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HYDROCARBON UP DI NG PROCESS Thi.s..invention relates to a B? &@@ or t he
ﬂpgradindV%Pw 'dr ocarbon streans. It nore particularly rera a process
for upgradi ng gasoline boiling range petroleum fractions contai ning

substantial proportions of sulfur - 5 iftpurities while minimzing the
octane | oss which occurs upon hydrogenative renoval of the sulfur.
Catalytlcally cracked gasoline fornms a najor part of the gasoline product

pool in the United StatesgyNheEakBEN CHPERADENE aBtbesyg ai ns sul fur, the

products of the cracking process. 10 wusually contain sulfur inpurities
. whi ch:.nornmally.requi-re-renpval . usual-ly. by . hydrotreating, i-n order to
conply with the rel evant product speci fications. These specifications are

expected to by ring ni _in_the 3S in
nore than 3oo$§§ﬁmﬁgﬁﬁﬁt?£?oF eﬁS|Egs§ ?#g§%gs P? t%%su ?ﬁ%%i%%dg%ther
fuel s., hYQhongbpnoauceaEaLfuItcaqrbepanueehabyYhyGlQHQSUtﬁua|zatlon of .

cracki ng%&seegs EBSubsradPRSHYBoROHE baliﬁﬁgsrgﬁgéaﬁ&eble@@struct i on and
i n opera osts since large anpunts o ¥H gbn are_consuned. As an

aIternatﬁyéng°&§sEPPGPPE&PEoﬁ“BFt?HEleFaEE ongeaf SRhEYFr oduct s whi ch
are sequmpdrtiemeewhhmw ﬁmhimlizingcmecabtane mssbehbaﬂroweﬁgedpous ual 'y

using a g o] V a Goup VI elenment, such as
cobal t o§Y§§P§§88%9§§ #ﬁg?ﬁog% ﬁge Eg&ﬁg%F i n conbi nation mnth one

anot her, on acsmaﬂxbnsaéavsPrapbedsgaHOQQDalﬁnrma a|majbr psrthedrtheeating
process, Egﬁlﬁﬁbeﬁrbaﬁcﬁoﬁbéinhﬁgth eUﬁEEEHrSEEEH§ arﬂh&h|€h¥ 8; EEEE@Cked

to convert the su I norgani ¢ form en sul fide, whi ﬁgcan
r emoved FFSQ\FH@tﬁﬂﬁﬁl&uHFHFoc§PSoHrBﬁHGG§t°?n EQSEEQFﬁ%BQ PEPERBEGh thi s
i s amn ef heahlly pontain tshatfulaaimboe&tﬂéacfnhﬁeﬂ ABrpaldyi pequidPe and

or oduct s FePYadas usading By biRe BEREatERG; 38 BEAREEoSBbhBrICKREY g (e
cat al yt i redexekdr paodugitt Hpeplinyzatupnﬁer Thesenspecifigatiapsparef yi ng
oper at i ORgpeltedd i bkl otedBt2ehaRAtN AP heaBuButes UbbsRibly
permitting no more than 300 ppmw sulfur (or even less) in
15 motor gasolines and other fuels. Although product sulfur can
be reduced by hydrodesulfurization of cracking feeds, this is
expensive both in terms of capital construction and in

operating costs since large amounts of hydrogen are consumed.
' As an alternative to desulfurization of the cracking
20 feed, the products which are required to meet low sulfur
specifications can be hydrotreated, usually using a catalyst
comprising a Group VIII or a Group VI element, suoh as cobalt
or molybdenum, either on their own or in combination with one
another, on a suitable substrate, such as alumina. In the
25 hydrotreating process, the molecules containing the sulfur
atoms are mildly hydrocracked to convert the sulfur to
inorganic form, hydrogen sulfide, which can be removed from
the liquid hydrocarbon product in a separator. Although this
_is an effective process that has been practiced on gasolines
30 and heavier petroleum fractions for many years to produce
satisfactory products, it does have disadvantages.
Cracked naphtha, as it comes from the catalytic cracker
and without any further treatments, such as purifying -
operations, has a relatively high octane number as a result of E
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presence of ol efinic conponents and as such, cracked gasqline is an '
excel | enVOS8§8¥Pput or to the gasoline octane pool. It cOFIBYPEEa |arge
guantity of product at a high blending octane nunber. |In sone cases, this
fraction may 5 contribute as nuch as_up to half the gasoline in the
refinery pool. OQther highly unsat urat el fractions boiling in the gasoline
boi ling range, which are produced in sonme refineries or petrochenm cal

plants, thECbEQQeBEEOB¥Sbie@iﬁ?h'BSmaﬁﬂgﬂEEd?ﬁQ aé 9 “OER ? in the

- cracking of _petroleumfractions Dr oduce |ns mai n et hyl ene
~and - proﬁ??@ﬁénePQFoPFSP§CQ&§6PFn§°ﬁ§§1HuPEFytH|Eheoﬁﬁﬁﬂblﬂﬁnﬂ%Fa%%t i s

~qui.te upsbabl extncbherab&eaeeanabgér qﬁaﬁaitpgobeﬁﬁua@ctlatas!ckhiwn to the

.desirabgg ol.efins |I|ng n_the_gasoline boi,_lwga}h ﬁgo it _al so

cont ai n818EdRS: SFEARE B B%SFfIOE oP UFoFRPFRS ?cﬁr?% ?0™%r m guns

af t & ston&gdbuotesaasnuiuch. aHydpotoehalﬁgthhegesshiﬁer1n0hha|neﬁgnergcked

naphthag ?ctlons normal |y causes a reduction in the ol efin content, and
nt

consequ y a reduction in the octane nunber; as the 20 degree of
desul f uri zat PEhernBighd¥s unsptusatede tRarbapPnss PPhL1BIsEN FRChoi | i ng range

- product gaeengaeeboidamg QEntgae bmdaﬁgaﬁerrgroah&adcaﬂsgoﬁenﬁehyﬂéﬁségckl ng
as well as_olefi saturat N, depe g Bg on tge condi ti of °€ﬁ a

hydr ot r €&t PREEESBFRECER. P %“ 7 nGaPP5uBYpP §8§§|§aﬁ3 %nﬁeBﬁ 8% or
remmwlngssalbwr;wbdhstramathengrahklugebtnpeﬁho&humafeaatpossttne

contrib 0 n fu r n o} ate in the heavy
fractlo#&;f%fﬁélgggg ?%§f§g§ ngaégﬁp bEhgiehg Qn& Eeﬁgfg%% 625 (O kin)

whi ch pFYEedysis ﬁ@FW@dn@fhPénﬁvNﬁ@YtHéQQO°C§GP?UF“EPeHyBPEdé§uﬂ?&F?zat|on
of the Rhe@wvarileagh dhedfavsbaceaodl h&zaealth:)éa&&agkadcaagel | pA a@aagibA retain

t he oct ane ntrlbut n fro t he oI i ns are found. mam nI in the

T oneor 35 508 sttt Rk bR Tin B she BBSneRBraPORbeMd: i on the

he&hby ga&mbﬁneI&ra@ﬁcow0m$aunsaae$ubstaht&aﬂayroport1qn of diolefins,
which tend to form gums after storage or standing.

