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GASOLI NE UPGRADI NG PROCESS This invention rel at BsTU88P¥ocess
for the upgradi ng of hydrocarbon streans. It nore particularly reI at es
to a process for upgrading gasoline boiling range petrol eum

fractions containing substantial proportions of benzene and 5 sul fur

i mpurities while mnimzing the octane | oss which occurs upon
hydrogenative renoval CIENZRNEGINNERSION IN ANCAIMERAVEDI |y cracked

“gasol ine forms a naj or partgﬁoﬁm vpGEPid gyfuict pool in the United
“States; "When t-he cracking- -feed contal ns sultur, the products of the

—cracking._process 10 usual [y contain sulfur inmpurities which normally
require By Al nverstiboh Yriya tysl res ra?aétdi&bss nfcﬂ‘ d@ﬁe ®§1CHH)irYg Vaf h the

rel evanty ficatio These s em expected to
becone nﬁ%rl ngen%ézf%alfl?'ne P@fd?%’fe ar.?]t.y p’é‘?lrﬂ?? NP M nore than
300 ppmpragsass far mmdm)gaspHRerﬂdmxl:gag;d-am petthrsidad fuels.
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in conbigadd- %ﬂ’!éﬂmé)rﬁzlfur,aﬁﬂ{é‘;ﬁrodﬁb% %tﬁp% ecﬁgeaéit'{cggrﬁ%aq such as

alum na. In _the 25 hydrotreating process $Y the

sul fif  usualdyContd in | SHAEHY dMRYTddES dhighwnemally steduire o
i nor ganlmm‘cﬂ;ra‘.n, h;si:ra]glqn hgulﬁyﬁeztx\ﬁaﬂilhxq;arﬁ.rb%ﬁdﬁﬂ)\&d donilly witd'&Hd qui d

hydr oca 8 S8 tor AI t ho | s aneffective
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be reduced by hydrodesulfurlzatlon of cracking feeds, this is
expensive both in terms of capital construction and in
_operating costs since large amounts of hydrogen are consumed.
o ‘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, such as cobalt
or molybdenum, either on their own or in combination with onhe
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 suifide; 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 petrdleum fractions for many years to produce
satisfactory producﬁs, 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
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2 the presence of ol efinic conponents and as such, cracked gasol i ne.

i s an exowrblegmsiozgontri butor to the gasoline octane poolpcT/Ushs/eeEst r i but es
a large quantity of product at a high bl endi ng octane nunber. In sone
cases, this fraction may 5 contribute as much as up to half the gasoline in
the refinery pool . QG her K ghly unsaturated fractions boiling in
t he gasoline boiling range, which are produced in saonme refineries or
petrochenical plants, include pyrolysis gasoline produced 10 as a '
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oct ane nunb d f.d sul uri z |ncr es, the octane
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Sul flU_rprﬁﬁuéetlﬁighteﬁﬂefﬂnﬁgnﬁeﬂﬁlfltGthylelhél &de ﬂsﬁ@v%limact \INﬁn gf t he
2 et nratis IR GRabT e ot oh Vory phoh: sGuant APmaet it ot LR Ry
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lighter fraction._In one type of conventional,” conmercial operati on,
t héBhek8PIGasdEi ESPrSEPFBA“FsatFBB%EEtha%hPE"RB’;?tl%’B & d#oke H‘lﬁatlve
t he seWwhRgthvtendf €6 Bydmogdans! afterastoPage ofretkBahdengp ol efin saturation

may be shifled By, SUbtall nese 531ELYSLORAELERLhG  orlOhed RAUBLENDY the Use

of a nmagnesi
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
gasoline boiling range product decreases. Some of the
hydrogen may also cause some hydrocracking as well as olefin
saturation, depending on the conditions of the hydrotreating
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 hydrodesulfurization 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 B

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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3 oxi de support instead of the nore conventional alumna. U S ]

Pat ent NOYO88/8389 542 (G bson) discloses a process in whi cRCA/USIS/BBher

catal yst is used to desul furize an ol efinic hydrocarbon feed such as
catalytically cracked Iight naphtha. 5 In any case, regardl ess of the
mechani sm by which it happens, the decrease in octane which takes pl ace
as a consequence of sulfur removal by hydrotreating creates a t ensi on
bet ween the growi ng need to produce gasoline fuels wi t h hi gher octane
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S fractlonated rior t r eat men |s des ri bed i S. P t ent No.
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by witlkchigihet i ogtahe mambéhaandtithé mgedft@cprmeaﬂemiemhi ch is
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gasol i gy 8RPLuPY SHESENERGaYELN a sul fur-tol erant catal yst which is
sel ective towards aronmti zati on, Catalgsts 30 of this kind includé ™

met al - cont BPHREH BF?%?%???n§°E|?¥%%Eb% cat?%%?hﬂ?%ﬁyz%ﬁﬁ?¥%% such as
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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 processes for upgrading sulfur-containing féedstocks'
in the gasoline range by reformlng with a sulfur-tolerant
catalyst which is selective towards aromatization. Catalysts

30 of this k§nd 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- - -
aromatic effluent from the reforming 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
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4 acconpani ed by significant and undesirable yield | osses,

typi cal | wass/ggomat as 25% and the sane is true of the POT/OSSSADES ,
described in these publications: Cerr] yields in the range of 50 to
85% are reported in EP 420 326. This process 5 therefore suffers the
tradi tional drawback of reform ng sog that the problem of devising a
process which is capabl e of reduci ng the sulfur |evel of cracked
napht has while mnim zing yield |l osses as well as reduci ng hydrogen

consurjaidompatded by rsdemifddant and undeSirBalenyibidd %034€s609 describes a
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many |yigid rlefsses psstwedds as  refvcsimdn hy dxiogiete ¢onsumptiionr dfkisnery gasol i ne

pool , LsheGiedly . reformate which is desirable as a conponent of the
gasol i ne 0qQl because of its high octagne nunber and | ow sul fur content.
2529 ts rel #iSreBRUHh NoonFerid o hift% fescddiesed PAGREFE Tomhat further

t r eat nesttudios e evh Y iof @itatkdd repithaswidyh first hyddetosaty ng
regul gt,| .0 i f r.edug] nt ent of
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ol efins. The benzene may be erived from cracked napht has or

bek? erfF3TRANE 1Y octang RPEAL fidisr nditdS PEAGaSS SRS SAE i n which
t he r evearml swicessfullon zageerd ted oo iad 1y, ddtidedna iYowswhillfurar e
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incorporated into the gasoline pool.’ :
Another aspect of recenf regulation is the need to reduce
20 the levels of benzene, a suspected carcinogen, in motor
).gasolines-.“Benzenemis found in many light refinery steams
which are blended into the refinery gasoline pool, especially
reformate which is desirable as a component of the gasoline
pool because of its high octane number and low sulfur content.
25 Its relatively high benzene content requires, however, that
further treatment be carried out in order to comply with
forthcoming regulations. Various processes for reducing the
benzene content of refinery streams have been proposed, for
example, the fluid bed processeé described in U.S. Patent Nos.
30 4,827,069; 4,950,387 and 4,992,607 convert benzene to
alkylaromatics by alkylation with light olefins. The benzene
may be dérived Tronm cracked naphthas or benzene-rich streans
such as reformates. Similar processes in which the removal of
benzene is accompanied by reductions in sulfur are described
35 in U.S. Applications Serial Nos. 08/286,894 (Mobil Case
6994FC) and 08/322,466 (Mobil Case No. 6951FC) and U.S. Patent
No. 5,391,288. A process for reducing the benzene content of



No. 5,391, 288. A process for reducing the benzene content of
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5 \WOﬁgﬁﬂn?eflnery streams such as reformate and |i QI/USe0¥ALol i ne
by al kyl ation and transal kyl ati on with heavy al kyl aromatics is
described in U S. Patent No. 5, 347, 061. _ W have now devi sed a
process for catalytically 5 desul fauri zi ng cracked fractions in the
gasol i ne boiling range whi ch enabl es the sulfur to be reduced to
acceptabl e | evels W thout substantially reducing the octane nunber.

