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pro sses such as catalyt1 reforming whi een a

15 part of the conventional refinery complex for many years.
Recent concerns about volatility and toxicity of
hydrocarbon fuel and the resultant environment damage has
prompted legislation that limits the content and
composition of aromatic hydrocarbons in such fuels. Some

20 of these limitations relate specifically to benzene which,
due to its toxicity, will be substantially eliminated from
the gasoline pool. Restrictions on theé content of heavy
aromatics will result from proposed end boiling point
limits of gasoline fuels, referred to as T;,, or (90 vol%

25 temperature). T,, limits curtail the presence of
hydrocarbon components that boil above temperatures in a
range of 177 to 221°C (350 to 430°F).

When hydrocarbons boiling in the gasoline boiling
range are reformed in the presence ¢f a hydrogenation-

30 dehydrogenation catalyst, a number of reactions take place
which include dehydrogenation of naphthenes to form
aromatics, dehydrocyclization of paraffins to form
aromatics, isomerization reactions and hydrocracking
reactions. The composition of the reformer effluent or

35 reformate is shifted toward higher octane value product.
Catalytic reforming primarily increases the octane of motor
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10 known that reformate is the major benzene source in the
gasoline pool. One option to reduce benzene ‘content in the
reformate is to remove the cs cut, which is rich in benzene )
.and its precursors, e. g..methylcyclopentanes ‘and hexanes,

| from a pretreated naphtha using a dehexanizer, in order to

15 divert these materials from the'refdrher; The C6 cut can
be eventually combined with reformate 1n ‘the gasoline pool.
In order to meet the benzene specification in the gasoline
pool, refineries need to convert benzene in this Ccé cut,
which can contain as much as 20 to 30% benzene. .

20 ' "It would be advantageous to provide a way of treating
naphtha reformer feedstock to produce gasoline of reduced
benzene content and T,, specifications wherein a €6 cut is
diverted from the reformer and combined with reformate,
without requiring further treatment of the C6 cut to meet

25 benzene specifications. '

U.S. Pat. No. 4,927,521 to Chu discloses a process for
pretreating naphtha prior to reforming, by"contacting with
a zeolite catalyst, e.g., zeclite beta, containing at least

, one noble metal and at least one alkali metal, for the

30 purpose of produc1ng higher yields of C4+ and C5+
gasolines. .

The present inventiOn relateS'to:an integrated process
for providing a gasoline boiling range reformate-containing
product produced from naphtha. The process comprises:

35 ‘1) pretreating a raw naphtha feedstream containing
benzene by contacting with a hydrodesulfurization catalyst
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3) reforming said bottoms stream to form a reformate
stream; and

4) combining said reformate stream and said Cé6"
hydrocarbon-containing overhead stream to provide a
combined gasoline boiling range product.

15 The present invention can be described more
particularly as an integrated process for providing a
gasoline boiling range reformate-containing product
produced from naphtha comprising:

1) pretreating a raw naphtha feedstream by contacting

20 with a hydrodesulfurization catalyst and thereafter
cascading said feedstream over a noble metal-containing
zeolite catalyst comprising pores having openings of 12-
member rings thereby providing a pretreated effluent:;

2) stripping off €4~ hydrocarbons, hydrogen sulfide

25 and ammonia from the pretreated effluent thereby providing
a stripped effluent;

3) dehexanizing the stripped effluent to provide a C5
to €6 hydrocarbon-containing overhead stream and a bottoms
stream containing C7+ hydrocarbons;

30 4) reforming said bottoms stream to form a reformate
stream; '

