9 JUL 2004 WD 01/34731 PCT/ US00/ 30375 NAPHTHA CRACKI NG AND HYDROPROCESSI NG
PRGI CESS FOR LOW EM SSI ONS, HI GH OCTANE FUELS FI ELD OF THE | N\/EN@' The
present invention relates to a process for hydroprocessing a a@‘tzﬂnéal |y
~cracked or thermally cracked naphtha stream More particularly, the

i n®enti on welgps@s to a process for cracking an ol efini c waiRKepssvsi Ny a
zeolite catalyst to forma cracked product having a di mnished total
ol efin concentration, and then hydroprocessing at |east a portion of the
cracked product in a_manner t hat reduces the sul fur concentration while
substantlallyret PR AL BAGKINGANDHYDROBRAY N nt ai n oct ane.

has created an |ncreased demand for Ilght oIeflns for use in al kyl ati on,
oligonerization NWBE and ETBE synthesis processes. In addition, a |ow
cost supplpirg ‘ ) particul arly propyl ene, continues to be
in demand To Serve as for polyolefln partlcularly pol ypropyl ene
production. In parallel with this need, increasin stringent regul ations
requi re notor fuel sThepreagntanventionirelates to wmgwfpag)%r PpEicesIng &r and, to a

above) . ExpbyiBl oot etalyranfedRRle B MR FeRRARANL M6 6 - e

proc esses iBAAtiee rélated tes pidtess for eaRRingaadlefiniCRapinh4dsiag afzedlittoncent rat i on.
Sone of the adaptations include dual risers, conbjnations of cracking and

net at hesi §atalyshi® fora apracked prednat ﬁlaweataaiuyw@ed tyial elsfis conesnygtionacked

Gi i i shedn Bito erelFPess Sl S FRG RorB0E 8Ll iy bioch®y i FBENE) "2 ) 0P oo
such as stat wdueenthaistlfagcsneentriton whildsibtantigiieretaiflingahe elefinat i on of

saturated species. Relatively severe
content in order to maintain octane.

h

BACKGROUND OF THE INVENTION

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 (C, and above).

It is well known that conventional fluid catalytic cracking ("FCC™)
processes can be adapted to increase product C; to C4 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 resuits in a product having a diminisled concentration of
olefinic species and non-hydrocarbyl species such as sulfur-containing species,

and an augmented concentration of saturated species. Relatively severe



WO 01/ 34731 PCT/ US00/ 30378 9 JUL 2004 -2 hydroprocessing conditions are
generally required to substantially renove sul fur- containing species,
particularly in the presence of olefinic species having nore than four
carbon atons, and such severe hydroprocessing conditions_are known to
redult in WOMBEBLntial octane reduction in the hydropr oS3 & duct .
There renmains a need, therefore, for new processes for formng CZQLWngm
ol efins together w th naphtha having a,di m nished concentration of sulfur-
contai ning species, while maintaining a sufficient amount of C4 and | arger
olefins in the naphtha, preferably C5 and C6 olefins, to provide a

relatively high octane. SUWARY OF T | NVE |0 .one.enbodi t he

i nvent i on hydraprecewsingcanditions arg &@eﬁﬁgﬁmﬁﬁé&@%‘ﬁ%wﬁﬁgwg@ﬁ%h si ng:
(a) reacting,.an. ol efjn] " iOénedici b Ging nddreSi eve
catal yst u m’@%tsiﬁe%l’%’@ cr a(l: I'ng t@%h%??@gﬁggﬁﬁée erl. to forgm a product,
and then ({pah %t daiSoredtomepaid such severohydroprobessingontmditions deg known to
hydr opr ocessi n conditions in the presence of a hydropsrocessing catal yst
in order tmsﬂlb?nmsuhsmm%p@ﬂﬂ%@é%t&ﬂ’ lﬂﬁhﬂhﬂr‘.’mpﬁeséﬁgﬁfg{“%nbodi ment, the

I nvention is a hydroprocessed product forned according to such a process.

|n a preferred emodiypitemdifi®a LAY e EoRARN AW procésarior foring Cos ocess
unit conprised of a reaction zone, a stripping zone, and a catal yst

r ege nerat i g{;l olefin€ togetheriveith mhﬂ:jmvmiedinﬁhishl}rch@ﬂcnmr@ﬁmmui@'c ont act ed f

under catal ytic conversion conditions a.catalytica e ti nmount o

nol ecul ar méﬂgmmai%whmﬁw&l@ﬁgé\ﬁaf%@t&Hﬁé‘“ﬁf’t\%ﬂ‘l fagferlogegisrﬁt han

about 0.7 n r i ivel tadeal yst, that
e DESHiEE ARkleratfif @) h C,BRANETD Provies & relltively Righto y

is prefera orm o

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

® 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



WD 01/ 34731 PCT/ USOQ 30375 9 JUL 2004 fl uidi zed bed. The reaction zone is
-operated at a tenperature from about 500 to 650C, a hydrocarbon parti al

pressur ey@d 0f58479p to 275.80 Kpa (10 to 40 Asia), a hydrocpeppRogesisdence
.time of I to 10 seconds, and a catalyst to feed weight ratio of a ouf @Uﬂto

104 Preferably, |ess than about 20 w.% of paraffins are convert d td
olefins. Preferably, at least a portion of the product fromthe catalytic
cracking unit is conducted to a hydroprocessing unit. Preferably, the

hydr opr ocessing reactor is operated at a tenperature from about 250C to
about 375C, a hydrogen partial pressure of 446.10 Kpa to 3548.86 Kpa (50 to

500 psi G)yidieeh Bed. Theirdadtinir onesipaperated ata tgmpérapare dromradony §00g6n t r eat
.rate is about 14.16mto 8495 n8 bbt bbl (500 to 3000 scf/bbgosand t he

preferr dro i\ N O oGtd] abieSdurd of CEBIRS its e2l7 080 ApaalibhiteraACs psisdr & wi t h
Co and jgt3“'{’0I5e &%@iﬁ?bﬁ‘g)r efer%bl y, the ol efm c naphtha feedstock contains
about 1Gydmcafbonwesiderpar af fins, and from about 20 to 70 wt. % ol ef i ns.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The .i nvention i bq?i‘i’ﬂ O&?t he

.di scover yimeaf 1datld) saconas. andct sRiYSho &ﬁdov@svhr?é%%fgﬁrh Rdet-

ol o1 i ns. BreferoyniseaanamaROHEAD ¥het PhpaRbonecdlverte b eintine Y

di scovery that a portion of such a cracked napht’ha may be separated and

then hydrotreat ed yagehyapRt ol AL8rEANET Helioaber ¥bfl Shecabligflyct having a

di m ni shed sul fur ‘concent’rati on e maintalining or at |east not

subst ant Eﬁéc'kYn%%ﬂH% R@nihéted 26 bR 6BT0cESIn Moo Rreferablyhdse been di scovered
t hat cracking an ol efinic naphtha under appropriate conditions results in

an over ahbdfsistdetising reacobeisiopetate et eampexatmednometionh 24A8C40 abevt eased
ConCent A s Endrosen pasial pressire of { 42610 K52 1§ 356846 Kpa (50 to 500 psig), and 2
liquid hourly space velocity of 2-10. The hydrogen treat rate is about 14.16m_ to 84.95 m’

bbi bl
(500 to 3000 scf/bbl) and the

preferred hydroprocessing catalyst is comprised of an alumina support with Co

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.
DETAJLED DESCRIPTION OF THE INVENTION

The invention is based ;m the discovery that catalytically cracking
an olefinic naphtha under appropriate conditions results in the formation of light
(i.e., Cy - C;) olefins and a cracked naphtha. The invention 1s also based on the
discovery that a portion of such a cracked naphtha may be separated and then
hydrotreated un.der appropnate 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., Cy to Ca)
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 nephtha fraction under more selective conditions.



