidized beds, ebullating beds, slurry beds, and moving

beds. Preferred are fixed catalyst beds and it is more preferred that the second and



zone effluent is contacted with a third catalyst in

the presence of a hydrogencontaining treat gas under
we@bdoeotddgxr hydrotreating conditions. The thirdPCEESI0DHOR4126

zone can al so be conprised of one or nore fixed bed

reactors or reaction zones each of which can conprise

one or nore catal yst beds of the sane third catal yst.

Al t hough ot her types of catal yst beds can be used,

non-limting exanples of suitable bed types include

fluidized beds, ebullating béés, slurry beds, and

nmovi ng beds. Preferred are fixed catal yst beds and it

is nore preferred that the second andthird reaction

zones be in the sane reaction vessel while the first
thirdaeadtion zafes besinthé Biraé Re@tibA vas€h] SR MeR8CEa8on zone is

vessel or vessels. Thus, it is within the scope o ﬁ
maingaiped 1n adisereto meetdh@n vessed or vasseds) eThyget sfwitkinahy stope of

used in the same reaction

Rl cat st bed}g;n?
¥ BESE %’ GBYen ¢ E?nt an one ypefnajalyst arreatalpsdeditiype be
e? ﬁ%c%n%%sge ast one Goup VIII netal oxide,
pre era an oxi a nmetal selected fromFe, Co

and N, m)re preferably Co and/or N, and nost
Co; and at |east one Goup VI netal oxide,

referably
[O&Gf er Smtgbla thiod catalysts @renikosel thaeireaionthrigedro e (436 oM¥ Group
ﬁref rab , on a_high surface area support
&G PEFLCERDLY A1 10X @etaaltsele@mfronneF@fCo and Ni, more

PSS, SR P i
Rt T L R e —
Mo,lon &htgir@rfmdreaosummﬂnﬁwrﬁﬂ Yshich abedr)éIR'a&?lé ¥at least one of

resent i n an anount rangi ng from2 to 20
Sll‘ﬁ?‘e? HPHBOTTY kaaln elay.1 eﬂﬂmetadedllnprd\ﬂatdystalmdndd eeolltlc

ety A e PSS A R 3090 2T o p
oD Zhe STLUpNOM ek ca @ﬁeéh*%%@fe% 167 765 £2 Al
tymchﬂlygmesmtlﬁ aarendan eshgng &”ﬂﬁn \Eﬁtbm w9, 8fesaRP Hdm 4 to
12%. [thx(?r%?llpe\fl ;nfetatl I?)ilde will typically be present in an amount ranging
from 1 to 50 wt.%, preferably from 1 to 10 wt.%, and more preferably from 1 to 5
wt.%. All metal oxide weight percents are on support. By “on support"’ we mean
that the percents are based on the weight of the support. For example, if the
support were to weigh 100 g. then 20 wt.% Group VIII metal oxide would mean

that 20 g. of Group VIII metal oxide was on the support.

[0027]  The third catalysts used in the third reaction zone of the present invention
are preferably supported catalysts. Any suitable refractory catalyst support
material, preferably inorganic oxide support materials may be used as suppbrts for
the catalyst of the present invention. Non-limiting examples of suitable support
materials include: zeolites, alumina, silica, titania, calcium oxide, strontium oxide,

barium oxide, carbons, zirconia, diatomaceous earth, lanthanide oxides including



support were to weigh 100 g. then 20 wt. % Group VIII
netal oxide would nean that 20 g. of Goup VIII netal
w®@ziodeimes on the support. [0027] The third caeEl/ysio84/024126
used in the third reaction zone of the present
invention are preferably supported catal ysts. Any
suitable refractory catal yst support material,
preferably inorgani c oxi de support naterials may be
used as supports for the catal yst of the present
i nvention. Non-limting exampfes of suitable support
materials include: zeolites, alumna, silica, titania,
cal ci um oxi de, strontium oxi de, barium oxi de, carbons,
zirconi a, diatomaceous earth, |anthanide oxides
ceringl oxiideg@hianum @xﬂdéﬁned@ﬁﬁbﬁﬂ@iﬁﬂ@ﬁt@%m%ﬂgé’,riddm
oxi de, yttrium oxide, and praseodymum oXi de; ‘chrom a,
praseody minmxaxide; ahramia theriami axide, amamibaniobia) tathle tin oxide,

.zi nc ,oxi de,. and al ym num phosphate. Preferred are
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Egred{)ar atjon of the support material. These

medalfixides hat cambe igradicad duringribe peaparstian ofithe supportimaterial.
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prefrablBHEDS b 4, D1%. SRR RIE ARl ot ot Wibedt an additive
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Periodic Table of the Elements.