Hydrotreating these sulfur-containing cracked naphtha
fractions normally causes a reduction in the olefin content,
and consequently a reduction in the octane number; as the

20 degree of desulfurization increases, the octane number of the .
gasolipe'boiling range product decreases. Some of the
hydrogen may also cause some hydrocracking as well as olefin
saturation, depending on the conditions of the hydrotreatihg
operation. '

25 Various proposals have been made for removing sulfur.

. while retaining the olefins which make a positive
contribution to octane. Sulfur impurities tend to concentrate
in the heavy fraction of the gasoline, as noted in U.S. Patent
No. 3,957,625 (Orkin) which proposes a method of removing the

30 sulfur by'hydrodesulfuriéation of the heavy fraction of the

' 'catalytically cracked gasoline so as to retain the octane
contribution from the'olefins which are found mainly in the
lighter fraction. 1In one type of conventional, commercial
operation, the heavy gasoline fraction is treated in this way.

35 As an alternative, the selectivity for hydrodesulfurization

' - relative to olefin saturation may be shifted by suitable -
catalyst selection, for example, by the use of a magnesium
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- 35 As an alternative, the selectivity for hydrodesul furization relative to
olefin gg%ggﬁ?kfpn may be shifted by suitable catal yst sebgg¢hisofleoskd’

exanpl e, e use of a magnesium W98/ 53030
PCT/U898/09580 3 oxi de support instead of the nore conventional alum na.
U S. Patent No. 4,049,542 (G bson) disgloses a process in which a copper
catalyst is used to desulfurize an ol efinic hydrocarbon feed such as
catalytically cracked |Iight naphtha. 5 In any case, regardl ess of
t he nmecbatidenshppakiclinstehdppénthet herdeconuentionatt abkenihach Uakes pl ace
e 2 COBARUNENGS. Ol BibY ko QETKALNPY alKigLeRal ! BPoGLER £ GnigHSLOn

row ng’needt uce’gaso gher octane
nunber. &ﬁﬂpﬁﬁecﬁ§égY§§ aﬁoﬁﬁéé EpeéﬁéuligrlzﬁuﬁnlﬁQEfFES§ bﬁﬂFBFﬁﬁgonlom/”

sul fur Eééhssucﬁhh§ bﬁ@ﬁ&?&&cﬁ@@§'@Babﬁe&eilaﬁtenaﬁﬁkﬁé in the current
supply situation for |ow sul fur, sweet crudes grocesses for treating

catélytlcalI;ncP§¥k3356a5699ﬁ§§1ﬁ§§eogl§Beb@§ﬁhBP6§Bs ¥ VRifRelbast. For
exanpl ehai:ﬁensl,l ShePaeetreale. i, 66RafelwhBeANBaResdptatasas a process for

and a1 ConeRRRepLe e, bulir EEnBRRY, KU RREEPEREENE, bRAabES B 0ol 57

cat al ystensfioar batweent khet grawdngf ngedi o0 proBnesdgaspidrei fuelshe |ighter

fraCt'0&utﬁn%EBﬁErZQctaﬂéoﬁ%ﬁﬁeknaWE'%BetB%eﬁréﬁuﬁéoEﬁ§8|bﬂ@ahér
fractionated prior to treat s describ 4,062, 762

(kﬂ&brd?“ﬁﬁﬁ&ﬁ d#?@ﬁo?@%lgt&Pgeeégwf6P13E§uﬁP&PFZ|nﬁhhﬁphphsrﬁ9
fracti onansignt ie a@mmel nhekeldr 48 theccuztentashppliywsithation for

desulfur e rocedure, after which the 25 fractions are
reconblneg gﬂaéu e%EN%&ug %43 596 (Maxwel |) and EP 420 326 Bl descri be

processes foﬂtbﬁgrﬁapﬂgs§eﬁf@prc¢mﬁa¢nmggCﬁéedytééhélyncrhgkgdsol|ne range
by ref olyaisRq Welsh rave lado beledl pRopoaledl Yol thll phstS SELeCkkufphavar ds
aromati Zati on. Catal sts .30 of “this ki nd include netal -containi ng
crj%%alﬁ Se gqqqgﬁ , 759, 821 (Brennan) discloses a process for
upgrading catalytically cracked gasoline by fractionating it
into a heavier and a lighter fraction and treating the heavier
fraction over a ZSM-5 catalyst, after which the treated
fraction is blended back into the lighter fraction. Another
20 process in which the cracked gasoline is fractionated prior to
treatment is described in U.S. Patent No. 4,062,762 (Howard)
which discloses a process for desulfurizing naphtha by
fractionating the naphtha into three fractions each of which
_ is desulfurized by a different procedure, after which the
25 fractions are recombined. '
U.S. Patent No. 5,143, 596 (Maxwell) and EP 420 326 Bl
describe brocesses for upgrading sulfur-containing feedstocks
in the gasoline range by reforming with a sulfur-tolerant
catalyst which is selective towards aromatization. Catalysts
30 of this kind include metal-containing crystalline silicates
including zeolites such as gallium-containing ZSM-5. The
process described in U.S. Patent No. 5,143,596 hydrotreats the_,__““;m
aromatic effluent from the reformlng step. Conversion of
naphthenes and olefins to aromatics is at least 50% under the
35 severe conditions used, typically temperatures of at least
400°C (750°F) and usually higher, e.g. 500°C (930°F). Under - -
similar conditions, conventional reforming is typically



i ncluding zeolites such as galliumcontaining ZSM5. The process descri bed
i.n U S ent No. 5,143,596 hydrotreats the aromatic effl.uent fromthe

ref ormi ng’a%?sésﬁo UConversi on of naphthenes and ol efins to aPGKHS9808580s at

| east 50% under the 35 severe conditions used, typically tenperatures of
at |east 400[err]C (750[err]F) and usually hi gher e.g. 500[err]C -
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accorrparg&g{,ﬁyaﬁi&{ug C@f&nff%éiﬁg%é elm&'es}’:.:? afid be?'% e 0)%ncal ly as great

as 25% and Ihe sane I's true rocesses
publ i cat] B¥er3g [Fr93t3ei2ht |"=H’14 Hehe .sammm e w0 afo t889% are reported .

. n EP 4&5kéii’é‘sse§'fdés¢)fmslr5 tHMY Purie et i tfag#&@ténag%ﬁ' tfeawback

r ef Or{%rﬂ% %Qr obl em of .devisin a rocess which i's capabl'e of
redu0| n Iff ur 1f'ev e RRF S piit P2 8ri nitS RFOFessd | osses
as ‘wel | ﬁself%ﬂmﬁk rﬁg}lfﬁ@rs)gehe coresiiripitorerl hia:awbmm refd relffdrming sdJ. S.

