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BACKGROUND OF THE INVENT

The need for low emissions, high octane fuels has created an
increased demand for light olefins for use in alkylation, oligomerization, MTBE
and ETBE synthesis processes. In addition, a low cost supply of C, to C, olefins,
particularly propylene, continues to be in demand to serve as feedstock for
polyolefin, particularly polypropylene production. In parallel with this need,
increasingly stringent regulations require motor fuels having a diminished
concentration of sulfur and, to a lesser extent, olefins boiling in the gasoline

boiling range (C4 and above).

It is well known that conventional fluid catalytic cracking ("FCC")
processes can be adapted to increase product C, to C,4 olefin concentration. Some
of the adaptations include dual risers, combinations of cracking and metathesis,
and the use of zeolite catalysts. Hydroprocessing cracked naphtha formed in such
processes typically results in a product having a diminished concentration of
olefinic species and non-hydrocarbyl species such as sulfur-containing species,

and an augmented concentration of saturated species. Relatively severe



-2 hydroprocessing conditions are generally required to substantially
renmove sul fur- containing species, particularly in the presen olefinic
speci es WaWLAY3hore than four carbon atons, and such sev%qgu§0%/38;78
hydr opr ocessi ng conditions are known to result in a substantial octane
reduction in the hydroprocessed produ%. There remains a need, therefore,
for new processes for formng C2 to €4 ol efins together with naphtha

havi ng a di m ni shed concentration of sulfur- containing species, while

mai ntai ning a sufficient anount of C4 and larger olefins in the naphtha,
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In one embodiment, the invention is a process for forming a

hydroprocessed product comprising:

(a)  reacting an olefinic naphtha in the presence of a molecular sieve

catalyst under catalytic cracking conditions in order to form a product, and then

(b reacting at least a portion of the product under hydroprocessing
conditions in the presence of a hydroprocessing catalyst in order to form the

hydroprocessed product.

In another embodiment, the invention is a hydroprocessed product

formed according to such a process.

In a preferred embodiment, the olefinic naphtha is reacted in a
process unit comprised of a reaction zone, a stripping zone, and a catalyst
regeneration zone. In the reaction zone, the naphtha stream is contacted under
catalytic conversion conditions a catalytically effective amount of molecular sieve
catalyst having an average pore diameter of less than about 0.7 nm, preferably

zeolite, and more preferably ZSM-5 catalyst, that is preferably in the form of a



650C, a hydrocarbon partial pressure of 10 to 40 psia, a hydrocarbon
residence tinme of 1 to 10 seconds, and a catalyst to feed weight ratio of
about 2wmon®731 Preferably, |ess than about 20 w. % of paRCATYI06/30358 e
converted to olefins. Preferably, at |east a portion of the product from
the catalytic <cracking unit is conducted to a hydroprocessing unit.
Preferably, the hydroprocessing reae}-or is operated at a tenperature from
about 250C to about 375C, a hydrogen partial pressure of 50 to 500 psig,
and a liquid hourly space velocity of 2-10. The hydrogen treat rate is
about 5Q00. to 0 / . r foesabid AP yst i s
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and Mo added to it.

Preferably, the olefinic naphtha feedstock contains about 10 to 30

wt.% paraffins, and from about 20 to 70 wt.% olefins.

DETAILED DESCRIPTION OF THE INVENTION

The invention is based on the discovery that catalytically cracking
an olefinic naphtha under appropriate conditions results in the formation of light
(i.e., C; - Cy) olefins and a cracked naphtha. The invention is also based on the
discovery that a portion of such a cracked naphtha may be separated and then
hydrotreated under appropriate conditions to yield a product having a diminished
sulfur concentration while maintaining or at least not substantially reducing its
octane rating. Moreover, it has been discovered that cracking an olefinic naphtha
under appropriate conditions results in an overall reduction in olefinic species'
concentration and an increased concentration of desirable light (i.e., C; t0o Cy)
olefins in the cracked product. While not wishing to be bound by any theory, it is
believed that diminishing the overall olefin concentration permits hydroprocessing

of the cracked naphtha fraction under more selective conditions.



the first step conprises cracking an olefinic naphtha resulting in a
cracked product having a dimnished total concentration o % finlc

speci es. WYAHeH4Bhe ol efinic naphtha feed is obtained fronﬂ%?ﬁ‘@?ggé such as
catal ytic cracking, steam cracking, or coking, then the first step may be
referred to as re-cracking. The second step conprises hydroprocessing at

| east a portion of the cracked productt-to provide a hydroprocessed cracked
product having a reduced concentration of contam nants such as

non- hydr ocar byl species but wi thout a substantial octane reduction.
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typi cal Ix)é rit(.:h in olefins, diolefins, and m xtures thereof, and rel atively
lean in AU ins. In one enmbodinent, the cracking process of the present
i nvention may be performed in one or nore process units conprised of a
reacti on zone, a th_}iltnaife@lsﬁﬁamdea)leﬁhﬁlm;ihthzsdméngahymcarmé,spaﬁés a

fractionati on zone. The WO 01/34731 PCTI USO0/ 30378, -5 .
boiling in the naphtha range. More specifically, the olefinic naphthas contain
from about 5 wt.% to about 35 wt.%, preferably from about 10 wt.% to about 30
wt.%, and more preferably from about 10 to 25 wt.% paraffins, and from about 15
wt.%, preferably from about 20 wt.% to about 70 wt.% olefins. The feed may
also contain naphthenes and aromatics. Naphtha boiling range streams are
typically those having a boiling range from about 65°F to about 430°F, preferably
from about 65°F to about 300°F, and more preferably from 65°F to about 150°F.
The naphtha may be a thermally cracked or a catalytically cracked naphtha. Such
naphthas may be derived from any appropriate source, for example, they can be
derived from the fluid catalytic cracking (FCC) of gas oils and resids or from
delayed or fluid coking of resids. Preferably, the naphtha streams are derived
from the fluid catalytic cracking of gas oils and resids. Such naphthas are

typically rich in olefins, diolefins, and mixtures thereof, and relatively lean in

paraffins.

In one embodiment, the cracking process of the present invention
may be performed in one or more process units comprised of a reaction zone, a

stripping zone, a catalyst regeneration zone, and a fractionation zone. The



napht ha feedstreamis conducted into the reaction zone where it contacts a
source of hot, regenerated catalyst. The hot catal yst vapQri d cracks
t he feedV@PV¥73% enperature from about 500C to 650C, pref é’%gf(jﬁ@g’??ﬁ‘g about
500C to 600C. The cracking reaction deposits carbonaceous hydrocarbons, or
coke, on the catalyst, thereby deactivating the catalyst. The cracked
products may be separated fromthe toked catal yst and a portion of the
cracked products may be conducted to a fractionator. The coked catal yst is
passed t hrough the stripping zone where volatiles are stripped fromthe
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recycled to the reaction zone to react with fresh naphtha feed. Flue gas formed by

burning coke in the regenerator may be treated for removal of particulates and for

conversion of carbon monoxide, after which the flue gas is normally discharged

into the atmosphere. At least a portion, preferably a naphtha portion, and more

preferably a naphtha portion rich in Cs and Cg olefin, of the cracked products from

the reaction zone is separated for subsequent hydroprocessing in step (b) in the

Summary of the Invention. Other portions, when present, may be separated for

storage, further processing, recycling, or some combination thereof. The

separation may occur in one or more fractionation zones.

In one embodiment, at least a naphtha fraction boiling in the range
of 65°F to 150°F (i.e., light cat naphtha) is separated from the cracked product of
step (a), and at least a portion of the light cat naphtha is hydroprocessed in step
(b). Intermediate and heavy cat naphtha fractions may also be separated from the

cracked product, and portions thereof may be subsequently hydroprocessed.



-6 Moreover, mxtures of |ight cat naphtha, internedi ate cat naphtha, and

heavy cat naphtha separated fromthe cracked product na
subsequ@'ﬂqlﬁﬁ“%dydroprocessed. Li ghter fractions such as éﬁ%@wﬁg-@d C4

fractions may be separated fromthe cracked product for storage, further
processing, or sone conbination thereof. The cracking step nmay be
practiced in a conventional FCC proc&¥s wunit under FCC conversion
conditions in order to increase light olefin yields in the FCC process
unit itself. In another enbodi nent, the invention uses its own distinct
pr ocessMutbdveragiptiaes offight cirsaphihadintevnahateaat nephthe) @fd heavyreapht ha
froma suitable source in the refinery. In a preferred enbodi nent, the

i nvent i naplitba separetadcizami theicrackedmpradugtimyay alsp besybsemientlyand the reaction
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| efins. Pref g kin I ti i t
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ot her gasgBifadvnN8ereofP! ecul ar wei ght of C4 and bel ow, nore preferably
conversion ranges from about 70-80% Preferred process conditions for the
cracking step include tenperatures from about 500C to about 650C
preferably from afhetcradsng step 8aPOe prgaticsddn Boiwnyartional FrE 9406988 from
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i ntrodugedn¥ bidcEfeumiapiididvivusBadestbed, wkichaacdivesoledimes nuplithat he st eam
conprising up to about” 50 wt. % of the hydrocarbon feed. Also, it is

pr ef er r géni Hatitatlbsonagehinithe renetgnde atpraferiad embodisagnt; e invertiqeis| ess
t han about 10 seconds, faor exanple f roH1 1z;\bout 1 to about 1? dseconds. WO
01/ 3473praedTed)BOIH guardistinct process unit, and the reaction zone 1s operate at

process conditions that will maximize light olefin, particularly propylene,
selectivity with relatively high conversion of Cs+ olefins. Preferably, the cracking
occurs under conditions resulting in at least 50% conversion of olefinic species to
light olefinic species and other gases having a molecular weight of C4 and below,

more preferably conversion ranges from about 70-80%.