5) distilling said reformate stream to provide a Cl to
C4 hydrocarbon-containing overhead and C5+ reformate
bottoms fraction; and
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PCT/U895ﬁﬁﬁﬁﬁgne and reduces end-point in the presence of hydrogen
sulfide produced during ‘hydrodesulfurization. This
approach eliminates or reduces the need for a secondary
reactor for benzene conversion of Cé cut from dehexanizer
15 overhead. ; S _
Inasmuch as noble metal promoted catalysts are
generally.sensitive:tc_hydrcgen_sul:ide_poiscning which
strongly inhibits hydrogenation activity of the noble
- metal, the ability of the noble metal-containing catalyst
20 to retain its hydrogenation activity while contacting the
H,S-containing effluent from the.dehyrosulfurization step
is unexpected.
The Figure is a process flow diagram depicting a pre-
ferred multistage embodiment of the present invention
25 wherein raw naphthaiis'pretreatedgin two stages prior to
stripping; removal of a C5 and C6 cut, reforming of the C7+
dehexanizer_bcttoms and combining the unreformed C5 and c6
cut with C5+ reformate. |
30 - . The raw naphtha feedstream can comprise a mixture of R
aromatic and paraffin hydrocarbons having boiling points
about 1.5 to 5.0 or_higner mole_percent_benzene. It can
also contain various C7 to C10 aromatic hydrocarbons
including toluene and C8 to C10 aromatic hydrocarbons. The
35 feedstream can also contain C4 to C6 paraffinic
hydrocarbons including butane, isopentane, isohexane and
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feedstream can conprise a m onatic a
hydr ocar bons fatadytst |gnaFkinusually contain sulfur 1mpur1ties which

normally require removal, usually by hydrotreating, in
order to comply with the relevant product specifications.

15 These specifications are expected to become more stringent
in the future, possibly permitting no more than 300 ppmw
sulfur in motor gasolines., 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.

.20 For the fractions which have 95 percent points over 193°C
{(380°F), the sulfur content may exceed 1,000 ppmw and may
be as high as 4,000 or 5,000 ppmw or even higher, as shown
below. The nitrogen content is not as characteristic of
the feed as the sulfur content and is preferably not

25 greater than 20 ppmw although higher nitrogen levels
typically up to 50 ppmw may be found in certain higher
boiling feeds with 95 percent points in excess of 193°C
(380°F). The'nitrogen level will, however, usually not be
greater than 250 or 300 ppmw.

30 The raw naphtha feed to the process comprises a
sulfur- and benzene-containing petroleum fraction which
boils in the gasoline boiling range. Feeds of this type
include light naphthas typically having a boiling range of
06 to 166°C (330°F), full range naphthas typically having a

35 boiling range of Cs; to 216°C (420°F), heavier naphtha
fractions boiling in the range of 127°C to 211°C (260°F to
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10 Referring to the Figure, the raw naphtha feedstream 1 ‘
containing sulfur compounds, nitrogen compounds and henzene
is passed to a pretreater 2 where it is treated in a first
pretreating (hydrodesulfurization) zone 3- by hydrotreating
the feed by effective contact of the feed with a

15 hydrotreating catalyst, ‘which is suitably a conventional
hydrotreating catalyst, such as a combination of a Group VI
and a Group VIII metal on a suitable refractory support

- such as alumina, e.g., Co/Mo on alumina, under
hydrotreating conditions, i.e., at elevated temperature and

20 somewhat elevated pressure in the presence of a hydrogen

' atmosphere. More specifically, such conditions include
temperatures ranging from 204°C to 399°C (400°F to 750°F),
1-10 LHSV, 790 kPa to 5500 kPa (100-800 psig) total
pressure, and a hydrogen circulation rate of 89 to 890 nl/1

25 (500~-5000 scf/b).

Under these conditions, at least some of the sulfur is
separated from the feed molecules and converted to hydrogen
sulfide, to prodﬁce a hydrotréated'product and hydrogen
sulfide. One suitable family of catalysts which has been

30 widely used for this service is a combination of a Group

~VIII and a Group VI element, such as cobalt and molybdenum,
on a suitable substrate, such as alumina. This-
hydrotreated product generally has a sulfur content of less
than 5 ppm S, e.g., 1 ppm S. '
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ot Qo st Al M st S MERAERIE 0 TCT
di ene- 10 (DAY), ltrastahle Y (USY Rare Earth Containing
Ultrastable Y (RE-USY), Si~-Enriched Dealuminized Zeolite Y
(LZ-210) (disclosed in U.S. Patents 4,711,864, 4,711,770
and 4,503,023) are alsoc suited to use in the present
invention.

15 In an alternative embodiment, the pretreater reactor
zones may comprise separate reactors with an optional
interstage separator therebetween.

The catalyst can contain from 0.1 to 1 wt %,
preferably from 0.3 to 0.7 wt%, noble metal selected from

20 the group consisting of platinum, palladium, iridium,
rhodium and ruthenium. Platinum is preferred as well as
combinations of platinum and palladium which are resistant
to sulfur poisoning.