[0028]  Preferred catalysts of the third reaction zone will also have a high degree
of metal sulfide edge plane area as measured by the Oxygen Chemisorption Test
described in “Structure and Properties of Molybdenum Sulfide: Correlation of O,
Chemisorption with Hydrodesulfurization Activity,” S. J. Tauster et al., Journal of
Catalysis 63, pp 515-519 (1980), which is incorporated herein by reference. The
Oxygen Chemisorption Test involves edge-plane area measurements made wherein
pulses of oxygen are added to a carrier gas stream and thus rapidly traverse the
catalyst bed. For example, the oxygen chemisorption will be from 800 to 2,800,
preferably from 1,000 to 2,200, and more preferably from 1,200 to 2,000 pmol
oxygen/gram MoOQs;.



of netal sulfide edge plane area as neasured by the
Oxygen Chem sorption Test described in "Structure and
wazmperusxrs of Ml ybdenum Sul fide: Correl ati onP@f/5204/024126
Chem sorption with Hydrodesul furization Activity," S.
J. Tauster et ah, Journal of Catalysis 63, pp 515-519
(1980), which is incorporated herein by reference. The
Oxygen Chem sorption Test involves edge-pl ane area
nmeasur enents nade wherein pull ses of oxygen are added
to a carrier gas stream and thus rapidly traverse the
catal yst bed. For exanple, the oxygen chem sorption
will be from800 to 2,800, preferably from 1,000 to
2,200, and nore preferably from1,200 to 2,000 nmol
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a third reaction zone under effective hydrotr eat | ng
[0028]?gicxs\c;g'gvito?lsfrs?gtgg ethg sgc(:ec?nudI Ielaflrctllcz)r(le gorﬁ)é gquﬂfetnt 1sB<):/ontacted with
the above-defined third catalyst in a third reaction zone under effective
hydrotreating conditions to produce a desulfurized product. By effective
hydrotreating conditions, it is meant those conditions chosen that will aéhieve a
resulting desulfurized naphtha product having less than 100 wppm sulfur,
preferably less than 50 wppm sulfur, more preferably less than 30 wppm sulfur.
These conditions typically include temperatures ranging from 150°C to 425°C,
preferably 200°C to 370°C, more preferably 230°C to 350°C. Typical weight
hourly space velocities ("WHSV") range from 0.1 to 20hr”', preferably from 0.5 to
Shr'. Any effective pressure can be utilized, and pressures typically range from 4
to 70 atmospheres, preferably 10 to 40 atmospheres. It should be noted that
although the range of operating conditions for the third reaction zone is similar to

that for the second reaction zone, both reaction zones could operate under different

conditions. In a most preferred embodiment, the effective hydrotreating conditions



hydrotreating conditions, it is neant those conditions
chosen that will achieve a resulting desul furized
woaphbhaepr oduct having | ess than 100 wppm sul PCIF/PS2004/024126
preferably |l ess than 50 wopm sul fur, nore preferably
| ess than 30 wppm sul fur. These conditions typically
i ncl ude tenperatures ranging from 1500C to 4250C,
preferably 2000C to 3700C, nore preferably 2300C to
35Q0C. Typical weight hourly space velocities ("WHSV')
range from0.1 to 20hr ' , pi@ferably from0.5 to 5lu
1. Any effective pressure can be utilized, and
pressures typically range from4 to 70 atnospheres,
preferably 10 to 40 atnospheres. It should be noted
art Belecavd hpdiohrebtieg candieioat copggaet i@ aciede hisalr i&el within
the third reaction zone is simlar to that for the
the ebeyridefined swiurzenges, meest prefarabiypthezdeseurtaed daphtha product
operat e.un i.ff nt conditions. a nost