At _thelighie refinexy pgtreams Pederas pretewsate rand sLight BSGGene | evels in

-klight gasolin@ipPesVkPliLEOR SHEhAns£IxPIABIeh tWide Kagdpsed. The 10
benefits of t he present process include reduced h drolg\n:w]7 consunpti on

~and re%l%?&féwﬂaﬂ%‘f‘% T’%nl?o FRETHred i i Orarfabent No. t#process
described iwe hhve iholedévived Sa Hfoddlds for catalyeldadbythe concomi tant
capabi e.le t . stre . 5
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benzene: cont aj ni n é drocarbon stream to convert the, benzene, the
ol ef i nE1BAd- ERAEPFSFERT PRRCESS (PRIMItSoERY JpenZene cbeVelerin Ld@tte or
ot her pefilhérgasttryans 3heh asreatoéirmase Wb Chet pd@upédce i€ nuinly

h -sel | | ef i d
SR BFRRELLCoF B Blasens, prdlol 951 0HE BAIGLLS' Rpadlop! ol 1re on
Many ofonsemption andinedeced mércaptamefofmahiony abhecompahisenand greatly

reduceyen2Bnk ! Srobelsi Aobeigos HiGhs | Patihd noedyeRs [HSs 0058
COﬂSUﬂBtIOﬂ and. oct ane OSS duri n&h}l sub sequent

hydr od8&4t 1 3% TRei GANCPRHtaRhecaR By EPOE%??E%I?%HZ%?e levelsinfins
and napbhéengsreamkinmted as a result of the mld condi tions

e oyed du t t the aromatic
cggkent of §h28¥§ggg £§a%rotérg¥g%t nggﬁ{gbﬁ %Qn%fgégs #?aln cases be

| ovier uhgnadhng oracked nenbthea ¢tewprises a flrst CahalYtlﬂornal practical

form {PecesesRgSseD! 1ﬁ0ﬁHibﬁethe crack@At AgbhERat Becdegd co-
(sul fur- contalnlngtcrac ked papht ha 35 fraciion and a benzene-rich

r ef or nRFEcegsegcithha Lighty gggbene—contalnlng hydrocarbon stream
to convert the benzene, the olefins and some paraffins in the

20 combined feed over a zeolite or other acidic catalyst. The
_reactions which take place are mainly shape-selective cracking
of low octane paraffins and olefins and alkylation reactions
‘which convert the benzene to alkylaromatics. Many of these
increase the octane of the cracked naphtha and greatly reduce
25 its olefin content which, in turn, reduces hydrogen
consumption and octane loss during the subsequent
hydrodesulfurization step. The extent of aromatization of
olefins and naphthenes is limited as a result of the mild
conditions employed during the treatment over the acidic
30 catalyst; the aromatic content of the final, hydrotreated
- product may in certain cases be lower than that of the
~-——————combined feeds. _
- In its normal practical form, the process will comprise
- contacting the feed (sulfur-containing cracked naphtha
35 fraction and a benzene-rich reformate co-feed) in a first step
with a solid acidic intermediate pore size zeolite catalyst at
a temperature of 350° to 800°F (177° to 427°C), a pressure of



with a solid acidic internediate pore size zeolite catal yst at a
tenperature of 350[err] to 800[err]F (177[err] to 427[err]C), a pressure of
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6 300 to 1000 psig (2172 to 6998 kPa), a space velocity of 1 to

LHSV, and a hydrogen to hydrocarbon-ratio of 1000 to 2500 - standard cubic
feet of hydrogen per barrel of feed (180 to 445 n.l.l.[err]), to

al kyl ate the benzene in the conbined feed with 5 olefins to form

al kyl aromatics and to crack ol efins and | ow octane paraffins in the

feed, 3Wd e AT Ty Of2 101 LT B9 kPa)aRhigpRRS Vied cAiRRAIGEC keI Ng hel d
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hydr ode trea an aC|d|c catalyst such
aslZS\presengse m%s%rhY%FQi%%\sl@m%ﬁf@@n catghysty educe damparedare

c;)nsurmf lﬁdb"aa:d@ dddiﬁ’l!* t¢ z@o~tt&% Qarlox) ,fta b@@@é@hceobfob@bl RS 16bt@0 by t
plracin e r odes rlz I Oon oa nmen rcaptan
Do Pets LT oS SE BN L spags miad o 0 oF thbo b Y i bes 0t
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th bed
U's, "kt Cof | Epdnogtn fEgt Bl (SR geddl UM GErESm uleT0l D00 11
it 1b| Zeontainiag) FoRPOENGs ghn el m#errmilar%mgérmmtt Hee FAnRIgasHs whi | e

mai nt aé@lﬂﬁlr 0&15& SQEE 4 Odesul i@ preaneedried 4 edatidl NG G
fractiops out the necessity of reform ng such

fractl%ﬁ§1? fh%t feaﬁ%g?% %ie i ously considered necessary. In
practice itImagohpardisonabdcthe twehitematsedqeencackestribed in U.S.

Patent No. 5,346,069, where the cracked naphtha is first
20 subjected to hydrodesulfurization followed by treatment over
an acidic catalyst such as ZSM-5, the present process operates . .
with reduced hydrogen consumption as a result of the early
removal of olefins. Also, by placing the hydrodesulfurization
after the initial treatment, mercaptan formation by H,S-olefin
25 combination over the zeolite catalyst is eliminateq,
potentially leading to higher desulfurization or mitigating
the need to treat the product further, for example, as
described in U.S. Application Serial No. 08/001,681.
The process may be utilized to desulfurize light and full
30 range naphtha fractions while maintaining octane so as to
obviate the neéd for reforming 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
35 naphtha before contacting it with the catalyst in the first
aromatization/cracking step in order to reduce the diene
content of the naphtha and so extend the cycle length of the



35 naphtha before contacting it with the catal yst in the first

aronatlzatlon/cracklng step in order to reduce the diene cont ent of t he
‘napht ha m Bt end t he cycle length of the PGEUS2Q58 9

PCT/ US98/ 09581 7 catalyst. Only
a very limted degree of olefin saturation occurs in the pretreater and
only a m nor anount of desul furiz&tion takes place at this tine.