Pat ent d I fur f cracked
napht hagigm-g'5 %fésat hydr ot reatl n Ps’ﬂ{edb %i%ﬁ%%%g%\?gq‘[ Q:%p%'ﬂ) i norgani c

form fol¥ 0 thed rd@feh%tenwedsm@a@smneommnme

oct ane |mwmmg hees Ryl Dt atd dif i My dPigEnY dihstptaoiehaet i ve 15
cracki nq_q{ LY oct ane par affins. This process, which has been

successfulmy oper ated commercially, produces a | ow sul fur naphtha product
in ¥™od yi el Pathi Ratent umduama,wdmwswme@laj mdelﬁ @30l i ne pool . We

fract Pﬁ%fﬁéthe %’aféﬁlﬁé%o@'f e sfilches, by, HFe defottea R
reduced |%%f%rm% el s?-'tﬂ)sltrmﬁqaé]ﬂw fm@qigomd byt ane
nunber . ﬁﬁi‘eaa‘daﬁrﬂf |d\&mfa tdeet 4MAse Hudt e TEM-C il e st dray Horgsi )
b ocess Lt ME-LRIGH SRR Sler mad i GhepeyPeRastinan ar e
achl%ve(pmq}{qlnq;fqﬁ v, odteriepaxpffins. This process, which has
been successfully operated commercially, produces a low-sulfur
naphtha product in good yield which can be directly
incorporated into the gasoline pool.
We have now devised a process for catalytically
20 desulfurizing cracked fractions in the gasoline boiling range
which enables the sulfur to be reduced to acceptable levels
without substantlally reduc1ng ‘the octane number. The
benefits of the present process include reduced hydrogen
consumption and reduced mercaptan formation, in comparison
25 with the process described in U.S. Patent No. 5,346,609 and
higher yields than are achieved with reforming, including
~ processes such as those described in U.S. Patent No. 5,143,
596 and EP 420 326 Bl.
According. to the present 1nventlon, the process for
30 upgradlng cracked naphthas comprises a- flrst catalytic
proce551ng step in which shape selective cracklng of low
octane parafflns and olefins takes place under_mild. conditions -
so that aromatization of olefins and naphthenes in the feed is
held at a low level, typlcally no more than 25 wt.$. A
35 hydrotreating step which follows reduces“sulfur content and is
‘less detrimental to octane as a result of the removal of *
olefins during the first step, results in product octane



processes such as those described in U S. Patent No. 5,143, 596 and EP 420
326 Bl. to the present inventi.on,. the process f adi ng
‘cracked ﬁ%ﬁﬁ %gggconprlses a first catalytic processing s?@%ﬁgﬁ %ﬁ]gh shape
sel ective cracking of |ow octane paraffins and ol efins takes place..under
mld..conditions so that aromatization gf ol efins and naphthenes in the
feed is held at a low level, typically no nore than 25 wt.% A 35
hydrotreating step which follows reduces sulfur content and is |ess
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90wt % 3% ArLOTAEREERRT '(}Sxe”?r%c%%%%ﬁ't%”%t%”ﬁ'ﬁ&%@d Acghed st Step

of the process with its ree aromati zation. ~ By converting
the & acre®maddratdon ef BYs cp‘)’r"!"’(?r‘:"tléi‘B't frben Frackesa rapbthee 9lefias n

rs1a2|ur3t i lei-wid ﬁb%’dﬂiw;ﬁirwfﬂﬁﬂ@ sztretp r@;iwffﬁ.dxb sAltsﬁaﬂi)b]}'xplam % thte

ydr odes rization ner.ca i.qn. by i n i nation
over the NEEY é:é’t”ﬁ"@t%o? @rep % drm s|57dt .5’?2?&%1§ |%ng to higher
desulfurm&ﬂnaﬂesmiﬁunm4§nmqn;hdai,naawdaptmmeébrmh¢lpm0&utﬁb$uclhﬁ1n for
exanpl e, ::Q:ﬁnk% 681. The
process may ut ﬁme t%e fulrt'lré;‘ted :‘g%ﬁn&?{a%g ‘napht ha

f r ackQ OnSPQMﬁm'é-a{HIYnt]ﬁaqu &q Mabey é@%@fwlza@d«ﬂnaﬂr & igadd ror

r ef ﬁr;n ng-_xngQi'ee{d aﬁllmt Cﬁhe’itpﬂ'dmﬁiti ﬁurttmaﬂ tfear m@e@ﬂlet,ya@l‘ r ef or{n: ng
suc rac{ions e evi,aus ssany. I n practice
it may béi d;eﬁllb efto %}d?ﬁ‘ﬁ@a 1'IJ‘r?é‘ Qﬁo g’t%c(ﬁ‘é%%rle' contacting it
with the catalBhs pmpadgas ma:stbﬁmtllarmmqaiaanﬂfama dAg. gdrte@nicn foxdlder to
reduce t@arf&@ﬁ?a;ﬁ%ﬂae@rﬁt it 3. %ﬁ%ﬂi}ﬁ?& R A oy e deengt h of

t he catal yst~. ly a very ree of o I n saturation
15 obv1ate the need for reformlng such fractions, or at least,

without the necessity of reforming such fractions to the
degree previously considered necessary.
In practice it may be desirable to hydrotreat the cracked

naphtha before contacting it with the catalyst in the first

20 aromatization/cracking step in order to reduce the diene
content of the naphtha and so extend the dycle length of the
catalyst. Only a very limited degree of olefin saturation
occurs in the pretreater and only a minor amount of
desuifurization.takes place at this time.

25 Detailed I ipti

Feed _
The feed to the process comprises a sulfur-containing
petroleum fraction which boils in the gasoline boiling range.
' Feeds of this type typlcally 1nc1ude 11ght naphthas typlcally
30 having.a bolllng range of c ‘to 330°F (166 C), full range
naphthas typically having a bolllng range of C5 to 420°F
(216°C), heavier naphtha fractions boiling in the range of
260° to 412°F (127° to 211°C), or heavy gasoline fractions
boiling at, or at least within, the range of 330° to 500°F
35 (166° to 260°C), preferably 330° to 412°F (166° to 211°C). 1In .
' many cases, the feed will have a 95 percent point (determined



occurs in the pretreater and only a minor amount of desulfurization takes
place at this time. 25 Detail ed Description Feed The feed to the process
conpri sesWa 98483B0r - cont ai ni ng petrol eum fracti on whi ch boiPlcTAises/bdseo

gasol ine boiling range. Feeds of this type typically include |ight naphthas
typically 30 havinga boiling range of Cfewr] to 330[err]F (166[err] O, '
full range naphthas typically having a oiling range of CJerr] to 420[err]F
(216[ err] ©), heavier naphtha fracti ons boiling in the range of 260[err] to
412[err] E (2127].err heav %asq ine fractions boiling at,

or -at -1 eSSTTW Jﬁ}gn]tcf %érpggslaf °3f3(9[teﬂﬁa 2S0FedtfR Q5 and166[ er] to
—260[err] Grefemsianality 138G{teras|o°Fo (4¥2Pey ;| Fot16KampIe, t 95 ZIiéi'Géﬁi: oF