olefins in the cracked product. Wile not wshing to be bound by any .
theory, it is believed that dimnishing the overall ol efi pcgaroesirati on
perm ts WPHBHBdcessing of the cracked naphtha fraction under LI TR,
sel ective conditions. WD 01/34731 -4 PCT/US01/30378 9 JUL 2004 Tom A
Aceordingly, the invention is related to a two step process wherein the
first step conprises cracking an ol efiflfc naphtha resulting in a cracked
product having a dimnished total concentration of olefinic species. Wen
the olefinic naphtha feed is obtained from processes such as catalytic

cracki ng, steam cr,acki I [ Te R 4 Wb T s phefeiberred
9 g OraiBghy thé gﬁqé]ﬂxont 12§ BlatdPtd SSApEprowey

to as re-cracking. ep conprises hydroprocessin ast a

C at |
porti onat?l]% jg%ﬁg%ﬁi%@%?‘{so&%&“ ]?dl’l Flefviidigaphthy dcmﬁﬁnge@sléaa%ﬁ%k UGt oduct

havi ng ration contami nants such as no]rr%h‘%/dr ocar byl
spect es ol difhthithed|BR 2Bhtedrassmobolefmiuspenes. NEpH g $IE8AC i ncl ude
ol efi ni 6}8 thas havi ng hydrocarbyl species bogilin n th(—{: %ﬁpht ha range.
Mor e spgﬁ:\&léﬂtﬁélh"éyd id ststaiedffroincproapbessuch @pcaiayLE SR e

about 3 % preferably fromabout 10 wt.%.to abo 3 0 d nore
pr ef er abjpackin@yorboking,ahew sl SYSHEIRAT g Bederr ‘ig‘) ?# Bergng‘é%%rt‘g/'lp@vw . %

preferably from about 20 wt.%to about 9 | ekt edodmy toal so
cont ai n Mﬂm:;esommlféﬁ@Nﬂquggem%f‘ﬂ%ag%? ﬁbﬁg&; gﬂglee as-l'?ir earrsw?ar e

typically those having a bojlin B duE domceatraton8dF t o
about 43pmyvide Br}éfdépﬁg?%?s§%o?ﬁaﬁg%{1?p%gtthgmlr%%%( 65F t%é?%t;ﬂ; 300F) and
nore preferabl.y fro ) g Gt wWiiRit.a § t4¢38fay be a
t her mal | §OBE \ééﬁ{soﬁrﬂcg]a%a%%qog?@gacﬁ cg'rpggked napht ha. Such naphthas nay be

derived f_;cmgt@)lw appropriate source, for exanple, they can be derived from
the fluid catalytic cracking (FCC) of gas oils and resids or from del ayed

or fluid coking of resids. Preferably, the naphtha st le¥ied
fromthe fluid cataNgphthadeedkingduds 0%@‘6??@%&%@&%@%&%&%& has are

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

bout 15
wt.%, and more preferably from about 10 to 25 wt.% paraffins, and from abou

wt.%, preferably from about 50 wt.% to about 70 wt.% olefins. The feed may

also contain naphthenes and aromatics. Naphtha boiling range strezms are

typically those having a boiling rangé from about 18°C to 221°C (65°F to about 430°F),
preferably from about 18°C to 149°C (65°F to about 300°F) and more preferably from

18°C to 65°C (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



‘typically rich in olefins,  diolefins, and m xtures thereof, and rel atively

. lean in paraffins. In‘one enbodi nent, the cracking process of the present.
invehpiogwjgﬁ¥”pp perfornmed in one or nore process units cOGIUSHAIBE a
reaction zone, a stripping zone, a catal yst regeneration zone, an%hi“ .
‘fractionation zone. The WD 01/34731 PCT/US00/0378 9 J U L 20041 hapnilha
feedstreamis conducted into the reaction zone where it contacts a source
of hot, regenerated catalyst. The hot "éatal yst vaporizes and cracks the
feed at a tenperature from about 500C to 650C preferably from about 500C to
600C The cracking reaction deposits carbonaceous hydrocarbons, or coke, on

the catalyst, .thereby deact] i caatioh yShe wheee or emdedtsy St s may
be separ&%l@ﬁhaﬁﬂ?%ﬁ‘ﬂtﬁeﬁé go'iog}éiu\ég%daﬁggzﬁkgrnd a portionHOf t{]e %&gcéceﬁ?products
+may be copducted to .3 f ' Bt calf1§scokreizeataalyTBCK SIFISE hr ough
t he strmﬁh%f%ﬂb@%@r‘:@@ %ﬂé?? egbaﬁae gtbri ppe?fefro?g;/ége ca atlyymgarticl es
with steam Th LR D=beo 680%T arrefainder ! Y Lt itions
win ordertwerraﬁﬁ??%rﬂ%gragégehydroc?arbo(r?; for heat bal ance. Thg stripped

cat al yst 'gcg{ganp@é.&qﬁnt@gﬁdsﬂsr@gmrmca&mwhy(irﬁﬁérquepéCP'Ee:i i F¥gener at ed
by burni"r[;é coke

on the catalyst in the presence of a X C 184 N9
gas, | Freéﬁra | L,YIrl?éffib}’ d{%%ikfia:igignbtsmftﬂé)&t.ca"thélcygﬂgélc?riqgiutc& %Erbeﬁf’tﬁ;& et
si mul taneously heats the catalyst to, ,e g., dticleattal ys
is then frioesylsd emacbcathbfstéaétaiwli’%irﬁ’ét-b%c?aégﬁg P\Rﬁ?]ﬁ&?(r}'(e;as n§8m ha feed,

Fl ue gas formed by burning, coke in th & rzonkerehtred for .
renoval afframaromiatQn ate&sC F%}F‘Fyséé%%&(??%%gf'ﬁgggéo rrltr)]%oxide, after which

the flue gas.is nornall ' r Ak EO & i sresmheT e smp}jiegﬂﬁnée
porti on, vplailes af Vﬂgpﬁiﬁrﬁgﬂg&gt&. Srtllp and nore preferably a aEhghas
Portion bl el hdtldobedtsity Bonditionhin ordarkede i BGEeRPA BIATOLHEOD
react i onPYORE S Separated for subsequent hydroprocessi ngnei Qtiéﬁ%néb) I n
t he for heat balance. The stripped catalyst s then passed to the regener

where it is regenerated by burning coke on the catalyst in the pre§ence of an
as, preferably air. Decoking restores catalyst activity and

simultaneously heats the catalyst to, e.g,, 650°C to 750°C. The hot catalystis then

eaction zone 1o react with fresh naphtha feed. Flue gas formed by.
s and for

oXygen containing g

recycled to ther |
ne coke in the regenerator may be treated for removal of particulate
o

on of carbon rnonoxide, after which the flue gas is normally discharged
d more

burmi
conversi

into the atmosphere. At least a portion, preferably a naphtha portion, an

preferably 2 naphtha portion rich in Cs and Cgolefin, of the cracked products from

'f . - -
on zone is separated for subsequent hydroprocessing in step (b) in the
d for

the reacti

Summary of the Invention. Other portions, when present, may be separate
storace. further processing, recycling, or some combination thereof. The
=]

separation may occur in one“or more fractionation zones.

In one embodiment, at Jeast a naphtha fraction boiling in the range
of lé"C to 65°C (65°F to 150°F) (i.e., light cat naphtha) i; separated from the cracked
product of
step (a), and at Jeast 2 portion of the Jight 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.



Summary -of the Invention. O her portions, when present, may be separated -
for storage, further processing, recycling, or sonme conbi matinostiE4és eof .
The sepear@ati20R may occur in one/'or nore fractionation zones. In oge 1
enbodi ment, at |east a naphtha fraction boiling in the range of 18 “ﬂ- %9%
C (65F to 150F) (i.e., light cat naphtha) is separated fromthe cracked
product of step (a), and at |east a poiftion of the light cat naphtha is
hydr oprocessed in step (b). Internediate and heavy cat naphtha fractions
may al so be separated fromthe cracked product, and portions thereof may

be subsequent!|y hydroprocessed. 1 e ’P%é% -6t nQpBidz, 200hdaysdher ,
m Xt ur epfeovieghmizarren PRt caf H?é?]‘%dﬁné f:bzzi%en%pr?tﬁa, and heavy cat

napht ha separated fromthe cracked,pr ¥ <8l sl equbséguent | y
hydr opr gssisgrdsenarghteirom iB¢ Py -:Fgﬁ&ﬁﬂgtgw C3, and C4 fractions may be

separated' fromthe ¢racked 0 r ages d([rtﬂmiqmsd'aéysheng, or sone
conbi nahydroprlﬁ:é?ﬁéé‘Fg- '@ﬁ@@%%ﬁéﬁgﬂlgﬁ g%%s&beﬂ pra4ct iced in a'

conventional FCC progess ' FRNiemis¢oprocosingi ehso™ME order to
i ncr easeepaT@mggI@?’i Efirgfgga P%@%g%ﬂ;%c& pr OCess m t itself. In another
enbodi nment,_ the inﬁ%é\ﬁn uses its own distinct process unit, as

previ ou§p§7ﬂb‘8§3:’|°inb ; il ch receives olefinic naphtha froma suitable
source in the:refinery. In a preferred enbodi nent, the ti' Haqrﬁ: JoBess
practiced in its owndipidkist sppomeydeypraciicethid & kEPVERALYTOn Zone s
operated at process conditions that will nmaxim ng el 19t QleBin Pields in the
pfir]EiCU|‘ﬁﬁ{ }5?gEpgﬁ@mﬁvasbefﬁnﬁﬂTﬂ@WthFbT%ﬂc\/ ?é AT gh conv&r\;‘ilon of Cs+
“olefins. "Preferably, the cracking ocgur Rehfibpm3es s ng in at

| east 5Q§@®ﬁxcmessom1bﬂ$@]|fef1pr?iné’%‘éeﬁ&@?c%%d%{%%q’leﬁhgeﬁ? ol efi ni ¢ species ‘and

' | | L A0 R teiwes olefinic naph
et gaésiitsinc? I\glrcr)]gesas urrr%t,eacsupl%(né’{ﬁ'])gmsd?fbe@} vaHieh betewe . a
the invenhbon 15