Preferred process conditions for the cracking step include
temperatures from about 500°C to about 650°C, preferably from about 525°C to
600°C, hydrocarbon partial pressures from about 10 to 40 psia, preferably from
about 20 to 35 psia; and a catalyst to naphtha (wt/wt) ratio from about 3 to 12,
preferably from about 4 to 10, where catalyst weight is total weight of the catalyst
composite. Though not required, it is also preferred that steam be concurrently
introduced with the naphtha stream into the reaction zone, with the steam
comprising up to about 50 wt.% of the hydrocarbon feed. Also, it is preferred that
the naphtha residence time in the reaction zone be less than about 10 seconds, for

example from about 1 to about 10 seconds.



-7 Such conditions result in converting at |east about 50 wt.% of the
naphtha streams C5+ olefins to C4- products. The conditigns re kst in |ess
than aPR3B4 9 preferably |ess than about 20 wi.% & Wéf’ﬁ"ﬁ of the
paraffins to C4- products. Propylene conprises at |east about 90 nol %
preferably greater than about 95 nmol_% of the total C3 products with the
wei ght ratio of propylene/total C2- p?‘oducts greater than about 3.0. It is
preferred that ethylene conprises at |east about 90 nol % of the C2
products, with the weight ratio of propylene: ethylene being greater than
about 3.5 and t haSucheof8ffions réFin(doneerting dtlebstrabogeS5) vass afdbeit ha
product is either enhanced or relatively unchanged in o_tH not or and
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| mpr ovetHaRabeat 96 trh¥l Yoftthe potabEh pheducts witt thylvesight e aff omati cs may be
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t han abegf) hktha prodot i§ BrhérdBeubed of rexgvalgnpichshgel for om about
10 mt.%to aggﬁmm.ﬂg@ pgr ef erably about 20 wt. %toyabout ggigl wt. % of

t he t ot Bbthfrhoidtianedresedrel pstanes retpes td the. naphehiafesd) It istwighisethgl yst
cont ai ns phosphorus. The phosphorus may . be added 5(; the formed catal yst by
i mpr egnsaopscpitthis ipxentigr thay the.erekime-gatalysts de Rierarked PRE $Bor us cormpound i n

accor daﬂl%reodvl\l’ic%ign SERE {nl c())rrzi%lr td’ fu%heecrhi'rrn%%ve the selectivity to propylene. It is
also within the scope of this invention that an effective amount of single ring
aromatics be fed to the reaction zone to also improve the selectivity of propylene
vs. ethylene. The aromatics may be from an external source such as a reforming

process unit or they may consist of heavy naphtha recycle product from the instant

process.

Among the preferred catalysts for use in the cracking step of the
present invention are molecular sieve catalysts such as zeolitic fluidized catalytic
cracking catalysts. More preferred catalysts include those which are comprised of
a molecular sieve having an average pore diameter less than about 0.7 nanometers
(nm), the molecular sieve comprising from about 10 wt.% to about 80 wt.%,

preferably about 20 wt.% to about 60 wt.%, of the total fluidized catalyst

composition.

Preferably, the catalyst contains phosphorus. The phosphorus may
be added to the formed catalyst by impregnating the catalyst or molecular sieve

with a phosphorus compound in accordance with conventional procedures.



WO 01/ 34731 PCT/ US00/ 30378 -8 Alternatively, the phosphorus conpound nmay
be added to the nulticonponent mxture fromwhich the catalyst is forned.
Pr ef er aWiO013¢1¢ nol ecul ar sieve is selected fromthe fan??yﬂ%?wmﬁﬁhiun1pore
size (< 0.7 nm crystalline alumnosilicates, otherwise referred to as
zeolites. The pore dianeter, also sonetines referred to as effective pore
di aneter, can be neasured using st andar d adsor ption techni ques and

hydr ocar bonaceous conpounds of known m ni mum ki netic di ameters. See Breck,
Zeolite Ml ecular Sieves, 1974 and Anderson et al., J. Catalysis 58, 114

(1979) , Altbeiakively, thy shosphenisnesnponal edy heraidedhy thefrer goompotvetecul ar
sieves that can be used in the cracking step of the present invention

i ncl udemimdieufropowbichetbeicatedysdastorimeasd in "Atlas of Zeolite Structure
Types," eds. WH. Meier and D.H d son, Butterworth-Hei neman, Third

Edition, 1992, ich j ereby incor.porate efepence... The nedi um pore
size zeolites g\gﬁ@g%rﬁts” ﬂ?ﬁ/’é"o QbR lg‘fe’z‘e$ SF 68%%8{}1 {bﬁr}‘én}‘}}x Ofo about 0.7
nm and i nel of: ; - Mosi WRrwMETre féfFeY tdER  and
TON st rtﬂs‘glﬁl‘%gso{ey%%e %g{]ﬂ;@g CBF%HR%@ gni)um*n ss}lio%r](liy%sf gZeo i tePeNorrencI ature).
Non- 11 reloling, cafambtes Uslbo RBAlictiMdRaefriidze madffédtioe pdracl ude ZSM 5,
ZSM 12, ZSM 22, SM 23, ZSM 34, ZSM 35, ZSM 38, ZSM 48, ZSM 50,

si | i calditmeteancarsb¢ neabured using Jtandandsadsprpgfosy teeliniqueyamd 5, which is

described in U S. Patent Nos. g 702, 886 .and E 77.0;4514. ZS 11ﬂs descri bed
in U. S hysaeearbongeeoys pomponnds ofknown mpimug kingtig hamsters. 58 Biaek: 7om 21

and ZSM 38. i . S., Patent 3 ; I . t .

4 076, estiteplaciesSi o 04 i Bpperghie gRot Loyt . X ARTON o

pat ent [ SlefiHerdin befgéensee. O her suitable medi um pore
si ze ngqog}é(éfx%glﬁg%%tcieﬁg?uge trrle si}fi coal um nophosphates (SAPO), such as
SAPO- 4 and SAPO 11 which is described in U S. Patent No. 4,440,871,

chronosi | i cates; Malddulan ss¢vdsthaesan be vsedsinl the srasking sigpi of the Pressphat es
invention include medium pore zeolites described in “Atlas of Zeolite Structure
Types,” eds. W.H. Meier and D.H. Olson, Butterworth-Heineman, Third Edition,
1992, which is hereby incorporated by reference. The medium pore size zeolites
generally have a pore size from about 0.5 nm, to about 0.7 nm and include for
example, MFI, MFS, MEL, MTW, EUO, MTT, HEU, FER, and TON structure
type zeolites IUPAC Commission of Zeolite Nomenclature). Non-limiting
examples of such medium pore size zeolites, include ZSM-5, ZSM-12, ZSM-22,
ZSM-23, ZSM-34, ZSM-35, ZSM-38, ZSM-48, ZSM-50, silicalite, and silicalite
2. The most preferred is ZSM-5, which is described in U.S. Patent Nos.
3,702,886 and 3,770,614. ZSM-11 is described in U.S. Patent No. 3,709,979;
ZSM-12 in U.S. Patent No. 3,832,449; ZSM-21 and ZSM-38 in U.S. Patent No.
3,948,758; ZSM-23 in U.S. Patent No. 4,076,842; and ZSM-35 in U.S. Patent No.
4,016,245. All of the above patents are incorporated herein by reference. Other
suitable medium pore size molecular sieves include the silicoaluminophosphates
(SAPO), such as SAPO-4 and SAPO-11 which is described in U.S. Patent No.
4,440,871; chromosilicates; gallium silicates; iron silicates; aluminum phosphates