The noble metal component is preferably dispersed on

25 the catalyst to provide a H/noble metal ratio of at least
0.8 as measured by hydrogen chemisorption, preferably at
least 1.0 H/Pt metal ratio. The hydrogen chemisorption
technique indicates the extent of noble metal agglomeration
of a catalyst material. Details of the analytical

30 technigue may be found in Anderson, J.R., Structure of
Metallic catalyst, Chapter 6, p. 295, Academic Press
(1975). In general, hydrogen chemisorbs selectively on the
metal so that a volumetric measurement of hydrogen capacity
counts the number of metal adsorption sites. Preferably

35 the noble meﬁal-containing catalyst has an alpha value
higher than 100 and is unsteamed. The high acidity permits



containing streans should be treated to reduce or renove sour ces of
gunmm n essary. Process Configuration 10 Referring to

t he Figﬂ?géuﬂﬁ raw napht ha feedstream 1 cont ai ni ngPSTOFW1468Inpounds,
ni trogen conpounds and benzene S gassed to a pretreater 2 where it is
treated in a first pretreating (hy&Todesul furization) zone 3 by
hydrotreating the feed by effective contact of the feed with a 15

- hydrotreating catalyst, which is suitably a conventi onal hydr ot r eati ngs
catal yst, such as a conbination of a Goup VI - and .a Goup VIIIl netal

on a suit Car . hagSagl ¥/l RaAnifida: CO/ MO ON
al um na, 3ﬂ%§¥£€i6ﬁ'%gg%g?ggggégg:gzﬁg?ggoﬁg,a?.HH]B%?lgﬁQSated t enperat ure’

e.,
and 20 SOReTReAYRARYG: cangEEaLNEE on bepzgneseaturatignmy Adpha
at nospher evallbé £ sPesipha ahtinbes|iChscandeasaré bpCkEdtite aciqigeratures

iy, Joo BIACTLOR by And 0 hoke L LY BpkpriBed Podebhet with o T
hydroden cletailsiofi ite onedsgoementoinl/S. 2Batent08o5080036{ 208, J.
the feed O yBler ¥ Bo, #76 287 TLobs) Bnd'y. Catdivais CEET BRTC L O
hydr ot r eat 3PP BRIUEI28RY- hydr ogen - sul fide.” One suitable famly of
cat al ysts whi chphocedseton@itighsely .?ﬁeds%@fm& hi:-éaé@l&igglﬁ?hg ngeﬁoeﬁaibggtn Lon
SL g Sﬁ?fﬁg?eZgg%%#éa§€?ﬂ§&%§°§§t§%ﬁﬁ¥ﬁ§§31ﬁ¥€3§@ géhg%?ﬁ??ﬁated prgduct "
generldd | y saturation iand dpacktend beattoms reqhired bpnpfodect., 1 ppm S
o6/ 1703%pecitications. ‘The total pressure and Pﬁ%}’é&éﬁ léé?&i'al
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naphtha pretreating processes, e:.g. 790-5500 kPa.(loo-BOO
psig), preferably 1135-4240 kPA (150-600 psig) total

15 pressure. Total pressure (or hydrogen partial présSuré)
can be higher if more benzene'saturation is desired. More
specifically such'conditions for the second pretreating
zone can be the same as those for the firstvpretreating
zone as discussed above. ' : L

20 - The hydrodesulfurization cataljstuand.the-inorganic
oxide catalyst of the second reaction zone can be loaded
either in the same reactor or in separate reactors
operating in a cascade mode without interstage operation.

The effluent 5 from the second pretreater zone 4 is

25 passed to a stripper 6 wherein ammonia, hydrogen sulfide

and;C1 to C4 hydrocarbons ére-stripped,off'as overhead 7.
The stripper bottoms.avare“passed to a dehexanizer 9
wherein a €5 and C6 fraction 10 is taken off and a C7+

bottoms fraction 11 is passed to a reforﬁer 12.

30 Reforming operating conditions include temperatures in
the range of from 427°C (800°F) to 538°C (1000°F),.
preferably from 477°C up to 527°cr(890fF-up to 980°F)

‘liguid hourly space velocity in the range of from 0.1 to
10, preférably from 0.5 to'5; a pressure in the range of

35 from about atmospheric up to 4900 kPa. (700 psig) and

higher, preferably from 700 kPa to° 4200 kPa (100 psig to
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whi ch cont aj bl e netal - cont ai ni ng porous inorganic 893114661
catal yst having pore openings of 12-nenber rings. Such porou

i nor gani ¢ oxi des have pore w ndows franed 12 5 - tetrahedral nenbers
and include but are not limted to zeol'ites selected fromthe group
consisting of zeolite beta, zeolite L, zeolite X, ZSM 12, ZSM 18,
ZSM 20, nordeni te and boggsite, zeolite beta being preferred.