] iment,
from a suitable source in the refinery. In 2 preferred embodim

, : ‘
nct process unit, and the reaction zone 38 oper?j(f:d a

practiced in its OWn distl ction ‘
t wi)) maximize light olefin, particularly propylene,

j rackin
selectivity with relatively high conversion of Cs* olefins. Preferably, the¢ g

process conditions tha

conversion of olefinic species 10

and below,

it ng 1 a %
occurs under condihons resulting in a2t Jeast 50

havi ight of C
light olefinic species and other gases having 2 molecular weigh P

" more preferably conversion ranges from about 70-80%.

ocess conditions for the cracking step include

Preferred pr 5250(: i

- o t
terpperatures from about 500°C to about 650°C, preferably from abou

] 10 to 40 psia),
600°C, hydrocarbon partial pressures from about 68.95 to 275.80 Kpa ( p

preferably from about 137.90 to 241.33 Kpa (20 t0 35 psia); and a catalyst to

naphtha (wt/wt) ratio from about 3 10 12, | |
4 10 10, where catalyst weight 15 1otal weight 0

ired, it is also prefered that steam be concurrently

f the catalyst
preferably from about

composite. Though not requ

introduced with the naphtha strea
% of the hydrocarbon feed.
ne be less than about 10 seconds, for

m into the reaction ZONE, with the steam

it is preferred that
comprising Lp to about 50 wt. Also,1t1sp

{he naphtha residence time in the reaction z0

example from about ] 10 about 10 seconds.



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 about 525C to 600T, hydrocarbon parti al
pressures f{ T g.%iut 68.95 to 275.80 Kpa (10 to 40 psia) ,pcTRisefaeably from
about 137. 89 %6541, 33 Kpa (20 to 35 psia); and a catalyst to naphtha
(wt/wt) ratio fromabout 3 to 1 2 preferably fromabout 4 to 10, where
catal yst weight is total weight of thescatalyst conposite. Though not
required, it is also preferred that steam be concurrently p with the steam
I ntroduced with the naphtha streaminto the reaction zone, conprising up to

about 50 wt. % of the_ hydrocarbon feed. Al so, ]t @9 ofith€t hat  the
naphtha r esidence t¥ qqli‘(é’c“r'i’gs F@Hﬁt"? SRS %tée%asig@&?ﬁ?n : abOth 10
seconds, fo PMARQY Cl- HrodeleUThd BorrBtendesuldip 185184733 - 7

PCT/ 1JS00/ gé( ucn?(s:gﬁd:g%ions r;e_s%rlt I n converting at |east_about 50 w.%
of the naghiuassitRobeefaablydesithasatiout 22-wiSh SEUYATEIon PhECRAMIS Shs resul t

in less than about 25 wm.% preferahly. les ha b 9% .conver si on
of the parGi-preduis PEoRYINeSHRARSEs ?53‘6%% e @%@rﬁsggﬁgggyg?{%gbout 90
mol % preferahl ) ih ealeifitaatiobfl C3 products

9 V\gﬁaa 0?{%‘% %t] T/E of {h@ a?@%dﬁés NH 31g a

with the o of propylene tal C2- products greater than about

fho' I t ispﬂéﬁa?ﬂ&fcﬂﬁﬁl Ohaprodhity gemter thzmmhous 29. dt isipselerea Bt eydentol % of
e C2 products,

, Wth the ight ratio of r apyl ene: i ng greater
t han about c@nprisgscatienst a‘??\’é\l\gﬁé@]% oigf@(@gﬁwﬁg wﬁ%gﬁ%?‘étﬂéz;?é ;:6 lé‘g-‘ . '
range") C5+ napht. el pseafiir AR aBARAMS eshdothat eheat 821ty 4248 d%%n
"both not Orprg%ﬂpég@ig%g octgargllzesEl felative to the naphtha feed. It is wthin

.the scopesyfeFyi.s.,i nvention that the cracking catal ysts be pre-coked prior

to introdugtjon of, feed im0 t:0 i e 8 An dedilur odlativdip usehanged it ty to
propyl ene. ﬂ fange )Es-'?naphq}xa }Sl%ﬂﬁct 19 efthér

both motor and research octanes relative to the naphtha feed. Itis within the
* scope of this invention that the cracking catalysts be pre-coked prior to ’
introduction of feed in order to further improve the selectivity to propylene. Itis

also within the scope of this invention that an effective amount of single nng

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 catalyh

cracking catalysts. More preferred catalysts include those which are comprised of

n average pore diameter less than about 0.7 nanometers
9%, to about 80 wt.%,

a molecular sieve having a
(nmn), the molecular sieve comprising from about 10 wt.

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

composition.

Preferably, the catalyst contains phosphorus. The phosphorus may

be ;dded to the formed catalyst by impregnating the catalyst or molecular sieve

with a phosphorus compound in accordance with conventional procedures.



al so within the scope of this invention that an effective amount off Bfrjgje
ring aronmatics be fed to the reaction zone to al so irrprng%T}ka%Gg@l;gctivi ty
of propydénd4i3vs. ethylene. The aromatics may be from an external source
such as a reformng process unit or they may consist of heavy naphtha
recycl e product fromthe instant process. Anong the preferred catal ysts
for use in the cracking step of the +resent invention are nol ecul ar sieve
catal ysts such as zeolitic fluidized catalytic cracking catalysts. Mre
preferred catal ysts include those which are conprised of a nolecular sieve

ol couAdrerR By B R e 1B e e o5 r o er ab

nol ecu out w.%to about 80 wt.% preferably

about 20 % 0 Oy 10Fori@i total fluidized catalyst

S31: 1 ]yé?t 1910 . |

conposfFoRe %?)gl? g\g‘gg{‘yﬁ the *catal yst contains phosphorus. The phosphor us
may be added to the fornmed catal yst by inpregnating the catal yst or

mol ecul ar si eve Méﬁrﬁblghﬂmwﬁlmmd]mtadcfmﬂﬁahcéawlﬂrpfconvent i onal
procedures. wo OL134733 -8 9 JUL 2004 PC T ! USCa130378 Alte nat4 Vgél#’ t he
phosph%éﬁiu‘h@@s@@elBiia(aélo.ﬁen’aﬁidwtaldxnﬂaénmmfﬁlhéﬁﬁ& FWWHF{'FHEB 9A whi ch
the catalyst is formed. Preferably, the nolecul ?r siﬁfve.i S %ﬁéect ed from
the fameblitef Thegiomendpumetes also sampiimenelered {028 EHECUVT R Rosi |1 i cat es,
otherwi se referred to as eolites. .,Th are,.di sonet i mes

r ef er r edamegters canfb@cme@@lrﬁéﬂ@lﬂ%?@ﬁé?@f‘?&@&ﬂ“gﬁ%@?@?%@’ﬁgi ng standard
adsorption techni ques_ an QQPWI el dsarabteknoBee Brackyum

Ki neti é‘}’(ﬂ;ﬁﬁ%ﬁ%@n@geg‘é%c%&gg@égg %gﬁllgt e ecul(lhggBSi eves iﬁﬁl’%g;r(algggﬁnder son
et al.,, ), Caf ' o714 84O hnd¥pdgiced dt, Js Camaysis sed in
the cr gc%lﬁgag?kegp@é?r?%ge%r?sent i nvention include nedium pore zeolites

described in "Atlas of Zeolite Structure Types," eds. WH. Mier and D. H
A son, Butterworth-Heineman, Third Edition,

Molecular sieves that can be used in the cracking step of the present
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, 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 strocture

- type zeolites JUPAC 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, Z5M-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;
7SM-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. . ' 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

}



19929 . The nedium pore size zeolites generally have a pore size fromi
abqut 0.5 nm to about 0.7 nmand include for exanple, MNEI \ L, MI'w
EUO, MITyohES473fER and TON structure type zeolites (I UPK&T&%B(%%/FM of
Zeolite ‘Norrencﬁat ure). Non-limting exanples of such medium pore size
zeolites, include ZSM5, ZSM 12, ZSM 22, ZSM 23, ZSM 34, ZSM 35, ZSM 38,
ZSM 48, ZSM 50, silicalite, and silicagite 2. The nost preferred is ZSM5,
which is described in U S. Patent Nos. 3,702,886 and 3,770,614. ZSM1 | is
described in U S. Patent No. 3,709,979;- ZSM 12 in U S. Patent No.

sili f?g]ewgagﬁa?mﬁmm%f Batei @é’ %7%9% z?jgnq- SAPO.1 | whi ch i's
~sili cat exumipephas &Bétr@“hp Qpnﬁ]ﬁcﬁﬁa%g%%gﬁﬁgt%méngg?éE?h as ALPO-] |
* pori Usooks03#3 12 PO HELHERRRP IPRRSG " cuch as TASO 45 descri bed in EP- A

No. 229, 295; boron silicates, described in US. Pg‘tent%]l&\lo. 4 25)%3%97;
titanium ajumi nopgglw-ﬁeaﬁffn pEAPSLe zeulitesamninFlode “ErRt e RAPPIYES S
Patent No. 4,500,653; and iron alum nosilicates...The necq_'b,gmggre si ze

zeol i t esygath hfeathedeht s tied desnk ofdrilis geeymng, withip thed ought to be the
result of faults occurring within the crystal o gﬂ:h' Realfinea during

t he synt bstailiné atdeedwang i esynthesinol dhe %?Oliilcffsi%?ﬁpg? adm xturezs-i of ZSM 5
and ZSM 11 are dis in Rat ent: 20% 42dentTNe. 412294124 ne

adni xt ur é@n@?ﬂ@m&@&ggﬁ e%"drzﬁﬁ&'r}\lp%ﬁe%ss%@%edgleol ites and are not to be
confused wi th physical . adm xtures of zeofhé estalhinetadom>§IEsidiet crystal s
of crystallites of different zeolites are physically gr se% h?si&}ﬂe sane
cat al yﬁﬂ-?&ﬂ?éﬁééﬁ;g@ﬁmh)ﬁ&@fsiﬁri@ﬂitéﬁmd anmnot to be corifused with p

admixtures of zeolites in which distinct crystals of crystallites of different zeolites

] ' thermal reaction
are physically present in the same catalyst composite o1 hydro

mixtures.