I
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desul furized naphtha product "has a sul fur
whigh havé elreddy been inoorpeested biyrreferencechdreing whish disdhysdsarious

in pl that tinme. By selective hydrotreating
aspeseIpt. 5@@\? fining; 3 precsst devwiaped by shashixkonMobidiesearch &
t ad ' tent ~Nos. 985,136, 6,013, 598: . :
- BB ot )yt Ok AR arbun ird Aty tesifhirized with
litll ' FRRE o batagel by reference herein, which disclose
vari ous aspects of SCANfining, a process devel oped by

t he ExxonMobi|l Research & Engi neering Conpany in which
olefinic naphthas are sel ectively desulfurized with

[0031]¢ | e BERYIPYSIY staserh the dewdiurized preduct tlss obainteddyill have a
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0oL A SBRL DEE E015c o
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desul furized product resulting fromthe present
process are greater than 1, preferably 2, more preferably 3. Thus, compared to

selective hydrodesulfurization catalyst systems, the processing of the naphtha
boiling range feedstream over the present catalyst system results in a desulfurized
naphtha product with a higher octane at constant olefin saturation even when both

catalyst systems maintain similar desulfurization/olefin saturation selectivity.

[0032]  The above description is directed to several embodiments of the present
invention. Those skilled in the art will recognize that other embodiments that are

equally effective could be devised for carrying out the spirit of this invention.

[0033] The following examples will illustrate the improved effectiveness of the

present invention, but is not meant to limit the present invention in any fashion.



process are greater than 1, preferably 2, nore
preferably 3. Thus, conpared to sel ective
whymsoaedll furi zati on catal yst systens, the prECEESI0N4H024126
of the naphtha boiling range feedstream over the
present catal yst systemresults in a desul furized
napht ha product with a higher octane at constant
ol efin saturation even when both catal yst systens
mai ntain simlar desulfurization/olefin saturation
sel ectivity. [0032] The abové-description is directed
to several enbodinents of the present invention. Those

skilled in the art will recogni ze that other
enbodi nents that are equally effective could be
_E%@ for carrying out the spirit of this invention.
3 he follow ng exanples wll illustrate the
i mproved effectiveness of the present invention, but
Eg%%ﬁtquant to limt' the present invention in any
MPLES EXAMPLE 1 [0034] An FCC napht ha was
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TABLE 1
API Gravity 56
Sulfur 606 wppm
Nitrogen 1 wppm
Bromine Number 72
Research Octane Number 92.1
N-Parraffins 3.22 wt.%
I-Paraffins ' 2322 wt%
Naphthenes 8.38 wt.%
Aromatics 29.69 wt.%
N-OQlefins 11.95 wt.%
I-Olefins 17.35 wt.%
Other Olefins 6.20 wt.%
Distillation ASTM D2287
10% 42°C
30% 79°C
50% 109°C
70% 138°C
90% 174°C

[0035] The feed described in Table 1 above was then treated with a Scc loading
of 4 different zeolite catalysts, see Table 2 below, under identical processing
conditions. Each of the four zeolite catalysts was in the form of an extrudate with a
65/35 zeolite/alumina ratio. The extrusion was carried out in a 2" Bonnot extruder

with a 1/16" cylindrical or quadralobe die plate. After extrusion, the catalyst



N-Parraffins 3.22 wt.% | -Paraffins 23.22 wt.%

Naoht henes 8.38 w. % Aromatics 29.69 w.% N d efins
wd 100981463 % T-A ef ns 17. 35 wt. % Ot her d ef i ns BCR0S2004/854126

Distillation ASTM D2287 10% 420C 30% 790C 50% 1090C

70% 1380C 90% 1740C [ 0035] The feed described in Table

1 above was then treated with a 5cc | oading of 4

different zeolite catal ysts, see Table 2 bel ow, under

i dentical processing conditions. Each of the four

zeolite catalysts was in thd8formof an extrudate with

a 65/35 zeolite/alum na ratio. The extrusion was

carried out in a 2" Bonnot extruder with a 1/16"

cylindrical or quadral obe die plate. After extrusion,
sarﬁnﬁ‘l@s GRtabed §ﬁﬂ%&§pl‘é€ﬂl@1&ﬂ' iR hiRoger AYDOSF €625 (hloﬁ?ﬁtd fRmove

