- WD 2005/ 012463 PCT/ US2004/ 024126 PRODUCI NG LOW SOLFUR NAPHTHA PRODUCTS
THROUGH | MPROVED OLEFI N | SOVERI ZATI ON FI ELD OF THE | NVENTI ON 10001] The

i nstant i NYRAM5EA2462) ates to a process for upgradi ng of RGELSEMHY26

. mxtures boiling within the naphtha range. Mre particularly, the instant
invention relates to a process to produce high octane, |ow sul fur naphtha
products through the renoval of basic nitrogen-containing conpounds wth
subsequent skel etal isonerization of feed ol efins and hydrotreating.
BACKGROUND OF THE | NVENTI ON [ 0002] Liquid hydrocarbon streans that boil
within the naphtha range, i.e., below-232C, and produced fromthe Fl uidized
Catal ytic Cracking Unit ("FCC') are typically used as bl endi ng conponents
for notor gasolines. Environnentally driven regulatory pressure concerning
not or gasoline sulfur levels is expected to ( result in the w despread

production of |es r ¥erh . Level s bel ow
10 wppm are bei ng?ﬁmam%%g%tig%g%N ‘T A DY wof t he worl d,
and this wll requr%r." RQVEROLE ] 2 er to conform
to em ssion restrictions that aré becom ng nore stringent. The nmajority,
i.e., 90%or nore, of sulfur. contam nants present in notor gasolines are

typi cal I ygpp1, THE IRV EREION | | ng range hydrocarbon streanms. However,
t he naphtg'a_%m' are also rich in olefins, which boost
octane, a desirable  qualjty i.n notor gasolines, [0003] Thus, many processes
have beenlMNE ofde ingtapt Biigation selates tp arpropessdocvpgmdmg ebhydmeamsen i ng

range streans i l.e att. ing tQ mMnim olefin .l pss, such as, for
e o e haifing iR S nd cigt: MgleaticularRs e, msfat Stsar§463
PCT/ 152004026612 Brocess to produce high octane, low sulfur naphtha products through the

removal of basic nitrogen-containing compounds with subsequent skeletal

isomerization of feed olefins and hydrotreating.

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 naphtha 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



-4- DETAI LED DESCRI PTI ON CF'THE | N\VENTION [00071 It stf8uld be noted that
the terns (g%ﬁ'gk%? ting" and "hydrodesul furization" are sonetimes used
|nterchan&/ and the prefixes "i-" and "n" aPeTHSa02Y2% efer to
"iso-" and "nornal", respectively. [0008] In the hydrotreatlng of napht ha
boiling range feedstreans, olefins are typically saturated in the
hydrotreati ng zone. As ol efins becone saturated, the octane nunber of the
desul furi zed product decreases, However, the present invention reduces
octane | oss of the desul furized product,through the use of a novel process
i nvol ving contacting a naphtha boiling range feedstream containing ol efins,
organi cal | y-bound sul fur, and nitrogen-containing conpounds in a first
reaction zone containing an acidic material suitable for the renoval of
ni trogen-contai ning conpounds. The first reaction zone i s operated under
condi t i onDEEFARCED/BESCRIPEFION OF THE ENMENTION i on of the
ni trogen-cont ai ni ng conpounds fromthe naphtha boiling range feedstream

The eff! URBo7§*! It Sodilberdied tHa?ﬁ?éie?xpsz‘H?@rdn%aﬁﬁgd?ﬁ&ed to a second

reaction ne‘containing a second cata selecte rom medi um pore
zeolites, "Wo&&@lfurrzahoﬁeamscmretirﬁébeu@fdflht&man abBigreire dndith® pidfixesecond
catalyst in the presence of a hydrogen-containing treat gas under ef fective
hydr oi sontir'l arnd I'wharecmeatittto sefer ta hiso€oantdatnormgl'yfrespeetivelyst reacti on zone
effluent with the second catalyst produces a second reaction zone effluent.
The second reaction zone effl uent I's then contacted in a thi rd reaction

of hyor ogGiBhn: & rrhﬁbfﬁc“v S TpPhR bl FiFke e anil rgjq?e QIGFZQS?
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obt ai ned Mﬁn@nﬁhﬁ)@?bf ﬂi%odd%@[ﬁh'&bﬂ' prédutt d@@*’e&iés' THéWEVEL, tidprekéits a hi gher
octane than a desul furized naphtha treated by a - a

invention reduces octane loss of the desulfurized product through the use of a novel

process involving contacting a naphtha boiling range feedstream containing olefins,
organically-bound sulfur, and nitrogen-containing compounds in a first reaction
zone containing an acidic material suitable for the removal of nitrogen-containing

" " compounds. The first reaction zone is operated under conditions effective for
removing at least a portion of the nitrogen-containing compounds from the naphtha
boiling range 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 hydroisomenzation
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



- WD 2005/ 012463 PCT/ US2064/ 024126 -5- sel ective or«non-sel ective
hydrotreating process only, i.e., without an octane recovery step. The

hi gher oct ¥{&2W/0124e3 desul furi zed product results from t hRCT/URSRpeR 2
.finding by the inventors hereof that by operating the second reaction zone
under conditions effective for encouraging the skeletal isonerization of n-
olefins to iso-olefins results in a desul furized naphtha product having a
hi gher octane nunber than a desul furized product resulting froma selective
hydr odesul furi zati on process only. The i_aventors hereof have found that the
degree of skeletal isonerization of n-olefins to iso-olefins benefits the
final product because the saturation of iso-olefins to iso-paraffins that
occurs in the third reaction zone herein provides for |less octane loss in
the final product when conpared to the saturation of n-olefins to

n- par af f i ngelectivesoronmysgective kyrlrowaating prosasapnlynies ypthsmt 2 octﬁme a nuch
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n-paraffin ratio, and thus a higher octan€ than a desulfurized naphtha

treated byolefine te éso-olefins resnitsie helesulferirednaphteaproducphaviags highty. [ 0010]
I n the hydroprocessi n&@f napht ha boiling range hydrocarbon feedstreans, it
n
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zone herein provides for less octane loss in the final product when compared to the
saturation of n-olefins to n-paraffins. It should be noted that iso-paraffins typically
have a much higher octane than their corresponding n-paraffin. Further, the rate of
saturation of iso-olefins is typically slower than that of n-olefins. Therefore, by
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.

[00106] 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 forrn undesirable alkylmercaptans.

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



The inventors hereof have™inexpectedly found that thr®ugh the use of the
presently a~ AN, WD 2005/012463 PCT/ US2004/ 024126 -6- cl ainmed invention,

hi gh | ePR0YYI246Bf ur can be renpved from an ol efini ¢ FAIWETFRYEE8am

wi t hout excessive olefin saturation or nercaptan reversion taking place.

[ 0011] Feedstreans suitable for use in the present invention include naphtha
boiling range refinery streans that typically boil in the range of 50F (10C)
to 450F (232C) containing olefins as well as nitrogen and sul fur containing
conpounds. Thus, the term "naphtha boiding range feedstreant as usedherein
I ncl udes those streans having an olefin content of at least 5 w.%
Non-limting exanples of naphtha boiling range feedstreans that can be
treated by the present invention include fluid catalytic cracking unit
naphtha (FCC catal ytic naphtha or cat naphtha), steam cracked naphtha, and
coker nap#inmesl inxenbon,dughdeeinpbswhvrmmg beafenwvedi fnom areplefinisnapittha

non-ol efi ni ¢ naphthas as |ong.as the blend has an olefin content of at
loast 5 SHEAN) WHBSRHERRESEINE @%?%ﬁam@twordneﬁcﬁatanarsmmmt@&mp@aﬁq 100121
Cracked naphtha refinery streans generally contain not only paraffins,

napht henes, and aromatics, but al so unsaturates, such as open-chain and

cyclic  @ofi] NS pedifiats bR rie B HAGAE0RT5 Hirldh leRldeipumhgle chai ns.

The ol efin-"tontal ning nap strea contain an over ol efins

concent rgil e g SHrAthap My 86il b e&lshy ' as 60
w . % aﬁ]rlrg%tdtypiegalep?ﬁ{rom 5 vt)vt@%m tyogioii\?vtﬂ%ylian %g cs)lbelggflqi%}r;\[?ai ni ng

napht ha £59eEYDB2AD) ccitaimisolefing ag villEaenitopes antisalfubBobiRidiagld> W . % but
nore typically | ess than wt . % based on the total weight of "the feedstock.