Fauj asites such as Rare Earth Y (REY), Deal um nized Y 10 (DAY),

U trastable Y §bBYpsiGyr anflaat hy@pogenrhpdrocarbbht rastiablin ¥heREhuS§h in

2{%EQTégZ?d4D$§§gg%8hégdf;§§gb 5%9 693? arggg?gggga§te§g§ gg 1§ tPatents

pr esent i nvent Tbe. reformer effhuantanseiaapassednbgdandﬂstlﬂnetlon
pretreater reagh9t 14 whéra¢h EEYtSOEEr garéeaeaahs &gaa&er§ﬁwahho%g
opt i onal I nt er st age separ at or her e cat a yst can

contm|1fr?wnOTEetSe§°ﬁPe§6effl“eﬁFeiéraﬁlFhFPoﬁPEbénFG wigh tbe £§HARd
met al sel ect edeér gpacfiont he gaken 6ﬂﬁStﬁélaehaﬁaaheérnantop@kbedaunh

i ridium hodi and_ruytheny a referre well

combi nati ons o§°§géﬁgﬁuﬁg§ﬁgaﬁ§rF§g}b m% eapg°a8§%552nﬁh§éh “.‘“gapfur
poi soni ng. no greatay hbbnelnﬁtﬁlbennpbﬁenpreﬁepablrrablgrSHSpershdnon
25 the catalus§ PePhaNEdRea H noble netal ratio of at |east 0.8 as
measur ed by hydrogen chem sorpti on, freferably at least 1.0 H Pt neta
ratio. HéyhydrogenTBﬁeﬁP§Biﬁ?¢oﬂas° ineckahling FaRgePEQAREE €aBent of

nobl e net al agekﬂﬂniateﬁnanced aﬁdabaﬁ1ahgspoﬂﬁte1iﬁitsEeraghsomin&he
e o0, gubESTTRE TR B8 LU0 L0 18°UE0Y, chaBeraSlids' e ©
reflecting the presence of fewer hydrocarbon components
that boil above temperatures in a range of 177°C to 221°C
15 (350°F to 430°F). The combined gasoline boiling range
product can have a T,, of no less than 166°C (330°F),
preferably no less than 177°C (350°F). This indicates that
the noble metal-containing catalyst in the second
pretreating zone selectively converts C9+ bottoms into
20 isobutane and C5-C8 gasoline-~range hydrocarbons.
The following example is provided to illustrate the
invention.
Example
Two zeolite beta-containing catalysts containing noble
25 metal were evaluated under conditions compatible with

conventional naphtha pretreating processes. The zeolite
catalysts were evaluated in a hydrodesulfurigation
(BDS) /zeolite catalysts system using a commercial
CoMo/Al203 catalyst as the desulfurization catalyst. The
30 experiments were conducted in a fixed-bed, down-~flow, dual
reactor pilot unit. The commercial HDS catalyst was loaded
in the first reactor and the zeclite-containing catalyst
downstream in a second reactor in a 1/2 volumetric
HDS/zeoiite catalyst ratio. The pilot unit was operated in
35 a cascade mode without interstage separation to remove
zeolite catalyst poisoning ammonia and hydrogen sulfide



(1975). In general, hydrogen chem sorbs selectively on the metal so
that a volunetric neasurenent of hydrogen capacity counts the nunber
of neWO 9641639 ption sites. Preferably 35 the nobl e necaiusesmdesi ni ng

catal yst has an al pha val ue hi gher than 100 and is unsteaned. The high
acidity permts WO 96/ 17039 =10~

PCT/ US95/ 14661 operation at | ower tenperatures so as to i ni ni ze
t her nodynam ¢ constraints on benzene saturation. Al pha val ue, or al pha