Itrogen at 9000F for 3 hours to fenove 'the organic

thetoepaiatempline. SThissvisofol loweed tyyamamamomuimnerchangasigp with 1IN

step with IN anmmoniumnnitrate solution to reduce the
amyeN WmNiEes| SOilﬁl(b?eﬂod\ﬁﬂBQﬁ)Wpﬁﬁdlmﬂée‘@éﬁ%b?]@W §9%pegl The

h b d h
catily et D B e maPleGIE L Doutrid PlpinathBariof itressag
preggllcﬁiél'hgpa%t %b(j@}f FN BourBABREd R aif cﬂ@ﬁfaﬁonWQO@bﬁhﬁ)r 6 hours.

e catal ysts was neasured according to
Thé slphadahss ofxbe catalysts was measured according to the test descrlbed

above, and the surface area was measured using ASTM D3663. The catalyst
properties are contained in Table 2 below.

TABLE 2
Catalyst | Zeolite | Alpha | Surface
Area (m?/g)
A ' |(Beta 0.7 342
B |Beta 7 393 -
C |ZSM-23| 438 230
D |ZSM-48 6 229

[0036] The feed described above was treated with each catalyst separately. The
processing conditions included a liquid hourly space velocity (LHSV) of 1.0 hr', a
hydrogen treat gas rate of 178 Nm®/m® of substantially pure hydrogen, and a total
system pressure of 18 atm, and a temperature of 260°C. Table 3 below indicates
the catalyst used in each experiment and the results of the experiment. Net olefin
isomerization was calculated by using the formula:

100 x (iso-olefin in product - iso-olefin in feed)/(n-olefin in feed - n-olefin in

product).



above, and the surface area was neasured using ASTM
D3663. The catal yst properties are contained in Table
wQ2dehw3 TABLE 2 Cat al yst Zeolite Al pha Surf aper/B8mad/024126
(m2/g) A Beta 0.7 342 B Beta 7 393 C ZSM 23 4.8 230 D
ZSM 48 6 229 [0036] The feed described above was
treated with each catal yst separately. The processing
conditions included a liquid hourly space velocity
(LHSV) of 1.0 hr 1, a hydrogen treat gas rate of
178NnB8/ nB of substantially p&?e hydr ogen, and a total
system pressure of 18 atm and a tenperature of 2600C.
Tabl e 3 bel ow i ndicates the catal yst used in each.
experiment and the results of the experinment. Net
olefin isonerization was CRABLE® ed by using the

frormH-a—100 x—{iso-olefin in product - isg-alefin in
fleai@yst n- ol ef | Lnal n fegd - n-gl efdn | Ep?gdggE)CIA LE B
A 00 480 6. 00 Fled N par aeng vE By 3 BILALFoNI-48
fLA[b@xa3- 22 5.67 |-parafff s wt.[% 23 28 22.780|23. 8Zg@3- 85¢ 00
380 Feed

N-paraffins wt.% 3.22 5.14 4.00 3.22 5.67
I-paraffins wt.% 23.22p 2272 23.82 23.85 23.80
Napthenes wt.% 8.38 7.23 8.45 8.70 8.75
Aromatics wt.% 29.69 28.92 27.49 28.23 28.60
N-olefins wt.% 11.95 11.86 11.86 7.12 8.35
I-olefins wt.% 17.35 19.08 18.62 21.27 19.76
other olefins wt.% 6.20 5.06 5.77 6.99 5.09
N-olefin conversion % 0.80 0.80 40.40 30.10
Net olefin isomerization % 81.20 66.90
I-parrafins + I-olefins wt.% [ 40.60 41.80 42.40 45.10 43.60