(ALPO), such as ALPO-11 described in U.S. Patent No. 4,310,440; titanium



(ALPO), such as ALPO 11 described in U S. Patent No. 4,310,440; titanium WO
01/ 34731 PCT[USOQO 30378 -9 alum nosilicates (TASO, such q_?%‘g@%g 45
descri b&P PH34EH- A No. 229,295: boron silicates, describ&& PE78 pat ent
No. 4,254,297; titanium al um nophosphates (TAPO, such as TAPO 11
described in U S. Patent No. 4,500,651; and iron alum nosilicates. The
medi um pore size zeolites can incl ude9"cryst alline adm xtures" which are
t hought to be the result of faults occurring within the crystal or
crystalline area during the synthesis of the zeolites. Exanpl es of

cryst al hjyginostitatdsUTAS Of, saSMab TABD Z5\dstribed inl EPe AN ed229296;S.  Pat ent
No. 4,229,424 which is incorporated herein % reference. The crytalline
adni xt ubesomsiticatebedaseribed imblP uPatpal Nost 28425dF fHaEUBING are not to be

of oty elmioeboyhainy (AR, Sisbioe APCEF Lap el A SOPRRNY , ChYS o
cat al ys%wﬁghg P %%B‘f-ifcﬁ%k. reaction mxtures. The cracking
r

catal ys esent i nventron nmay be held together wth an inorganic
oxi de matri x conponent. The inorgani c oxide matri x conponent binds the

catal yst conponentetiegiuheporeOsitdatolitbe camirmlydd “qysulitne admbhaugs€nough to
survive interparticle and reactor wall collisions. The inorganic oxide
matri x mhclbere thedghtiodey therrgsulo of Gnlsmdcurming rithia e ¢SIALRA i nor gani ¢

oxi de sol or gel which ig dried to."glue’ the catal t
{ oget hoeryshHLRe A Gurng o sBH B & BH A0St 0 EY REPORHIAS i cal |y

ti d.will ' i foghl | gy It is al
or cf or r B Hures s SR v A1 PALCERCRsed i LESTPARRND, PR | ot G ¢

oxi de MMyHidR iﬁe&ﬁjo?ﬁeefheeéiﬁmmr@wayqrh@wt@n'rrwaimmms aboehni t e,
di aspore, and transitional alum nas such as a-alum na, (3-alum na,

y- al uni demdlved meiim porasineizealites aat uné nat todvaiconfasedrividh playsiasd enpl oyed.
Preferably, the alum na species is an al umnum tfi hg/d{:g)ﬁ.de suclil as

gi bbsi t edmixtyees efezeolites in which distinct crystals of crystallites of different zeolites

are physically present in the same catalyst composite or hydrothermal reaction

mixtures.

The cracking catalysts of the present invention may be held together
with an inorganic oxide matrix component. The inorganic oxide matrix component
binds the catalyst components together so that the catalyst product is hard enough to
survive interparticle and reactor wall collisions. The inorganic oxide matrix may be
made according to conventional methods from an inorganic oxide sol or gel which is
dried to "glue" the catalyst components together. Preferably, the inorganic oxide
matrix is not catalytically active and will be comprised of oxides of silicon and
aluminum. It is also preferred that separate alumina phases be incorporated into the
inorganic oxide matrix. Species of aluminum oxyhydroxides-y-alumina, boehmite,
diaspore, and transitional aluminas such as a-alumina, B-alumina, y-alumina, 6-
alumina, £-alumina, k-alumina, and p-alumina can be employed. Preferably, the
alumina species is an aluminum trihydroxide such as gibbsite, bayerite,
nordstrandite, or doyelite. The matrix material may also contain phosphorous or

aluminum phosphate.



nordstrandite, or doyelite. The matrix material may al so contain
phosphorous or al um num phosphate. WO 01/ 34731 PCT/ US00/ 30378 -10 The

pr ef er r 8d0 6Y/340%i ng catal ysts do not require steam cont actRGIgyS00893E8at nent ,
activation, and the like to develop light olefin conversion selectivity,
activity, or conbinations thereof. Preferred catal ysts include OLEFI NS MAX
TM catal yst available fromWR G adé-and Co., Colunbia, MD. As discussed,
the preferred nol ecul ar sieve catal yst does not require steamactivation
for use under olefin conversion conditions to selectively form |ight

olefins froma catgeyréfeptedyerfkihP hARIstY d6 mBE kKafiftenbimaoatittiakni ng
paraffins and olefins. In other words, the preferred process propyl ene

yi el d i gestuixsit padtivation, andgensid iovdevietopnhghthelefinrenyesier sedctimtygcul ar
sieve catal ysts contact steamprior to catalytic conversion, during

S at al yt aa$\ibhwscomdinatmssbareosoRelered satalyss aslude QULHINS MAXIM does not
etrinmentall f. t t al t b t inth
prefer r%%ig]aﬁéﬁﬁifﬁ%@lﬁgp%ﬁ-Eﬁ&g%éﬁ& angﬁu@@?b 'ndef rgaﬁzﬁ?l yI ins p(raesent

in fluidized bed reactor processes in the feed and in regions such as the

reactor zone and N@E‘dﬁcﬁﬂﬁ&ﬁ&ﬂé ?fefeﬁ@@%olgélﬁ_als&i%%ncﬁﬁl’ys’@%lolé?%ﬁ'r

ehlﬂiltehe
process for purposes such ds stripping and it nmay naturally evolve from

the progtess adtivatign foousecxaitplodefirc adbmersionroepditéomat toaelectivelyaformef er r ed

enbodi nent, steamis present in the reaction zone, Inportantly, the

presen cleglctfolsfle;a fiioinh a tch@ljfﬂﬂ@“lle/r oretepmalde f@cgéé sapbthagfonsainingparpifins

activit r, .selectivit or .convertin eeds to light .alefins tq.the

ext ent %Bﬁ%lre@@a Bother yrends, thedig }%'gg%qsgpgylgﬁg%elfir}s tSHféSqﬁ’?ttl?ﬁbf:or t he
referr . | | Lot of th

P e AR ¥P et ORY bRAGY Bldlectir é’i’@b@gﬁtaﬁ?’ﬁ?g?rﬁgcttﬁ@? of the

napht ha e preferred process conditions propyl ene yield")

does nob &itd19116 cyndeRiigd dafing Fasllysé cohvasionpbetomaicsiingtion tiergsfesence of
steamin the process. Accordingly, at |east about 60 w.%of the C5+
ol ef i nsHowevér steaphtbes sotrdetrimental ypalfesttsudh acaClystp and staam may be

present in the preferred olefin conversion process.

 Steam may be and frequently is present in fluidized bed reactor
processes in the feed and in regions such as the reactor zone and the regenerator
zone. The steam may be added to the process for purposes such as stripping and it
may naturally evolve from the process during, for example, catalyst regeneration.
In a preferred embodiment, steam is present in the reaction zone. Importantly, the
presence of steam in the preferred process does not affect catalyst activity or
selectivity for converting feeds to light olefins to the extent observed for naphtha
cracking catalysts known in the art. For the preferred catalysts, propylene yield
by weight based on the weight of the naphtha feed under the preferred process
conditions ("propylene yield") does not strongly depend on catalyst steam
pretreatment or the presence of steam in the process. Accordingly, at least about
60 wt.% of the Cs+ olefins in the naphtha stream are converted to C,- products
and the reactor effluent's total C; product comprises at least about 90 mol. %

propylene, preferably greater than about 95 mol. % propylene, whether or not



and the reactor effluent's total C3 product conprises at |east about 90
nol. % propylene, preferably greater than about 95 nol. % propyl ene,

whet her wo ome473W\0 01/ 34731 PCTI USOQ 30378 -11 (i) cat al yRET/EB$054A378
pretreatnent is enployed, (ii) steamis added to or evolves in the

catal ytic conversion process, or (iii) some conbination of (i) and (ii) is
enpl oyed. Conventional nol ecul ar sievkl-catal yst steam activation procedures
i nvol vi ng steam pretreatnent and adding steamto a feed are set forth, for
exanple, in U S Patent No. 5, 171, 921. Conventionally, a steam

retreat res of steamfor 1 to 48 hours.
p ( @5tal%‘i‘§te&%%’k>§éfre%trﬁ@nt5is %h%?égér‘%

When stedm | s "adde n convention cesses, it may be present in
anounts ranging fromabout 1 nol. %to about 50 nol. % of the anmount of
hydr ocarliprstéamds abded teeat exives i thophiabytid conversienpredessy@d process
because the preferred catalyst's activity and selectivity for propyl ene
yield is, substantially . insensitive to the presence of steam Wen a
pr et r eat(HbnOE comprIBHEen ph (1) pad GHbsmRI9YBdocess, it may be conduct ed
with O to about 5 atnospheres of steam By 0 atnospheres of steamit is

meant that no ste ' i t t > mresulting
from for exanpl Zﬁbmzﬁnggglggrgg ?ebcélﬁc:ﬁfsﬁ)%‘r% {ﬁ%&gﬁ#éﬁl@sﬁ%ﬁ@g@rﬁ%F%c%eélglyes
pretreatRedy; étleﬁ’ﬂiﬁfiﬁ%t At aATREARL Q8smitharfeed ar@yet¥8rtRr fxent . usual ly
in very snal frﬁé;nnunts, rg?,ll‘i ng pr et?lteglat ment even \ft\llhene no steamis added.
However exhmipée,andde§. PaeanNa 5i $71,9HanCdoesntivoiallypbsteant padtteatraéfitect t he
catalyst's activity for propylene yield. Adding steamto the preferred

pr ocess &y ¢mplayol teAmospheres phpfieam ©r datey4&hourspiWhen steaamisfasidedni xt ur e,

or sone.conbin tioP t hereof.is also o%tLonal. V)(hen St eam i%?magged to the
or ef o r SHCRREHIAnAT prOGESSFSy it ey B Pres et I ORETS rangiad oM AN E  out 0 mol
% to abgily Wtd@éowt%oi.% omé%oaﬁt BY HY @GR, feB§Y: rg%?dtﬂltehh?s case of
pretreatnment, 0 nol. % steam neans that no steamis adde 0 e preferred
pr ocess opforainnrthe préfenediprocess becausefthe pesfepedcatdysitiseetivitiandbe

selectivity for propylene yield is substantially insensitive to the presence of steam.