Det ai |l ed Description 5 Feed One of the feeds to the process
conpri ul fur- contalnl Ieunlfra ich boils in the
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the rdeyRicleRaBEAIRVIOM 12[err] F (127[err] to 211[err]C), or heavy
gasol i ne fractlons b0| ling at, or at least within, the range of
330§ er o] 500[err] F (166[err] to 211[err] Q), preferably 330[err] to
412 er

95 per
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r1F 66[err], to.15 260 Inrran case t he feed Il have a

Cont FUIEE U8 (AR thih S L ARG TOPIGRATD DO | east

- 325] eradrial iy rgéj;roleumrﬁrqmefcm am:g,clatbdﬂastlrsao'{eerga]d%(nﬂ?e{ err]C, for
I t

Ceast SR Ehg PR Fedfl Be iy yps kA Iind ikt Aiddy, P B

sourc@@h@@%kﬁwmwmwg (B ReIVANG rangetel ﬁd &erdaXifhg (FCC) but

NMBf166° L) 3B D Or PHPE SESRSCIE Re st é‘é?i(l gmam?ala%&)ﬁmf%éx%@roduce

LR TRE: St

t he

entir eclgmange @5 2$mcttoor41cﬁj’ﬁ=a|(aed °f rt@rnzalc@t)al i hearvyt arswdliner acki ng

step
to be

t t f, B I t.end
fra&loﬁétlggi‘ﬂﬁq ot i U PRI 0w idnin e&?é‘sj:eaﬂ%? St j‘}bt? lepds

parti RO y(MHeh Em.%l%@acunaﬁﬁesrahw 30"t 412°FeddbSt’e tohe hi gher
b01$l NPed Y@L | ONS Waly PEDEESS tHENFédd N Ithvdea SR Rfederth pPIEENt

concentra I Ng ract i ons

Poees L B e 1 LB RSkt AL SR g TR sul fur

conpolamiy preferably at least 350°F(177°C), for example, 95 percent

20

points of at least 380°F (193°C) or at least 400°F (220°C).
Catalytic cracking is a suitable source of cracked
naphthas, usually fluid catalytic cracking (FCC) but thermal

cracking processes such as coking may also be used to produce

- usable feeds such as coker naphtha, pyrolysis gasoline and

25

30

35

other thermally cracked naphthas.

The procesé méy be operated with the entire gasoline
fractibn obtained from a catalytic or thermal cracking step
or, alternatively, with part'of it. Because the sulfur tends
to be concentrated in the higher boiling fractions, it is
preferable, particularly when unit capacity is 1imited} to

separate the higher boiling fractions and process them through

the steps’ of the present process without processing the lower
boiling cut. The cut point between the treated and untreated
fractions may vary according to the sulfur compounds'present
but ﬁsually, 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
300°F (150°C) will be suitable. The exact cut point selected
will depend on the sulfur specification for the gasoliné
product as well as on the type of sulfur compounds present:



but usually, a cut point in the range of from 100[err]F (38[err]C) to
300[err]F (150[err]C, nore usually in the range of 200[err]F (93[err]C to
35 300[ e B8/3aB0[ err]C) will be suitable. The exact cut POETHSIHWESICt ed

wi || depend on the sulfur specification for the gasoline product as
wel |l as on the type of sulfur conmpounds present: WD 98/ 53029
PCT/ US98/ 09581 .8 8 | ower cut points
will typically be necessary for | ower product sul fur specifications.

Sul fur whi.ch is present in conponents boiling below 150[err]F (65[err]C)
i s noSidwer ruthediorts ofi llertygicaddy benmeglessayybdoredowed Productact i ve
type MLAGHS %%t%igégh&%i%rl\@m- 134 R 522008 ot ARPlaRioRkaLLOr Lhe

renova ene and ot hér CyC|IC Su

r COﬁpOUﬂdS present In higher”"””

boi | i mpiddmsbiRakes, 16T, (68FondRt MPFEAYI BRSTESI FPRE -ABOPETCAPYbEer r]F

(82[ ernirlioh mByedd _|7&F&=Imdaieﬁi hhg:dlesaawad&idd dh qﬁfg&seﬁ @ihg:h_ Ia_@xt ractive
typ ocess ,cqu t rotreating af .t i gher boi.l i conponent
may” t %‘@’Hr J’I}%B}yg}%?ef ery @(Ppro%g&ﬂjﬁ?m?f@ rprtg’cegsrse YAt &gHi gher cut
© poi nt sthiidphere @mef evtherr cydliorsigfun qumpounds pvesendurin dfigheed whi ch
s pa {0 t Sl ot ter&ﬁﬁé 14 : |4 oi nt

t oget h%eofl% J'I-R%Ni %ﬁnpootx}]er or o%:' Ss ocpt | or#sé}g:ucfhfa?s?: lt%ﬁ{ese é(%(dtl?'géﬁ \?e%t"ﬁe 15
desul fA89°Fat(83n Cli-| | Trrataesite ofe thedd oWgrabedltdaacErartaophdn an product
speci fé)@&}fédlﬁsve f@&siak f il r&&:@ﬁh g&ihﬂf éfy@:_tdﬁx%ating olff thEhe sul furf
cont ent, t he cracked fraction wi epend “on t he su gonfent o
SoS { duisher dl LI Hgmi@ns halt ety Paprasent A Rrets i ool Scted
fract i econseit gradess emption 20 Higher cnds pointphtvell ¥ e (pnefsrfest
exanpl ' t - e f ; ] | gher
boi | i n%‘f%é:%rf oﬁ%ﬂ“iﬁmﬁ\zse ga}/fa%:t | catT %rrjfét%%d;%i?ﬂs}éf[}?ﬁc%%ﬂ %I

exceechptrolgranter and theafinaliseleption od it oo tRFRFRATI i n nost

Ca_Set'S wikh o%l%ﬁ%%s@%%mc &Qtsh tde tfﬁ@@iﬁhﬁct wﬂtvecftywe 95 ggggent 25
poj nts_ove eryr rr e sul fur, content. may exgee
pp a‘?ﬁs‘hgy’ﬁ’el%?‘%ﬁ g‘#ﬁg é@%ﬁ%‘?r%gﬁ) xeii abcflceorF%rb%ee r"fict dc%es shown
bel ow. pfbduct t speehf toat bes | sfeed constheanterand iather fHctdwsfeed as the
sul fur cont.god Qﬁ?f'fﬁ 86:%515@%&' %igé craciid S cL 1 #ﬂifmi%é}{é heigh

R4

hi gher nitrogen levels typically up to 50 ppmw may be found In certain
hi gher thei $PhEU¥ cgeRtent gf t Bhes5ferd cedtthR)i FRaCKer SR Sl bfasdlerr| F
(193[ ethé Boillli®y range of the selected fraction used as the feed in

20 the process. Lighter fractions, for example, will tend to
have lower sulfur contents than the higher boiling fractions.
As a practical matter, the sulfur content will exceed 50 ppmw
and usually will be in excess of 100 ppmw and in most cases in
excess of 500 ppmw. For the fractions which have 95 percent

25 points over 380°F (193°C), the sulfur content may exceed 1000
ppmw and may be as high as 4000 or 5000 ppmw or even higher,
as shown below. The nitrogen cohtentlis-ﬁot as characteristic
of the feed as the sulfur content and is preferably not
greater than 20 ppmw although higher nitrogen levels typically

30 up to 50 ppmw may be found in'certain'higher”boiling feeds
with 95 percent points in excess of 380°F (193°C). The
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