EXAMPLE 2

[0037]  Three catalysts comprising ZSM-48 and alumina were prepared
according to the process outlined in Example 1 above except Catalyst E was also
treated by steaming the catalyst at 1250°F for 2 hours in 100% steam after the
hybrid calcination step, and Catalyst G was prepared by modifying the hybrid
calcination step with an initial air treatment at 900°F for 3 hours followed by
steaming at 900°F for 3 hours in 100% steam. Each of these three catalysts
contained 65 wt.% zeolite and 35 wt.% alumina. The feed described in Table 1

above was treated with these under the same processing conditions described in



Napt henes wt. % 8.38 7.23 8.45 8.70 8.75 Aromatics w. %
29.69 28.92 27.49 28.23 28.60 N-olefins w.% 11. 95

wd 1008612443 86 7.12 8.35 |-olefins wt.% 17. 35 19pOBUIBNER4126
21.27 19.76 other olefins wt.%6.20 5.06 5.77 6.99
5.09 N-olefin conversion %0.80 0.80 40.40 30.10 Net
ol efin isonerization % 81.20 66.90 |-parrafins +
|-olefms wt.% 40. 60 41.80 42.40 45.10 43. 60 EXAWVPLE 2
[0037] Three catal ysts conpr#](gi ng ZSM 48 and al um na
were prepared according to tfie process outlined in
Exanpl e 1 above except Catal yst E was al so treated by
steami ng the catal yst at 125Q0F for 2 hours in 100%
steam after the hybrid calcination step, and Cat al yst

Exanyds 1pbepar dhelptaipstigryperties hloniywith theceseitnaf iherexperiments
step with an initial _air treatnent at 9000F for 3

arméﬁﬁcgbﬁdllmaﬂélﬁskﬂya@ &halovy raspestively. f or 3 hours in
100% steam Each of these three catal ysts contai ned 65
w.%zeolite and 35 wt. % al um na. The feed descri bed

in Table 1 above was treavrgﬁ%t‘;h t hese under the sane

processi ng conditions des nExanpl e 1 above. The

catal yst properti eCahRig webhtetltljeglpﬁgu ts of the

experinments are described in Ta nd 5 bel ow,
respectively. TABLE4 Eat a|Z&M-4%pl i be A pha E ZSM 48 6

F ZSM 48 15 G ZSM |48 37
F ZSM-48 15

G ZSM-48| 37

TABLE 5
Catalyst ‘ E F G
Zeolite ZSM-48 | ZSM-48 | ZSM-48
Alpha | 6.00 15.00 37.00

Feed
N-paraffins wt.% 3.22 5.67 5.39 5.67
I-paraffins wt.% 23.22 23.80 26.29 26.10
Napthenes wt.% 8.38 8.75 8.80 8.66
Aromatics wt.% 29.69 28.60 30.30 28.53
N-olefins wt.% 11.95 8.35 4.96 4.61
I-olefins wt.% 17.35 19.76 20.31 22.04
other olefins wi.% 620 509 395 599
N-olefin conversion % 30.10 58.50 61.40
Net olefin isomerization % 66.90 42.30 63.90
I-parrafins + I-olefins wt.% 40.60 43.60 46.60 48.10




TABLE 5 Catalyst E F G Zeolite ZSM 48 ZSM 48 ZSM 48
Al pha 6.00 15.00 37.00 Feed N-paraffins w.% 3.22 5. 67
WH289/0846% | -paraffins wt. % 23. 22 23. 80 26. 29 PGI/L2004/024126
Napt henes wt. % 8.38 8.75 8.80 8.66 Aromatics wm. %
29.69 28.60 30.30 28.53 N-olefins w.% 11.95 8.35 4.96
4.61 |-olefns w.%17.35 19.76 20.31 22.04 other
olefins wt.%6.20 5.09 3.95 5.99 Nolefin conversion %
30.10 58.50 61.40 Net olefin_isonerization % 66.90
42.30 63.90 |-parrafins + |2t efins w.% 40.60 43.60
46. 60 48. 10EXAMPLE 3 [0038] Four nore 5cc | oadi ngs of
di fferent catal ysts were al so anal yzed. These four
catal ysts were prepared according to the procedure

EXXVPINES i n Exanple 1 al so except Catalyst J was
—prepar ed by st eam ng Catalyst Hfor 8 hours at 12000F

o, DY R B R ML g, s
fou?r gg;‘tl%% W#QE?@S@E%C@E@@Q@% RREdGRUUMAS HlSEQarhﬁle 1 also

n Tab e 7 bel ow under th

exd¥pP CRkdyaianeths prparciiepe sterathd Gatakysthl forl8 hdins at 1200°F after
properties of these catal KStS are listed in Tab

theduibuid caleigatipe steps Hach afithe patabysresanieined the @rgﬁ? 6%” 5 rgtio of
zeoTht(taJ ltg aﬁlrrkl)l%la%lﬁder described above, and each was used to treat the feed
described in Table 7 below under the process conditions described in Example 1.
The properties of these catalysts are listed in Table 6 below, and the results of the

experiments are given in Table 7 below.