‘nunber, is a neasure of zeolite acidic. functionality and is nore fully
descrlbed t oget her mnth 5 details of its neasurepent in U S Patent hb
4,016, 218ron the fipgt rpactorgeffiuents rFhe ROrBAl ARE¥atdng;) ysi s,

pp. t cofi@igibnslR8Be: 4.0 Lnsvthaeeaasceadanyea? enoéhas?ea?@ﬁ
r n n n
benzene T00L L4 BRERIERtand 300/ and BEPT BRE/PER): Pociufimilcl °

speC|f|cqircn3attna ratel pndsseﬂé kRe [(p80opehgpatotal presspressure can

be ig th a d cqlvgn RapP eph e i ng
procslesseghé 98 eatahgée was klegt 88VaNEbABRANt 34&3 ZE?B B) Sirh 1%240 A

(150- 600% bﬁl§g°%gFSItESPﬁFEEEHFewa¥oY&FiﬁQegEBPeéPércﬁﬁa?oﬁyﬁ499rFral

pressurey7s5°F) tonobetalihghewille ¥ahgebofizebfiveekiont conditigas.red. Mre

R S S R R
nments.

10 ‘The pretreated ‘product contains ‘ammonia and hydrogen
sulfide derived from organic nitrogen- and sulfur- : (
containing compounds in the feed tp the pretreater. Such
ammonia and hydrogen can be cascaded to the zeolite
cracking zone. = Because impurities in the feed such as

15 hydrogen sulfide and ammonia will deactivafe the reforming
catalyst, feed pretreating in the form of hydrotreating is
usually employed to remove these materials. .

Typically, feedstock and reforming-préducts or
reformate have the following analysis set out in Table 1
20 below: ' ' -
| TABLE 1
API Gravity, °API 54.2
Hydrogen, wt$ 14.27
Sulfur, ppmw 500

25 Nitrogen, ppmw 10

' Benzene, wt% 1.43
Distillation (D2887),°C ' (°F).

- IBP -18 (-1)
10% 57  (135)
30 50% 118 (244)
90% 206  (402)
EBP 279 (534)

The yields in the following Tables are based on raw

naphtha feed.



20 The hydrodesul furization catal yst and the inorganic oxi de
catal yst of .t econd reaction zone can be | oaded ei ' sane
react or d&ofﬂggggarate reactors operating in a cascadggﬁﬁgggﬂk$ﬁout

I nt er st age operati on. The ef%* ent 5 fromthe second pretreater
zone 4 is 25 passed to a stripper 6 rein ammoni a, hydrogen sul fide
and C1 to C4 hydrocarbons are stripped off as overhead 7. The stri pper

bottons 8 are passed to a dehexani zer 9 wherein a C5 and C6 fraction
10 is taken off and a Cr+ bottons fraction 11 is passed to a reforner

12. 30 g%g%ﬁgéggning operating conditions include tenperatures in
the range © rom 27£er£LC (800gerr%FL to 538[§$r]c 10Q0[err] F),
preferably frontH97FaFR1¥SES Versoeyelhptedgan| the) eeGendy 980 err] F)
qurid Bfup?gtseatmeuEIaohéyaha theirapgepetrtiesriapelsett out ibOgable
preferably .5 " ps e rel g about
atnnspheri% %%f%§’49€8tgi%§f7§0§%§ig? gﬁgggaﬁgah?52é9§§6FéPé$a y from 700
kPa t & 4200ak@hyst0ofpthe present inveptdeni7ogatalyst B was a

PCT/ US95/ 14684dmed Mo/Beta/alumina catalyst used_for9com?arative600 psi g)
and a hydro en-hédrocarbon ratio in the charge in he range fromO0.5

to 20 and PPEPRFSBty from1 to 10. The reformer effluent 13 is
passed to a distillation unit 1z2apmErein Cl to C4 hydrocarbons 15 are
taken off. 5 The refornmer effluent ' hen conbhn%glggihgthe C5 and
C6 fraction 10 taken off the dehexani rovi de I ned
gasolithe bdeeliter awb® product 17 which €8ntains 65

Alumina, wt% 35 35

Platinum, wt$ 0.5 _ -

Molybdenum, wt$% : - 3.6

Alpha’ 350 110

15 Surface Area’, m‘/g 459 422
n~C, Sorption, cec/g 14.7 13.9
H/Pt Chemisorption 0.83 -

* Prior to metal addition

ZE TU

20 The present invention serves to saturate benzene in
the presence of hydrogen sulfide under naphtha pretreating
conditions prior tec dehexanizing. As shown in Table 3
below, the catalyst of the present invention achieved
greater than 90% benzene saturation at temperatures above