35 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.%; preferably, the feed has an olefin
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downsiream from a depent ani zer will vary
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ref or maremovihg bed reformer. The most useful reformate fraction is
20 a heart-cut reformate, i.e. a reformate with the lightest and

heaviest portions removed by distillation. This is preferably
6 °F 06/C7
fraction. This fraction can be obtained as a complex mixture

reformate having a narrow boiling range, i.e., a C

of hydrocarbons recovered as the overhead of a dehexanizer

25 column downstream from a depentanizer column. The composition
will vary over a wide range, depending upon a number of
factors including the séVérity of operation in the reformer

and reformer feed. These streams will usually have the C_!'s,

c4's and lower hydrocarbons removed in the depentanizer aid
30 debutanizgr. Therefore, usually, the heart-cut reformate will
- contain at least 70 wt.% C6 hydrocarbons, and preferably at
" least90 wt.% C6 hydrocarbons. - ~Other sources of a benzene-
rich feed include a light naphtha, coker naphtha or pyrolysis
gasoline.
35 By boiling range, these benzene-rich fractions can be
defined by an end boiling point of 250°F (121°C), and '

preferably no higher than 230°F (110°C). Preferably, the



contain at least 70 wt.% (Jerr] hydrocarbons, and preferably at | east
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Tabl e 400°F (71° to 93°C). - C[err] C[err] Heart-Cut Reformate .-10
7R7O\l§ The fol]coDw1r(1)% ':Yable 812 s%}:s forth the propert:.'%g\la err]
0.9 useful 250°F- (121?1:)(:[@6-@7 heart-cut reformate. 1.3 15
Clerr] Naph . . .. 1.5 | - C6
22.% _ ) n- C6 11.2
C err] Naph . 1. 1%able 1 Benzene
32.0 20 é}c gggxt—gug Rgfg;m;; . 8.4
n- C7 C7 Naph
0.4 Toluene 17.7
| -DPerr]. . _ RON 0.4. 25 82.6 n-Clerr]
0.0 _ ' MONC Arom . ) 77.3 0.4
Composition, wt.%
I-C5 0.9
n-Cg 1.3
15 Cg Naph - 1.5

I-Cg 22.6

n-06 11.2

C6 Naph 1.1

Benzene : : 32.0
20 . - I-c, 8.4

n?C7 : 2.1

C, Naph 0.4

Toluene . 17.7

I-cg 0.4

25 n-_08 0.0.
C, Arom, 0.4
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11 . Table 2 sets out the properties of a nore preferred benzene-
rich heaﬂq??(ﬁso?r action which is nore paraffinic. PCT/US98/0958
Table 2 Benzene-Rich Heart-Cut Reformate 5

RON ' 78.5 MON

74.0 Conposition, w.%t - - |-C[err]

1.0 n-C _ 1.6 10

C5 Na

28. 6 BQple 2 sets out thﬁ_gfgéF?ties of a moie prefe%ﬁe benzene-

-C] err¥itdhpheart-cut fraction whdch is more paraffini@enzene
39.3 15 I-Clerr] 8.5
n-derr] 0.9 Table 2 Clerr] Naph

0.3 Beéﬂhﬂénﬂigh HgarF-Qut Reformaté- 3 Process
Configuration 20 e selected sulfur-contal ning, gasoline boiling
raﬁge feed togetﬁ@p with the benzene-rich co?fedd is treated in two
steps by first passi MgNt he napht ha plus co-feed p¥eo a shape sel ective,
achicmcataIysg. Iﬁ PELS stﬁg,gthe olefins in the cracked napht ha

al Kyl ate the b aromatics to 25 form al kyl aromati cs whil e,

at the same time, indrégental ol efins are produBed by shape-sel ective
cracki ng of |ow octapee paraffins and ol efins frgmone or both feed
conponents. A ef i nsSand napht henes may undergo conversion to aronmatics
b3 the extent ofsalM8RBtization is limted aslaBresult of the 30
relatively mld condaticgns, especially of tenperaguse, used in this
step of the process.n'[%|6 ef f | uent fronlthis.steplhs4then passed to a
hydrotreating step in ich the sul fur compounds™ "~ present in the naphtha
feed, which are nostiCg dapbnverted in the firdt4step, are converted to
inorganic form (H er igefhensd pPermtting renoval kg g separator follow ng
tq% hydr odesul f ur -

-C7 8.5
n--C7 0.9
c7 Naph 0.3
Toluene 2.3
I ~onfi "
20 The selected sulfur-containing, gasoline boiling range

~feed together with the benzene-rich co-feed is treated in two
steps by first passing the naphtha plus co-feed over a shape
selective, acidic catalyst. In this step, the olefins in the
cracked naphtha alkylate the benzene and other aromatics to

25 form alkylaromatics while, at the same time, incremental
olefins are produced by shape-selective cracking of low octane
paraffins and olefins from one or both feed components.
Olefins and naphthenes may undergo conversion to aromatics but
the extent of aromatization is limited as a result of the

30 relatively mild conditions, especially of temperature, used in
this step of the process. The effluent from this step is then
passed to a hydrotreating step in which the sulfur compounds
present in the naphtha feed, which are mostly unconverted in
the first step, are converted to inorganic form (H,S),

35 permitting removal in a separator following the hydrodesulfur-

ization. Because the first treatment step over the acidic
catalyst does not produce any products which interfere with



| zation. Because the first treatnment step over the acidic catal yst does

not produce any products which interfere with .. WD 98/.53029 . _
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the second step, the first stage effluent may be cascaded directly into

t he second stage w thout the need for interstage separation. The
particle size and the nature of thejgatal ysts used in 5 both stages wll
usually be determ ned by the type of process used, such as: a down-flow,

| i qui d phase, fixed bed process; an up-flow, fixed bed, trickle phase
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co di ch re | a n of 15 benzene_by olgfins to form |
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in th h t C J t e. The mld
condltlo %egwéC|a ?3 B?af ekg?g%%r egfgaégﬁléégte %%Qus ally
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IS, ng. nore th wt prcally no
nPo- ehERobEn P afihElpfar thed) A0S aPrangaient ¥ RETEEETHILESE, ale L he
over abimpl bomtycoB5openathonof the final hydrotreated product may actually
be s n he conbined feeds as a result of sone
ar.omaf ¥ enatlon taking place during the second stage of  the
reacti on. The combingdnpgesdpetrpvEitrhickrrgted Pyvrertask PaFaf#nns, mainly