The sul foompmmden{Thas, thedema Jhapletha bedaty mage de¢dstregarieasaisesi heaeige from 50
wppm to 7000 S\}/\\r/Fprn nore typically from 100 wopmto_ 5000 wppm and nost
typi cal lipcludesihose streamedavingmn ofekia contgniof st leasti§ el Yoy Non-limiting

examples of naphtha boiling range feedstreams that can be treated by the present
invention 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 nen-olefinic naphthas as long as the blend has an olefin

content of at least 5 wt.%, based on the total weight of the naphtha feedstream.

[0012] Cracked haphtha 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



be present as organicatly bound sul fur. That is,*as sul fur conpounds such as
sinple aliphatic, naphthenic, and aromatic nercaptans, sulfides, di- and
pol ysul f iwlege@nd2466 he |ike. Ot her organically bound sul PGI/EEMINEHAS i ncl ude
t he class of WD 2005/012463 PCTI US2004/ 024126 -7 heterocyclic sul fur
conpounds such as thiophene, tetrahydrothi ophene, benzothi ophene and their
hi gher honol ogs and anal ogs. N trogen can also be present in a range fromb5
wppm to 500 wopm [00131 The feedstreans used herein are typically preheated
prior to entering the first reaction zone herein and final heating is
typically targeted to the effective hydrotreating tenperature of the third
reaction zone. If the naphtha boiling range feedstreamis preheated, it can
be reacted with the hydrogen-containing treat gas streamprior to, during,
and/ or after preheating. At |least a portion of the hydrogen- containing

treat gas hﬁé%&}@grsﬁﬁfuﬁgg oﬁhdé‘é‘uéﬂ“ﬁs%‘iﬁﬂie%?tehﬁﬁftgﬂggflgb?%éé]e first

reaction zone. ogen-contal ni ng treat “‘gasses su use in the

present | y begidihiophefic prdefashipher BEmOWI drtethaldgss Wﬁi?éhhﬁh'a\ls_d)b'é e hydrogen
or can be mxtures of other components typically found in refinery hydrogen

streans. presest ing snge o tSrappiiie 500dwpgen- cont ai ni ng treat gas stream
contains little, nore preferably no, hydrogen sulfide. The
hydr ogen-containing treat gas purity-should be at |east 50% by vol une

hydr ogen, erafpl y.at, | east 759% by. val une. hydr ogen and nor referably
nr cact UBRNY " Vi el e et Ricnl Y Breebtad Pt B Pl L ¢ ha
the hydro - I3 : ' 100141 In
o Y OB R bl B MR Y SR
f eedst r eafpydwreatih gtdaperahird ofth@diifli RabBoR bR, Huht abpkthhUoikhe rameoval  of
ni trogen- containing conpounds contained in the feedstream Non-limting
exanpl es fdedstsedm abprehasied] it cantberreatted iwith theehyiirbgen-gentaimhgtieatgassul f uri c
acid, and any other acjdic material known tqg be effective at catalyzing the
renoval oFiT4HR PEGEHO, 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

reaction zone. Hydrogen-containing treat gasses suitable for use in the presently

disclosed process can be comprised of substantially pure hydrogen or can be

mixtures of other components typically found in refinery hydrogen streams. It is

preferred that the hydrogen-containing treat gas stream contains little, more

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. Ndn-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 1f sulfuric acid is
selected, the sulfuric acid concentration should be selected to avoid polyrherization

of olefins. Preferred acidic materials include Amberlyst and alumina.,



conpounds from a hydrocard®bn stream It should be not®d that if sulfuric
acid is selected, the sulfuric acid concentration should be selected to
avoi d poMMENFREPDN of olefins. Preferred acidi c nmat ePERUS2404ET e
Anber | yst and al um na. WD 2005/ 012463 PCT/ US2004/ 024126 8 [0015] It should
be noted that spent sulfuric acid obtained froman alkylation wunit could

al so be used to renove the nitrogen contamnants. In this enbodinent, the
spent sulfuric acid can be diluted with water to forma sulfuric acid
solution having a sulfuric acid conceptration suitable for renoving ,
nitrogen contam nants. The sulfuric 4€id solution is typically mxed with

t he naphtha boiling range feedstream by m xing val ves, m xi ng tanks or
vessel s, or through the use of a fixed bed or beds of inert nmaterials.
After the spent sulfuric acid and naphtha boiling range feedstream have
been in contact under effective conditions, the two are allowed or caused,
to separate into a sulfuric acid solution phase and a first stage effluent,
conpri si [®1§]ibstlaskhowdibe radted tfat spentrsaffhricachbobiangdr fromearf alégtkatiopam The
first stage effluent is then conducted to the second reaction zone. [0016]
The fi r senif ggeld a0 bemsed Enrapeoveothsmikageeoniamiagntsp b this smbediment,

ti h.of .which ' th | di terj.al .
cases, tWE SRERLE Wit aoifap s UK RRbREter 10 FRENF oifibe BuEROTRR (i xeq
cas PEr TR BFF aPn CAFBE I | Y 2
pet woon TEIRE SRuRRc e bhcchinaliGR Shl A AOL Rt VinE TRl B RIS 00177

The firsThé eaiflti@AciORButicn RAPRaHE rhixea witlp s haphisa BbfRG! faygef or renoval
of at |east a portion of the nitrogen-containing conpounds présent in the .

f eedst r efesdstreamp ibyduoang valvesi mixiag tanks ororessalf,f orubhrnaughBtheatse lofasfixed
portion, it is neant at least 10, wt.% of the nitrogen-containing conpounds

present befd enbedsceigaertansieriplse tAftemihe spent suyliu aqié and agphiha byriling

ni t rogen- contai ning c unds_t ha i1l result in a.firs reacti on zone

o £1 uent DBRderragT LA hatnmssntash et SReve aliionsatinihathe
allowed or caused to separate into a sulfuric acid solution phase and a first stage
effluent, comprising substantially all of the naphtha boiling range feedstream. The

first stage effluent is then conducted to the second reaction zone.

[0016]  The first reaction zone can be comprised of one or more reactors or
reaction zones 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



first reaction zone effluent. More preferably the®first reaction zone
effluent contains |ess than 25 wppmtotal nitrogen, nost preferably |ess
than 10 wWwHMeMWIRRO0B5/ 012463 PCT/ US20041024126 -9 ni t r ogRGE/USAeH 241280
ideally suitable case, less than 5 wopmtotal nitrogen. Thus, by
"conditions effective for renoval of at |east a portion of the

ni trogen-contai ning conpounds”, it is neant those conditions under which
the first reaction zone effluent will have the above described total

ni trogen concentrations, i.e., 10 wt.% renoval, etc. | [00181 At |least a
portion, preferably substantially all, & the first reaction zone effluent
I's then conducted to a second reaction zone wherein it is contacted with a
second catal yst effective at isonerizing n-olefins to iso-olefins. Preferred
catalysts conprise at |east one zeolite. Zeolites are porous crystalline

materi al s n"i‘t‘i’ggénh%ﬁﬁ in ‘dﬁ‘?gﬂgﬁéﬁii@&i@t’%@%ﬂf i a%ﬂﬁtdt&l ﬁiﬁ%?@.ﬂﬂ“ﬁg%‘jb% ngo

100, prefera bet ween nmor & et wee

nost  pref e'e@zhtlmpb@em_@tmyelﬂ)r&eﬁms@; of #1pha a\sirtien ofthehfkeAlutddinings 2
measure of zeolite acidic functionality and is nore fully described

t oget her w’om]voaiadal Iisisaﬁeamshmmdﬁimmmridar wrtiicle theShiest ecactibatzent Nunber
4,016, 218, Catal ysis pages 278- ZSZ (1966) and J.  Catalysis,

pages 390£§@eemfg§d)ave\&h¢ ehogﬁ desgriber olg BEFQZCE FOREERITRHINS, i85 épéﬁb"é
General ly_t he all E{m value reflects the relative activity with respect to a
hi gh acti VPPYV¥sFi% ca- al umi na cracking catal yst. To deternine the al pha

val ue as used herein, n- hexane conversion is determ ned at 800F. Conversion
|sf’var| ed by variation in space velocity such that a conversion | evel of 10
to 60 per te0u8jof At kayenpoition, phifarabdyd setntartidiveill, ed the figstrai@idoasieant per
unit volume of zeolite and corrpared with that of the silica-alumna

cat al yst, effhienhis thenmomdiiteddo aseeondfeacton gone wharein it tf cantaned witht al yti c

activity is pressed as a multiple . of t st andard
Y seconé atzﬁyst effective ot 1somerlzmg n—oqeﬁns to 150~ oleﬁns Sreferreg catalysts

comprise at least one zeolite. Zeolites are porous crystalline materials and those
used herein have an alpha value in the range of 1 to 100, preferably between 2 and
80, more preferably between 5 and 50, and most preferably between 10 and 30.
Alpha value, or alpha number, is a measure of zeolite acidic functionality and is
more fully described together with details of its measurement in United 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 refercnce.
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 mutltiple of this standard, i.e., the
silica-alumina standard. The silica-alumina reference catalyst contains 10 wt.%
Al O; and the remainder is Si0,. Therefore, as the alpha value of a zeolite catalyst