TABLE 6
Catalyst ‘Zeolite Alpha
H MCM-22 220

I ZSM-35 65
J MCM-22 43
K ZSM-12 40




ZSM 35
J K

TABLE 6 Catal yst Zeolite Al pha H MCM 22 220 |
65 J MCM 22 43 K ZSM 12 40TABLE 7 Catal yst H |

wW@embint®eMCM 22 ZSM 35 MCM 22 ZSM 12 Al pha 22B8C10S2004/024126

65.00 43.00 40.00 Feed N-paraffins w.% 3.27 4.29 7.12
9.94 3.27 | -paraffins wt.% 26.95 57.02 23.16 23.61
26.95 Napthenes wt.% ' 10.29 11.78 7.72 8.42 10. 29
Aromatics wt. % 29. 46 26.27 28.34 26.69 29.46 N-olefins
W.%8.76 0.1 1 5.25 9.23 8.76 |-olefins w.% 17.25
0.49 21.22 17.66 17.25 other?®lefins w.% 4.02 0.04.
7.18 4.44 4.02 N-olefin conversion %98.70 40.10 -5.40
0.00 Net olefin isonerization %I-parrafins +
|-olefins wt.% 44.20 57.50 44.40 41.30 44.20 [0039] As
shown in Table 7 above, highly acidic catalysts such
as Catal yst H pronote undesirable side reactions such
as the conversion of i-ol giA@WgE 7Thus, catal ysts havi ng

an_al pha value bhetween 1 and 100 outperformthose
qeaatalygst s H I J K
Zeolite MCM-22| ZSM-35 |MCM-22| ZSM-12
Alpha 220.00 | 65.00 43.00 40.00

' Feed
N-paraffins wt.% 3.27 4.29 7.12 9.94 3.27
I-paraffins wt.% 26.95 57.02 23.16 23.61| 2695
Napthenes wt.%, 10.29 11.78 7.72 8.42|  10.29
Aromatics wt.% 29.46 26.27 28.34 26.69 29.46
N-olefins wt.% 876  0.11] 525  923] 8.6
I-olefins wt.% 17.25 0.49 21.22 17.66 17.25
other olefins wt.% 4.02 0.04 7.18 444  4.02
N-olefin conversion % 98.70 40.10 -5.40 0.00
Net olefin isomerization %
I-parrafins + I-olefins wt.% 44.20 57.50 44.40 41.30 44.20

[0039] Asshown in Table 7 above, highly acidic catalysts such as Catalyst H

promote undesirable side reactions such as the conversion of i-olefins. Thus,

catalysts having an alpha value between 1 and 100 outperform those catalysts

outside of this range.



outside of this range. CLAIMS ; 1. A process for
produci ng | ow sul fur naphtha products conprising: a)
weznsaéng a napht ha boiling range feedstreanPCT/US2004/024126
cont ai ni ng organically bound sul fur, _
ni trogen-cont ai ni ng conpounds, and olefins in a first
reacti on zone operated under conditions effective to
renove at | east a portion of said nitrogen-containing
conpounds wth an acidic material to produce a first
reacti on zone effluent havi nd3a reduced amount of
ni trogen-containi ng conpounds; b) contacting at |east
a portion of said first reaction zone effluent in a
second reaction zone operated under effective
ChndmMpssoneri zati on conditions and in the presence of
ydrogen-containing treat gas wwth a second cat al yst
L. conph ipsoegs der predecingrewzsadfur nephthuipsgdwsts abmipeisit; ue
in the range of 1 to 100 to produce a second reaction
zonéef f 1S9BRACtIngfnaphtha beiling sangsfeedstreasa sontipiogoirganically
of the s ti. one eff.luent of step.,b bove
'n a 't hi R a8 eGP FuRnk S anegpd: ARgalefin i firs
hydr ot r egbadibrCANG dpepited ARder &x}?@ﬁorﬁgﬁﬁﬂﬁ% t8remove at least a
hydrogen-containing“treat gas and a third catalyst
sel ect ed poron bf shid niteagémeoraainahy s6:BpoeRdY withngh LRidic
to 27 wt.%of a Goup VII| metal oxide, 1 to 45 wt.%
of a G oippteAialfemEpdese aibirst aeartivavdong efflenti kavimpa eeduced