- TRNY. CASGoirktie. JLUL WddsthBth % (108%EFBE BR' PhalfOhapit NEthooc)O g
to ASTM D 86) Girtadivhishsragkimer disr a ssd[tablleCsounde pfetengkied at | east

350[ e r] Exa(plﬂ'{aﬁr]lﬁ)uaﬂl(?{' ﬁ@@léta&;ﬂ%r @&Tc)d%k;nt(%cc?f bﬁk: kR

fig2inal
380[err] F or_ | east 400[err 220 err]C). Catalytic cracklng
is a sui tg(fﬁ 3“5'5{”1; éff1> 55 @4EPy be| 4s@dc kpaPyeduce
‘cracki ng usEkde Higedshemmdl asr ackierg e@ymbsas ga&bmgnaaﬁna: so be g
used to tgg#f esd er naphtha, pyrolysis gasoline an
ot her ther crac egf ap%k%és a%%é%%ébcess may be operated with the
entire gasoli el(l’r"qerséctﬂlad'n behoperadel whth theaeptireogashdimel cracki ng

st epoor, ﬁ:iatcﬁ:rllb&i iottlajinetl ifkdaalal caftausm%efaau%ﬁeﬂals e&&uhfxgng%ebo be
concentrated t he hi gher bQItilpl %g fracti,ons, IS preferab

par ti cul &ry AT AT g adiy ot @t & - t@‘?@b‘&ﬁ"—‘ait@et FUlEngh&enssi | i ng
fracti onscaig moocwEseErated tinr duh@hh]L@hext mlauags fehctienpr,esentispr ocess

wi t hout L) C oi,nt . bet, he treated
and untr?z’at ed fractl%%s?lt%a\g?lvagﬁ' gg’%@r %pggﬁtguﬁsu} @&ﬁ%gun g present-

but usuaﬁ%?a§§ﬁﬁntqﬁbmm9h3ﬁ'ﬁWélﬂaﬂgér@FtﬂpﬁﬁlEOG[DIPF§S§38pemrFﬁ¥ough
300[15 r | Fenlel BHets 102) th@DiResehd! ¥ ocdesEh@ifthdae BoeRekehh] Ent93bgkt] O to
boiling cut. The cut point between the treated and untreated
fractions may vary according to the sulfur compounds prééent
but usually, a cut point in the range of from 100°F (38°C) to
300°F (150°C), more usually in the range of 200°F (93°C) to
20 300°F (150°C) will be suitable. The exact cut point selected
~ will depend on the sulfur specification for the gasoline
product as well as on the type of sulfur compounds present:
lower cut points will typically be necessary for lower product
sulfur specifications. Sulfur which is present in components
25 boiling below 150°F (65°C) is mostly in the form of mercaptans
which may be removed by extractive type processes such as
Merox but hydrotreating is appropriate for the removal of
thiophene and other cyclic sulfur compounds present in higher
| boiling components, e.g., component fractions boiling above
30 - 180°F {82°C)} Treatment of the lower boiling fraction in an
extractive type process coupled with hydrotreating of the
== - - higher boiling component may therefore represent a preferred
':ecoﬁomic process option. Higher cut points will be_preferred
in order to minimize the amount of feed which is passed to the
35 hydrotreater and the final selection of cut point together
with other process options such as the extractlve type -
desulfurization will therefore be made in accordance with the
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nitrogen level will, however, usually not be greater than 250
or 300 ppmw. As a result of the cracking which has preceded
the steps of the present process, the feed to the.
20 hydrodesulfurization step will be olefinic, with an olefin
- content of at least 5 and more typically in the range of 10 to
20, e.g., 15 to 20 wt.%. Dienes are frequently present in
thermally cracked naphthas but, as described below, these are
- preferably removed hydrogenatively as a pretreatment step.
25 Process Configuration
The selected sulfur-containing, gasoline boiling range
feed is treated in two steps by first passing the naphtha over
a shape sélective, acidic catalyst to selectively crack low
octane paraffins and to convert some of the olefins and
30 naphthenes to aromatics and aromatic side chains by alkylation
of aromatics originally present in the feed or formed by
- olefin conversion. The effluent from this step is then passed
to a hydrotreating step in which the sulfur compouhds present
in the naphtha feed, which are mostly unconverted in the first
35 step, are converted to inorganic form (H,S), permitting removal
in a separator following the hydrodesulfurization. Because .
the first (cracking/ aromatization) step does not produce any
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naphthenes to aromatics is typically below 25 wt.% and is
often lower, e.g., no more than 10 or 15 wt.%. |
At low first stage temperatures, when the overall prbcess

20 chemistry will be dominated by the hydrotreatment taking place
in the second stage, the final produdt may contain less
aromatics than the feed due-td aromatic saturation over the
hydrotreating catalyst. The mild conditions allied with the
low aromatization results in a high liquid (Cs+) yield,

25 typically at least 90% (vol.) or higher, e.g., 95% (vol.) of
higher. In some cases, the Cs;+ yield may be over 100% (vol.)
as a result of the low aromatization coupled with the volume
expansion during the hydrotreating.

The particle size and the nature of the catalysts used in

30 both stages will usually be determined by the- type-of -process -
used, such as a down-flow, liquid phase, fixed bed proce$s; an
up-flow, fixed bed, trickle phase process; an ebulating,... . .
fluidized bed process; or a transport, fluidized bed process.
All of these different process schemes, which are well known,

35 are possible although the down-flow fixed bed arrangement is
preferred for simplicity of operation.
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n- pdBaf f amdé from the paraffin cracking to form aromatics and :
alkylation of aromatics with the olefins. Typically, the
temperature of the first step will be from 300° to 850°F (150°
to 455°C), preferably 350° to 800°F (177° to 427°C). The
pressure in this reaction zone is not critical since
20 hydrogenation is not taking place although a lower pressure in
this stage will tend to favor olefin production by paraffln
cracking. The pressure 'will therefore depend mostly on
operating convenience. Pressure will typically be 50 to 1500
psig (445 to 10445 kPa), preferably 300 to 1000 psig (2170 to
25 7000 kPa) with space velocities typically from 0.5 to 10 LHSV
(hr™Y), normally 1 to 6 IHSV (hr 1). Hydrogen to hydrocarbon

ratios typically of O to 5000 SCF/Bbl (0 to 890 n.1.171.),

-1

preferably 100 to 2500 SCF/Bbl (18 to 445 n.l.1 ~.) will be
selected to minimize catalyst aging.
30 A change in the volume of gasollne bolllng range material

typlcally takes place in the first step. Some decrease in
product  ligquid volume occurs as_the result of the conversion
to lower boiling products (cs-).but the conversioh to CS-
products is typically not more than 10 vol.% and usually below
35 5 vol.%. A minor decrease in liquid volume normally takes
place as a consequence of the conversion of olefins to the .