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



silica-alum na standard. “he silica-alum na reference catal yst contains 10
w.% A1203 and the remainder is Si02. Therefore, as the al pha value of a
zeol i t e WE2MY@ER463decr eases, the tendency towards non-s‘@%%"@ﬁ”’d?%ﬁcki ng

al so decreases. WD 2005/012463 PCT/ US2004/ 024126 -10 [0019) Zeolites
suitable for use in the second reaction one include both |arge and nedium
pore zeolites, with Beta and nedi um pore zeolites being preferred. Medium
pore zeolites as used herein can be any zeolite described as a nmedi um pore
zeolite in Atlas of Zeolite Structure gpes, WM Mier and D.H O son,
Butterworths. Typically, mediumpore Zeolites are defined as those having a
pore size of 3 to 7 Angstrons, such that the zeolite freely sorbs nol ecul es
such as n- hexane, 3-nethyl pentane, benzene and p-xyl ene. Another common
classification wused for nediumpore zeolites involves the Constraint |ndex
test whi qb019) deZeolitesduitabile Yor terinShatsesorichteadtiondone incudd bothli@rgenhi ch i's
hereby incorporated by reference. Medium pore zeolites typically have a
Const r ai mndimedunopore zeolites, withsBeta and mediupepoietzeoditesrkeing pnofgtredodi fi er s
and prio

r to treatnent, to adjyst the iffusivity of the catalyst. Preferred
medi um pé\dsgmmee%w?l&s asiseAdieesin capi’e gy @@ﬂﬁdewﬁwﬁr@ agmséwm,@ﬁgq sting
of ZSM 2 ZSME 1 : \V} . ZSM i, h ZSM 48 bein
t he m)st%Bpééelprﬁcg?szrub%}teﬁﬁd@@ﬁ@eﬁ %N-?‘Z‘gi"f tagdﬁ'ﬁivgg ®Phe second )
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Non-limting exanpl es 'of such s i1nc active an ve

mat er i al sizushs &s7 Aripstons, biciathaatt olitefetly wrbslamletidds aschedsmd na.
Non-limting exanples of naturally occurring clays that can be conposited

i ncl ude dlexgre,3rmeilipentane, henzenoand p-aiehd adhothet aminimers classificadomg t he
subbentoni tes, ang. the kaolins co nl own as_Dxie, Nanee orgi a,
and Fl or i“&ﬁg Z‘Pfdﬁgluﬁ REeZS t%'i“é’gwf)eﬁég j Hsmlﬁélfaexc@ﬁ%%!%ﬁtdeﬁ%f%ed

nal | 0yS1 e AQ leh Baudl SishBer 28951218, whlctFHAFirl@Bipiladty B Used- The

clays ca
reference. Medium pore zeolites typically have a Constraint Index of 1 to 12, based

on the zeolite alone without modifiers and prior to treatment to adjust the
diffusivity of the catalyst. Preferred medium pore zeoclites for use herein are
selected from the group consisting of ZSM-23, ZSM-12, ZSM-22, ZSM-35, ZSM-
57, and ZSM-48, with ZSM-48 being the most preferred.

[0020) The at ieast 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.



be used in the raw state as originally mxed or $ubjected to cal cination,
acid treatnent, or chemcal nodification prior to beinq)conbined with the
at | east WAR00HBIBt e. WD 2005/ 012463 PCT/ US2004/ 024126 PCT{YS2PHE34426, ¢ j 5
preferred that the porous matrix or binder material conprises at |east one
of silica, alumna, or a kaolin clay. It is nore preferred that the binder
material conprise alumna. In this enbodinent the alumna is present in a
ratio of less than 15 parts zeolite to one part binder, preferably |ess
than 10, nore preferably less than 5, znd nost preferably 2. [0022] The
second reaction zone can al so be conpri” &d of one or nore fixed bed
reactors or reaction zones each of which can conprise one or nore catal yst
beds of the sanme first catalyst. Al though other types of catalyst beds can
be used, fixed beds are preferred. Such other types of catalyst beds

i ncl ude fI[002i)zedithegreferred didtalié parduedaatrixl oibindéradateriahdorpyisegatiests .
I nt erstage cooling between reactors, or between catal yst beds in the sane

reactor, oaaofeiloephbyeidasomekaclimelayl df ismomaprefertédihat the biader plataris] and
olefin saturatjon_ and the gesul fUJii zation reaction are. generall

y
exot her mi COMRISERIYBHAfNRIS arabrdigient the Aymang isHersriBAraleiod desdhame
recover ed. e | t Y tl LS .hot ;aval l abl nyenti onal
cool i ng &g% Zﬁéﬂ*’%@@% l?#r?gﬁléﬁ{’(%gfélr é}ta?d%slsltﬁ?l? é@’ @35%85‘33%@@& Y"ﬁg wat er or
air, or t'@lﬁa@#ﬂ*hnd&ﬁ@sr%referﬂmg@ge” quench stream In this manner, optinum
reaction tenperatures  can bé nore easily maintained. [0023] As stated
above, the above-defined second catalyst is placed in a second reaction
zofie that is operated under effective hydroi sonerization conditions. By
ef fecti vel#2Moi sDesacoadirerctswraine eansalsq be cempaaed of hoe er swrdiftiedriedt hat

provide for the skeletal isonerizatign of at l.east 10 wt.% of the. n-olefins
P ovent | FEACHS OF BEARCIONSER STl DI SAh COIRRTSs GBR GF TOrS GHGIYSSBU 9By nror o

pref erabl y, Al EA5d: cgglyst. 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 desuifurization 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



W .% By skeletal isonerifation, it is meant the reorfentation of the
nol ecul ar structure of the normal olefins with a preference for branched

chain i SWOSI08¥913630ver straight. Thus, skeletal isonmertZHVPHRYOHL6sed
herein, refers to the conversion of a (r) es WD 2005/012463

PCT/ US2004/ 024126 -12- normal olefin to a branched olefin or to the
rearrangi ng or, noving of branch carbon groups, which are attached to the
straight chain olefin nolecule, to a different carbon atom and

non- skel etal isonerization can be described as the rearranging of the

~position of the double bond within the! trai ght chain or branched ol efin

nol ecul e. These conditions typically include tenperatures ranging from 150C
to 425C, preferably 200C to 370C, nore preferably 230C to 350C. Typi cal

wei ght hourly space velocities ("WHSV') range fromO0.1 to 20hf', preferably
from 0. mormabblefin thra/behtked dlefinpsreteshe ecareamghregs o Movieglof brahchroasisanr es
typically range_ from4 to 70 atnospheres, preferably from 10 to 40

at nosphergsaups, Ggnah apyattanteddeithgysaraight ¢chain oleficmolscuiaie adifferenit with the
second catal ys undﬁr effective E%:d.roi.somsrbé tion conditions, a second

reacti on Btém,aa (oNsSkelFtaHISERIETIZEHAN caR BR deraiRed avihe SRUTENSIEORt t hus
pr oduced 12 5081iBh $ihe GBALIR tRind W ARTAE Slehbht Bndin U Prhfihed GRARAL 1 O O

i so-ol efi'nS*to n-o0 € SEco reaction zone é is greater

than the p@eb@eOTHeSO tBhEHHONS t&ﬂcﬁ‘ﬂﬁirﬁflﬁdbsteh{bérﬁﬁré%ﬂgﬁxg frBAL 1 ST gone
feed, preferably 25%greater, Tore preferably 50 tinmes greater, nost

pr ef er abl4252Ct preferablye2008C. tolIMPE] mdre ipesfatabdy BR0TC an3SQTES Typhday
substanti aI_IéH?I |, of the second reaction zone effluent is then passed to a
third rearigbrhoushespaservsiocitioe('YEESW) ranga from 0.10ae0brT | prefierably fomt act ed

i th ' I ' .h f a.h - I ni
nder "ef et 0 V8" &R eTEslivh g TRsSH Sandiru A B PEFSs BT BITAS SHRE S an al so
be. comprigggl 436 R/ infspHBreS, etedbRPRoRPAFLPES afthodpafdd on zones