30 naaaaaéfbaaa1§ad ﬁhaérnaohakesoﬁéaﬁﬁléﬁ ragﬁﬁasgnpépﬁynatlon 8¢t ane
a1 RERGRRB i BARELEE, CBopBEraRLyY DrEBBABLRE: - TheTRULE PEaERPons ake
pIacebandenerebuesvérymnthé confieedons.g. raﬁdrmabedalbbeeghasemheld at a
low | g¥BhatP%8tiBA! BsSERRS0fEfins which are present in the naphtha
feed may take placé to form additional bénzene. The mild
conditions, especially of temperature, used in this step
20 usually preclude a very large degree of aromatization of
olefins and naphthenes. Normally, the conversion of clefins
and naphthenes to new aromatics is no more than 25 wt.$% and is
usually lower, typically no more than 20 wt.%. Under the
mildest conditions in the first stage, the overall aromatic
25 content of the final hydrotreated product may actually be
" lower than that of the combined feeds as a result of some
aromatic hydrogenation taking place durlng the second stage of
the reaction.
Shape-selective cracking of low octane paraffins, mainly
30 n-paraffins, and olefins takes place to increase product
octane with incremental olefin production which may also
result in the alkylation of aromidtics, especially of benzene.
- These reactions take place under relatively mild conditions -
~ and yleld losses are held at a low level. .0ver both éteps of
35 the process, total liquid yields are typlcally at least 90%
volume and may be higher, e.g., 95% volume. In some cases,
the liquid yield may be over 100% volume as a result of volume
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t aki ng p OWer pressure In this stage w end 20 to favor
ol | rpxmddmretuaertgﬂnﬁ ARNF Fra h@duﬂ#d)@tsaﬁ'éle degcnﬁq)@rfents of the

f eedstgagmathith p.fr&&séﬁé%s ‘@’H Qh'LdMéll fJ.rstt i},ec_r PESt A aD
oper ati ng conveni ence, pi cal 0 to 500 psig (445 to 10445

kPa) , E‘é}‘-’atﬂ%}“’e”s%‘ﬁb ttXi’l §tfb*( ‘R?”c‘-’(? %D &f¥h e
vel ociuémﬁﬁ frompiamitey §0%0m 0.5 to 10 LHSV (hr [err]) normally 1to 6 .

LHSV 5000
S el (o A at (AP AR AUHQE URAD AU Bl e Plerbd 5900
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t akes the fd rst step. roduct uid,vol unme
occurs['E)’ffsfc r}'r At d° &P (]::‘OI{\}gFSI gﬁ 4383 FQ) Io%@fa EBFFF’HﬁepI"gdﬁt‘?@
(C er rteadrion heoros meersdtoret v i¢El rdince hytmshexistion tigpirest | y not- nore
than ]égﬂfﬁg §¥gééﬁglfﬂghgh a lower pressure in this stage will tend

20 to favor olefin production by cracking of the low octane

components of the feedstream. The pressure, which will
therefore depend mostly on operating convenience, will
typicdlly be 50 to 1500 psig (445 to 10445 kPa), preferably
300 to 1000 psig (2170 to 7000 kPa) with space velocities

25 typically from 0.5 to 10 LHSV (hr ¥), normally 1 to 6 LHSV
(hr'l). Hydrogen to hydrocarbon ratios typically of 0 to 5000
SCF/Bbl (0 to 890 n.1.1. %), preferably 100 to 2500 SCF/Bbl
(18 to 445 n.1.1.”}) will be selected to minimize catalyst
aging.

30 A change in the volume of gasollne boiling range material
typlcally takes place in the first step. Some decrease in
productullquldmyglume.occurs_agmgngngsultwqfuthe conversion
to lower boiling products (c5—) but the conversion to Cg-
products is typically not more than 10 vol. percent and

35 usually below 5 vol. percent. A further decrease in volume
normally takes place as a consequence of the conversion of .

olefins to the aromatic compounds or their incorporation into



35 wusually below 5 vol. percent. A further decrease in volune

norfel |y -t akes place as a consequence of the conversion of olefins to
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14 aromatics but with limted aromatization, this is normally not
significant. If the feed includes significant anounts of hi gher
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form, has a constralnt index of 2 to 12. The preferred
20 catalysts for this purpose are the intermediate pore size
__zeolitic behaving catalytic materials, exemplified by the acid
acting materials having the 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 pore system structure to be
30  useful in this service.
The preferred 1ntermediaté pore size aluminosilicate
“zeolites are those having the topology of ZSM-5, ZSM-11, ZSM-
12, 2SM-21, ZSM-22, 2SM-23, ZSM-35, ZSM-48, ZSM-50 or MCM-22,
MCM-36, MCM-492 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.



MCM 36, MCM 49 and MCM 56, preferably in the alumnosilicate 35 form (The
-newer terials identified by the MCM nunber Lscl osed
in the féﬁ+é&#ﬁﬁygatents: Zeolite MCM 22 S describegciﬁ%@ﬁgghéatent

No. 4,954,325; MCM36 in U.S. WO 98/ 53029
PCT/U898/09581 15 Pat ent Nos.
5,250,277 and 5, 292,698; MCM 49 in ULB Ppatent No. 5, 236,575; and

MCM 56 in U S. Patent No. 5,362,697). O her catalytic materials having
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referred to in this specification include a constant

20 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 alpha activity of at
least 20, usually in the fange of 20 to 800 and preferably at
least 50 to 200. It is inappropriate.for this catalyst to

25 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.
The active component of the catalyst, e.g. the zeolite,

30 will usually be used in combination with a binder or substrate
because tﬂe_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
preferably used in this service, is suitably any refractory

35 binder material. Examples of these materials are well known
and typically include silica, silica-alumina, silica-zirconia,
silica-titania, alumina.



in a catalyst bed. This binder or substrate,. which is preferably used

in this service, is suitably any refractory 35 binder material. Exanples of
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oiling range as the feed (gasoline boiling range), but which

has a lower sulfur content than the feed. Product sulfur
20 levels are typically below 300 ppmw and in most cases below 50
ppmw. Nitrogen is also reduced to levels typically below 50
ppmw, usually below 10 ppmw, by conversion to ammonia which is
also removed in the separation step.
- If a pretreatment step is used before the first stage
25 catalytic processing, 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 satufétion
and hydrogen consumption. ' Since saturation of the first
double bond of dienes is kinetically/thermodynamically favored
30 over saturation of the second double bond, this objectiveé isg ™~ =~
capable of achievement by suitable choice of conditions.
Suitable combinations of processing“parameterS'such”as—“““4“—4""”““
temperature, hydrogen pressure and especially space velocity,
may be found by empirical means. The pretreater effluent may
35 be cascaded directly to the first processing stage, with any
slight exotherm resulting form the hydrogenation reactions
providing a useful temperature boost for initiating the mainly
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2170 fo 7,000 kPa), P
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25 desul furization.wl|l depend on_the feed sulfur content_ and, Of
cour se¥58f XPbFBE&th§8WfEP gBe&PPPCHFFEn(ﬁﬁthPhéOFéacFPBh'
par amepeeferabgt sdoatocondongbgigNgeaabl Yot heopookPas . Prebsures oper at ed
oner REBoPiLEal iegh SORLLLLNS SR Ly bEE  praElyghtal ! on oo
cont enhogmaipy beeghospn te mgintain the desired aging rate for the
20 catalyst in use. The space velocity (hydrodesulfurization
step) is typically 0.5 to 10 LHSV (hr '), preferably 1 to 6
LHSV (hr-l). The hydrogen to hydrocarbon rafio ih gﬁé feed.is
typically 500 to 5000 SCF/Bbl (90 to 900 n.1.1.”}), usually
1000 to 2500 SCF/B (180 to 445 n.1.1.”%). The extent of the
25 desulfurization will depend on the feed sulfur content and, of
course, on the product sulfur specification with the reaction
parameters selected accordingly. Normally the prbcess will be
operated under a combination of conditions such that the
desulfurization should be at least 50%, preferably at least
30 75%, as compared to the sulfur content of the feed. It is not
necessarytto go to very low nitrogen levels but lbw nitrogen
levels may improve the activity-of-themcatalystnin_thensecond
step of the process. Normally, the denitrogenation which
accompanies the desulfurization will result in an acceptable
35 organic nitrogen content in the feed to the second step of the
process.
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catal yst used in the hydrodesul furization step is suitably a conventi onal
desul furization catal yst made up of a G oup VI and/or a Goup VIII netal
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of an conk€fieampht ha was conbined with one part of a heart-cut reformate
to produce onhl feed with.th osition and 25 properties given in
Tabl e 3. Thgh%oggkﬁgglFegdzﬁagnéoth u%FtﬁchhFeﬁaRPEMSEyﬂibgen to a
fi xed- B6yatdacber deserained by thZSkybecatabyavePaYbAUptBeeBEORRELLES Set
0Uh5|n1§aBE§n6 carried out, such as: a down-flow, liquid phase,