When a pretreatment is employed in the preferred process, it may be
conducted with 0 to about 5 atmospheres of steam. By 0 atmospheres of steam it
is meant that no steam is added in the pretreatment step. Steam resulting from, for
example, water desorbed from the catalyst, associated pretreatment equipment,
and combinations thereof may be present, usually in very small amounts, during
pretreatment even when no steam is added. However, like added steam, this
steam does not substantially affect the catalyst's activity for propylene yield.
Adding steam to the preferred process as in, for example, stripping steam, a
naphtha-steam feed mixture, or some combination thereof is also optional. When
steam is added to the preferred process, it may be added in an amount ranging
from about 0 mol. % to about 50 mol. % of the amount of hydrocarbon feed. As
in the case of pretreatment, 0 mol. % steam means that no steam is added to the
preferred process. Steam resulting from the preferred process itself may be
present. For example, steam resulting from catalyst regeneration may be present,

usually in very small amounts, during the preferred process even when no steam is



present. For exanple, steamresulting fromcatal yst regeneration may be
present, usually in very small amounts, during the preferred process even
when no woeasds WO 01/ 34731 PCT/ USOQ 30378 -12 added. HA®USM030¥8ch st eam
does not substantially affect the catalyst's activity for propylene yield.
When the preferred catalysts of this invention are steam pretreated and

t hen enployed in the preferred procestl- propyl ene yield changes by |ess
than 40% preferably less than 20% and nore preferably by |less than 10%
based on the propylene yield of the preferred process using an identical

cat al ystaddeal Heweve?Odudhlédrs & nohiBstatlally R thdeatRiR'ehépdnEat al yst

is used in the preferred process and steamis injected with the "naphtha,
pr opy! erfer pr@yderchpietiks by | ess than 40% preferably |ess than 20% and
nore preferably by |l ess than 10% based on the propylene yield of the

preferred process using an identical catalyst where steaminjection was
not enpl oyed. Pr ef\éfﬂlaa%yq prsfepgd éﬁ'@IXﬁt%Pgthi%W@UPP@ﬁ@ stsam pregregiedos t o

about 30 % based h ight of th ht h d. The St

ot var PBi it g e St i e e Ened By 8 e

whet her i b I i } ki ng.
I accor e Rt Bl KRR 200 ARl Bl Ol by 108 (b 1O P orf e
t enper atthig prafy1drid0vield of thefpruferredupr®cassiuditig an ddetititati catatyst thuy wegr t i ons;
(ii) 9 grans of the first catalyst portion are contacted with hydrocarbon
consi st inef pratreatesht Sinyiarka I whenctheareterrethentalasbisiused dn ithe prederredhge of G5
to 250F and contai ni 35 % 50 % ol efi b t i ght of
e naphoGHsS AR 1A T iBiectid g Aab bt ARG BE yities ok © ©
cont act i } L el R: i I f Xyt el
Corp. &1 08 7% BOHEAETes) o B0AC nd o el iy BB G R V1 ©

conduct egd the@%pgqaﬁ@yﬁeud 6f tHeopreesrsé Dprocebslidingan itBitical Ratalyis whereact or
tenperature of 575C, a reactor
steam injection was not employed. Preferably, propylene yield ranges from about

8 wt.% to about 30 wt.%, based on the weight of the naphtha feed.

The Steam Activation Index test is one way to evaluate catalysts to
determine whether they would require steam activation for use in napththa

cracking. In accordance with the test:

(i) a candidate catalyst is calcined at a temperature of 1000°F for

four hours and then divided into two portions;

(ii) 9 grams of the first catalyst portion are contacted with
hydrocarbon consisting of a catalytically cracked naphtha boiling in the range of
Cs to 250°F and containing 35 wt.% to 50 wt.% olefins based on the weight of the
naphtha in order to form a product containing propylene (The contacting is
conducted in a model "R" ACE ™ unit available from Xytel Corp Elk Grove
Village, Illinois. The contacting in the ACE unit is conducted under catalytic
conversion conditions that include a reactor temperature of 575°C, a reactor

pressure differential of 0.5 psi to 1.5 psi, a feed injection time of 50 seconds and a



pressure differential of 0.5 psi to 1.5 psi, a feed injection tine of 50
seconds and a WD 01/ 34731 PCT/ US00/ 30378 -13 feed injection rate of 1.2
grans pdYOf/#Be.) and the amount of propylene in the pri§de00BE78
determned; (iii) the second catalyst portion is exposed to 1 atnosphere of
steam at a tenperature of 1500F for 16 hours; and then (iv) 9 granms of the
catalyst from(iii) is contacted wi ttl3the same naphtha as in (ii) in the
ACE unit under the sane conditions as in (ii) and the anount of propyl ene
in the product is determined; and (v) the ratio of the w.%yield of the

propy!l epg. d Riddiioh fafe 0. 2Vrafhs per ehidul) ddibtheramyhetnsf propyleng inshe he St eam
Act i vat ?%erg ]?lﬂéfex. For thevgprr ef eprélrred cat)al ysts, the Steam Activation | ndex

i s aboveroduct$s déderminedef er ably, such catal ysts have a Steam Activation
index ranging from0.75 to about 1, and still nore preferably ranging from

about 0.8 to about_1, and even nore preferabl ro .9 to ab As set
forth above, the fiiDsthesiespngd gatapyst pp ?W%ﬁ‘itq ﬂ]\?gl}qpﬁglheregg%la ses
cracking an ol efinic b i.ng i cracked product having a

di ni ni S%EEI t?IBP%IrIaHHSr?ggﬁt%baﬁ?%l{lﬁéw’%]{ség?dnﬂlc&speci es. The second step

conprises hydroprocessing at |east a portion of the cracked product in one

or_rmor e hydr opr 0cgRyi 0gramsertiRneatkyspfrei () & tortuctpd avids srosamacked
product having a ‘réducCed concentration of non-hydrocar b(y speci es but

I
Wi t hout naphthasisdnt(iipin thet AGE umiednddr the safieeopditionsrason fipendthe ked product
separated for subsequent hydroprocessing.my be conbi ned wi th napht has
der i ved afmroomt of peepydeng tediemrpguct 1§ ge ?ft/{@l“gprocessi ng. Preferred
hydr oprocessing conditions are set forth in detail below Wiile it is

oLt erred el g, s ORESSFREL QR SRk Do Al i sopaegi e i L

the preferred cra eeds ( rocessi hg step nmay
i ncl ude 2161 3¢kefriRRbId B (i9) ¥RHe 'Sheatn Q@@L GAAEx.Napht ha cracki ng

For the preferred catalysts, the Steam Activation Index is above
0.75. More preferably, such catalysts have a Steam Activation index ranging
from 0.75 to about 1, and still more preferably ranging from about 0.8 to about 1,

and even more preferably from 0.9 to about 1.