[0024] By contacting the first reaction zone effluent with the second catalyst
under effective hydroisomerization conditions, a second reaction zone effluent is
produced. The second reaction zone effluent thus produced has a higher ratio of
180-olefins to n-olefins. The ratio of iso-olefins to n-olefins in the second reaction
zone effluent is greé;ter 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



each of which can comprise one or nore catal yst“beds of the sane third
catal yst. Although other types of catalyst beds can be used, non-limting
exanpl eswof200su246abl e bed types include fluidized beds PCABTPHPHIS beds,
slurry beds, and noving beds. Preferred are fixed catalyst beds and it is
nore preferred that the second and WD 2005/ 012463 PCTI US2004/ 024126 -13
third reaction zones be in the sane reaction vessel while the first reaction
zone is maintained in a discrete reaction vessel or vessels. Thus, it is
within the scope of the present invenjjon that nore than one type of

catal yst or catalyst bed type be wused-i'n the sane reaction vessel. 100261
Suitable third catal ysts are those that are conprised of at | east one G oup
{ VII'l metal oxide, preferably an oxide of a netal selected fromFe, Co and
Ni, nore preferably Co and/or Ni, and nost preferably Co; and at |east one

Group VI thived sdactionizdges be af drexaime @actori dessel whikeahe firstakeaci@tzéieom M and
W nore preferably M, on a high surface area support material, such as,
for exanprantagned ipgsdisencee rsactien vegsgl onvesselsa, Tlors, # ik adgthin the sgope@fher

suitable third catal ysts_ include zeolitic .catalysts, as Il as, nobl e netal
Cat al yst HGPREsRALARECTIN Baiioly hed e (¥pE of Chtabyation catalvbtbed tYpRbey oup VI ||
met al ox| f i on zone catalysts is typically present in
an anoun gda%gﬁhﬁggp%gﬁgggq%&%a\m .% preferably from4 to 12% The G oup VI
nmetal oxide will typically be present in an anmount ranging froml to 50
w.% preferably froml to 10 wt.% and nore preferably froml to 5 w.%
Al l et al0026] de Switabhe thrt catalystsare tiovse shatoe tconfprised of b pgast diie Growgan
t?at t he_percents are based on the wejight of the support. For example, if
t he supbfiﬁtmw@} axids, prsfeablyoan gxidernfie metahselrddopmlie, ICoerdiNioRPE: woul d
mean that .20.qg. .of oup. VI LI tal. oxide, was ,on.the support.,[0027] The
third cabioapts GBaadet Ihane iR Presalb o and bl Hhans LEORRYITVEA i on
are pref srabl ¥ FURBRS 1L ORI MRERT sAB%eaYHSANS L ARG rEREAYSt support

Mo, on a high surface area support material, such as, for example, at least one of

silica, alumina, or a kaolin clay. Other suitable third catalysts include zeolitic

catalysts, as well as noble metal catalysts where the noble metal is selected from Pd

and Pt. The Group VIII metal oxide of the second reaction zone catalysts is

typically present in an amount ranging from 2 to 20 wt.%, preferably from 4 to

12%. The Group VI metal oxide 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 supports 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



material, preferably inoffgani c oxi de support materi d™s nay be used as
supports for the catalyst of the present invention. I mting exanpl es
of sui t@pl260%Ua#Srt naterials include: zeolites, al un‘T‘Fi%{US%’P'V‘Png(’ titania,
cal ci um oxi de, strontium oxide, barium oxide, carbons zirconia,

di at omaceous earth, | anthani de oxides including WO 2005/ 012163

PCT/ US2001/ 024126 -14 cerium oxi de, | anthanum oxi de, neodym um oxi de,
yttrium oxide, and praseodym um oxi de; chrom a, thorium oxide, urania,

ni obia, tantala, tin oxide, zinc OXL? , and al um num phosphate. Preferred
are alunmna, silica, and silica- alunha, Mre preferred is al unina.
Magnesi a can al so be used for the second reaction zone catalysts. It is to
be understood that the support nmaterial can also contain Small anmounts of
contam nants, such as Fe, sulfates, silica, and various netal oxides that

can be ietinmdwaide, lduthiangnt tvedpy egatyatiuanoxide] yerismppade, amt erial . These
contam nants are present in the raw materials used to prepare the support
and wi Pprasgpdymiumioxide qhremis themummyide, sirprios nidkis taniaia, %nwade,d on the

L2 St SRS b RGPS B SUERH
' | [ W W d
oSt NS BB ot AR LSRR B B o1

whi ch a@'éiicbbﬁ%ohé copllet et if &@%hﬂﬁeﬁt@&h@@ﬂfd dgt Bhteridea® ARpuUS - and
metals or nmetal oxides from Goup | A (al kali s) of the Periodic Table

of the Ebmtmantmall[2B0R8is Bf eém:annnhntatmbhasi*epsuiﬁtes tshlhcaj andacirions zone wil |
al so have a h| h degree. of netal sulfide edge plane area as neasured by the

Oxygen Omsal ?ﬁ ﬁh@hcamabt: intgedyoed shugingithe prepacatior ob the Wmlﬂlﬂ@glaéf

Mol ybd ti ]
M ode diehe fors i fmaeﬁv%qﬂ%ﬂe B maler s Pl i Profiatt tequnport ang al ysi s

Ocygen AT eﬂ’{”f. Do PyRBBRE R it 96 BB B0 e SRPRERBCH erei n
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 0 to 5 wt.%,
preferably from 0.5 to 4 wt.%, and more preferably from 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 1A (alkali metals) of the

Periodic Table of tﬁe 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 MoOQO;.



pul ses of oxygen are ®mdded to a carrier gas stre@mand thus rapidly traverse
the catalyst bed. For exanple, the oxygen chem sorption will be from800 to
2,800, pEmefalzkes from 1,000 to 2,200, and nore pref erRBIYSIOPHEIAL126200 t o
2,000 gmol  oxygen/gram MoQ3. ftL WD 2005/012463 PCT/ US2004/ 024126 - 15-
(0029] The nost preferred third catal ysts can be characterized by the
properties: (a) a MoG3 concentration of 1 to 25 w.% preferably 2 to 10
wt.% and nore preferably 3 to 6 w.% based on the total weight of the
catal yst; (b) a CoO concentration of j@.1 to 6 w.% preferably 0.5 to 5
wt.% and nore preferably 1 to 3 w % also based on the total weight of
the catalyst; (c) a Co/Mo atomc ratio of 0.1 to 1.0, preferably fromO0. 20
to 0.80, nore preferably from0.25 to 0.72; (d) a nedian pore dianeter of
60 Ato 200 A npreferably from75 A to 175A, and nore preferably from80 A
to 150 A0028] a Thsanosinrefrsred thirdegatalusts 6an be chamciered tyothg prepatiess g.

Mo03/ ne, f bly 0.7 4 2. 104 f bly f 1 104
03 Ao At s Bae T B G B S h b 3 o'
pr ef er bt el 8619 4 60 wh oA, BTRed B GeREEH Sieillibr Bt iAR )8 ay and most

y as-sma ydr

prefera as practical for a mrercl a esulTurization

process ¢hiickntrht@i8ef 0 Astod W.%liﬁjef’erﬁl?t@ﬂ to 5 WAL e and thoreprbfepablyang sef f | uent
is contacted with the above-defined third catal yst in a'third reaction zone

under efwetd,ialse basgd ootthe dotehyegindif thoeatalyst; gcoal CodMa atesut tatio afd.1pr oduct .
Chat wi 110 LGB LR EgmI] 200 B &0 PIOF Priarabhp oA o675 h@img T ess. ¢ han
than' 50 Tuiieh dors aPRREr 86 A fodod BBIOsPREMRt n e i PEE AP ERR 0 | °°°
ggg%‘ ”% 6?@&3}9133%% ;8041259150%,9&? aNIbY), 30Hcd orteitratiBR'dY 0% kT @F 83!y 230C to

x 10 g. MoOy/m?, preferably 0.75 x 10 to 2.5 x 10™, more preferably from 1 x

10™ to 2 x 10™; and (f) an average particle size diameter of less than é.O mm,

preferably less than 1.6 mm, more preferably less than 1.4 mm, and most preferably

as small as practical for a commercial hydrodesulfurization process unit.