pr oduct . 230U af pRyiaelibapfei Bk SHraPGHkRel n sai d 11 st

[ :g?? : 82 cégﬁggﬁg APlasES pHonVf SARS fird FARHONS00E effluent in a
second reaction zone operated under effective hydroisomerization
conditions and in the presence of hydrogen-containing treat gas with
a second catalyst comprising at least one zeolite having an alpha
value in the range of 1 to 100 to produce a second reaction zone
effluent; and

c) hydrotreating at least a portion of the second reaction zone effluent of

step b) above in a third reaction zone operated at effective
hydrotreating conditions and in the presence of hydrogen-containing
treat gas and a third catalyst selected from hydrotreating catalysts
comprising 0.1 to 27 wt.% of a Group VIII metal oxide, 1 to 45 wt.%

of a Group VI metal oxide, and having a median pore diameter of

60A to 200A to produce a desulfurized product.

2. The process of claim 1 wherein said first reaction zone comprises one or

more reactors or reaction zones.

3. The process according to any preceding claim wherein said second and third

reaction zones comprise one or more catalyst beds selected from the group



3. The process according to any precedi ng claim
wherein said second and third reaction zones conprise
wo@e®so12460r e cat al yst beds sel ected fromthe PCT/US2004/024126
groupconsi sting of fluidized beds, ebullating beds,
slurry beds, fixed beds, and noving beds wherein each
of said one or nore catal yst beds contains a catalyst
suitable for the reaction zone in which the catal yst
bed is |ocated. 4. The process of according to any
precedi ng cl ai mwherein sai ®4esul furi zed pr oduct
contains | ess than 100wppm sul fur. 5. The process
according to any precedi ng claimwherein said second
and third reaction zones are located in the sane
coh§idGhg enfiuriized beds, eBlitathrgdseissslanydreds nix¢dbadsy and moving
precedi ng clai mwherein said process further conprises
bednwhestingeck obsdid gnber meens catalystibieds contginsoneptalygisuitable for
third reaction, zones, or bhetweep catal yst beds in said
the feaHon S866 VMR BE IR T ERENS Fakdnes. 7. The
process according to any preceding clai mwherein said
acidic material is selected from Anberlyst, alum na
4. sul feigroddsk &f a8 dingStd iy precéding clliawhein saithdesulfurized -
al kyl ation unit, and any other acidic material known
préducheortairsdessibant! 00evppmrsylfuit r ogen conpounds from a
hydrocarbon stream 8. The process according to any
precedi ng cl ai mwherein said second catalyst is

sel ected from Bet SMZ A 4 .
> ZSM@?P rgﬁeégigmrggi_g é héreg?&(\){@%ga laccg{tﬁ | ngsyéttct y eg(r%d and third
BHed LaeWhR IR dhrs@tdhctiBh Wesset al yst is a
reﬁ‘??‘%??‘g%?‘?nlgbggt él yst conprics}i ng 2 to 12% of a Group
VIIl nmetal oxide and 10 to 40 wt. % of a G oup VI netal

oxi de. 10. The process according to .any_ preceding cl ai
6. whebiepraeqss acennding:ter anypicceding c%}g} wheean saig process further

coPESe e e sealoR e B 117 FrRdentd frdretbyighpgnes, o
befydienXaRilyoteds n 2ol i3} Voo Anagh g FelcRiolioness &

third catal yst
7. The process according to any preceding claim wherein said acidic material is
selected from Amberlyst, alumina, sulfuric acid, spent sulfuric acid obtained from
an alkylation unit, and any other acidic material known to be effective at removing

nitrogen compounds from a hydrocarbon stream.

8. The process according to any preceding claim wherein said second catalyst

is selected from Beta, ZSM-23 ZSM-12, ZSM-22, ZSM-35, ZSM-57, and ZSM-48.