aromatic compounds or their incorporation into aromatics, but
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solids having an intermediate pore size and the topology of a
zeolitic behaving material, which, in the aluminosilicate
form, has a constraint index of 2 to 12. The preferred
20 catalysts for this purpdse are the intermediate pore size
_wggq%;tic bghaving catalytic materials, exemplified by the acid
acting materials havingifhé topology of intermediate pore size
aluminosilicate zeolites. These zeolitic catalytic materials
~are exemplified by those which, in their aluminosilicate form
25 have a Constraint Index between 2 and 12. Reference is made
to U.S. Patent No. 4,784,745 for a definition of Constraint
Index and a description of how this value is measured as well
as details of a number of catalytic materials having the
appropriate topology and the pbre system structure to be
-+30-- useful in this service.
The preferred intermediate pore size aluminosilicate
‘e - Z€0lites are those having the topology of ZSM-5, Z5M-11, 2ZsSM-
' 12, zZsM-21, ZsM-22, ZSM-23, ZSM-35, 2SM-48, 2SM-50 or MCM-22,
MCVM-36, MCM-49 and MCM-56, preferably in the aluminosilicate
35 form. (The newer catalytic materials identified by the McM
numbers are disclosed. in the following patents: zeolite MCM-22 -~
is described in U.S. Patent No. 4,954,325; MCM-36 in U.S.
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4,983 3262 g@x§361$nltsgalphavgpm@¢5303@he alpha test is described in
PC_T/ US983095>8Patdnt No. 3,354,078 and in J. Catalysis, 4, 527 (1965);

6, 278 (1966); and 61, 395 (1980), to which reference is made

for a description of the test. The experimental conditions of

the test used to determine the alpha values referred to in

20 this specification include a constant temperature of 538°C and

' a variable flow rate as described in detail in J. Catalysis,
61, 395 (1980). The catalyst used in this step of the process
suitably has an élpha activity of at least 20, usually in the
range of 20 to 800 and preferably at least 50 to 200. It is

25 inappropriate for this catalyst to have too high an acid

- activity because it is desirable to only crack and rearrange’
so much of the feed naphtha as is necessary to maintain octane
without severely reducing the volume of the gasoline boiling
range product. _

30 The - active component of the catalyst, e.g., the zeolite
will usually be used in combination with a binder or substrate
because the particle sizes of the pure zeolitic behaving
materials are too small and lead to an excessive pressure drop
in a catalyst bed. This binder or substrate, which is

35 preferably used in this service, is suitably any refractory
binder material. Examples of these materials are well known .
and typically include silica, silica-alumina, silica-zirconia,



Pat ent Nos. 5, 250, 277 and 5,292,698, MCM49 in U S. Patent No. 5, 236, 575;

and MCM56 in U S. Patent No. 5,6362,697). Oher catalytic materials having
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i nclude nordenite, zeolite beta, faujasites such as zeolite Y and ZSM 4.
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silica-zi reontie separator following the hydrotreater. The -
hydrodesulfurized product boils in substantially the same
boiling range as the feed (gasoline boiling range), but which
20 has a lower sulfur content than the feed. Product sulfur

levels are typically below 300 ppmw and in most cases below 50
ppmw. Nitrogen is also reduced to levels typically below 50
ppnw, usually below 10 ppmw, by conversion to ammonia which is .
also removed in the separation step.

25 If a pretreatment step is used before the first stage

- catalytic proceésing, the same type of hydrotreating catalyst

may be used as in the second step of the process but
conditions may be milder so as to minimize olefin saturation
and hydrogen consumption. Since saturation of the first

30 double bond of dienes is kinetically/thermodynamically favored
over saturation of the second double bond, this objective“is‘
capable of achievement by suitable choice of conditions. .
Suitable combinations of processing parameters such as
temperature, hydrogen pressure and especially space velocity,

35 may be found by empirical means., The pretreater effluent may
be cascaded directly to the first processing stage, with any .
"slight exotherm resulting from the hydrogenation reactions
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normally takes place readily, low to moderate pressures may be
used, typically from 50 to 1500 psig (445 to 10443 kPa),
preferably 300 to 1000 psig (2170 to 7,000 kPa). Pressures
are total system pressure, reactor inlet. Pressure will

20 normally be chosen to maintain the desired aging rate for the
catalyst in use. The space véloCity (hydrodesulfurization
step) is typically 0.5 to 10 LHSV (hr_l);"preféiébly”l'to'6
IHSV (hr }). The hydrogen to hydrocarbon ratio in the feed is
typically 500 to 5000 SCF/Bbl (90 to 900 n.1.17t.), usually

25 1000 to 2500 SCF/B (180 to 445 n.l.l—l.). The extent of the
desulfurization will depend on the feed sulfur content and, of
course, on the product sulfur specification with the reaction
parameters selected accordingly. Normally the process will be .
operated under a combination of conditions such that the

30 desulfurization should be at least 50%, preferably at least
75%, as compared to the sulfur content of the feed.

The catalyst used in the hydrodesulfurization step is

suitably a conventional desulfurization catalyst made up of a
Group VI and/or a Group VIII metal on a suitable substrate.

35 The Group VI metal is usually molybdenum or tungsten and the
Group VIII metal usually nickel or cobalt. Combinations such -
as Ni~-Mo or Co-Mo are typical. Other metals which possess