[0030] As previously stated, the second reaction zone effluent is contacted 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 achieve a
resulting desulfurized naphtha product having less than 100 wppm sulfur,
preferably Iess 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



hourly space velocities ™WiSV') range fromO0.1 to 20hf1, preferably from
0.5 to 5hr-'. Any effective pressure can be utilized, _and pressures

typi cal WP 308463 om 4 to 70 atnospheres, preferably A9TUgMY % Hospher es.
It should be noted that although the range of operating conditions for the -
third reaction zone is simlar to that for the second reaction zone, both
reaction zones could operate under different conditions. In a nost
preferred enbodi nent, the effective hydrotreating conditions Z, .~ WO
2005/ 012463 PCT/ US2004/ 024126 -16- qrg_selective hydrotreating conditions
configured to achieve a sulfur level within the above-defined sul fur
ranges, nost preferably the desul furized naphtha product has a sulfur |evel
sufficiently lowto nmeet current regulatory standards in place at that
time. By selective hydrotreating conditions, it is meant conditions such as
t hose ceme atlnetivé hydioSeathag eondiloss configareti36 achicdt 3, 898 leval withine, 814, al |

of which have al ea‘gé&g'aen I ncorporated by reference herein, which disclose
vari ous e apetedeBredsfn g, o PodesbIn dheotieniirigpd maehtiomioltsi |
R & Engi I ng- €O iLn_which ol efini ht | ecti vel
Coser ool a T RS A GRIRED 1k ket BPLORSL B BuBgarcs Voh

(desul T ur, zQ¢,pr %ﬁf‘{”ﬁﬂ‘ﬁéﬁ?ﬁﬁ% Wditiae ‘?thi§ m&{rg '&%fljftﬁﬂrs %gﬁfag In to

n-paraffin rati octane’than a desulturize napht ha

t r eat ed thysercdidined iixYEJ.SIPz_ﬂ@ﬂtN@!;.ES;QSSIQ36?/G,OQB,698§ hiRd 6PI2XHCR8 B4 alfTyfpi cal i so-
paraffin to n-paraffin ratios in the desul furized product resulting fromthe
pr esent which hésve aheadyybeent mcotpraated byoredérenehgren), wimch dosadse wdrions3. Thus,

conpared to s ctiye, hydrodesul furjzation catal yst ,systens, the processjng
of the ﬁamﬁtﬁa? gﬁoﬂNﬁﬂ@gs amgecess dgyelopadbyhe %menM@ﬁRpS%@Iaﬁyst system

oot n- Skt P bYBHAT B Lol Sibfabadbictabeti B bethdiga Rt o o™
desul f unjigatdseh Qkehien saturation selectivity.

[0031] As previously stated, the desulfurized product thus obtained will have 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. Typical iso-
paraffin to n-paraffin ratios in the desulfurized product resulting from the 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.

[6033]) The following examples will illustrate the improved effectiveness of the

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



100321 The above description is directed to several. enbodi nents of the

present invention. Those skilled in the art will recognize that other
enbodi ment¥0gMa01262 equal |y effective coul d be devi sedPCoBrUSc@rmyiing out
the spirit of this invention. [0033] The follow ng exanples will illustrate

the inproved effectiveness of the present invention, but is not neant to
limt the present invention in any fashion. J WO 2005/012463

PCT/ US2004/ 024126 -17- EXAMPLES EXAMPLE 1 [0034] An FCC napht ha was treated
with acidic materials (Anberlyst- 15 and alum na) to renove

ni trogen-cont ai ni ng conpounds. The nath7ha feed having a 1 reduced anount
of nitrogen conpounds was used in the present exanple, and its properties
are outlined in Table 1 below. Throughout the foll ow ng exanples, i- olefins
and i-paraffins is neant to refer to iso-olefins and iso-paraffins, and, n-
olefins apgxAMIEarREfins is neant to refer to nornal -ol efins and '
normal -pararfins. TABLE | APl Gavity 56 Sulfur 606 Brom ne Nunber 72
Research Cctane Nunmber 2 N Parraffins 3.22 0 I-Paraffins 23.22 0

Napht henegXA MPI0E 1Aromatics 29.69 0 N-Oefins 0 I-Aefins 17.35 0

{0034] An FCC naphtha was treated with acidic materials (Amberlyst-15 and
alumina) to remove nitrogen-containing compounds. The naphtha feed having a

reduced amount of nitrogen compounds was used in the present example, and its

(
properties are outlined in Table 1 below. Throughout the following examples, i-
olefins and i-paraffins is meant to refer to iso-olefins and iso-paraffins, and, n-
olefins and n-paraffins is meant to refer to normal-olefins and normal-paraffins.
TABLE 1
API Gravity 56
Sulfur 606 wppm
Nitrogen 1 wppm
Bromine Number 72
Research Octane Number 92.1
-Parraffins 3.22 wt%
I-Paraffins ' 2322 wt.%
- Naphthenes 8.38 wt.%
( Aromaltics 29.69 wt. %
N-Olefins 1195 wt%
1-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 5ce 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. Afier extrusion, the catalyst



O her Oefins 6.20 wt.% Mstillation ASIM D-2287 109%#™~42 30% 790 50%
1090C 70% 1380C 90% 1740C [ 0035] The feed described in Table 1 above was
then treXMAPHPIHH 5cc 1 oading of 4 different zeol it ePERUSRAPNBLI2Gee Tabl e
2 bel ow, under identical processing conditions. Each of the four zeolite
catalysts was in the formof an extrudate with a 65/35 zeolite/alum na
ratio. The extrusion was carried out in a 2" Bonnot extruder wth a 1/16"
cylindrical or quadral obe die plate. After extrusion, the catalyst ~- 0 WO
2005/ 012463 PCT/ US2004/ 024126 sanpl eséxgere dried and then precalcined in

nitrogen at 900F for 3 hours to remove® the organic tenplate. This was

fol | owed by an ammoni um exchange step with IN amoniumnitrate solution to -

reduce the sodiumlevel to bel ow 500wppm The catalyst sanples were then
subjected to a hybrid calcination with nitrogen precalcination at 900F for

1 hour fsahpleedebydded andkieemprictalioird ih@RRbgémat $00TBULS 3 hollke tatgtheveval ue of
the catal ysts was neasured according to the test described above, and the

sur f ace the @agame teropkite. eGhissvagfoomadine as anirhenivnt exshange steppwithildd are
contained in Table 2 beLuow. TABhE 2 Catal yst Zeol i tF Al %Ba Surfaﬁe Area nR/
A Bet a @mmgnium pigatesolutmgnto reduce the sodium level to below 500wppm. The

catalyst samples were then subjected to a hybrid calcination with nitrogen
precalcination at 900°F for 1 hour followed by air calcination at 1000°F for 6 hours.
The alpha value of the catalysts was measured according to the test described
above, and the surface area was measured using ASTM D3663. The catalyst
properties are contained in Table 2 below.

il

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-clefin in feed)/(n-olefin in feed - n-olefin in

product).

o



C ZSM 23 4.8 230 | D%SM 48 6 229 [0036] The feetl descri bed above was
treated with each catal yst separately. The processing conditions included a
| i qui d hwordgs/epede vel ocity (LHSV) of 1.0 hl'', a hyd{dgesoev@di2égas rate
of 178 NnB/nB8 of substantially pure hydrogen, and a total system pressure
of 18 atm and a tenperature of 260C. Table 3 below indicates the catalyst
used in each experinent and the results of the experinment. Net olefin

i someri zation was cal cul ated by using the forrmula: 100 x (iso-olefin in
product - iso-olefin in feed)/(n-olefipin feed - n-olefin in product). WO
2005/ 012463 PCT/ US2004/ 024126 -19 TABLE 3 1Catalyst A B C D Zeolite Beta
Beta ZSM 23 ZSM48 Al pha 0.70 7.00 4.80 6.00 Feed N-paraffins w.% 3. 22
5.14 4.00 3.22 5.67 1l-paraffins w.% 23.22 22.72 23.82 23.85 23. 80

Napt henes 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 1TABIL.BH3. 86 7.12 8.35 1-olefins w.%