9. The process according to any preceding claim wherein said third catalyst is a
hydrotreating catalyst comprising 4 to 12% of a Group VIII metal oxide and 10 to
40 wt.% of a Group VI metal oxide.



has a MoCG3 surface concentration of 0.5 x 10 4 to 3 X
10 4 g and an average particle size dianeter of |ess
wao o248 nm 11. The process accordi ng to anyPCT/US2004/024126
precedi ng clai mwherein said effective
hydr oi sonmeri zation conditions are selected to cause
skel etal isonerization of the olefins present in said
napht ha boiling range feedstream 12. The process
according to any precedi ng claimwherein said second
reaction zone effluent has a2fi gher ratio of
iso-olefins to n-olefins than the naphtha boiling
range feedstream 13. The process according to any
precedi ng claimwherein said third catal yst further
1@ onprhespocasssatcbadihg thang Pfecféﬂid?él_ﬁﬂrﬁf wWHRt&Ehsald third catalyst is a
selected fromzeolites, alumna, silica, titania,
hygzoteeatingosatalyst eampnsing rh t0)2 et YoMdQnd dxbdewt.&aConsherein

zj r.cani a, . di.at omaceous. earth, | ant hani de oxi des
soff CPOrRMAc GPosicabin aHOmHR RS B tored GaMamand said
cafsty s HrhEd TR B 0f SATBITBA TAREp i BR ety st

hag a"Mo 0% isdfac@Ben@nwatioH BrP g R0AE 3 L 40 E“ﬁldgérggﬁrg%? particle

according to any precedi ng cl ai mwherel n~sal

sizgi haimseten of hessithan 2Woman.t of sai d second catal yst al so
contains less than 1 w. % of contam nants, such as Fe,
sul fates, silica, and various netal oxides that can be

i nt 0o reparat.i on.of the su re.,.15.
1 TSRS AL BEPRRLANREN S LhE S BRY
hvaaji . i
O o 26 PRl oA RE el HhL G ErizgiOR of the
oledmisqguesent im sard haphiradailing raigetfeadst@anhhosphor us and
netals or netal oxides from Goup |A (alkali netals)

of the Periodic Table of the Elenents. 16. The process

acc ing to_an recedi ng cl ai mwherejn said second
12. cat Z'Fxg process accc}/rdﬁlg t0 any ;%ece ing claim wherein szgd second reaction

zone effluent has a higher ratio of iso-olefins to n-olefins than the naphtha boiling

range feedstream.

13. The process according to any preceding claim wherein said third catalyst
further comprises a suitable binder or matrix material 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.

14, The process according to any preceding claim wherein said suitable binder
or matrix support of said second catalyst also contains less than 1 wt.% of
contaminants, such as Fe, sulfates, silica, and various metal oxides that can be

introduced during the preparation of the support.



further conprises a suitable porous binder or matrix
materi al selected fromclays, silica, and/or netal
wo@xiodes4szich as al um na. 17. The process accorBiTygS1004/024126
any preceding claimwherein said effective
hydrotreating conditions are selected in such a manner
that said desul furized naphtha product has a sul fur
| evel less than 50 wpopm sul fur. 18. The process
according to any precedi ng claimwherein said
effective hydrotreating condftions are sel ective
hydrotreating conditions. 19. The process according to
any precedi ng claimwherein said desul furized napht ha
product has a higher concentration of iso-paraffins
t han n-paraffins.

15.  The process according to any preceding claim wherein said suitable binder
or matrix support of said third catalyst also contains 0 to 5 wt.% of an additive

selected from the group consisting of phosphorus and metals or metal oxides from

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

16.  The process according to any preceding claim wherein said second catalyst
further comprises a suitable porous binder or matrix material selected from clays,

silica, and/or metal oxides such as alumina.

17. - The process according to any preceding claim wherein said effective
hydrotreating conditions are selected in such a manner that said desulfurized

naphtha product has a sulfur level less than 50 wppm sulfur.

18.  The process according to any preceding claim wherein said effective

hydrotreating conditions are selective hydrotreating conditions.

19.  The process according to any preceding claim wherein said desulfurized

naphtha product has a higher concentration of iso-paraffins than n-paraffins.