As set forth above, the first step in the process of the invention
comprises cracking an olefinic naphtha resulting in a cracked product having a
diminished total concentration of olefinic species. The second step comprises
hydroprocessing at least a portion of the cracked product in one or more
hydroprocessing reactions to provide a hydroprocessed cracked product having a
reduced concentration of non-hydrocarbyl species but without a substantial octane
reduction. The portion of the cracked product separated for subsequent
hydroprocessing may be combined with naphthas derived from other sources prior
to such hydroprocessing. Preferred hydroprocessing conditions are set forth in
detail below. While it is preferred that the hydroprocessing step be practiced in
connection with the preferred cracking step, feeds for the hydroprocessing step

may include a cracked naphtha formed in a conventional naphtha cracking



WO 01/ 34731 PCT/ US00/ 30378 -14 reaction. Conventional naphtha cracking i's
set forth, for exanple, in U S Patent No. 5,171,921, inco

ref eren® Wediin. The term "hydroprocessing” is used broggT&Bﬁggéﬁ% and
includes processes such as hydrofining, hydrotreating, and hydrocracking.
As is knowmn Dby those of skill in th? art, the degree of hydroprocessing
can be controlled through proper seléctlon of catalyst as well as by
optim zing operation conditions. Preferably, the hydroprocessing occur
under conditions, set forth in detail below, that do not result in
conver tieagtién. sq}mt/anm'nadl maphthacracking liesétrferthnfar expamdé finrdd.S. Patenthat do
result in the renoval obj ecti onabl e speC|es i ncluding non-hydrocar byl
speci esNDhéﬂmE%l'ZlemCﬁPW by Fefernce SGEHD. oxygen, halides, and certain
metal s. Such conditions are referred to herein as "sel ective

hyd i ng" i ti Wi | h
vent on may be THEHG HERTGRESESIBR 8 P AT TRE TR OBl T i ons,
sel ect 'e[%(}%c?%%g 508 8¢ ﬁ§&fd}ﬂmﬁ§ gg’&rbf?éh?tlr?g AnBMRIesErackiRgc ausR kridwri S

bel i ev ey result”In a oprocessed product thaf is not substantially

| over iy ffsand skilbi theert, chadkgdepf bydesprotesirpcdape coutwolled ngly, the
preferred hydroprocessing reaction is _perforned, at a tenperature ranging
f r om abthmeughopopeo selseiien aboatalyskas weblrasttar BRIPIZINg ORFEBM  250C to about

bsi o rnaigeEs FRSOR: dw hpvepragstbesmatt tat RS s R space
vel oci t t@ﬁﬁ e ¥t {i@ggfrses{l tqmc@BQ@?\I}%ﬁlsﬁ%ﬁﬁ%‘l‘@?ﬁ@on of Melins iffer €

pr ef er abi Fom ’a out ere VIH is defined as the

vol ume }S)Jrafﬂds Bt tH&@!db r&ilt iofherreneivar af abjestiondbie sbydemgmiludmgnt ai ni ng gas
is prefierably added to establish a hydrogen charge rate ranging from about
500 t o mhphyd®catylspecidatit cudy QOIftemtSngh' piragen, oxEgmhaligey,and

certain metals. Such conditions are referred to herein as "selective

hydroprocessing" conditions.

While the hydroprocessing step of the invention may be
performed under conventional hydroprocessing conditions, selective
hydroprocessing conditions are preferred because, it is believed, they resultin a
hydroprocessed product that is not substantially lower in octane than the
cracked product of step (a).

Accordingly, the preferred hydroprocessing reaction is performed
at a temperature ranging from about 200°C to about 400°C., more preferably
from about 250°C to about 375°C. The reaction pressure preferably ranges
from about 50 to about 1000 psig, more preferably from about 50 to about 300
psig. The hourly space velocity preferably ranges from about 0.1 to about 10
V/V/Hr, more preferably from about 2 to about 7 V/V/Hr, where V/V/Hr is
defined as the volume of oil per hour per volume of catalyst. The hydrogen
containing gas is preferably added to establish a hydrogen charge rate ranging
from about 500 to about 5,000 standard cubic feet per barrel (SCF/B), more
preferably from about 1000 to about 3000 SCF/B.



preferably from about 1000 to about 3000 SCFB. WO 01/34731 PCTI USOQO 30378

- 15 Hydroprocessing conditions can be maintained by use of any qof several
types ofWAYHAIRY ocessing reactors. Trickle bed reactors JFQWW%@@QMEOHHDn|y
enpl oyed in petroleumrefining applications with co-current downfl ow of
liquid and gas phases over a fixed bed of catalyst particles. It can be
advant ageous to utilize alternative Tleact or t echnol ogi es. Countercurrent-
flow reactors, in which the |iquid phase passes down through a fixed bed of
catal yst agai nst upward-noving treat gas, can be enployed to obtain higher
reaction rates and to alleviate aromati cs hydrogenati on equilibrium
limtations inherent in co-current flow trickle bed reactars. vi ng bed
reactors can be diydroprgessing sondisions can be amaiataingd hruse § 8ﬂﬂoggrticulates

in the hydroprocessor, feed stream Movi.ng .bed .reactor t general ly

i ncl udescveaalcypes Oﬁ@@%o%esé‘é’ﬁteroﬁedTB?klgi’teglrﬁ@‘ftof)sa?’rﬁxﬁ$§s is contacted
by upward- fl qw | 1 Qrtt |; n be slightly
expandeﬁowqrﬁg eﬂgppl\gg%'irfp g@v&gp&gﬁﬁggﬁﬁ) @Fﬁ@%%ﬁ%&gﬁ@ Fui di zed by

i ncr eaSPBQInHoWNof Ak8id R gasHARBS Bvervd fixbd bed df cetilystpastidlen [teepanded bed
or ebullating bed), use o smal | er size catal yst particles which are nore
easi |y béutdamegedus torutilizeediernative igactor téahnalogienseougterewyent- can be

renoved from a noving bed reactor during nst r.eam opet atj.on nabl i ng
economi Soaprsiactass, 9vhielthe 1gHId RRase Pagses AR El“opﬁgiagr&?%"(ﬂ ﬁfeot herw se

Furt her RURD: aRpasuEET oy el e B by il SR Bt RaEE. | qui

S ant 1 R B R e ng | ong rum L ongths.
wi t hout iHHeséntGh cohetirdaw il eritide bedreagorsUddovingsbadhreactaracanbewoul d be
especially beneficial in cases where the feedstocks include solids in
excess empleyesito ipsrease talerasice £0r wetads AR PATtKAMALESIThER: s whi ch i ncrease t he
P Opensil;gro]})%cessor feed stream. Moving bed reactor types generally include
reactors wherein a captive bed of catalyst particles is contacted by upward-
flowing liquid and treat gas. The catalyst bed can be slightly expanded by the
upward flow or substantially expanded or fluidized by increasing flow rate, for
example, via liquid recirculation (expanded bed or ebullating bed), use of
smaller size catalyst particles which are more easily fluidized (slurry bed), or
both. In any case, catalyst can be removed from a moving bed reactor during
onstream operation, enabling economic application when high levels of metals
in feed would otherwise lead to short run lengths in the alternative fixed bed
designs. Furthermore, expanded or slurry bed reactors with upward-flowing
liquid and gas phases would enable economic operation with feedstocks
containing significant levels of particulate solids, by permitting long run lengths
without risk of shutdown due to fouling. Use of such a reactor would be
especially beneficial in cases where the feedstocks include solids in excess of

about 25 micron size, or contain contaminants which increase the propensity for

foulant accumulation, such as olefinic or diolefinic species or oxygenated



foul ant accumul ati on, such as olefinic or diolefinic species or oxygenated
WO 01/ 34731 PCT/ USQ0/ 30378 -16 species. Mving bed reactors utilizing
downwar W0IR1/4¥Bhg | i quid and gas can al so be applied, aé“?%%%”@gﬂ d enabl e
on-stream cat al yst replacenent. The catal yst used in the hydroprocessing
stages may be any hydroprocessing catalyst suitable for aromatic
saturation, desulfurization, denitrelenation or any conbination thereof.
Preferably, the hydroprocessing catalyst contains at |east one Goup VIII
metal and a G oup VI netal on an inorganic refractory support, which is

pref er a%i))éci%ls.”'i@l 'n%rbeﬁl I‘éﬁ‘étﬂﬁ'ﬁiﬁiiﬁgdowﬁh@r@ﬁb%n‘gl liduidneid@asican VI

conpoun are we nown to those of ordinary skill in the art and are
wel | defdlagde ianIié@, dsahépdioul dreddbde oh-stivanEtasakyst eplausmendxanpl e, t hese
conmpounds are listed in the Periodic Table found at the | ast page of

Advanced | norganic Chem stry, 2nd Edition 1966, Interscience Publishers,

by Cotton and WI kinson.. The G0 L1 e | f V. esent in an
anount ranging fro ?)%t-ab'@pb\ﬁeg};nutgF@QF%@@%}@MQ\%%O}?%%?J&% red Group VIII
met al s i,ncd ude S\ i | hN@esibEkizatieher red. The

pr ef errg&'d@%{%%mg&tgm?g&&m%%’@%ﬁ??sﬁp&%ggggﬁgi h aSn arrgur%t rangi ng from
1- 50 wt e%tr@%a{a@iro@mr»any FordindtiofVtheaeef. rbrederpblf éreahydropraresging0 wt . %
Wher e sel ecti Ve hydroprocessing is enpl oyed, and especially where

sel ect i watdlystranesiub itildagtaeneobroup ¥iHimgtaland a sronpr Y benetal ot ocessi ng
catalyst may contain 1-10 wt.% Nb03 apd 0. 1-5 wt. % . ted on

al uni na,inerganéarefEActoRYAPPeT, B lsdgﬁ&éﬁ@p’cﬂ%‘éml%% %Iﬁ?uﬁg{%@?c{aal s.