The cracking catalysts of the present invention may be held together

] ] ic oxd ix component
with an inorganic oxide matrix component. The inorganic oxide matix p

binds the catalyst components together so that the catalyst product is hard enough to

.. X . s be
survive interparticle and reactor wall collisions. The inorgamc oxide matrx may

] jC 0X) which 15
made according to conventional methods from an inorganic oxide sol or gel

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

’ i into the
aluminum. Jtis also preferred that separate alumina phases be incorporated mto

: . . ite,
inorganic oxide matrix. Species of aluminum oxyhydroxides-y-alurmina, boehmute

i 3 - 1 -alumina, d-
diaspore, and transitional alurninas such as a-alumina, B-alumina, ¥ ,

alurnina, £-alumina, K-alumina, and p-alumina can be employed. Preferably, the

num tribydroxide such as gibbsite, bayerite,
x material may also contain phosphorous or

alumnina species is an alumi
nordstrandite, or doyelite. The matn

aluminum phosphate.



m xtures. The cracking catalysts of the present invention rmay be held
together with an inorganic oxide matrix conponent. The inorganic ox§dbi
matri x CYRPBRET bi nds the catal yst conponents together SECEHSAO0.

catal yst product is hard enough to survive interparticle and reactor wall
coklisions. The inorganic oxide matrix may be nade according to
conventional nethods from an inorgani-d0exi de sol or gel whichis dried to
"glue" the catal yst conmponents together. Preferably, the inorganic oxide
matrix is not catalytically active and will be conprised of oxides of

il d | um ' f : h b
ncor por ated 1t o THeP e KBEShATE PR bOP e AERANER Al oo P
oxyhydr gehéifiénty adtivaions antmeTikeRo dedle olRfl dondRfibn SR HyM nas

RAPRER: §i61}1
such as a-alumna, P-alumna, -y-alumnd, 8- alumna, E-alumna,

' K- al umaeivitaynet gomabimstions therebf Prajenyé datalysté aicibdy OLFIEINSMADO®M speci es
is an alum num trihydroxi de such as gibbsite, bayerite, nordstrandite, or
doyel i teatallyséah‘aﬂabé fromeW.RI Grage and Coc,dbolambiphbHphor ous or  al um num
phosphate. WD 01/34731 -1 0 9 JUL PCTNS00130378 The preferred cracking

catal ysts do not requyjre steamcontacting, . treatnent, activation, .and the
like to devel op |i1§-ﬁalss}lwdn?}mm 156 Hl(gﬁqllrlélf sigve gatalysidogs mpt reguire

conbi nat,ions_thereof . Preferred tal ysts include EFI NS g

cat al yottedaqriHHE fos HeE MELESIETR dineisjon BpHlifao SeNE O s sed, ¢ he
preferr I ' Jolel=Xs) ' Sd&ASn | ' for
use undggbgﬂg ! %%ﬁ?e%?%ﬁégkﬁﬁons %}g&tsag[(ggﬁaég}hf é pnn] ?I?é Bﬁﬁ&%ﬁgfi ns
from a gsd alefirisc ainl other widrds, The pyeferredrdcat3pibpalenentialdisrabeantafiyns and
olefins. In other words, the Preferred process propylene yield is_ :
subst anirisemsiiveita ydmether the profantest molectiiar gieed catatybtsiobntact steasi prier

catal ysts contact steamptior to, catalytic conversion, during cagg}ytic

conver st fRIATICSORY CEURB: FRRS AARABICEAMVErFIgRe O] FOMSICOmpIAaHEN
detri ”eﬁto%}év%r,asftéﬁﬁtdo%g %Q)t %e&ﬁ%%:'a%éﬁ& ai?encq sicict. %naar{a?ﬂrst? nd steam 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 méy 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



present in the preferred olefin conversion process. Steam may be and

. frequently is present in fluidized bed reactor processes in the fe Jan 0
in regi og?@%g%las the reactor zone and the regenerator ZORUSIINE8T A

. may be added to the process for purposes such as stripping and it nmay

“naturally evolve fromthe process during, for exanple, catalyst

regeneration. In a preferred enbodi nefit,, steamis present in the reaction

zone. Inportantly, the presence of steamin the preferred process does not

affect catalyst activity or selectivity for converting feeds to |ight

olefins to the extent observed for naphtha cracking catalysts known in the

art. For(i) matalyst seampretreatmentds eppdeyadene yield by wei ght based on the

wei ght of the naphtha feed under the preferred process conditions

("propyl ene yield" es not stron depend on cat al team

pretreat ngtyeam {Srf%dcggetgé?{c"é'Oi‘fesslpg‘b%ﬁtﬁ?ﬁ}?ec%v&@ég.ﬁﬁéec%r ingly, at |east

. about 60 wt.% of the C5+ olefins in the naphtha stream are converted to

CA- prod@m Ssgegﬁg?%f}giﬁ%f) Qgﬁ%ébgf{é%@%ﬁ&@l C3 product conprises at

| east ab propy y greater than about 95 nol. %
propyl ene, whether or not WD 01/34731 -11 PC | USOQ 303789 JUL 2006 (i)

catal yst steam preCqiefiEBhal mokstRlasishe ddtilyssdteam dctivatidagprocedreevol ves
in the catalytic conversion process, or (iil) some conbination of (i) and
(ii) is ivolvingdtesnpremedtment andladdingsteandoa fead ary set forbafomct i vat i on

procedures involving steam pretreatnent and ad%ng steamto a feeg are set

forth, fexampleaiplbS. Patent No. bal éht9No. Conventionadlys a sgeamy PReFeAICR], o
t t t t | 1 5 h f : 8
hours. "ViREH SV | © RATBaPisret oh SieAm S B Rud, Ve Biedh g addedl
ts . ' £ 1. 0 Y t of
yar oc.ar BARHAB OBl bAREMes, it iRy be ittt hPinottheTanging ot Modb o' ©

because e %ref AoueS0GALRIY% D the afiount bf hadrbcagsdrefdedy i Rretreatmentdpy | ene
yield is substantially insensitive to the presence of steam, Wen a

pr et r eat optivnal $n ¢hp preferted protess heeausertbe prefsrmdcatalyshngetbaty and

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
steamn 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



conducted with 0 to about 5 atnospheres of steam By O at nospheres of steam
it 1s nmeant that no steamis added in the pretreatnent step. St eanmiL 300l
resulting from for exanple, water desorbed fromthe catal yst, associated
pretreat nent equi pnent, and conbi nations thereof nmay be pr t ally

I n*very woahlz4@rounts, during pretreatnment even when no stpgiﬁ'ﬁugmézged.
However, |ike added steam this steam does not substantially affect the
catalyst's activity for propylene yield. Adding steamto the preferred
process as in, for exanple, stripping-$2eam a naphtha-steamfeed mixture,
or sone conbination thereof is also optional. Wen steamis added to the
preferred process, it may be added in an anmount ranging from about 0 nol.

% t b 0 | . % of - - .' :

or et r cacdfded: Tomsyash SleAMTERS B SR BT LB ey st e e

process.. Ste .fyqng fromthe preferred process itself nmay be present.
RO

For exa esulting fromcatal yst regenerati on nay be present,
usually in very small amounts, during the preferred process even when no

steamis 9 JUL 2006y}&, xee %fe'féﬁ'éé chéT#ts} SPHi3qRVEtecivert stebmepretieatedch

steam does not substantially affect the catalyst's activity for propylene

yi el d. \aniHeheerapriyedriadhe arefeysddsprotessyipsopyleratyidd chapgss bydessrtBaBeat ed
and then enployed in the preferred proces pr.opyl ene yi el es by less

than - 4090%ppe¢feratily Jesseben 2056, @m@ncgn@resﬁr@wrtaf kesaMiap b °/qc gsg%t%n_ 10%
o ol S thetpropyiae Vgl of b si et BriRessPpE At iR SRal Ma AT o2

i di th f er. ' i L.Ni 1 ht ha,
T ony T or AR gt St gy SEER & BB EA Tatalysulh BEEh Mhe BrefBRedTon: he
mor e prg;q,%q:gpg ¥n8¥1daBP s infedted WD ARAapiiha  fropRlaryyiehBcyarsiea f leshie

preferr process using an identical catalyst ere steaminjection was

not enpleuadi0Rr pf«ferddly Jessrhay RORG, aridsindre preferatfly iy lespthan Y basedo
about 30 wt.% based on the weight of the ngf)ht ha f.ged- a;[he %t SAhere
Act i vat i om thepeopylent Yiedd ohdhenieieged RIPEeISAISRE 4P yEERuGa) catalyst wher

steam injection was not employed. Preferably, propylene yield ranges from about

8 wt.% 10 about 30 wt.%, based on the weight of the naphtha feed.