'35' rfay be found by enmpirical means. The pretreater effluent may be
cascaded directly to.the first processing stage, with any slight exotherm
resul ti nyvo 988803the hydr ogenati on reacti ons WO 98/ 53030PCT/US98/09580
PCT/ US98/ 09580 13 providing a useful tenperature boost for initiating the
mai nly endotherm c reactions of the first stage processing. Consistent with
t he obj ective of maintaining product ocditdane and vol une, the conversion to
products boiling below 5 the gasoline boiling range (CJerr]-) during the
second, hydrodesul furization st is held to a mnimm The tenperature of
this st efVPTOGERPEIOR ERORCASDPLEY A5S580FEr RPEZRSBPeFRSt SSHEAFRr (] Q).
- pr-ef-er.abirphebepport tfor/Theccakrl{2G0fier chntrenéfi6hally Gy pbrbusheokiact
selectio t he_d s f.uri uj f hyen feed
“wth thesheRdY S Thuibe, "ox BT cA RARNIRY, BEV bERE: BErils cBLBGKRT OO0
react i onswehdiasi sagnediieh Fdtaadaopr2gdfldce) edthen[alepe erivixedss[err]C)
bei ng t yRiiedl aUREEma"RH s393dhl-hRhiRRdnelt R15828E0Gska! ehst enperatures in
the preferred 500[err] to 750[err]F (260[.err] to 400[err]C) range. 15
Si nce t hEF¥EN i*zation of the cracked naphthas normally takes place
readily, |ow mhenpdertdicd epcdzeuand tthe haturedoft yhecahtiliysenwi@ito 1500
psig (44 4 P fe 3 0_10 1g.(21 , 000 _kPa) .
Pr oosur oRiPA bR SeterglB et b heRypky ob BepBRrdubh Phob8st) pATgH
nor mal | y ishdedngs rrerg-edaiontai suche agesar ddwagifagws al 2qnad phaseatal yst in
use.jo TheiSRAC Bt RDdass;N v agesybir iFAakiioBedl Rl qusat pRReAlI |y 0.5 to 10
LHSV (hrHL-),- preferably 1. to 6 LHSV (hr err_%). TBe hé_gr,ggen t o hydrocarbon
Fati o i n BRI AT AYIRLING, S0orecs 23000 1aeR BER. L4BUL] SBoSASI DRRSR] ).
usual |y 2frocel330 dro 225G@uSGF/oE ghS0 phasé4s titahsbolrerr E1phiaiZzea begent of
t he desul furjzati AN on.the fee | f.yr._content,_and, cour se,
on the p#’gg)ﬁiczsa?s'ul _u\rﬁoé:peggi%%?’?fa'i gyﬁ‘ttv% tt%‘%t %é) %Iléggffvén@%%?gngFgr E%’SI 8gt ed
accor di ngiperatgoralHre femref-ocess wil | be operated under a conbi nation of

condisg i omﬁ?ﬁ hat the 30 desulfurization should be at |east 50%
- preferably at |east ) . )
. A 210°F+ (99°C+) fraction of an FCC naphtha with the
composition and properties given in Table 1 below was co-fed
with hydrogen to a fixed-bed reactor containing a ZSM-5

catalyst having the properties set out in Table 2 below.

20 : TABLE 1
FCC Naphtha Properties
o Sulfur, wt. % - 0.20
Nitrogen, ppmw ' ‘98
Clear Research Octane, R+0 93
25 Motor octane 81.5
Bromine number 37.1
Density, 60°C, g.cc’ 0.8191
c it €.
Tt e e - Qe=Ch Paraffins 1.9
30 f C¢=Cyo Iso-paraffins - 8.7
i Cg=Cqp Olefins & cycloolefins 16.3
C¢-C;po Naphthenes 7.2
C¢~C;0 Aromatics 44.5 -

Cyy+ - 21.4



75% as conpared to the sulfur content of the feed. The catal yst used in
.the hydrodesul furization step is suitably a conventi onal i zation
cat al-yst %%a%lsi%“ of a Goup VI and/or a Goup VIII netal gﬁ’f‘)ysé%%éool e
substrate. 35 The Goup VI netal is usually nolybdenum or tungsten and
the Goup VIII netal usually nickel or balt. Conbi nations such as N -M
*or Co-M> are typical. Other netals whi Ch possess WO 98/ 53030

PCT/ US98/ 09580 14 hydrogenation functionality are also useful in this
service. The support for the catal yspaggecpnventionally a porous solid,

usually alumna, or. sil.ica-alum na but other gor,ous solids such as
—magnesia, -titania. or silica,“eres with alumna or
sili.ca-alum na may al soZe®ldted, as convenient. The pamzZsMHse size and the .
~nature of the catalyst Wil lgezUsual I'y be deter m'_ned b%ﬁﬂﬁnt pe of o
conversi on process which 'S Bei ng carried out, such as:-a down-flow, liquid
phasé& 10 fixed bed plZesdste dwagdnd,owt.® xed bed, |iq®5 phase process;
an ebul ating, fixed fl uigdi begd lsi quid or gas phase procggs; or a liquid
or gas phase, transport, fluidized bed process, as noted above, with the
down-fl ow, fixed-bed tyf@tRYSted®PGh preferred. 15 Bxddifbles A -
210{err] F+ (99[err] C+) fowuardac@n adfeagn n?gC naphtha with thasconposition an
properties given in Tab:ae 1 bel.ow was cp-fed with hydrogber]sgo a fixed-bed
reactor containing a ZS qfeceﬁoz}l'ystccﬁaq/i ng the properties set out in Table

2 balow. 20 TABLE 1 FCC Naphtha Properties
Sul fur, w.% Density,OxdaiN L Qgent ppmv 2.51 98
Cl ear Research Cctane, R+O | 93725 o Mbt or oct ane

The total effluent from the first reactor was cascaded to

a second fixed bed reactor containing a commercial CoMo/Al,0,

15 catalyst (Akzo K742-3Q). The feed rate was constant such that
the liquid hourly space velocity over the 2ZSM-5 catalyst was
1.0 hr.™ and 2.0 hr.™! over the hydrotreating catalyst. Total
reactor pressure was maintained at 590 psig (4171 kPa) and '
hydrogen co-feed was constant at 2000 SCF/Bbl (356 n. 1. 1.7%)

20 of naphtha feed. The temperature of the ZSM-5 reactor was

" varied from 400° to 800°F (205° to 427°C) while the HDT

reactor temperature was 500° to 700°F (260° to 370°C). The
results are shown in Table 3 below.



Densi.ty, 60[err]C, g.cc[err] 0. 8191 Conposition, w.% Cerr]-Cerr]

Par af fi ns 1.9 30 Cerr]- C[err] | so- par af f
ins WO 98/5303 7 Jerr]- C[ err] Oefins & cyclool efins RGI/ESIB[08FSH] - C[ err]
Napht henes 2 CJerr]-Cerr] Aromatics . 44,
Cerr]+: 21. 4 WD 98/.53030

PCT/ US98/ 09580 15 TABLE 2 ZSM 5 Cat al yg'ﬁ Properties Zeolite

ZSM 5 Bi nder Alumna 5 Zeolite

| oading, wt.% - - 65 Bi nder t %8 35

Cat al yst al pha 2080 ksl Eg err]glerr]

315 Pore vol., cc.g[err] - 0,65 10 Density, real, . g.cc.-[errl. .

2. 51 ‘Densizby-spaehperatuge;eFyeer ] 400/de 95%55?%9b0tabo©fﬁb§e“tstZQthe
was cascaded,to a second fixed.bed reactor containin .

f
cormer ¢ afDEoRERRESISITE, “ELTQl yet TOMAT K7 ATO9ETL Thaopdad Ly at SoRde60

const ant such that the liquid hourly space velocity over the ZSMS cat al yst

was 1.0 h and 2.0 hr.[err] over the hydrotreating cataly Tot al
r eactor E ‘§ ’B%EJ'%« ntai ned at 598%$Sy (438P/6Ba) aﬁéOH)F'ér ogeﬁZ@d:iBeed
was constant at 2000 SCF/Bbl (356 n. 1. |.-') 20 of naphtha feed. The -

tenperatuﬁe+8¥lQlfb, 2804 &% refict or was v@2.8d fromo40@[ err] ©a.800[errpB.2
(205[ err] Tpgdy 427[err]C) while the HDT reactor tenperature was 5000 to =
700[err]F (260 to 370[err]C). The results are shown in Table 3 bel ow.