Gener al | he s [t £ 8Rdih@rvabout 400
mol'g. - inthe:Grdiy SRRk GHHER TR collpnlE ks P kAR o ot

surface @t@a, tle 4H8n8 at@atdeMRedrianBePefiodin Tdle bf tiSBleémgswhioke the pore
vol ume may range from about 0.5 to about 1.0 cnB/ as neasured by nercury

i ntrusi asami¥lenthess edmpeueds amrltsg&(hheﬂteiﬂwiwdi©ﬁab}¢gﬁ0§ndﬁét%bﬁbp%ge t he
e egnagtj X(ri]v:nhc%lcjllIgoPgeexn(i:co(r%lqlgr%Esetgy,tz%dpéc%\t/iiogel 9%6]: .inr]tg}science Publishers,
by Cotton and Wilkinson. The Group VIII metal is preferably present in an
amount ranging from 0.5-20 wt.%, preferably 1-12 wt.%. Preferred Group VIII
metals include Co, Ni, and Fe, with Co and Ni being most preferred. The
preferred Group VI metal is Mo which is present in an amount ranging from 1-

50 wt.%, preferably 1.5-40 wt.%, and more preferably from 2-30 wt.%.

Where selective hydroprocessing is employed, and especially where
selective hydrodesulfurization is employed, a preferred hydroprocessing catalyst

may contain 1-10 wt.% MoO3 and 0.1-5 wt.% CoO supported on alumina, silica-
alumina, or other conventional support materials. Generally, the support surface
area may range from about 100 to about 400 m2/g. The catalyst may contain
small amounts of iron and SO4. The total surface area of the catalyst may range
from 150 to 350 m2/g while the pore volume may range from about 0.5 to about

1.0 cm3/g, as measured by mercury intrusion. When metals are impregnated into

or on to the support, the impregnation should be conducted to provide a final



WO 01/ 34731 PCT/ US00/ 30378 -17 catal yst conposition having oxygen

chem sorption values set forth in the range of Table 1. T ﬁﬂ%%&h%st may
al so coM@P¥B433110 wt . % phosphorus whi ch naybe added at 5’&3 3 ring
catal yst preparation. In the selective hydrotreating process, the catal yst
may be |l oaded into the hydrotreating _reactor in the oxidized form and

sul fided by standard nethods prior td-treating the cracked naphtha. Table
1 Metals Dispersion by the Oxygen Chemi sorption Test nol oxygen / gram
MbO3 M ni num Maxi num Broad Range 800 2800 Preferred 1000 2200 Mbst

Pr ef er r ggak20QoRRRRItTorMyGag oxlygen shemtsooptioreealueesetdartbunftheisangeaafal yst s.
In a preferred enbodi ment, the selective h)édr pr ocessi cat al yst may
cont ai nTabke W The@atalpstimag plseenonsain 8s H gita IP@OW%& RgayRg i vity,
selectivity, or a.conbinatiaon oL@act ivity and selectivity enhancenents. The
el ement 8dded abaa BN FRIADSHBIRATAUOT t he preparation of the catal yst.
The sel ective hydroprocessi ng catal yst when used in accordance wth the
sel ective hydroprocessing conditions set forth in this invention provides
both hi gh acti vi t ynaRe sslebeed hydioyrehting pedeess,ithe cambyst may by thasiedocessi ng.
The high activity may provide process Inprovenents such as one or nore of
addi t i oo the piytihairdatingughetor imthet tradizeddormvar syifided byistandattbyal , | onger
cycle lengths, and reduced catalyst costs. The high selectivity of the
cat al ystmgshods paer #haeaiingherqrackpen tion at a given sul fur renoval

| evel as conpared to conventional hydroprocessing catalysts. The olefin

Table 1
Metals Dispersion by the Oxygen Chemisorption Test *
umol oxygen / gram MoO3
Minimum Maximum
Broad Range 800 2800
Preferred 1000 2200
Most Preferred 1200 2000

* Oxygen chemisorption measured on sulfided catalysts.

In a preferred embodiment, the selective hydroprocessing catalyst
may contain 0-5 wt.% Group IA elements, especially potassium for activity,
selectivity, or a combination of activity and selectivity enhancements. The

elements may be added at any time during the preparation of the catalyst.

The selective hydroprocessing catalyst when used in accordance
with the selective hydroprocessing conditions set forth in this invention
provides both high activity and selectivity for selective naphtha
hydroprocessing. The high activity may provide process improvements such as
one or more of additional naphtha throughput at the same level of sulfur
removal, longer cycle lengths, and reduced catalyst costs. The high selectivity
of the catalyst provides abated olefin hydrogenation at a given sulfur removal

level as compared to conventional hydroprocessing catalysts. The olefin



WO 01/ 34731 PCT/ US00/ 30378 -18 hydrogenati on abatenent |eads to reduced
hydr ogen consunption and elimnates or substantially dimnishes octane

| osses iwotows43ydr ot reat ed naphtha. Al netal s and net al PGPS/ 38&i8ght
percents given are on support. The term "on support” neans that the
percents are based on the weight of the support. For exanple, if a support
wei ghs 100 g, then 20 wt.% G oup VI I1418-netal neans that 20 g of the G oup
VIIl metal is on the support. Any suitable inorganic oxide support nateri al
may be used for the hydroprocessing catalyst of the present invention,

I ncl udi Hgg{d%%nﬁﬁbﬁ‘éﬁaféﬁienlf'y&rd@% PERRBUNY dPéd et VstisuniPtRiearded are al umi na

and sili umna, i1ncluding crystalline alumno-silicate such as

zeol i t ecliMiigepoebebstatidlly diminishas oftane lssses da theoly drotreatedtriaphtha.
silica-alum na support can be from2-30 w.% preferably 3-20 w.% nore
preferably 5-19 wt.% Oher refractory inorgani c conpounds nmay also be

and the I ke The Muf T cad el aigeore ehEraferf e tidion 1y beed
for hydg@g "R gh @ggﬁ&ft'%aﬁ thap e p@lcUisNae baked sl?ﬂfergrgi t REHIR!S

anor pho um na I'ng an average pore size from 50- A, preferably,

70- 150gdppcNdFar exdrhpleeifdl Qipporoweds490 githen 20het. Ya@houpaViiloduct
resul ting fromthe hydroprocessing step may contain olefins, saturates,
ar omat i neetalmearnsythat2@ghflthe foonp s IIhmetatiix vorthe supp@iteof . Speci es present
boil primarily in the naphtha boiling range, and nore preferably in the
range of 65F to 150F. The anount of olefin in the naphtha product may

range fromtrace . i . 0, i Ggssi ng
under relatively %ﬁ%&?%én&ogg%ﬁg,%ﬁ% gr%)&%w g%ér%%v\%}f ?/%’g%&{)fcﬁe of the
napht hay, pa,RghEdessin® dabflySastahe rés%h@ﬁﬂehﬁoh)’ﬂfcﬁliﬂiﬁ?@ﬁf@ belgctivler rel atively
mld conditrons. Preferably, the total amount of olefin in the naphtha WO
01/ 347 3Ry MCPro&ROINZAATAyst. Preferred are alumina and silica-alumina, including

crystalline alumino-silicate such as zeolite. More preferred is alumina. The

silica content of the silica-alumina support can be from 2-30 wt.%, preferably

3-20 wt.%, more preferably 5-19 wt.%. Other refractory inorganic compounds

may also be used, non-limiting examples of which include zirconia, titania,

magnesia, and the like. The alumina can be any of the aluminas conventionally

used for hydroprocessing catalysts. Such aluminas are generally porous

amorphous alumina having an average pore size from 50-200 A, preferably, 70-

150 A, and a surface area from 50-450 m*/g.

The naphtha product resulting from the hydroprocessing step may
contain olefins, saturates, aromatics, non-hydrocarbyl species, and mixtures
thereof. Species present boil primarily in the naphtha boiling range, and more
preferably in the range of 65°F to 150°F. The amount of olefin in the naphtha
product may range from trace amounts, in the case of conventional
hydroprocessing under relatively severe conditions, to more than 90 wt.% of
the of the naphtha product, in the case of selective hydroprocessing under

relatively mild conditions. Preferably, the total amount of olefin in the naphtha



-19 product ranges fromabout 1 w.%to about 90 w.% nore preferably from
about 5 wt.%to about 50 wt.% and still nore preferably from aﬁ&gg 10 wt. %
to aboutV@@l373b4 the wt. % bei ng based on the weight of tHfd/¥dP

product. EXAMPLES Table 2 illustrates the advantages of hydroprocessing
the cracked product obtained fromolefinic naphtha re-cracking by
conparing with conventional and sel €Tive naphtha hydroprocessi ng of the
ol efinic naphtha. A sanple (Exanple #1) of Light Cat Napht ha (LCN)
containing 490 ppm S and 42.8%vol.%olefins (84.5 MON, 90.5 RON) was

hydr opr quedsetrapBes fipie ab@)t 1 whdeto sbmudiit wobiamonedrrefereblysiomg condi ti ons
using a conventignal Ni /My on —aluynina catal gt in ordehrq;o supstantial |y
remove sAROUGP-Whi i #haw S9prkTeand stilldnersyetarablygrompatant 40)w6% of 12. 0

oct ane nunber R+tM,2), resy) ting,, it i bel i ave [ he_hi | evel of
PR e r”grY"‘(é’g?‘}be A b&‘.“%’%éﬂﬁﬁéh‘iﬁ? tlogtﬁéfggbt ipdﬂfl‘%c}at napht ha
("LCN') and internediate cat naphtha ("I CN') containing 185 ppm S and 47.6
wt. %ol efns was hydroprocessed under sel ective hydroprocessi ng conditions
with a RNAMPLES ective catal yst containing 5.2 wt.% M3 and 1.5 wt. % CoO
on an alumna support with a 87 A nedian pore dianeter and a surface
concentration of 1.9 x 10- 4 gm MoQ3 /M2. to produce a hydrotreated product