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

cracking. In accordance with the test:

(i) a2 candidate cétaiyst.is calcined at a temperature of 1000°F for

four hours and then divided intc 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 121 °C(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 cortacting is

conducted in a model "R” ACE ™ unit available from Xytel Corp Elk Grove

Vi]]age; Ilinois. 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 3.45 t0 10.34 Kpa (0.5 psi to 1.5 psi), a feed injection time of

50 seconds and a



determ ne whether they would require steam activation for use in napththa
cracking. In accordance-with the test: (i) a candidate catal yst-is calcined
at -a tenmperature of 1000F for four hours and then divi dedgmseoBeAGs

porti onO Q3473 grans of the first catal yst portion are cont acggqtnﬁagh
hydr ocarbon consisting of a catalytically cracked naphtha boilinhg’i he
range of C5 to 12.1 C(250 F) and contgjxni ng 35 wt.%to 50 wt. %ol efins
based on the weight of the naphtha im“order to forma product containing
propyl ene (The contacting is conducted in a nodel "R' ACE TM unit

avai l abl e from Xytel Corp Elk Gove Village, Illinoi sf. Theh%ggtg %i ng in
the ACE unjt .is.co wfel)andahe e eid IRy at

i ncl udef%eciﬁﬂ?:‘f’tbqn Fagﬁ%gﬁg% re %Peg%ié a) reactor pressure differential of

. 3.45 to_10, : iRe@®@sSi to 1.5 psi), a feed injection time of 50
seconds Pgﬂﬁgé 1&%%%:%473’1 PCTI U S00/303 78 9 JUL 2004 feed injection rate

of 1.2 grans per mnute.) and the anount of pro ne in Qqakrh 1S
deternmined; (iii) {ifip me@emhd:aatalﬁépoﬁmisc?ﬁppgg‘igfbisa@awisgﬁﬁeregé nmospher e of
steam at a tenperatur o o ours; and then (iv) 9
grams of t# EHmpSTaNE °?§g$n€h%|0§ é)ﬁggggg%r%’g%ld&mﬁ% the sane naphtha as in
(ii) in the ACE unit under the. sane. conditi A% bd wistihthe fune amount
of propyl ene in thdipr S(EIéfnsi‘gng‘gtcéPaﬁrYﬂgl{éﬁlgﬂ@ 1?\%0‘1’1%%&? atli o of the wt.%

yield of the propylene in (i ¥ c6hditivhstdsangiyppddhe in (iv)
is the Snéhhﬁhﬂ(c%si‘\?a(ﬂﬁb%ﬂ??\g‘e@ubg[rdﬁé\%?%%rred cat al ysts, the Steam '

Activation |ndex | Sdudpiedeeahiredbbad such catal ysts have a
St eam Acﬁmfﬁﬂqﬁﬂrmgﬁggﬁéﬁ%g fromO.75 to about 1, and still nore

preferably ranging fromabout 0.8 to about 1 and even abl y
from0.9 to about 1) the ratio of the wt.% yield of the propyﬁine mrﬁ)ﬁ% RhEHRRE

yield of the propylene in (iv) is the Steam Activation Index.

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 2 portion of the cracked product in one or more

hydroprocessing reactions to provide a hydroprocessed cracked product having 2

1 i jal octane
reduced concentration of non-hydrocarbyl species but without a substantial o

reduction. The portion of ihe cracked product separated for subsequent

hydroprocessing may be combined with naphthas derived from other sources prnor

to such hydroprocessing. Preferred hydroprocessing conditions are set forth in

detail below. While it is preferred that the hydroprocessing step be practiced 1n

‘ conn;zction with the preferred cracking step, feeds for the hydroprocessing step

may include a cracked naphtha formed in 2 conventional naphtha cracking



As set forth above, the first step in the process of the invention ,

< conprises cracking an olefinic naphtha resulting in a cracked product - |
havi ng a Waidi3ai3dhed total concentration of ol efinic speci egTakhez@egeond
step conprises hydroprocessing at |east a portion of the crackeggg{p?uct
in*one or nore hydroprocessing reactions to provide a hydroproc é@ 004
cracked product having a reduced concgntration of non-hydrocarbyl species
but w thout a substantial octane reduction. The portion of the cracked
product separated for subsequent hydroprocessing may be conbined with

napht has_deri ved~from ot her sources .arior t uch hydrQpr.ocessi ng.
Pref er r BP0 p %%@Ei%?eaﬁ*&#‘?i%ﬂ%ﬁasés §%ttf%¥1§r (Pfel’%mlﬁgtlﬁﬁﬁ-sb@la t Wil e
it is prﬁfogrsr t the hydroprocessing step be practiced in connection

with the préferred cracking step, feeds for the hydroprocessing step nay
I nclude a cracked naphtha forned in a conventional naphtha cracking WO

0!/3473? - 14 PCr! Y3aqe3@3" 200 j i:opaly papht ha
cracking is set forth, e?%r %Sg?f%ﬁogféﬁlﬁgﬁgﬁgg%gﬁ ylﬁg&%?ﬁm{:@?fg The term
" hydr opr pieessadsuchasusait oﬁffi@%q Ihy dhett €dtipgafld 'hxsah_btﬂﬁédngf AGES K@pwALICh as
hydr of ni ng, hydrotreating, and hydrocracki ng. I's known by those of
ski | | i rby Heosgraof skilian dbgascthefdagrde of hpdmgsoogsigcdcbeamitralldded  t hr ough
proper sel ection of catalyst as well as _by optimzing operation
condi t i JREOUZH prepeselecuoRofinat#lyst acwel ias dyoeptimizingleperagoni t i ons, set
forth in_ det.ail Below,,that . do not result in copverting a substanti al
portion NS P s, { al of
oricifighs. . ERHRUDI 8P EORr ook S g grdes Sonditians, i 1p
obj ect i Qaaky [oF ' L. 0: ; . ' ontain
Ul fur St bR dorfiy Enitin AV 3SAbRERGAE PR R A LSRRG NS "o e
ref er r echaraffives; ubties dosiebelt in Yiee rdieV4lUfutectidibl€ §pedids MeRdini | € the
hydroprocessing step of the invention nmay be perforned under conventional
hydr opr aessbydrpcativlispeeies thataney wontain sulfur, nitrogen, oxygen, halides, and
certain metals. Such conditions are referred to herein as "selective 1

hydroprocessing” conditions.

While the hydroprocessing step of the invention may be
performed under conventional ﬁydroprocessing conditions, selective
hydroprocessing conditions are preferred because, it is believed, they result in 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 446.10 to 6996.35 Kpa (50 to about 1000 psig), more prcfcrabl): from

about 446.10 to 2068.50 Kpa (50 to about 306 psig). The hourly space velocity
preferably ranges from about 0.1 to about 10

V/V/Hr, more pré:ferably from about 2 to about 7 V/V/Hr, where V/V/Hris
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 14. 16__1;_1_3 to about 84.95@_3 (500 to about 5,000 standard cubic feet per
bb
barrel (SCF/B)), ll;\lﬂore preferably from about 28.46m’ to about 84.95m(1000 to about