Yield, wt.% of HC feed
10 C,-C, _ 0.1 0.3 0.8 0.7
Propane 0.4 1.5 2.9 2.5
N-Butane | 0.2 1.8 2.6 2.4
~ Isobutane h 0.2 1.6 2.4 . 2.1
N-Pentane 0.1 1.0 1.2 1.1
15  Isopentane | 0.2 2.5 2.4 2.1
Pentenes 0.0 0.0 0.0 0.2
Total C.+ 99.5 91.7 88.0 89.0
Cs—Cyy N-Paraffins 5.5 2.2 1.8 : 1.9
C¢—Cyp Isoparaffins 18.0 13.6 11.4 11.1
20 C¢~C,p Olefins ' 0.0 o.o' b.d 1;iu_uum
C¢~C,, Naphthenes 16.9 15.9 13.8 11.2
Cs~C;y Aromatics 40.9 42.8 46.0 47.8
Cy+ 19.2 18.5 16.2 16.6
Total Sulfur, ppmw 35 29 22 37
25  Nitrogen, ppmw ' 1 <1 2 45
| Aromatization of C¢-C,, '(15) (7) 6 14
olefins/naphthenes’
Cs+ Research Octane 79.9 88;4 90.3 92.2””
Cs+ Motor Octane 72.7 ~80.5 82.1 82.7
30 Note: Values shown () represent negative values (decreases)

and reflect less aromatlcs in the product than in the
feed.’



'mo 98/ 53030 _ PCT/ US98/ 09580 16 Tabl e
3 FCC grading Results ZSM5 Tenperature,[err]F 400/ 204
750/ 39%%%8"7"%87 HDT Terperature, [err]F/[err]C 700/ %%HSL%B?%H

700/ 371 500/ 260 5 H err] Consunpti on, 480/ 85 380/ 68
330/ 53 220/ 39 scfb/n. 1.1 . C5+ Yiel vol . % of 102. 3 96. 6
92.1 92.2 feed Yield, w.%of HC Teed 10 Cerr]-Cerr]

0.1 0.3 0.8 0.7 Propane 0.4
1.5 2A8 shown Zn5TAbBH! 8N€increasing the temperatuﬁe 20f the .1. 8
2.6 .4 |sobuta ane 2 6 2.

2 1 N Pe?ﬁ%n% at constant HDT severv'@y 1leads tc1 :bncrea51nq Qctanes ing 15
| sopent aneduced Cs+ yields. Desulflirization?levels abdvé 98 percant

Pent ene 0 0.2 Total
err] +Smay be achieved. Hyd:@@ggn consmpgign dec%%a%eg Wlt}ég )
C[er5r] c[.@cpr?aNMrwmrﬁstemperaturegl\ge to theJincreased qoxgvers:.onl 9

g[G Cl? |§9p@15é‘f zf:i'é'éked naphtHa- Qleflnso d¥eP the acﬂ-é-lé catal 1r2191er
err err|

.1
Jerr]- qqn]fmhlm%ﬁggen consum1ng_6r§actlons lgvgr the Hli']é %atalysg& 2
C6- C10 Aiphmbiyés consumption4fiap be reddded furthdb.By reducirg SHIEferr]+ -

]2-8 2 temé%rgture té65§g F (?\F% 8J9£ﬁ‘|1ﬂ'ﬁé'reffgg¥" on 1 35
<1 10 hydpodesul furigapionnt i Zhis ohower a@n’::l'gemperatu:(q&.)lso 1eac§§)
28 A é‘hﬂ&ﬁéb@één%i?aéﬁéﬁiéc'\:/%ﬁérié‘ Bﬁéﬁﬁfﬁ.{;@ @E@f@tlon 1s reduc?gd95

82.1" Ar%%a‘?l%tmﬂlo’f’g fee%%%gl’é"ﬁo?\ﬂd ’?aP}éH‘%%%ﬁtlﬁeﬁ%&‘Fv%tv%I 1%
(decr easkeyedndndebleet bbehSproocessi Stepa, t tite plevelt of hatonatide heed.

even be decreased relative to the feed. Ligquid yields are

15 high in all cases, with the highest yields being obtained at
low first step temperatures when increases in product voltimé
may be achieved. |



WO 98/ 53030 PCT/ US98/ 09580 17 As
shown in Table 3, increasing the tenperature of the ZSM5 at constant HDT -
severit y W03 | ncreasi ng octanes and reduced C5+ yi ePGI/USI8/09580

Desul furization | evel s above 98 percent may be ach|e#ed__iggu;gggl_jjﬂ?_
consunption decreases with 5 i ncreagpng ZSM5 tenperature due to

i ncreased conversion of the cracked naphtha ol ef |ns ummi

catal yst rather than from hydrogen consum ng reactio lﬁﬂ 'ﬂy’
cat al ystggpAmigk-ogen consunption nmay be reduced further By ‘r e§uctngs H
tenperature to 500[err]F (260[err]C) with little effect on 10

-hydrodesul.-f uri-zati-on.- This-Jlower..HDT. t enperature al so | eads to increased
product oct arfe- aB nroﬁa§$co§ammgnndxng|asauéﬁmyeeonnaenanGZa@l@ﬁl@icf@ggﬁ

' glhef: ns ?m%@fmt”l‘ g Simehd @tas@ﬂlaw bsxghngrﬁ?ﬁg@rmm%mh GRS sst epz
e level of _aromafi ve ecreased relative 1p ee

yielts PRragfing %#%yq T Stane, PRESRFRBst SE A T Ry TR e

. at Iom/fthstpsmegssenqmpnﬂamng; when increases in product volune may be

achi eved. _ .
PCT/ US98/ 09580 15%@% IcERe iR ning fesd SERENIAR Y 31 B .

f eed fra%??Bhu¥@ﬁ¥|m$}¢rpﬁqﬁkkﬂﬁuﬂqnﬁétﬂepﬁl FETMPEASENGhF AP RAPIT S d2etreen -

par af f i ngok nchndi 57 +®vwm§ %nesc{lﬁmara@‘l;dms caehmirsﬂScaﬂdlatfﬂ@tétﬁanﬂialy
rogess ¢ i SL N cti e _sulfur n ed frac