N of of ilg'gtﬁi%‘r%u on 50,80 0.80] 40.40 bo. To. fer et in GooeriDatilon o
81.20 66.9 eoT‘tpouTon TS+ t=otEef 1S .§§a4°1 Olﬁeta 'Lsi"(z'ﬂ ZT-SM:B:S 43. 60
Alpha 0.70 7.00 4.80 6.00
Feed
N-paraffins wt.% 3.22 5.14 4.00 3.22 5.67
¢ I-paraffins Wt.% 23.22] 2272 2382 2385 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 5.06 577 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
C
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



EXAMPLE 2 [0037] Three cat®l ysts conprising ZSM 48 an®™al uni na were prepared ,
according to the process outlined in Exanple 1 above except Catal yst E was
also tr &@&S/W"& eam ng the catal yst at 1250F for 2 hBGFES70§492302% st eam
after the hybrid calcination step, and Catal yst G was prepared by nodifying .
the hybrid calcination step with an initial air treatnent at 900F for 3
hours foll owed by steam ng at 900F for 3 hours in 100% steam Each of these
three catalysts contained 65 wt.% zeolite and 35 wt. % al um na. The feed
described in Table | above was treategy with these under the same processing
conditions described in a s W 2005/012463 PCT/ US2004/ 024126 -20- Exanple |
above. The catal yst properties along with the results of the experinents

are described in Tables 4 and 5 bel ow, respectively. TABLE 4 Catal yst

Zeolite Alpha E ZSM48 6 F ZSM48 15 G ZSM 48 37 TABLE 5 Catalyst E F G
Zeol i t e Esnmpl Fghoug Zheicaglystippeperocpalong voith the gouliFebtheneypermndntns wt . %

3.22 5.67 5,39 .5.67 _|l-paraffj Wt . % 23. 22 23.80 26.29 26.10 Napt henes
W %8 3greg_ie§gng§tggm ga lgzs 4%and 5 gelow, r%spectzwe y. P

TABLE 4
Catalyst| Zeolite | Alpha
' E ZSM-48 6
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 L
Napthenes wi.% 838] 875  8.80]  8.66 |
Aromatics wt.% 29.69 28.60 3030 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 Wt.% 620 509 395 5.9
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




Aromatics w. % 29.6928.60 30.30 28.53 N-olefin® wt.%11.95 8.35 4.96 4.61
|-olefins wt.% 17.35 19.76 20.31 22.04 other olefins w.%6.20 5.09 3.95
5.99 N dV@RPEHsYer sion % 30. 10 58.50 61.40 Net ol ef PATiUSQUPOR B4 i ON %
66.90 42.30 63.90 I-parrafins + |l-olefins w. % 40.60 43.60 46.60 48.10 WO
2005/ 012463 PCT/ US2004/ 024126 -21- EXAMPLE 3 100381 Four nore 5cc | oadi ngs
of different catalysts were al so anal yzed. These four catal ysts were
prepared according to the procedure outlined in Exanple | also except

Cat al yst J was prepared by stean ng alyst Hfor 8 hours at 1200F after
the hybrid cal cination step. Each of @ catal ysts contained the sane 65/ 35
ratio of zeolite to alum na binder described above, and each was used to
treat the feed described in Table 7 bel ow under the process conditions
described in Exanple 1. The properties of these catalysts are listed in
Tabl e 6 BXIAMPIaB® the results of the experinents are given in Table 7

bel ow. TABLE 6 Catal yst Zeolite Al pha H MCM 22 220 ZSM 35 65 J MCM 22

43 K 25k 40 POR: ARSIR/SUE 338AnES I RIS Attt l weré %lsE”a%'Fyz%d These

four catalysts were prepared according to the procedure outlined in Example 1 also
except Catalyst J was prepared by steamning Catalyst H for 8 hours at 1200°F after
the hybrid calcination step. Each of the catalysts contained the same 65/35 ratio of
( zeolite to alumina binder 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




Catalyst HI J K Zeolit& MM 22 ZSM 35 MCM 22 ZSM 12~ Al pha 220. 00 65. 00
43.00 40.00 Feed N-paraffins w.%3.27 4.29 7.12 9.94 3.27 1- farafflns
W . % 26We208501346323 16 23. 61 26.95 Napthenes wt.% 10PGHURN0HRIH6G7H g 42
10.29 Aromatics w.% 29.46 26.27 28.34 26.69 29.46 N-olefins wt.
0.11 5.25 9.23 8.76 1-olefins w.% 17.25 0.49 21.22 17.66 17.25 other
olefins wt.%4.02 0.04 7.18 4.44 4.02 N-olefin conversion % 98.70 40.10
5.40 1 0.00 Net olefin isonerization I-parrafins + I-olefins w.% 44.20
57.50 44.40 41.30 44.20 [0039] As sh in Tabl e 7 above, highly acidic
catal ysts such as Catalyst H pronot e“Undesi rabl e side reactions such as the
conversion of i-olefins. Thus, catalysts having an al pha val ue between 1
and 100 out performthose catalysts outside of this range. -23- CLAIMS 1. A
process for producing | ow sul fur naphtha products conprising: a) contacting
a naphtha boiling range feedstream containing organically bound sulfur,

ni trogen-cont ai ni ng conpounds, and olefins in a first reaction zone operated
under conditions effective to rentpABBE 7 east a portion of said

% 8. 76

ni trogen- ¢ aining conpounds with™a acidic material to produce a first
reaction 2Gwtelyst f | uent having @ reduced &foudt of niltrogen-| cokt ai hi ng
compounds i e MCM-22| ZSM-35 |MCM-22 | ZSM-12
Alpha 220.060 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 26.95
Napthenes wt.%, 10.29 11.78 7.72 842 10.29
Aromatics wt.% 29.46 26.27 28.34 26.69 29.46
N-olefins wt.% 876| 0.1  525] 923 876
T-olefins Wt.% 1725]  049] 2122] 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.



b) contacting at |least a portion of said first reaction zone effluent in a
second reaction zone operated under effective hydroi sonerization conditions
and in the presence of hydrogen-containing treat gas with a second catal yst
conprising ZSM 48 having an al pha value in the range of about 1 to about
100 to produce a second reaction zone effluent; and c) hydrotreating at

| east 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 catal yst sel ected
from hydrgitABMSI Nng catal ysts conprising about 0.1 to 27 wt.%of a G oup
VIl metal oxide, about 1 to 45 wt.%of a Goup VI netal oxide, and having
a nmedi an pore di anet er of about 60A to about 200A to produce a desul furized
product . 12, ThenRERS B5iHrluchl:AWsiliEhehR ptdlds thhghsiggaction zone
conprlses one of ‘ot e reacto Of reattioh zZones e process according
to claim2 whajei ncelaaajlngeomphthahdilihg range feedgtdannconcinesg oxganipslivstouade or
nore catal yst beds selected fromthe sisting of fIU|d|ze beds,
Cub! ot A e B OER S amP s LTS ST P RGPS RS PR ach  of

said one c@ﬁdlﬂ@ﬂ&ffeﬁﬁ&eatby%owfleaﬁ%(ﬁh&%iasaﬁﬁhﬁb ei;tco'ﬁwlﬁ.%b&nﬁ&hds R8h an
reaction zone in which the catalyst bed is |oca rocess of

accor di ngedes matarizhtq prodeeed firss piacliatesont tiflueniduvimgadeaduced empamtrvé" njtepgen- t han

100 wppm; H%L é The process according to claim3 wherein said
second an ]ﬁg%fonlé%?|0n zones are l|located in the sane reaction vessel. 6.

The process aégor dlcmgadtmgek Riagnapordey efishid Shstde 600 Bohedifhudod i flsdcemdt i on
zones conprlse one nor e flxed cat al yst beds. 7, The process according to

ST ai m 2 VTR e aparisdgmdsketiesty Hayorelanfprrizaien sonlisiont aybin BEBIFIGE Bet woen
2o 1} RSB 1 e s LN S il |
value in the range of about 1 to about 10 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 about 0.1 to 27 wt.% of a Group VIII metal oxide, about 1 to 45 wt.% of a
Group VI metal oxide, and having a median pore diameter of about 60A to about 2004 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 claim 2 wherein said second and third reaction zones
comprise one or more catalyst beds selected from the group consisting of fluidized beds,
ebullaﬁng beds, slurry beds, fixed beds, and moving beds wherein each of said one or more
catalyst beds contains a catalyst suitable for the reaction zone in which the catalyst bed is

Jocated.