3000 SCF/B).



hydr opr ocessing conditions are preferred because, it is believed, they
. result in a hydroprocessed product that is not substantially |ower in
oct ane t@aq] M’lﬁl cracked product of step (a). Accordi nglypPCTRISO§EI®r r ed
hydr oprocessing reaction is perfornmed at a tenperature ranging from about
+ 200C to about 400C., nore preferably from about 250C to aboutqgngqmﬂhe
reaction pressure preferably ranges fjem about 446.10 to 6996. 3 pa (50 to
about 1000 psig), nore preferably from about 446.10 to 2068.50 Kpa (50 to
about 300 psig). The hourly space velocity preferably ranges from about
0.1 to about 10 VNIH, nore preferably fromabout 2 to about 7 VN H -,
where VW Hr is defined as the volune of oil per hour per vol une of

catal yst. The hydrogen cont ai ni . ' blish
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about 5, 000 andard cubic f bl h 3CGIre t nore
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WO 01/ 347 - 1daidne priticec<i tondi ti ons can
;@@&5@&%@%&&9 réfining@ffiicaions mi irmgn

be mai ntS several types of hydroprocéssi g reactors.
Tri ckl e RRehAGREAigriaraadigastphasenoveria/fi beg efi catalyst PRBIEEM H&@Pni ng

applications wth co-current downflow of 1iq

[ 1 uj d.and gaste?hase over a

fixed bask mivanedgdopsttomailize aliemative reastor REhaQIOgiESH o ERHBITETANT | 26
alternative reactor technol ogi es, ,Countercuyr - i n which
t he Iiqﬂ@N[sm@rﬁl@a@%Bchébﬁﬂﬂmegaﬁefé@vﬁgﬁug{kﬂ \ga a ygfﬁggai nst
upwar d- novi.ng treat gas, .can | Qye hWedicbistain hiphet i on rates
and to éqaﬁaévg'aqg@%%t&ﬂaﬁféémﬂ}’%%}g%ﬁ bﬁar}eg%i i br*bur_n_l i m tq?i%n_s i nher ent
[N 0O CUEh&Hn FaieYahd 16 Fi]@vﬁ%jafoﬂ%ﬁidé'l@drb@&ﬂﬂﬂ@ﬂm}mhbﬂum_mﬂ@aﬂnbe
enpl oyed o increase tolerance for netals and partjcuylates in tbhe

inherent in co-current flow trickle bed reactors. Moving bed reactors can be

employed to increase tolerance for metals and particulates in the
hydroprocessor 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 particies which are more easily fluidized (shury 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 Jengths 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



hydr opr ocessor feed stream Moving bed reactor types generally include
reactors rein a captive bed of catalyst particles is co te

upwar d- %&ﬂ%&& iquid and treat gas. The catal yst bed canpfﬁ&'@f’&aﬁ#y
expanded by the wupward flow or substantially expanded or fl ui d',}i:ﬂ by
increasing flowrate, for exanple, via liquid recirculation (gexﬁ' Q:"ed bed
or ebullating bed), use of snaller si-3¢- cat al yst particles which are nore

easily fluidized (slurry bed), or both. In any case, catalyst can be
removed froma noving bed reactor during onstream operation, enabling

econom Cgﬁ%&{?{:&ﬁﬁléﬂﬂg%ﬂ%ﬁ&% hENShg da;fwﬁwma-ﬂowimgbggem alpas edmer wi se

lead to run lengths in the alternative fixed desi gns.

Fur t her nalse, becamslieth dsaheys would ehalsleromasttears cafalyst ugplacetnéhtowi ng | qui d
and gas phases woul d enabl e econom c operation with feedstocks containing
significant |l evels of particulate solids, by permtting |long run | engths

w t hout risk of shutdown due to, fouling. Use of such a reactor would be
especi al | y benefi ci e £3{a étsB%e%ﬁ’et:f‘@ h@é"?@@ﬁ%ﬁlﬁ%ﬁ@gﬁaq}' &Yids in

or opens: PySREFObssTadatali Shiffble Tor SRMAC SHAUUAR, feqhfuBldgy, | 10T case the
Speci s geni#aRaAbAGY YRy QbMAAOR ELEOPAIEERIY) tibhydRiocdisgeci os.

Movi ng be tors utilfzing downward-flow ng Ii'quid and gas can al so be

appl i ed, caglyishepntuins gt leastme Growy MiHmet] angdw Greayp Wi enstal onBne cat al yst
used in the hydroprocessing stages may be any bydroprocessi n,% cat al yst
sui t abl eirforgamicoefitactory supperti whichiisspreferablyaalngnna ofahiminggahliggi on or any
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and are ¥gih !i‘%fthéﬁtcbdrﬁ?élhﬁispﬁé iztéd inTthe! Periddit Mabk foumdt st thEdast pagenpl e,
these conpounds are listed in the Periodic Table found at the |ast page
of Advanced Inorganic Chemistry, 2nd Edition 1966, Interscience 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



of Advanced I norganic Chem stry, 2nd Edition 1966, Interscience Publishers,
. by Cotton and WI kinson. The Goup VIII netal is preferably present in an
anount NG Agaf rom0.5-20 wt. % preferably 1-12 wt.% Preterusachd@eoup Vi | |
- metal s include , Ni, and Fe, with Co and Ni being nost preferred. The
preferred Goup VI netal is Mo which is present in an amount ranging from
|- 50 wt.% preferably 1.5-40 wt.% 3gRd nore preferably from2-30 wt.%
Wher e sel ective hydroprocessing is enployed, and especially 81)1€ 7004

sel ective hydrodesul furization is enployed, a preferred hydroprocessing

catalyst may contain 1-10 wt.% M03 and 0.1-5 wt.% CqO supported o
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surface e f _the | ys .from 150 to 350 nR/g while the pore

. vol ume eaéﬁégyil%%\%;’gg%{é%@&t%ﬁg%gt& 1.0 cnB/g, as neasured by nercury

i ntrusion. When netals are inpregnated into or on to the support, the

I npregnati on should be conducted to provide a final WO 01/34731

PCT/ USOQl 30378 - 17}gthbl sklg@pr hyhoakyting provess;ithe eatalyssimay bk

chem sorption values set forth in the range of Ta&.ﬁ%‘%b The ,cat al yst may

al so conints thethyidiotweating reagipoin idegridedigrm and 4 RAPREA duri ng

catal yst preparation. In the sel ectjve drotreating process, the catalyst
sErekEC P

may be |DadOdSs PrArdodrRa tor in the oxidized form and
sul fided by standard nethods prior to treating the cracked naphtha. Table
1 Metals Dispersion by the Oxygen Chem sorption Test nol oxygen / gram M)03

M ni-num Broad Range 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 1A 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 oléﬁn hydrogenation at a given suifur removal

level as compared to conventional hydroprocessing catalysts. The olefin



Preferred Mbst Preferred 800 1000 1200 Maxi mum 2800 2200 2000 * Oxygen
chem sorption neasured on sulfided catalysts. 1 J In a pre{, I

embodi menP M18ABIsel ecti ve hydr opr ocessi ng catal yst nay contaln 8?g73¢.@6
G oup |IA elenents, especially potassiumfor activity, selectivity, or a
cohbi nation of activity and selectivity enhancenents. The elenentsd

added at any time during the preparati’6h of the catalyst. The selective
hydr opr ocessi ng cat al yst when used in accordance wth the selective

hydr opr ocessi ng conditions set forth in this invention provides both high

activity &'l%e%ﬁii@ﬁtdbaitéﬂﬂerﬁtdléaéﬁtcﬁfddu‘tedm@ldhfogtfn cénstrepiiacesdi ng. The hi gh
activityyma provi de process inprovenents such as one or nore of

addi t i ogladninaesohaubbtantighpdimatishesostane losseslin die kydiogeatednapitha. | onger
cycle lengths, and reduced catal yst costs. The high selectivity of the
catal yst provides abated ol efin hydrogenation at a given sul fur renoval
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wei ght AP FoPeX P ST abupPBROVEIghs 100 g, then 20 wt.% Group VIII

metal means that 20 g of the Group VIII metal is on the support.

Any suitable inorganic oxide support material may be used for the
hydroprocessing catalyst of the present invention, including the sel ective
hydroprocessing catalyst. 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 18°C to 65°C (65°F to 150°F). The amount of olein 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



The term "on support” neans that the percents are based on the weight of

_the support. For exanple, if a support weighs 100 g, then 20 w. % G oup
VITT metsl ns that 20 g of the Goup VIII netal is onpilsbopeest. Any
_sui tabl eV r%gg%ﬁi c oxide support nmaterial nay be used for the

" hydroprocessing catal yst of the present invention, including the sglﬁftbve

hydroprocessing catalyst. Preferred agg alumna and silica-al um na; 200

including crystalline alumno-silicate such as zeolite. Mire preferred is

alum na. The silica content of the silica-alum na support can be from 2-30

w.% preferably 3-20 wt.% nore preferably 5-19 wt. % her refractory

i nor gani praxepoanges fromabent d we¥aweabous §R-Wt. 74, TS Hﬁi‘?ﬁ% s{g'?ﬁ‘ whi ch

‘include zjrconia,  titania nesia.,and the.like.. The ' an be any
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al um nas_ar.e rably. qu,gs e ' | 8A@&e pore
size frolf %@@Wﬁj&%}?era ‘19‘3‘3 -39%@'%}{?& g&;ﬂc@gdgﬁﬁ gg%ﬁgra a from 50-450
n2/ g. The naphtha product resulting fromthe hydroprocessing step nay
contain olefins, saturates, aromatics, non-hydrocarbyl species, and

m xt urew Speci es present boil primarily in the naphtha boiling
range, and nore preferably in the range of 18C to 65C (65F to 150F). The
anount of olein in the naphtha product nmay range fromtrace anounts, in

t he case of conveni.i,ana) ... hydroprocessi.ng u rar Y

conditions, to rm?ta@ﬁirﬁ]é'@&\%{gs%&ag}'ma éﬂ@?{gﬁkﬁ&gﬁkﬁgﬁgﬁkﬁﬁ the case
of select] , | i&f}%gih &l tbih IdritRns. Preferably,
t he tot afbé‘ﬁ%[}ﬁ‘r’%@a?‘g’f‘fdégﬁ% t rt%{)ﬁ:ltﬂg @\%’%&/3 731E.PCTI USOQO 30378 - 19
product LaAvERSohdldadRNttivie rdphithd BydropriceSingtofithe wbeftnipmaphtisb| & from
about 5 wt.%to about 50 wt.% and still nore preferably from abaut 10 wt. %

to aboutsaffpleEfample# it ofL tght Giat NaphthaLENg castainingA9Q BpmAgRdha

duct. EXAMPLES 9 JUL 20
prodie 42.8% vol.% oletins (@4.8 L}VION, 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, 1t 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.% MoOs 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°
4 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