25  288°C (550°F) while the Mo zeolite beta catalyst did not
saturate the benzene at all. In fact, the Mo zeolite beta
catalyst produced more benzene.



no greater than 1 wt % benzene, preferably no greater than 0.8 Wt %

benzene, The conbi ned gasol ine boiling range product can

exhi bi t Qﬁﬁgﬂpad end boiling point linits of gasoline CTF@@VE”‘#eferred
to as T[err] or (90 vol % tenperature), reflecting the presence of

f ewer hydrocarbon conponents thaT 13%i 1 above tenperatures in a range
of 177[err]Cto 221[err]C 15 (350F to 430[err]F). The conbi ned gasoline
boi l i ng range product can have a T[err] .of no less than 166[err]C
(330[err]F), preferably no |l ess than 177[err]C (350[err]F). This

i ndi cates that t he nobl e netalggaggibging catalyst in the second
pretreating zone sel ectively convert ottons into 20 i sobut ane and

C5- C8 gasol i ne-range hydr #£R&88 2 atl AERIVRSY owi ng exanple is
- provided to illustrate the. EggglngngtlOgigglxgggéaﬁp|EQQEQLFEE:B Two

zeolite beta-containing catalysts containing noble 25 metal were
eval uated under conditions conpatible 288hC 3066QveBLsocal Baphcha
pret rfeat | dgopitecTemp, The zeorite - (SSQAFHI-YSB83°Fir 4600AF)a{FS0FLF)A

hydr odesul furi zati on (HDS)/ zeol ite catalysts system using a comrercial
CoMb/ A120Benaeney¥ldaswthE deduftf uliSatiBnlcat aPy8d. Thd.60  dxfderinents

were conducted in_a frxed bed, down- flom/ dual reactor pilot unit. The
comer ci BPERERNEFANY st $nas | oaded ~ i B2t he PPPst remdfor amdlthe
zeol ite-containing catalyst domnstreantrn a second reactor in a 1/2

voIunetri;ggx_gn_ggégggtgigncataFyst ratio. The pilot unit was operated in
| cascadepgpdgy ﬂi&hﬂ&&aiﬂéﬁﬁgéfﬁfnéeB??&%gQE b Eﬁgnégsgfgyozeo"te

catélyst orsonrn .amoni a and rogen
PCT/ US95/ tlon was found to e very active for the conversion of

149_cf (300°F") bottoms and;for retaining products as C,'
gasoline-range hydrocarbons. Both zeolite-beta catalysts A
and B also gave high yields of i-butane which can be : '

15  alkylated with C,-C; olefins to high-octane alkylate. The
back-end conversion comparison for the two catalysts are
shown in Table 4 below.

-



-10- fromthe first reactor effluent. The normal operating
conditio 4.0 LHSV over HDS catalyst, 2 .0 LHSV o olite
cat al yst %9%{'&?% (4000 scf/bbl) of hydrogen ci rcul ai‘ﬁlﬁls?s&{ ., and
3900 kPa (550 psig) total pressure. 5 The HDS catal yst was kept at a

constant 343[err]C (650[err]F) whaitBe the zeolite tenperature was
varied from 204[err] C-413[err]C (400[err] F- 775 [err]F) to obtain a
wi de range of conversion conditions. Table 1 |ists properties of the
napht ha used in the experi- ments. 10 The pretreated product
contai ns ammoni a and hydrogen sul fide derived fromorganic nitrogen-
and sul fur- contai ni ng conpounds in the feed to the pretreater. Such
anmoni a and hydrogen C@ o€ cascaded to the zeolite cracki ng zone.
Because inmpurities in feed such as 15 hydr ogen sul fi de and ammoni a
wi |l deactivate the re rmngo ~ catalyst, feed pretreating in the form
of hydrotreating i &P Plusual | ¥ enpl oyed to renove these material s.
Typi cal |y, feedsto and reform ng products or ref ormat e have the
following analysis Met out in Table 1 20 bel ow
TABLE 1 APl Gevity, [err]API 54.2 Hydr ogen, wt %
14. 27 Sul fur, ""pmzy;:i 500 25 Ni trogen, ppnw
10 Benzene, W% Lo o 9 1.43 Distillation (D2887),[err]C
([err]F) IBPAQ ™ © &5 -18 (-1) 10% 57
(135)
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30 50% 118 (244) 90% 206  (402)

EBP 279 (534) The yields in the foll ow % Tabl es
are basHP W3Ry napht ha feed. WD 96/ 17039PCT/USIS/14661

PCT/ US95/ 14661 CATALYSTS Two catal ysts were eval uated

In the second " pretreatnent zone amdtT hei r properties are set out in
Tabl e 2 below. Catal yst A was an unsteaned Pt/Beta/alumna 5

catal yst of the present invention. Catalyst B was a st eaned

Mo/ Bet a/ al umi na catal yst used for conparative pur poses.