4. The process of according to claim 1 wherein said desulfurized product contains less

than 100 wppm sulfur.



8. The process according to claim2 wherein said acidic material is selected
from Anberlyst, alumna, sulfuric acid, spent sulfuric acid obtained from
an al kylation unit, and any other acidic material known to be effective at
removi ng nitrogen conpounds froma hydrocarbon stream 9. The process
according to claim1 wherein said third catalyst is a hydrotreating catal yst
conprising about 4 to about 12%of a G%up VI1I netal oxide and about 10 to
about 40 wt.% of a Goup VI netal oxide. 10. The process according to claim
| wherein said third catalyst is a hydrotreating catalyst conprising about
1 to 25 wt. % WREBrocaRQborfing té Slakn WMwh@efPQIVRBER] hdSBird rdaefdPRAMEB are
present in an atomc ratio of about 0.1 to about 1.0 Co/ M, and said

cat al yst leratedan thegema reagboevessdnet er of about 75A to about 175A, wherein
said third catal yst has a MoO3 surface concentration of about 0.5 x 10-4 to
about 3 x 10-4 g/n2 and an average particle size dianeter of less than 2.0
mm 11. Bhe pﬂ"hepﬁﬁeﬁ(hﬁﬂj’rdhm@ga t18inc b aihBreiDsandhe@cendariiahid Afattst tones

hydr oi soneri zati on con? e. selected to cause skel etal isonerization
of the oFEPRY PFOEERYC IFe %F%Y% #lft ha Dboiling range feedstream 12. The
process according to claim11l wherein said second reaction zone effluent has
a -25- higher ratio of iso-olefins to n-olefins than the naphtha boiling
range feédst r heprotass attredipg drdgin a@dlonedisagipmcesb ﬁirﬁxemompr@eeimerstagaj third

| f d | d
Co Yot el ey GRTRY B e and ] Pl Rertuf Boned o Tatvisst MRl iy e

bari um oXirfsec&rll Bthird 2édcOMEdhes.di at omaceous earth, | ant hani de oxi des
i ncl udi ng cerium oxi de, |anthanum oxi de, neodym um oxi de, yttrium oxide, and

praseodym um oxi de; chromia, thorium oxide, nania, niobia, tantala, tin

oxi de, zignc O’fhgﬁroclé%‘icc&hﬁig‘t&&igwg%%ﬂ5%1 adic HdEerdal BsEidced fils rding to

claim 13 V\/nerel n-sa surta r| X support sai d second
cat al yst Aahtsolystpaltainas siléss acidaspeabwilfiirid avid obtadfed doni aniliglaticn wiky) el &8 Fc,
sul f ates,

other acidic material known to be effective at removing nitrogen compounds from a

hydrocarbon stream.

9. The process according to claim 1 wherein said third catalyst is a hydrotreating catalyst
comprising about 4 to about 12% of a Group VIII metal oxide and about 10 to about 40 wt.%
of a Group VI metal oxide.

10.  The process according to claim 1 wherein said third catalyst is a hydrotreating catalyst
comprising about 1 to 25 wt.% MoOQs, about 0.1 to 6 wt.% CoO wherein said CoO and MoQ;
are present in an atomic ratio of about 0.1 to about 1.0 Co/Mo, and said catalyst has a median
pore diameter of about 75A to about 175A, wherein said third catalyst has a MoOs surface
concentration of about 0.5 x 10™ to about 3 x 10* g/m® and an average particle size diameter of

less than 2.0 mm.
11.  The process according to claim 10 wherein said effective hydroisomerization
conditions are selected to cause skeletal isomerization of the olefins present in said naphtha

boiling range feedstream.

12.  The process according to claim 11 wherein said second reaction zone effluent has a



silica, and various netal oxides that can be introduced during the
preparation of the support. 15. The process according to claim 13 wherein
said suitable binder or matrix support of said third catalyst also contains
about 0 to 5 wt.%of an additive selected fromthe group consisting of
phosphorus and netals or netal oxides from Goup |A (alkali netals) of the
Peri odic Table of the Elenents. 16. Thez%Tocess according to claim 13
wherein said suitable binder or matrix naterial is selected from al um na,
silica, and silica-alumna. 17. The process according to claim 16 wherein
sai d sui tadHee rafio D &b-DEfNERb hlofefTRtRM 1B ndphtha¥olHgangeliBedstBfin Pr OCESS
according to claim 10 wherein said second catalyst further conprises a
sui tabl e porous binder or matrix materi al selected fromclays, silica,
and/ or al [ 1 rd|n to claim 18
wher ei nrrgltgl d ?Ell g'g(%fzés a%g?rgﬁg g HIH% rhe ! fthPrd%%t II%(S“I%%';Fi e €d from
silica, aultablebind@ror zmakr@ohiafmal @lected fom Q&lﬂeﬂ'ﬂuﬂn@pﬁﬁﬁa afaﬁm[ chktimnmldél aim
19 wherein said suitable po ous bi nder or matrix naterial al um na
present (SHOBIYWR pxige.drrip@axide, sHbansopfconis, figtomacsqus cpity 1%1611 PGE bi nder .
21. The RROGAREcARAOEANETad bbb QedhifliGh Btit] i 88kt vgahydrot reat i ng
conditions are selected I n such rannér that sald desulfurized naphtha
product pmaseadysiliuaxidepvigbomise $lmrmha¢m@ uranppmobis, fagtala, B8 oxifkezinr @ods snd
accordinglto clab %ﬁ? wherein said effective hydrotreating conditions are
selectiv Birg g conditions. 23. The process according to claim?21
wher ei n sald desul furi zed napht ha product has a higher concentration of
i so-paraffins than n-paraffins. 24. A process for producing Iom1su|fur
napht ha produdhs PESABrACSITRS taylaip 3 afélﬂerrgsaai Trétpble hindsoen mpex saprget of
f eedst r eagGanhal Rt ALAHNA Iy Ao Bl Iass coRlhiifIR s GANLHNuliles,
conpounds, l'efi'ns In Irst reaction zone operated’ under

5111ca and various metal oxides that can be introduced during the preparation of the support.

15.  The process according to claim 13 wherein said suitable binder or matrix support of
said third catalyst also contains about 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 claim 13 wherein said suitable binder or matrix matertal is

selected from alumina, silica, and silica-alumina.

17.  The process according to claim 16 wherein said suitable binder or matrix material is

alumina.

18.  The process according to claim 10 wherein said second catalyst further comprises a
suitable porous binder or matrix material selected from clays, silica, and/or metal oxides such

as alumina.

19.  The process according to claim 18 wherein said suitable porous binder or matrix

material is selected from silica, alumina, or a kaolin clay.



conditions effective to renove at |east a portion of said

ni trogen-contai ning conpounds with an acidic material selected from
anberlyst and alum na to produce a first reaction zone effluent having |ess
than 50 wopmtotal nitrogen; b) contacting at |least a portion of said first
reaction zone effluent in a second reaction zone operated under effective
hydr oi soneri zation conditions and in rﬁ@‘presence of hydr ogen-cont ai ni ng
treat gas with a second catal yst conprising at | east one zeolite sel ected
from zZSM 23 and ZSM 48 and having an al pha value in the range of about 2 to

about 80200 PhOPHESEsAcGREARD EIGALTI QH@réﬁ%ﬁid%ﬁftﬁBl@P@rbu@ﬂiﬂdé‘r)orMﬁ)@t reating
at least a portion of the second reaction zone effluent of step b) above in

a third mager] seluminepspart i emtigedless Brp abavt\a pagsizeslitedapagae bindért | ons and
in the presence of hydrogen-containing treat gas and a third catal yst
selected fromhydrotreating catalysts conprising about 1 to 25 wt. % MQ3,
about 0. 21t o0 GhaprotesSatonties & ¢laimnlwha€n saidifbiod: Indeotpaaseadnditionamreat om ¢

ratio of aboui. 0.1 to about 1.0Q Co/M), and said third catal has nmedi an
pore di aF{%’E’Cé"r“f lafsuéb%ﬁ@n%ﬁ%algﬂ&wﬁ\@ hap épmdﬁcgwas‘eﬁ?rrala@%aﬁ% 0 has a
M3 sur {aps spcentration of about 0.75 x 10-4 to about 2.5 x 104 g/n2 and

an average -27- particle size dianeter of less than 2.0 nmto produce a
desul furi zed product having a sulfur Ilevel less than 100 wppm sul fur. 25.