Table 2 illustrates the advantages of hydroprocessing the cracked product
obt ai ne efinic naphtha re-cracking by conparing w tional
and sel cek('f’tl v"eﬁ1 nellpht ha hydr oprocessing of the ol efinic naph ﬁgug&?s\ﬁg npl e
(Exanmpl e #1) of Light Cat Naphtha (LCN) containing 490 ppm S and 4}&.%@
vot. %ol efins (84.5 MON, 90.5 RON) vvas_261_ydr oprocessed (Exanple #2)9 Urfder
conventional hydroprocessing conditionS using a conventional N /M on
alum na catalyst in order to substantially renove sul fur-containing
species. Hydroprocessing led to a loss of 12.0 octane nunbers (R+M 2)
resul t i rRftang (Examplg #2) g’&he npepmvartederghkedprodust waseseparased amdithiemn ( 99. 9

!t o1 e lEBVRLY B ATRGS5sof (R PR RE) Rty DEBERBHEISciIHE CeSLet o6 of of i ns
cor cot | verrpReEfo HEMELe TR SR XV BRR AR TS0 o an &l umina

support ap : { I ré L of 1.9
D e B Ry A ISR T REST L W U
81. 6% S mirgmal attanktlobheded ReiMI2)i OFtse redhetd hydﬁiptb@édsﬁfg@\%rﬁ% and octane
loss (1.05_ R+M 2) are |ow. For conparison, Exanple #3 was firSt converted
i n accorc@aHisedivith theweeducad maphthstegplunte tesiled ive beneficiaprediictiongn4 0%
conver si OB t o products boi IH}& bel.ow t he napht ha boiling range (i.e.,

| i ght er DYCEORIOCESSONTRRCIAT Vakime sequirements |y 19%4ndxamnle#ocomparel - 20 o
JULI 20Q4npeanftkgampl e #5). The unconverted cracked product was

separ at ed and Hen” sel ecti vel y hydroprocessed (Exanple #6) with the highly
sel ective catal yst of Exanple #4 to achieve the sane S |evel as in Exanple
#4. This was acconplished at a | ower hydroprocessing severity (3.71 vs. |
3.27 LHSV) and with mninmal octane loss (-1.9 RtM 2). The reduced

hydr opr ocessi ng severity conbined with the reduced naphtha vol une resulted
in a beneficial reduction in hydroprocessor reactor volume requirenents by
50% i n Exanpl e #6 conpared
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N.+to MNP MNN ,~0 C7% c3N C) ~00aw r-O,00 9 JUL 1004 22 CLAIMS: A
process form ng a bydroprocessed product conprising: (a) cracking agn ph}OFa
f eedst ock containing paraffins and olefinis by contacting the naphtgh:g ¢

feedstock with a catal yst containing 10 2o 50 wt. % of a nol ecul ar si eve,
based on the 5 weight of the catalyst, having an average pore dianeter
less than . 0.7 nmunder catalytic conversions conditions in order to form
a napht ha prodticAlM&herein the naphtha feedstock is a thermally or
catalytically cracked naphtha having a boiling range of 65F to 430F (18C

to 221C) and wherein the catal co yge a io
t enperature rangi nd fror‘ﬁB@G&‘(’%’%r@g&?Mg&ﬁb%car %lr&dlﬁgg?mpg‘F gfeessure
ranging from 10 to 40 psia (69-276 kPa), a hydrocarbon residence tine

ranging from1l to 10 g&a&ﬂﬁg h@ﬁ@@@@;@éontﬁniu@qﬁmmgndb&efm ght, of
3to 12, Wnerelnthe(n feédstock contains 5 wt.%to 30 wt % paraffins

and from about bISOE'@CWthDGPWa\ﬁﬂe SRk ef i ns, vvherel n no nore than 20 wt. %
of paraffins gng .oyt cestaling 100 SOha oS 2 rasldnilbesieve, besed on the

5 . weight of the catalyst, having an average pore diameter less than 0.7
nm under catalytic conversions conditions in order to form a naphtha
product, wherein the naphtha feedstock is 2 thermally or catalytically
cracked naphtha having a boiling range of 65°F to “430°F (18°C
to 221°C) and wherein the catalytic conversion conditions include a

0 tempcraﬁne ranging from 500°C to 650°C, a Hydrocarbon
partial pressure ranging from 1010 40 psia (69-276 kPa), a
hydrocarbon residence time rangiﬁg from 1to 10 seconds, and
a catalyst to feed ratio, by weight, of 3 to 12, wherein the naphtha '
feedstock contains 5wt%to 30 wt.% paraffins and from about

15 15 w1.% to 70 wt.% olefins, wherein no more than 20 wt.% of

paraffins are converted to light olefins, and then

(b)  contacting at leasta ﬁbrﬁon of the paphtha product with a
catalytically effective amount of a hydroprocessing catalyst under
hydroprocessing conditions in order to form the hydroprocessed product.

20 2. The process of claim 1 wherein tbe naphtha feedstock is 2
thermally or catalytically cracked napbtha having a boiling range of
65°F to 250°F (18°C to 121°C) and is derived from at least one
of fluid catalytically cracked gas oil and residusl oil,

3, The process of claim 1 wherein the hydroprocessing
25 conditions include 2 hydroprocessing temperature ranging from about
200°C to about 400°C, a hydroprocessing pressure ranging from 50
psig to 1000 psig (448 kPato 6998 kPa), a hydroprocessing



‘(b) contacting at |east a pprtion of the naphtha product with a

catalytically effective anount of a hydroprocessing catal yst under
hydr opr ocessing conditions in order to formthe hydroprocessed produgt/Ui 2ai
- 2. The process of claim| wherein the naghtha feedstock is a thermally or
catalytically cracked naphtha having a Bodiling range of 65F to 250F (1SC to
121C) and is derived fromat |east one of fluid catalytically cracked gas

oil and residyal 0il. 3. The process of cl aj reint rocessi ng
25 conditions PH@Y&H%CeaV%%Wo‘%PSE’&é?’Hg te%g}\}a{t\}mtq angi D@ ?Nﬁgbout

200C to about 40 L ' r i Ppg@ Szl 9 to
1000 psig (44%‘/4'\?%% MF%‘%&%@E@%P&@?@E@E‘E%@QEB OIO4 23 hourly
space vel ocit E%i[d} focedsidh dat¥AWM. Hr to 10 V/V/Hr, wherein VN H is the
vol une of the)bﬁap t ag%r oducllg.g pe?yyhour per volunme of the hydroprocessing
catalyst. 4. The process of claim3 further conprising adding a hydrogen- 5
containing gas in g{ep Thg pedcess bfclaingSrfushen gunprasing pddiggrechydroges00 SCFB
to 5,000 SCF/B. 5. The process of claim4 wherein the, hy roprocegabng
catal ysts concahiaining gredsitep ) abadusragen chagcateRaene t oné*VGoup Vi
metal on an i nicre ( support. 10 6. The process of claimb5
wherein the h_§3ﬂ{ég§8cessi$188@§' 5t is a sulfided hydrodesulf it zation
catal yst containing 1 wt.%to 10 wt.% M3 and 0.1 wt.%to 5 w.% CoO, the
W . % being based agn thgphepredess of clalit 4Svipaein the Wydrdprocdsbingroatalgsit ory )
support is at least’ one Of silica, alumna, and silica-alum na having a
surface area mantgimuptileast ooerGrogp Villguets! axghatiessy onefupup 1Y limetal o8 4

surface area of the hydrodesul furization catalyst ranges from 150 n2/g to .
350 .n2/g; andRVREFESNFTE CYIUFURASEY| f uri zati on catal yst has a pore vol une

10 6. The process of claim 5 wherein the hydroprocessing catalyst
is a sulfided hydrodesulfurization catalyst containing 1‘ wt.%to
10 wt.% MoO; and 0.1 wt%to 5 wt.% CoO, the wt.% being
based on the weight of the support; wherein the refractory support is at jeast’
one of silica, alumina, and silica-alumina having a surface area ranging

15 from 100 m*/g to 400 m%/g; wherein the total surface area of the
hydrodesulfurization catalyst ranges from 150 m*/g to 350
m’/g; and wherein the hydrodesulfurization catalyst has a pore volume
ranging from 0.5¢m’gto ¢ 1.0 cm’/g, as measured by mercury

»

intrusion.