(Exanple #4) with 6% renpyal ., At, thesg conditions | ef i aturation
(10.3% and oct ang%%@s?s/ llf‘ig.tr@ge“ pA%Ntapes ?@Y‘%EBFOC(?B%}B&@%BFE& ampl e #3
was fir : ¢ M&éﬁ% i 10 i : f this
i nventi @;O,d%g?%ﬁaﬁgﬁ 0 ggfr%ver I (gPr{:é %é;c%lrrcggqﬁyg‘égﬂgp ?lnﬁé%&ia)l ow t he napht ha
boi | i ngcarar@tionhl gnd sdle@hteatiaphtindbgdioprevedsiag dfitbe e&ftniomaphthaW 01/ 34731
PCTI USOQ' 30378 -20 oct ane (h amf\lT e #5). The unconverted cracked product
was sepsamapled Exathpl¢:éh) of Light Cat Naphtha (LCN) containing 490 ppm S and

42.8% vol.% olefins (84.5 MON, 90.5 RON) was hydroprocessed (Example #2)

under conventional hydroprocessing conditions using a conventional Ni/Mo on

alumina catalyst in order to substantially remove sulfur-containing species.

Hydroprocessing led to a loss of 12.0 octane numbers (R+M/2) resulting, it is
believed, from the high level of olefin saturation (99.9 Vol.%).

A sample (Example #3) of light cat naphtha ("LCN") and
intermediate cat naphtha ("ICN") containing 185 ppm S and 47.6 wt.% olefins
was hydroprocessed under selective hydroprocessing conditions with a highly
selective catalyst containing 5.2 wt.% MoO; and 1.5 wt.% CoO on an alumina
support with a 87 A median pore diameter and a surface concentration of 1.9 x 10°
* gm MoO; /M?. to produce a hydrotreated product (Example #4) with 81.6% S
removal. At these conditions, olefin saturation (10.3%) and octane loss (1.05

R+M/2) are low.

For comparison, Example #3 was first converted in accordance with
the cracking step of this invention, providing 40% conversion to products boiling

below the naphtha boiling range (i.e., lighter products) and an increase of 0.2



sel ectively hydroprocessed (Exanple #6) with the highly selective catal yst
of Exanple #4 to achieve the sane S |level as in Exanple #4, Th)' S
acconpl (VéQ&H3481 a | ower hydroprocessing severity (3.71 vsI’.CTé‘.JS”3§Zé€/) and
with mniml octane loss (-1.9 R+tM 2). The reduced hydroprocessing
severity conbined with the reduced ngphtha volune resulted in a beneficial
reduction in hydroprocessor reactor ¥ol unme requirenents by 50%in Exanple
#6 conpared wth Exanple #4. WO 01/34731 PCTIUSOO' 30378 21z u ~p NUV
NNOOOO ~n M~O-+": NNnNr77 .--i geN M~r OO MO 00 MO a UNQOO

-1 N 0®cemeNBxaotple ¥§).0 Thi unkbrverted-cracked/ piroducOmas spparyted andtben14 ~n 0 U
O-bDN gelce)citigellgfl lg/\clirggro%gss%dl\zE?(grﬁp g %’6?8\/’}&0the%i§hlgl seierg:tive catalyst of
Example #4 to achieve the same S level as in Example #4. This was
accomplished at a lower hydroprocessing severity (3.71 vs. 3.27 LHSV) and with
minimal octane loss (-1.9 R+M/2). The reduced hydroprocessing severity
combined with the reduced naphtha volume resulted in a beneficial reduction in
hydroprocessor reactor volume requirements by 50% in Example #6 compared

with Example #4.
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form ng a hydroprocessed product conprising: (a) reacting a naphtha

f eedstock containing paraffins and olefins with a catalyst containing 10
to 50 wt. % of a nol ecul ar sieve, baseg-on the weight of the catalyst,

havi ng an average pore dianeter |ess than about 0.7 nmunder catalytic
conversions conditions in order to forma naphtha product, and then (b)
cont actim.ast a portion of the naphtha product with a catalytically
effectiv *of a hydroprocessing catal yst under hydroprocessing
conditions in order to formthe hydroprocessed product. 2. The process of
claim1 wherein the naphtha feedstock is a thermally or catalytically
cracked naphilha havpreress foimingg hahgerosesgdquededcongpaying:  430F, and
wherein the catalytic conversion conditions include a tenperature ranging

from about 50QC to ahout 65 rocarbon. parti ressur-e ranging from
about 10 to &bout rﬁ?ftgﬁ’gi %Palg%%g‘?e%gﬂ‘%ocﬁ 4 F’%&P&@%ﬁ%‘f@ﬁ@}f‘ﬁé" lﬂ? 3m about
1 to ab , | ' , about 3
to 12 ChlalysRoSRERNR1 AECWEDS B ¥ FolklulpPEEVE BRIV At ofthed 1OV,

l'i ght obghiy’8-having an average pore diameter less than about 0.7 nm under catalytic

conversions conditions in order to form a naphtha product, and then

(b)  contacting at least a portion of the naphtha product with a
catalytically effective amount of a hydroprocessing catalyst under

hydroprocessing conditions in order to form the hydroprocessed product.

2. The process of claim 1 wherein the naphtha feedstock is a thermally
or catalytically cracked naphtha having a boiling range of about 65°F to about
430°F, and wherein the catalytic conversion conditions include a temperature
ranging from about 500°C to about 650°C, a hydrocarbon partial pressure ranging
from about 10 to about 40 psia, a hydrocarbon residence time ranging from about
1 to about 10 seconds, and a catalyst to feed ratio, by weight, of about 3 to 12,

wherein no more than about 20 wt.% of paraffins are converted to light olefins.

3. The process of claim 2 wherein the naphtha feedstock has a boiling
range of about 65°F to about 250°F and is derived from at least one of fluid

catalytically cracked gas oil and residual oil.

4. The process of claim 2 wherein the naphtha feedstock contains
about 5 wt.% to about 30 wt.% paraffins and from about 15 wt.% to about 70
wt.% olefins.

5. The process of claim 4 wherein the hydroprocessing conditions

include a hydroprocessing temperature ranging from about 200°C to about 400°C,



3. The process of claim2 wherein the naphtha feedstock has a boiling
range of about 65F to about 250F and is derived fromat |e f fluid
cat al yt i¥@P13A78k acked gas oil and residual oil. 4. The prpﬁé%ﬁg?”gl aim?2
wherein the naphtha feedstock contains about 5 wt.%to about 30 wt. %
paraffins and from about 15 w.%to ??gout 70 w.%olefins. 5. The process
of claim4 wherein the hydroprocessi g conditions include a
hydr opr ocessi ng tenperature rangi ng from about 200C to about 400C, WO
01/ 34731 PCT/ US00/ 30378 -23 a hydroprocessing pressure ranging from about
50 psi gathydadymotessdffpressge rangingdraprabost §0 pgightostiopnt d0RB@sI0ci ty
ranging fromabout 0.1 VVV/H to about 10 _V/V/ H, i V[ Hr is the
vol ume bydiapsoerssieROyshotace Vﬁ@?‘“‘%‘iﬁpgﬁ’@rfmmm O\é\ﬁlv{ﬁ/‘éﬁﬁyﬂ?@ﬂ?t&@essi ng
catal ys Th %o} of claimb5 fur | 8 ' hydr ogen-
cont ai n&‘%&swﬁﬂ%éq 5lsatf’eé’ 0%8? 83«%}%@%%@%@?%%@%Sﬁg?{r‘\gg‘?’?om about 500
SCH/ B t ide cAA@ygor ocess of claim6 wherein the
QoRRRbE ﬁ]eq%atarégy tdc@sm cAfAby

hydr opr ocessi ng ¢ contalns at | east one Group VIII nmetal and at
| east one G oup VI netal on an inorganic refractory support. 8. The

process of clai m Thetheoedss dffvdaihy fifopthercesspngingaiddinga hydregensul fi ded
hydr odesul furization catal yst containing about 1 wt.%to, abo 10 wt. %
Mb03 andomtBining @as imsteps(bhata byidrogenchosgeoate ranging fonpabayt Wke on the

wei ght e s : jn the refractory support is at |east one of
silica, gEf/ﬂﬁpégﬁgﬁ.@ngm um na having a surface area ranging from
about 100 n/g to about 400 nR/g; wherein the total surface area of the
hydr odesul f uri zat *If(?i%éﬁ@%@kgﬂf laifrPH @ ferE O AAHsproebssitl Satalysebout 350

n2/ g; and wherein rodesul furization Catal yst has a pore vol une
r angi ngcémtamsah dedst Ond Gros8p ¢ lbmetal and at least one Group VI metal on an

inorganic refractory support.