fixed bed process; an up-flow, fixed bed, liquid phase

process; an ePulating, fixed fluidized bed liquid or gas phase

process; or a liquid or gas phase, transport, fluidized bed

process, as noted above, with the down-flow, fixed-bed type of
20 operation preferred.

_Examples . _ | o
Three parts by volume of a 210°F+ (99°C+) fraction of an
FCC naphtha was combined with one part of a heart-cut
reformate to produce a combined feed with the composition and
- 25 properties given in Table 3. The combined feed was co-fed
with co-fed with hydrogen to a fixed-bed reactor containng a
Z8M-5 catalyst having the properties set out in Table 4.
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19.- - Table 3

Napht ha/ Re %?sr/rsé % pr operties Conposi tFST(PSWQ%SI

N- pent ane - 0.4 5 | so- pent ane

0.3 : Cycl opent ane 0.5
Jerr]-Cerr] n-Paraff ins 5.01 .
Cerr]-Cerr]lso-paraffins 16.3 10 Cerr]-Cerr] def ins
and cycloolef ins 11.4 Tabl Cerr]-Cerr] Naphthenes

5.8 - able 3 , 9.2

wC[err} éterr] Ar omati cs TR Cu[err]

17.0 15  condOiebidhl fyes W% 0.14 =
Nitrogen, ppmw N-pentane ' Properties

0.4
Cl eag Research Cctane Iso—pentane 90.9 0.3 Mdtor.octane
80.6 20 - meaRel mber 0.5 36.3
Density, 60[err]C, g.oc&eng -Paraffins 0.7977 5.0
Tabl e 4 ' ZSM 5 Catal yst Properties
Zeolite . .. Ce=Cy Iso-pEGMEFits 16.Bi nder
Al uiPna : Ce—Cio Pefins drohdiyajootefipet. 11.4 65
Binder, wt. pct. ©CsCio Naphthenes 5.8 Catal yst al pha
110 Bengen@ce area, n{err]g[err] 9.2 315 30
Pore vol ., cc[err]g[er?i Cio Aromatics . 65 34.2 Densi ty,
real, g.cc.[err] Cird 51 Densi &Y Oparti cl e,
grcis[err] 0. 954 TPotal Sulgﬁg,tQ%Q| ef fl uent fronb{q% first reactor

was. cascaded to a

Nitrogen, ppmw 71

Clear Research Octane 90.9

Motor octane 80.6

20 Bromine number 36.3
Density, 60°C, g.cc’ 0.7977

Table 4
- ZSM=5 catalyst Properties

Zeolite ZSM-5

25 Binder Alumina

o o Zeolite loading, wt. pct. 65

Binder, wt. pct. 35

Catalyst alpha 2 110

Surface area, n? 315

.30 Pore vol., cc.qg - 0.65

' Density, real, g.cc.™? 2.51

Density, particle, g.cc.™ 0.954

- The total effluent from the first reactor was cascaded to a
_ second fixed bed reactor containing a commercial CoMo/Al,0;
35 catalyst (Akzo K742-3Q). The feed rate was constant such that
" the liquid hourly space velocity over the ZSM-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!) of
40 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 5.



second fixed bed reactor containing a commercial CoMo/Al[err]2derr] 35
catal yst (Akzo K742- 3Q . The feed rate was constant such that the

i qui d hor98F3@8ace vel ocity over the ZSM 5 catal yst was PCT/USPS80938k | err]
and 2.0 hr[err] over the hydrotreating catal yst. Total reactor pressure
was mai ntai ned at 590 psig (4171 kPa) and hydr ogen co-feed was const ant
at 2000 SCF/ Bbl (356 n.l.l.[err]) of240 naphtha feed. The tenperature of
the ZSM5 reactor was varied from400[err] to 800[err]F (205[err] to
427C) while the HDT reactor tenperature was 500 to 700[err]F (260 to
370[err]C). The results are sﬁah@eiﬁ Table 5. . MD 98/ 53029 .
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Table 5 ’ T Nap ‘ pgr adr ng 'esults ZSN¢5
Tenp. %%Mr?PTémp- 'F/H00/204 750D3884 8l6DA288 86QDA227 8PIA4Z7 T T

- Tenp. , Bprrié&hpe|tiLC 760b33%1 76062311 79063371 59662@@0 S -
Benzene conver si on, fb13' : 3260. ' 4%5 260
en tion, sc
05 gggg g@eFanV%?“ngf f eed 167 385. 6 Qéz 1 3890. 8
Aronatlzatlon of Jerr]-Cerr] (22) (2) 20 10
oleflns/naphthenes _ Yield, w%of HC feed rr] C%err] o
0.1 H Conpuption, @Egfb 0.5 360 propanéS5o 30 0.0
1.3 Cs+ WieAdd, vol% X feed N-But a6a.7 95.6 92.2 0.0 %0.8 1.5
2.3 aromafigatbon! 68buoi-ang . (22) (2y 0.0 5 1.6 20 2.2
2.10 olafbpaynaphthenes 0.5 . 1.2 1.4 1.4
| sopent ane 0.2 2.5 2.3 2.1
Pent en 0.0 0.0 0.0 0.2 _
T g%':‘_m of HC feed .7 1. .7 .8 20 -
CfE?L] %rr] N-Paraffins 8?8 0.1 4?7 ° 0.3 2?8 0.6 3?3 8°'g
Cl err] PEPBAPE | soparaffins 23.2 0.017.0 1.315.6 2-7 15.3 2.5
C6- C1ONEButans 0.0 0.00.0 1.50.0 - 2.3 0.6 2.3
Bengengsobutane 7.9 0.0 561,686 542.2 562,
N-Pentane 0.5 1.2 1.4 1.4
Isopentane 0.2 2.5 2.3 2.1
Pentenes 0.0 0.0 0.0 0.2
Total Cg+ 99.7 21.8 88.7 88.8
20 C¢-Cyo N=-Paraffins 8.0 4.7 3.8 3.8
Ce~-C,o Isoparaffins 23.2 17.0 15.6 15.3
C¢~Cyo Olefins 0.0 0.0 . 0.0 0.6 i
Benzene _ _ 7.9 5.6 5.4 5.6
" Cg—=Cy9 Naphthenes 13.6 12.3 11.1 7.8
25 C,-C,o Aromatics 31.7 37.5 38.9 41.2
Cut 15.2 15.4 14.2 14.0
~ Total Sulfur, ppmw 75 32 20 31
Nitrogen, ppmw 2 3 -3 56
Cs+ Research Octane 77.4 88.2 89.5 s1l.8
30 Cs+ Motor Octane 72.9 81.2 81.9 83.3
Note: Vafues shown () represent negative values (decreases)
and reflect less aromatics in the product than.in the feed. . __.___
As shown in Table 5, increasing the temperature of the ZsSM-
5 at constant HDT severity leads to increasing octanes and
35 reduced Cs+ yields. Significant benzene conversions around 40% oo