20 7. The process of claim 6 wherein the hydrodesulfurization . ’
catalyst further contains . 0 wt.% to 5 wt.% of a group IA
element, based on the weight of the support.

a. The process of claim 7 wherein the bydrodesulfurization
catalyst has oxygen chemisorption values ranging from 800 umol
25 oxygen / gram MoQ;j fo 2800 pmol oxygen / gram MoO;.

9. A process forming a bydroprocessed product comprising:



' ranging from0.5 rm/g to 1.0 enB/g, as neasured by mercury intrusion. 1 20

7. _The process of claim6 wherein the hydrodesul furization catalyst

further contains . O w.%to 5 w.%of a group IA elenment, based on gh#i 2004
wei ght of the support. 8. The process of,claim?7 wherein the

bydr odesul furi zati on catalyst has oxyge&nh chem sorption values ranging from
800 MD1 25 oxygen / gram MoQ3 to : 2800 pznol oxygen / gram Mo(G3. 9. A

process form ng a hydroprocessed pyodugt conpr,ising: 9 6 24 (a) .

](c:r acki n%Sathag)ht ha B@swééﬂ(t;blﬂg %E’T‘Hhéﬁ‘?feﬁés@&ﬁf.mwg 3036\?#‘:?% ?f f ikns_ ?Rd

rom, : 0 I.ns. by @ki, g N, edst ock wi a
5@3& °f£|a§péﬁn%§{)/f§roﬂzs- 1§k oAt diefing

nol ecul ar sie ; | an avérage pore dianmeter less than 0.7 nm
at a cracki ngb¥ &mskmg:the saphthpyfesdstoskomitls@0C to 5 1, 00012C in order to form

a naphtha pr oglé%mlyy&%@iﬁ RV plddcdveRke pote finofetgrdessfthims are converted
to light olefins, and then (b) contacting at |east a &grtion of the naphtha

pr?dijcttvm tg a_7q%i;a&kwc'rac<kﬁig !empefeftexgpr?vgnglﬁmm gf t opr?(r:]essi ng

cat al yst under roprocessi ng co ions in.,order e

hydr opr cscess_edi,Oﬂﬂ%/ﬁmm@BSéﬁ o aRap %E@gé‘dmf”hffcé? F}Pégg\l{qgg]ﬁ nt h&"
ydrogen char 3A7 &f B #5 CopPEITER R NBEY S B T
t enperature r'angi ng from 200C to 400C, at a presshre ran ini; from50 psig

to 1000 psig (448pkPa tenteQRfE dtfedst aportianofahe hephthy p ewith ajel ocity
ranging fromO.1 VN'H to 10 VA 7/1-1r, wherein Vf V/Hr iﬁthe vol une of
t he napht ha pesiyticafigefiective apuntori ahydsppropessing catalyst under

hydroprocessing conditions in order to form the hydroprocessed product.

10 10.  The process of claim 9 wherein the hydroprocessing occurs in
the presence of a bydrogen-containing gas at a hydrogen charge rate ranging
from 500 SCF/B to 5,000 SCF/B, at a temperature ranging from

200°C to 400°C, at a pressure ranging from .50 psig to
-1000 psig (448 kPa to 6998 kPa), and at an hourly space

15 velocity ranging from 0.1 V/V/Hr o 10 V/V/Hr, wherein

V/V/Hr is the volume of the naphtha product per hour per volume of the

hydroprocessing catalyst, and

wherein the hydroprocessing lcatalysi; is a sulfided
hydrodesulfurization catalyst containing about } wt.% to 10 wt.%
20 MoO; and 0.1 wt.% to 5 wt.% CoO, the wt.% being based on
the weight of the support; wherein the refractory support is at least one of
silica, alumina, and silica-alumine having a surface area ranging from
100 m?/g to 400 m?/g; wherein the total surface area of the
hydrodesulfurization catalyst ranges from 150 m*/g to 350
25 m’/g; and wherein the hydrodesulfurization catelyst has a pore volume

ranging from 0.5 cm’/gto 1.0 em’/g, as measured by mercury

intrusion.



hydr opr ocessi ng catal yst, and wherein the hydroprocessing catalyst is a

sul fided bydrodesul furization catalyst containing about | w.%to 10 w./a
20 MbCB ‘and 0.1 Wt.%to 5 wt.% CoO, the wt % being based on the wei §rLao:
t he support; wherein the refractory support is at |east one of silica,

al Um na, and silica-alumna having a surface area ranging from 100 nz/g to
400 n2l g; wherein the total surface area of the hydrodesul furization

catal yst ranges frpm 159 eds f@nﬁﬁga%%diﬁ;{rgaesmtﬁpw&ctedmnpﬂﬁﬁng:

hydr odesul furi zation catg yst has a pore volune ranging from0.5 cm /g.

to 1.0 cnB/g, as neasured by mercury intrusion. 9 J UL 200 25 11. A

process formng a byh)opckingsseapiphofhedstockhuprissiing: (a)s wi-%eld ng a napht ha

feedstock containing 5 wt.%to 30 w.% paraffins ﬁd L/og,.. 15 wt.%to 70
WE /e Ry

wt . % ol ef i ns 3yt pewefhns axbipmpnt ha 1P eddéteck wi st contai ni ng

10 to 50 w . %pEradkinptiecndphthafe@lserckbatied on the weight 5 of the catalyst,

havi ng an average pore .dj angter.]ess, than Q. 7,nm: 1] 4 j.ncl uding a
t enper at ure r AR HEFFYHNE @éd ‘5’%6/58% "hoqﬁ?&?%?ég‘ieb}é%&ggﬁ?%ﬁ%gggsure
rangi ng_from, t Q.. i . iamelsY WseGRigoon r es] gervte tine

r angi ngsfrom Qﬁ?‘etcgmﬁsg’ﬁs@é é@?véggcgg?aqjgﬁgg tso feed ratio, by weight,

of 3 to 12, 10,hesR Mcdinps eerhpannrefangingfrom par afBisware converted to
light ol efi ngb, énd t hen zﬂb%) conﬂtj%cti ng at | east a portion of t!gﬁ(f napht ha
n

product with 650°Catadtyirécasbén partitbpressae sangieg f16m a hydPdPr oces? ng
catalyst in the presence. o hydr ogen-cont ai ni ng. t ah ogen charge
rate rangi ng P$i® ﬁ%QTQW)SCLY%W%T%Q?g%dW/tg?E éﬂn%é%agf‘}%‘e'r at u?ig&’r angi ng
from; 200C to 4QQGe RhdL aRl §Satfet tNeHd9nb, WY WekhRSIY tO 31012,
10 wherein no more than .20 wt.% of pgrafﬁns are converted to light
olefins, and then

(b)  contacting 21 least a portion of the naphtha product with a
catalyticelly effective amount of a hydroprocessing catalyst in the presence
of a hydrogen-conteining gas at a hydrogen charge rate ranging from

15 500 SCF/B to 5,000 SCF/B, at a temperature ranging from:
200°C wo 400°C, at a pressure ranging from 50 psig to
1000 psig (448 kP.a to 6998 kPa), and at an hourly space velocity
renging frem 0.1V/V/Hrto ¢ 10 V/V/Hr, wherein V/V/Hz 1s the
volume of the nephtha product per bour per vqlume of the hydroprocessing

20 catalyst, and

wherein the hydroprocessing catalyst is a sulfided
hydrodesulfunization catalyst containing 1 wt% to 10 wi.%
MoQ; and | 0.l wt% to 5 wt.% CoO, the wt.% being based on
the weight of the support; wherein the refractory support is at Jeast one of
25 silica, alumina, and silica-alumina having 2 surface area ranging from
100 m/g to 400 m*/g; wherein the total surface area of the
hydrodesulfurization catalyst ranges from 150 m*/g 1o 350

m?/g; and wherein the hydrodesulfurization catalyst has a pore volume



“1000 psig (448 kPa to 6998 kPa), and at an hourly space velocity ranging
fromO0.1 VI1ll/Hs to 10 VNI H, wherein V/V/H 'is the volunme of the naphtha
product ‘per hour per volume of the hydroprocessing 20 catalyst, aBdUL 2M:

.wWherein the hydroprocessing catalyst is sul fided hydrodesul furization
catalyst containing 1 wt%to 10 wt. % N& and 0.1 wt.%to 5'wt.% CoO the
wt. % bei ng based on the weight of the support; wherein the refractory

support is at |east _one of 25 sikjca, aluninas and_silica:gl um havi ng a
surface area fangmhfomom ﬂefOCWz)Bdoto 4836 8y & WP@Fﬁé‘PﬁéDQSPQ surface
area. of the grdrodesulfurization catal yst ranges from 150 n2/g to 350
rnz/g; and wh SR he hydr odesul furi zati on catal yst has a pore volune 9

JUJL2(1 26 ranging from; 0.5 cnB1lg to 1.0 cnB/g, as neasured by nercury
i ntrusion. '