PrrEEoS 82 PES: Mo TR ARy ey R HERERE R o HERPE £ et it ofhte

bet ween Bétyeen]2amind 289@rkd Gaiverta Oé@lfmsaﬁrésental-al The i:@m%lml ng

ol pha val e be TEen S0l At Gt DOl e rel The bl Sacat L the [ eed

o e onaPRERPERRE chphat ] S L tKhe, SR 4P6 £REBY oM o HRLETERR Bt TR

olefins in'the feedtactihgr thaninhéemedihtd oypdauctwithort acting the

| Nt £5 Mo}, EoREOMEL: LD n 1S calbull AR BUCLERGhAR1GA BEYSl oSS 2

evat ed tenperature evat ed pressure -and an, at nosphere
- Conpr|5|ﬁ§mperature, elevated pressure and an atmosphere comprising

hydrogen, to convert sulfur-containing compounds in the
intermediate product to inorganic sulfur compounds and produce at
least a 90 wt.% yield, based on said feed fraction, of a

20 desulfurized product comprising a normally liquid-fraction in the
gasoline boiling range containing less than 50 wt.% C¢=Ciq.

2. The process as claimed in claim 1 in which said feed _
fraction comprises a light naphtha fraction having a boiling range
within the range of Cg to 166°C.

25 3. The process as claimed in claim 1 in which said feed
fraction comprises a full range naphtha fraction having a boiling . -
range within the range of Cy to 216°C.

4. The process as claimed in claim 1 in which said feed
fraction comprises a heavy naphtha fraction having a boiling range
--~30 - within-the-range-of 166°to 260°C.

5. The proéess as claimed in claim 1 in which said feed
fraction comprises a heavy naphtha fraction hav1ng a boiling range
within the range of 166 to 211°C. . : b



) hydrogen, to convert sulfur-containi ng conpounds in the internediate

product _t.0.i.ngr.ga nds and produce at le %yield,
" based 03}03935 B M“lmml“m" m.n - desul furized progéjcrzctl@?:sz%arl&lt sing a
normal 'y |iqui d racteontimthe gasoline iling range containing Iess than
50 wt.% derr]- Clerr]. 2. The procesggas cIa| med inclaim1 in which said
feed fraction conprises a |ight naphtha fraction having a boiling range
within the range of Clerr]to 166[err]C. 25 3. The process as cl ai nmed
in claim1l i6 wihehpxetess cesl draiotgd i ohmimsds ia whirhr angd Aepdtha a
-fracti og, faMings 2 ROId I PRI Wit RabBnhapggceiotd to 216[err]C. 4. The
- -pr ocess—as- c -atmed-ta-clatm1l in which-said feed fraction conprises a heavy
~naphtha fraction having a boiling range 30 w thin the---range of 166 to

260[err] C. 57. ThRepppoesss ass cdFaimest i in cllaim 1 iim whiich $hed feed fract| on

conpri s Eai)t}ht# ]I o] a@:gf:f i

of 166 ]ﬁ)dg‘ﬁ?er]ﬁ éqﬁ%%ﬁr?é? glgggc%a?ﬁe&a{) inc \z;%lztﬁ?lg ¢ |ch
sai® fewetak.a catalytically cracked ol efinic naphtha fraction. 7. The
process as claimed in claim1l in which the hydr odesul furization catal yst

ses.a @0 t al | d
T el a1 i R-viREnPERESR RS RLHERSH | Tu TR & i PRAGPGRoat a preseur e
of 379 hpdteddsukfurizattierds aaniied out)al ROPIESEHEY, O'én%I’?%l WAy to
hydr OcakPQH £a£b9c9fv§foé&>89& 5 lderid LﬁkaVhYQhagﬁnni?&{:oQéﬁf@é of 10

f eed. The process as claimed in claimi iLp

hydr ode§ﬁ1iF8FP~Ela‘E’Poﬁa?%°c%$ $eFd oG -d tlerrpé’rfamr&é'c’&enzﬁ’ﬁfep?frFB of
399perrkeeda pressure of 2172 to 6998 kPa, a space vel 00|ty of 1 to 6 LHSV,
and a hydrogen to hydrocarbon ratio of 178 to 445 n.l.l.[err] of 15

hydrogen per barrel of feed.
9. The process as claimed in claim 1 in which the

hydrodesulfurization is carried out at a temperature of 260° to

399°C, a pressure of 2172 to 6998 kPa, a space velocity of 1 to 6

ILHSV, and a hydrogen to hydrocarbon ratio of 178 to 445 n.1.1.7 of
15 hydrogen per barrel of feed.




W08/ 53030 TTTPCTAUS98.09580 20 10. A process of upgrading a

“sulfur-containingéu' boi ing in the” gasol i ne boiling range which
‘cont ai nVORRF3RISC| ”ﬂ”ﬂ M[ oI efins together wtRCREHHEEhe =
paraf fins, which pfocesst C in a first upgradi ng step,
converting olefins present in the fe to aromatics and aromatic side
chains, cracking |l ow octane paraffinS and olefins in the feed under mld

cracking conditions conprising -tenperature between 204[err] and 427[err]C
to forman i1pfeanpdbaéss pcsfmlwr&m i apllifg-cbataihing- ee8d afradgisapht ha

10 feed, fractjo tha J Nt |ate ore e zeolitfe cata
consi stPH %@%e&ﬂrgﬂ7yﬂ§ﬁ° %ogg&PﬁgraﬁgﬁcV 12%t?3??3}Q§nﬂﬁq?§gé}ﬁﬁ¥ al pha .
val ue batowebtidd amtl SGXEinsy dogedhelf wiikhi hgwt hetame epamef fires prddiedt i n

the pregpicssof c@mpyidesul furization catalyst under a combination of 15
el evat ed tenpera ture el evated pressure and an atnosphere conpri sing,

hydt ogen, to coﬁVe?t TIGFE HRFRA RS R0 FRIY ST iPFe OLRE AP ReBF 8P r Hluct
to i norgnai fesd! foiravemhipiioed e amwbusuaedcnabﬂ@ptcrmking:hLdvhe:ctane

LU BpEAEEERL 4 eI 9 A SR 40 Lhabe il gl o
- comprising temperature between 204° and 427°C to form an
intermediate product by contacting the sulfur-contalnlng naphtha
10 feed fraction with an intermediate pore size zeolite catalyst
consisting essentially of 2SM-5 having an acid activity qomprising
an alpha value between 20 and 800,
hydrodesulfurizing the intermediate product in the
presence of a hydrodesﬁlfurization catalyst under a combination of
15 elevated temperature, elevated pressure and an atmosphere
comprising hydrogen, to convert sulfur-contain compounds in the
intermediate product to inorganic sulfur and produce a desulfurized
product in which the aromatic content is not more than 25% greater
than that of the feed at a total liquid yield of at least 90 vol.%
20 relative to the feed.