&. The process of claim 7 wherein the hydroprocessing catalyst is a
sulfided hydrodesulfurization catalyst containing about 1 wt.% to about 10 wt.%
MoO3 and about 0.1 wt.% to about 5 wt.% CoO, the wt.% being base on the

weight of the support; wherein the refractory support is at least one of silica,
alumina, and silica-alumina having a surface area ranging from about 100 m2/g to
about 400 m2/g; wherein the total surface area of the hydrodesulfurization catalyst
ranges from about 150 m2/g to about 350 m2/g; and wherein the
hydrodesulfurization catalyst has a pore volume ranging from about 0.5 cm3/g to

about 1.0 cm3/g, as measured by mercury intrusion.

9. The process of claim 8 wherein the hydrodesulfurization catalyst
further contains about 0 wt.% to about 5 wt.% of a group IA element, based on the

weight of the support.



about 1.0 cnB/g, as neasured by nercury intrusion. 9. The process of claim
8 wherein the hydrodesul furization catalyst further contains about 0 w. %
to aboutW@0L3479% of a group | A el enent, based on the wei gt/ FY%8%HE8 support .
WO 01/ 34731 PCT/ US00/ 30378 -24 10. The process of claim9 wherein the

hydr odesul furi zati on catal yst has oxygen chem sorption values ranging from
about 800 npl oxygen / gram Mb03 to24bout 2800 nol oxygen / gram M03. 11.
A process form ng a hydroprocessed product conprising: (a) reacting a

napht ha feedstock containing paraffins and olefins with a nolecul ar sieve
catal yst havifg aThayes&as ofetemd aletein thehgdiodesuldingzatich Jathlyst bas a
cracking tenperature rangi ng fromabout 300C to about 1,000C in order to
form a gapfenheheprisdiption eaides taegingofromcrtioat 80Agrae! exygan /22188t Mad3 of t he
napht ha product with a catalytically effective amunt of a hydroprocessing
cat al ysto abuie 2800 ydnopoxoensigrgmcdiof)3.i ons in order to formthe
hydr opr ocessed product. 12. The process of claim 11l wherein the occurs in
the presence of a hydrogen-containing gas at a hydrogen charge rate

rangi ng fronl AbouA m@CeSrBing 8 hydmpurogsssed pRTHYIB COMPIBIREnper at ur e

rangi ng from about 200C to about 400C, at a pressure ranging from about 50

i 1 bout 1000 iqg, 1 | it i f bout
DS O 1 olabooteasEn gy mabhin edsiack PnPRAGE nat SRS Al SIBRRY R L o oo
er hour . i : i th
Pt oo RS cAbly S R HERE ARRR )G diftheter Koo A SHURT. 7 | 1>
cont ai %ﬁ?zﬁh&fg Vsténgegé’{w@raﬁgmg o8 Mo l3W0OE tantoabdWo09Cinwrdébtoo  about
) e .70

5 wm.% el ng base on the weight of the support; wherein the

ref r act fyrih & Hapiethh prodwdt, ahdtenone of silica, alumina, and silica-alunina
havi ng a

(b)  contacting at least a portion of the naphtha product with a
catalytically effective amount of a hydroprocessing catalyst under

hydroprocessing conditions in order to form the hydroprocessed product.

12.  The process of claim 11 wherein the occurs in the presence of a
hydrogen-containing gas at a hydrogen charge rate ranging from about 500 SCF/B
to about 5,000 SCF/B, at a temperature ranging from about 200°C to about 400°C,

at a pressure ranging from about 50 psig to about 1000 psig, and at a hourly space

velocity ranging from about 0.1 V/V/Hr to about 10 V/V/Hr, wherein V/V/Hr is
the volume of the naphtha per hour per volume of the hydroprocessing catalyst,

and

wherein the hydroprocessing catalyst is a sulfided hydrodesulfurization

catalyst containing about 1 wt.% to about 10 wt.% MoO3 and about 0.1 wt.% to

about 5 wt.% CoO, the wt.% being base on the weight of the support; wherein the

refractory support is at least one of silica, alumina, and silica-alumina having a
surface area ranging from about 100 m?2/g to about 400 m2/g; wherein the total

surface area of the hydrodesulfurization catalyst ranges from about 150 m2/g to



surface area ranging fromabout 100 n2/g to about 400 nR/g; wherein the
total surface area of the hydrodesul furization catal yst ranges from about
150 2/ gvd @1/ ¥3P01/ 34731 PCTI USOCO 30378 -25 about 350 nR/ReT/ésvd30dierein the
hydr odesul furi zati on catal yst has a pore volune ranging fromabout 0.5
cnB/g to about 1.0 cnB/g, as neasured by nmercury intrusion. 13. A process
for formng a hydroprocessed product2gonprising: (a) reacting a naphtha
feedst ock containing paraffins and olefins with a catalyst containing 10
to 50 wt.% of a nol ecul ar sieve, based on the weight of the catalyst,

havi ng an average pore dianeter |ess, thgn .about 0.7 at condilti ons

i ncl udi ahpua 300 msigaend avheaeiyi the hydmecsy EIZ%%talyégg]%ﬁ 4 BRfcyO'yme

hydr ocar bon garti al pres;ére rangi ng fr%21 about 10(il about 40 psia, a.
hydr oc arebgmg wemdahk 0.2 Fie/g EnaPoiy 10 sM-abatfmeaguse gﬁﬁ?erfﬁ%econds, and a
catalyst to. feed ratio, by weight, of about 3 to 12, wherein no nore than
about ~ 2GUREI0%; of paraffins are converted to light olefins in order to form
a naphtha product, and then (b) contacting at |east a portion of the

napht ha prodypet WathoBessCdF fbringd hydrepfRebiedepraduendoraprisingy dr opr ocessi ng
catalyst in the presence of a hydrogen-containing gas at a hydrogen charge
rate ranging fromabout 500 SCF/B to about 5,000 SCF/B, at_a tenperature
rangi ng fr onfadboutea2ffgatmphtimufieed 00k containing pasafiing andredefies Withra about 50
psig to about 1000 psi

b: 1V el siccBaming 00 4 SDRY et BT T Sooth e 1 HRETEAE "apit ha
Py dr oprieBass HVi a erase Y dRRREE I B RbkY P B CoaRIoRs D, L o
=t - oo By e B o L D B bpor e shorei n the.
r ef r act QirijabpieRaire rhfgial fraasboane0 ob about 4kpsial ahiydencagan sisidepgeal uni na
having t?me ranging from about 1 to about 10 seconds, and a catalyst to feed ratio, by

weight, of about 3 to 12, wherein no more than about 20 wt.% of paraffins are

converted to light olefins in order to form a naphtha product, and then

(b)  contacting at least a portion of the naphtha product with a
catalytically effective amount of a hydroprocessing catalyst in the presence of a
hydrogen-containing gas at a hydrogen charge rate ranging from about 500 SCF/B
to about 5,000 SCF/B, at a temperature ranging from about 200°C to about 400°C,
at a pressure ranging from about 50 psig to about 1000 psig, and at a hourly space
velocity ranging from about 0.1 V/V/Hr to about 10 V/V/Hr, wherein V/V/Hr is
the volume of the naphtha per hour per volume of the hydroprocessing catalyst,

and

wherein the hydroprocessing catalyst is a sulfided hydrodesulfurization

catalyst containing about 1 wt.% to about 10 wt.% MoO3 and about 0.1 wt.% to

about 5 wt.% CoO, the wt.% being base on the weight of the support; wherein the

refractory support is at least one of silica, alumina, and silica-alumina having a

surface area ranging from about 100 m2/g to about 400 m2/g; wherein the total



surface area ranging fromabout 100 n2/g to about 400 nR/g; wherein the
total WO 01/34731 PCTI USOQO 30378 -26 surface area of the

hydr odeW@ §1d473at i on catal yst ranges from about 150 n2/ gPEHUSHRETE 350
n2/ g; and wherein the hydrodesul furization catalyst has a pore vol une
rangi ng fromabout 0.5 cnB/g to about 1.0 cnB/g, as neasured by nercury
i ntrusion. -40-

surface area of the hydrodesulfurization catalyst ranges from about 150 m2/g to
about 350 m2/g; and wherein the hydrodesulfurization catalyst has a pore volume

ranging from about 0.5 cm3/g to about 1.0 cm3/g, as measured by mercury

intrusion.