were also observed at 750° to 800°F (399“ to 427°C) 2ZSM-5
temperatures compared to 13% due to saturation over the HDT
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Va|ueéa§99%9t() béEﬁ@?ﬁBEzH%Qéh'YSV&@EUEBoGQe§EQaﬁ§§)alsoaﬂg reflect less
aromati cs 1 n_the oduct an in the feed As. shown in._Table 5, L
i ncr e@Shagvede t@ﬁﬂé?ﬁ?ﬂr€°BF“FH§128NQe°reBs§F VohRt ARCTERTIRGVESMES | eads. ..

to Ineéﬁparaguﬁetaﬁestandh851ﬁeﬂua§ddcbeﬁvkrsybﬁlds théi gpatkeant benzene

d_40% l, b d_at 800[ F
(350, BRpRlRg 424 Rndcther YRRCa810e 0 PRER FRs FafROE LRnLRESRo cat urati on
oves hipdrePEn consuming Weae8ib8626ver the HDT catalyst; hydrogen
PCT/ Uﬁgﬁégﬂ?&:on may, be educed furthe by reduc:.n 2fpr temE’g QH&E

Desul turization | evel s above 4@6na¥ al so I eve rogen
consuipt PBA BedPEAsEd With LALFdgse QeZSNPB hYdFEﬁﬁéPéfHFéza é°Po the
i NCT eepgd QBWEQFHDWntéﬁpbhatQEéCkedo leBaphtbaigkethBedopebahbe aCIdlc

cat al % r at her thantf g % en_cons g rgactl RS ver t%e HDT

cat al YRR, A8, pERRREi G0 TRkt A Re” BRAE RS e P RPERAF 28 Peftci ng HOT

t ehperfeedr clefing BOA[ vrphEhedes[ ésr h€ldwathal Lbwl dewbleandonver -
hydro%%%ﬂ'&%&béék'g%egs Eﬂbslbgﬂﬁr ?DIrBﬁHEEE tﬂég ék g pgads to i ncr eased

pro ne as arodmatic saturation s re uce romati zation of 10

feed SEEFEASeEnFeAAFAVRekOsthe Kerd-at Lidndd VéedAsaageobdph inpadR process

st eps cakle,| ®ith eheahqghlelsts yteyaeveeibg obtd&ﬁéaaaedlbelahrge E@ephe
feed LI%UId ields,are h| I | ds bei ng

obt ai FERPSEAEREEE WRENS A2F eag%@nﬁ@rBfﬁﬁgg%wﬁgﬁhﬂﬁcpggsgf ﬁgbﬁéﬁ ¢t vol ume

may be achi eved.
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22 ... 1. A .process. of hydrosuslfurizing a conbined hydrocarbon
f eed d%ﬂﬁ@%gﬂ%g fractions containing sulfur, olefins aﬁGTﬁ§ﬁ%@ﬁ@'and.
rreduci ng the benzene content of the feed, said process conprising: 5

fa) contacting a conbined feed conpri sing (i) a

#sul fur-containing cracked naphtha fe&2 fraction boiling in the gasoline

A I A |11 [])1 ) R

gasol i ne boi li.ng range 10.contai ni ng benzene, “insa tirst

-st-ep- QIdaMS¥ - d--cr.acki-ng-condi tions.. . ~conprii.sng.t.enperature between
204[err] to 427[err]Cwith a solid acidic catal yst consisting -
.essentially of internediate porée size ZSM5 ~~“Zeol'ite havaing an acid

activity conprishrocess ooHHaydeosis bttmizing 5 xprbined hydregasian Leed

benzeng i i%f@fb%ﬂi%rf& rdBr?éa‘ii)Hi%_rgO RIS, 018 nk0 atapenkenal hhas and
olefins I'n the Teed and form an I'nt er medi at e pr.oduct of reduced henzene

cont edieHGIRT tq PanREne GRS @ &b@s fegda Sald Progpss, CRMPEdSAAdIst ep

conact i ng tdie dortaratmidiAtle qunddieid \iiddd aocappdigdmedesul furi zation catal yst

under a conbination,of _el ted t enperat ur | evat ed_pgessure and an

at mospher e conpri StRh & SRYAPBGERNtRIEaT, ot e ke iF R Eie B RFd o Tafipieds

i n t héawtiggredt dihe gagplode tbaid lingorgagiec whilchuingdgdesopase tfins

desul fidaesh Y OdHF loctarkd B PaY ¥F id 10T/ 1hd Iatid Grichdtlic@) hpgthe

gasol i ne b0|I|ng-ramge;--~- . -2, The process as clajned ip claim1 in

whi ch said cracked (1) n@8phTAGtieR(PPLAERY ol cEABr73EQL NG | Bptl IapHrange

fr aot ieonthediing denzdre | ing range within the range of Clerr] to 166[err]C.

3. The process as Eha?"?ﬁrgi! 8&@%%& & Mi&hcéé‘éﬁiﬁ{;a%x?&iti Qgpht ha feed

fraction conprises™a fu range nap ? a Traction havrng a %0|I|ng range

Wi t hi reonre¥igng tengratyre dotigiesn 1208° to 427°C with a solid acidic

- catalyst consisting essentially of intermediate pore size 2ZSM-5

: zeolite havaing an acid activity comprising an alpha value between

15 20 and 200 to alkylate benzene with olefins to form alkylaromatics
and to crack paraffins and olefins in the feed and form an
intermediate product of reduced benzene content relative to the
combined feeds, and

- . (b) in a second step contacting the intermediate product with a
20 hydrodesulfurization catalyst under a combination of elevated

temperature, elevated pressure and an atmosphere comprising
hydrogen, to convert sulfur-containing compounds in the intermediate
product to inorganic sulfur and produce a desulfurized product
comprising a normally liguid fraction in the gasoline boiling range.