The process aggording to elaim.24 wherein said.first reaction zone effluent
cont af ne Fese i Rk abGufnB 1yt 1 Fha5R AR ar bt SREAE Dol s ¢ o

cl ai m 25 spib@rve hpdivataingeendidogat al yst is ZSM48. 27. The process according
to claim26 wherein said third catalyst is a hydrotreating catal yst

conprising about 2 to 10 wt.% Mb(3, about 0.5 to 5.0 w. % CoO wherein said
CoO and 3 4 ; j ' 0. 80
and bb Tgé grggéslé %%tfﬁgg tﬁéla%{e %%ﬁeréﬁtshﬁ éfééulﬁﬁl%& n%hﬁ% (}tr?d@g%éta

Co/ Mo, and sai tal yst Ian pore dianeter o to about
175A, whéightrnconedndratier ofido-pataffinssharheparaffidbO3 surface concentrati on of
about 0.5 x 101 to about 3 x 101 g/nR2 and an -average particle size dianeter

of less than 1.6 mMm
24. A process for producing low sulfur naphtha products comprising:

a) contacting a naphtha boiling range feedstream containing organically bound
sulfur, nitrogen-containing compounds, and olefins in a first reaction zone operated under
conditions effective to remove at least a portion of said nitrogen-containing compounds with an
acidic material selected from amberlyst and alumina to produce a first reaction zone effluent
having less than 50 wppm total nitrogen;

b) contacting at least a portion of said first reaction zone 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 selected
from ZSM-23 and ZSM-48 and having an alpha value in the range of about 2 to about 80 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 under effective hydrotreating conditions and in the
presence of hydrogen-containing treat gas and a third catalyst selected from hydrotreating
catalysts comprising about 1 to 25 wt.% MoQO;, about 0.1 to 6 wt.% CoO wherein said CoO
and MoQs are present in an atomic ratio of about (.1 to about 1.0 Co/Mo, and said third
catalyst has a median pore diameter of about 75A to about 175A, wherein said third catalyst

has a MoO; surface concentration of about 0.75 x 10 to about 2.5 x 10 g/m® and an average



28. The process according to claim27 wherein said effective

hydr oi soneri zation conditions are selected to cause skeletal isonerization
of the olefins present in said naphtha boiling range feedstream 29. The
process according to claim27 wherein said third catal yst further conprises
a suitable binder or matrix material selected fromalumna, silica, and
silica-alumina. 30. The process accordihig to clai m 29 wherein said second
catal yst further conprises a suitable porous binder or matrix materi al
selected fromclays, silica, and/or netal oxides such as alumna. 31. The
process g&RAE G0 Giakiect bl Bdn MoGhG!IH pRALE SEGOMELE KRR hdillgld\@lfus ONPr | Ses
alum na present in a ratio of |less than about 15 parts zeolité to one part
bi nder. B¢l laéhapriP8eapmapdir.di ng to claim 30 wherein said effective
hydrotreating conditions are selected in such a manner that said

desul furi zed napht ha product has a sulfur level |ess than 50 -28- wppm

sul fur. 23. The moasescorlisdiobldis 240vKdrélh 6aid firwhekgomzdiriclihet estdinsess
hydrotreating conditions are selective hydrotreating conditions. 34. The
process 3@%%§8@H6”P@L@P§gﬁ$31 wherein said desul f nized naphtha product has
a higher concentration of iso-paraffins than n-paraffins. 35. A process for
produci ng | ow sul fur naphtha products froman olefin and sul fur contai ning
napht ha Boi | i A pracrgeadcentisg toedamSmnmpharan sgjd seond oatalysttis A§Ma4hapht ha boi | i ng
range feedstream containing organically bound sulfur, nitrogen-containing
conmpounds, and olefins in a first reaction zone operated under conditions

ef fecti vE7.t 0 TIRIMNEGsRhcchRINSE to1 A6 voibr&th sSidiidrd datd 20 &% BRIt Rlafhdehtal pAPOUNS
with a first catalyst selected from Anberlyst and alum na to produce a

first reenrisimeAbRe Zeri0usrt Mefdy pbpt Odde Sithwih’eCrOphaieitorid Cofd endlyoRs b)
contact | jg gﬁegéeﬁri‘ ixfla ol S ERED of PP 090 %4 Ihaee0ko 3o SHA dafafifst A 200

oper at ed ective ydr0| sofmeri zatl on condrtions se t o cause
skel et al mediampore Zimeaer cfbaai7dA to about 175A, wherein said second catalyst has a MoO;s
surface concentration of about 0.5 x 107 to about 3 x 10 g/m* and an average particle size

diameter of less than 1.6 mm.

28.  The process according to claim 27 wherein said effective hydroisomerization
conditions are selected to cause skeletal isomerization of the olefins present in said naphtha

boiling range feedstream.

29.  The process according to claim 27 wherein said third catalyst further comprises a

suitable binder or matrix material selected from alumina, silica, and silica-alumina.

30.  The process according to claim 29 wherein said second catalyst further comprises a
suitable porous binder or matrix material selected from clays, silica, and/or metal oxides such

as alumina.

31.  The process according to claim 30 wherein said second catalyst further comprises

alumina present in a ratio of less than about 15 parts zeolite to one part binder.

32.  The process according to claim 30 wherein said effective hydrotreating conditions are

selected in such a manner that said desulfurized naphtha product has a sulfur level less than 50



olefins contained in said feedstreamand in the presence of

hydr ogen-containing treat gas with a second catal yst conprising ZSM 48 and
an al um na bi nder, wherein said binder and ZSM 48 are present in a ratio of
| ess than about 15 parts zeolite to one part binder, to produce a second
reaction zone effluent having a higher ratio of iso-olefins to n-olefins
than the naphtha boiling range f eedst8am and c) hydrotreating the second
reaction zone effluent of step b) above in a third reaction zone operated
under selective hydrotreating conditions and in the presence of

hydr ogenwppitsaifi. ng treat gas and a third catalyst selected from supported
hydrotreating catalysts conprising about 3 to 6 wt.% MoO3, about 1 to 3

wt . % CoO wherein said CoO and MO3 are present in an atomc ratio of about

0.25 t t / . ' ' ; edi an...
di amet or 357 aBAPueR Brafbh et TSRSl AR PP B .
M3 sur tdetive hpdretstatiiiconditénsabout | x 10-4 to 2 x 10-4 g/ n2 and an average

particle size dianeter of less than 1.4 mmto produce a desul furized
product having a sulfur level less than 50 wppm sul fur and a hi gher

concentr a4 i onTR plo8Qs R&oRdihE RScliited) PhedihhillideSulfurized naphtha product has a

higher concentration of iso-paraffins than n-paraffins.

35. A process for producing low sulfur naphtha products from an olefin and sulfur
containing naphtha boiling range feedstream comprising:

a) contacting a naphtha boiling range feedstream containing organically bound
sulfur, nitrogen-containing compounds, and olefins in a first reaction zone operated under
conditions effective to remove at least a portion of said nitrogen-containing compounds with a
first catalyst selected from Amberlyst and alumina to produce a first reaction zone effluent
having less than 10 wppm total nitrogen;

b) contacting said first reaction zone effluent in a second reaction zone operated
under effective hydroisomerization conditions selected to cause skeletal isomerization of said
olefins contained in said feedstream and in the presence of hydrogen-containing treat gas with
a second catalyst comprising ZSM-48 and an alumina binder, wherein said binder and ZSM-48
are present in a ratio of less than about 15 parts zeolite to one part binder, to produce a second
reaction zone effluent having a higher ratio of iso-olefins to n-olefins than the naphtha boiling
range feedstream; and

c) hydrotreating the second reaction zone effluent of step b) above in a third
reaction zone operated under selective hydrotreating conditions and in the presence of
hydrogen-containing treat gas and a third catalyst selected from supported hydrotreating
catalysts comprising about 3 to 6 wt.% MoOs, about 1 to 3 wt.% CoO wherein said CoO and
MoQ; are present in an atomic ratio of about 0.25 to about 0.72 Co/Mo, and said third catalyst
has a median pore diameter of about 80A to about 150A, wherein said second catalyst has a
MoOs surface concentration of about 1 x 10 to 2 x 10™ g/m? and an average particle size
diameter of less than 1.4 mm to produce a desulfurized product having a sulfur level less than

50 wppm sultfur and a higher concentration of iso-paraffins than n-paraffins.