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

- - -3.+—--The -process-as claimed in claim 1 in which said cracked
naphtha feed fraction comprises a full range naphtha fraction having
.a boiling range within the range of Cy to 216°C.
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23 . ...._.A._ The process as”mlIHMﬂmm’"n Ln;l in which said cracked
napht ha f¥@d¥F3%2ti on conprli ' tha fraction REU{4588%5Bbi i ng

range within the range of 165[€rr]- t0 250[err]C. 5. The process as
claimed in claim1 in which said cracked naphtha feed is a catalytically
cracked ol efinic naphtha fraction. 23 6. The process as clained in
¢laim1 in which the benzene- containing fraction is a reformate
fraction. 7 The grocess as, clained in claim1 in which the

hydr osul f iz aPRHrPERESFS S HHtNedsin Gath Vi WhifFh s Frackedet a |

8. Thenaphites Tl dmicteodn roiprisek ian hefuveh naphithiar Srasitdgm havdrneara | ed
out at__a.fr re of . £ Q,10446 kP ace Qe ty of 0.5 to 10

“LHSV, é’_"&'&g%'y%n%gee'#ﬁ%é)%hny' rhé;‘c_ r #;e ;%é:’[ ia"'oésegf qi:(9 F?OB 0 n.l.l[err] of

hydr ogen per barrel of feed. 9. The process as claimed in claiml in

whi ch-the 5 hygodesebiss i 2816005 hSa CH TE LR Al oMl Ad Wl Ofea
204[err] .tQ. 427[]err]C, .a pressure of 379 to 10446 kPa, a space velocity
of 0.ARRthR feqds\s & Faralydisidd 1 Faarkest alsdi s PePdtheg frgofien.
n.l.l.[err] of hydr ogen per. barrel of feed. WO 98/ 53029

PCT7 US98/ 09581 ' . . . . 2 . 0._A process
of upgradihy a TOPEFOSSRR £ FAFRRY PR 1 LEIRIT The RPN ne
boi | i reprrtaigeinghi e aluivmiiss anorefinaoiadae frachdemat i cs i ncl udi ng benzene,

ol efins and paraffins and of reducing t he benzene content of the

fraction, -whi ch_process conprises; 5 . ,contacting a feed fraction
boi ling i’ the PRBATIHRFHDIF fylaimed in claim 1 In which the

hydrosulfurization catalyst comprises a Group VIII and a Group VI
metal.

_ 8. The process as claimed in claim 1 in which the first stage
is carried out at a pressure of 379 to 10446 kPa, a space velocity
of 0.5 to 10 1IHSV, and a hydrogen to hydrocarbon ratio of 0 to 890
‘n.1.1.7!'-of hydrogen per barrel of feed.

9. The process as claimed in claim 1 in which the
_ hydrodesulfurization is carried out at a temperature of 204° to
427°C, a pressure of 379 to 10446 kPa, a space velocity of 0.5 to 10
ILHSV, and a hydrogen to hydrocarbon ratio of 89 to 890 n.1.1.7?! of
hydrogen per barrel of. feed. '



range contai ni ng nononucl ear aromatics includi ng benzene, ol efins and

|l ow octane paraffins, and cor‘mmumunujlmym cont ai ni ng cracked napt ha
fracti on WMQ98S3p¥nzene-rich r l in a first pcraisegossrer

m de cracki ng conditions corrprl si‘ng‘t eftpet at'ure between 10 204[err] and

427[err]Cwith a solid acidic interne 4ate pore size catal yst consi sting .
essentially of ZSM5 zeolite having afitacid activity conprising an al pha
val ue between 20 and 200 at a pressure of 2172 to 6998 kPa, a space

. vel oci ty of1d. t® &rd&@é S sy mrx@@shqfur-exﬂeaﬁﬁmgnff f’%é)é tidn 8 1O
445 n. | [err], of  hydr peL grrel of enzene with

ol efi nsb‘f’t}'lfrtﬁ s 5 gra&??gllf‘@s Qtdipg range ich e‘?‘?‘?ﬁa’é}ﬁj WWM&%’

par af f |ansonatztd$e :irwddgdmgnbemena,oblefmbeémmSpamlfmﬁmt&meﬁ tz@.Wdlﬁﬁtf ics

bei ng lggs eg;n_.t t6 60% toform —
Rk oduct éntwotfh the Qﬂéggenteﬁ%fé%rﬁfb %é%rar}&fq"pr% %

an |nterrre ate pr educe S5t he feed,
hydr ®desul fUI’I ZFPRETEInG 3 rﬁ%ﬂq‘reﬁﬁa&‘tfel% S@dddingninhthergasatinefbailing

hydrodeﬁaﬂééﬂddﬁﬁaﬂﬁing mﬁﬁdﬂwﬁﬂéa&ta%ohﬁﬁﬂ@éaihﬁfh&in fﬁ&ﬁﬁéﬂet(brg¥mﬂ§'r]c

a press f 217 ace vel oci ‘LHSV, "and a
hydrogeéjnmf ow gek rocfrao ag%l%é’t agfi £? gp’fbshﬁ% 3. T‘yjrgf "r‘?‘im'cﬁu}m SFaTksEr
bar el ®»Aptha f@‘éﬂ:tltcm endy & besulem-rcgm zeficrgatenpotfesd i nin ke first

t
i nt er fTB@'té&S %Q&ﬂorﬁwfcxt&m I@%f %%ﬁ&t&%hfsuﬁoﬁﬁﬁé’{‘g&\l;efm@}g% naﬁaﬁ%nes

pro uct ot al u yield  of, | east .9
e a?%at%% 4 Tty “T’é‘g%%[ ot iss apidds FPERTBRATRTR RIUFR T %D FatNSEO
to 60% comnsistingressemriaddiyates msm-&cueoﬂ.ltedhseﬂn@eﬁﬁmmcuﬁﬁﬁlt

rel ativgg griéﬁﬁng eaﬁ{j’a %%&%ﬂ AR gﬁgzbhgn{1“£8§”§€“§ IClod ;6% the

presence 0 dr odes rization cat errper er r]
to 427[EPr§S8 akli’cﬁ”es%LﬁlE“fﬁ velpeity G§98 kPaé EHSPacanded dEYQISDQf-fn o to
LHSV, aﬁgddﬁodsaffhsmefaﬁib hymiroc.a k@) 443t nQ1Qh . #78 £t Ayd#6ganl! pér[saf:}el off

the TorBeffy, 26 A fytles Hendehe YU oaihint” E6 Pofhcal St aniiiiniand, o
desul f uFraely ?#%ﬁﬂnﬁ and hlow tattand ippriaf fiingl dnothat feed, I@qsveﬁihanﬂoﬂb
olefins and naphthenes to aromatics being less than 25 wt.%, with
benzene conversion from 10 to 60%, to form an intermediate product
of reduced benzene content relative to the feed, hydrodesulfurizing
20 the intermediate product in the presence of a hydrodesulfurization
catalyst at a temperature of 260° to 42750, a pressure of 2172 to
6998 kPa, a space velocity of 1 to 6 LHSV, and a hydrogen to.
hydrocarbon ratio of 178 to 445 n.1.1.7! of hydrogén per barrel of
feed, to convert sulfur-containing compounds.in the intermediate
25 product to inorganic sulfur and produce a desulfurized product with
a total liquid yield of at least 90 vol.%; and naphthenes to
. aromatics being less than 25 wt.%, with benzene conversion from 10
to 60%, to form an intermediate product of reduced benzene content
relative to the feed, hydrodesulfurizing the intermediate product in
30 the preéence of a hydrodesulfurization cétalyst at a temperature of
260" to 427°C, a pressure of 2172 to 6998 kPa;.a space velocity of 1
to 6 LHSV, and a hydrogen to hydrocarbon ratic of 178 to 445 n.1.1.7!
of hydrogen per barrel of fee, to convert sulfur-containing - e e
compounds in the intermediate product to inorganic sulfur compounds-
35 and produce a desulfurized product with a total liquid yield of at
least 90 vol.%.