TABLE 2 iveabilit Catal yst A Catalyst B 10
Zeolite, G - - 65 65 . Al um na, w % :
35 Ts0g5Ts0 andpxiveakility, index (DI) of thg pretreated -

g/ggybdenumayﬁ%a ﬁy tlt%e I-IDS/r ?eolite-égﬁta caetr_:?-lyé’tﬁs;_rst'emé\' 952%5
422 EFUF9Y - sotht i"E>‘T”1f,S‘l’J '?’éaetéé ga“ﬂ’li; %Pg"ifﬁcati‘i{%. may Limifp
Cheni Sor ptTsonat 149°C* (3aD°F3). The driveability index is defined as
follows:
DI = 1.5 X T), + 3.0 X Tyy + Ty
Some naphthas (or gasolines) have a.DI ‘'of 1400 DI and
lower DIs are desirable, e.qg., 1300.or lower. As shown in
10 the following tabié, the catalyst of the present invention _
| is superior for the boiling point reduction and ‘ |

driveability index improvement:



* Prior to netal addition BENZENE SATURATI ON 20 The present

i nvent i ongwYeneeset O saturate benzene in the presence of hydrogen
sul fi de under naphtha pretreating conditions prior to d@‘iﬁ?ﬁﬂ%ﬂng. As

shown in Table 3 bel ow, the cat alﬁt of the present invention achieved
greater than 90% benzene saturation at “tenperatures above 25 288[err]C
(550[err]F) while the Mo zeolite beta catalyst did not saturate the

benzene at all. In fact, the Mo zeolite beta catal yst produced nore
benzene. W096/ 17039 :
PCT/ US95/ 14661 - -~ -12-
Benzene Saturation Activity Pl Feed HDS
Cat al | yst-A Catal -B 90
288[err] C 306[err]C [err]C~ 399]enr]C 5 Zeolite Tenp. -
- (550[ err] F) 8[ re F) o 690fer&] F) (750[err]F) Benzene
Yid, wt.% 1.4 1.5y O 0.01~ 1.9 1.7 Benzene Conv. %
- -7 92 >99k -14 -21 Back- End Conver si on
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10 _ The nobl e netal -containing catal yst of the present
I nvention was _found to be very active for the conversion

149[err]“%%%ﬂf”g(SOO[err]F[err]) bottons and for retainingEEF%%ﬁEFQIas

derr] gasol i ne-range hydrocarbons.&goth zeolite-beta catalysts A
and B al so gave high yields of i-butane”wiich can be 15 alkylated with
Clerr]-Clerr] olefins to high-octane al kylate. The . back-end
conversion conparison for the two catal ysts are shown in Table 4
bel ow. W96/ 17039 ' _

PCT/ US95/ 14 on With Refo [err] WD 96/ 17039

PCT/ US95/ 14 _ ; -14- .
To minimize benzene production in the conventional

reforming complex, only C; naphtha will be upgraded.
Consequently, a dehexanizer before thé;réforming reactors

5 to remove benzene and its precursors (methylcyclopentane
and cyclohexane) is used. The impact of reforming C;
naphtha was examined using a'kinetié model that simulates
commercial reforming perfq:mance,' The'simulagions were set
at conditions to produce C,* reformates with an octane of

10 100 R+O. The C,-C, cut produced from the HDS/Beta
pretreating stage, which was-rémoved by dehexanizer and not
reformed, was then blended backfiﬁto the C;* reformate as
"combined C;* product." The following.tabié illustrates the
comparison between the two zeolite beta-containing

15 catalysts.



Driveability | ndex Tlerr] T[err] and driveability index (D) of
napht ha by the HDS/ zeolite-beta catal yst systens were

the pretr
reduced. ﬁﬁrgar%eo?%r mul at ed gasol i ne specification may |in t PCE/USI¥Y]4661] at

149[err]Cerr] (300[err]F[err]). The 2riveabi|ity i ndex i s defined as
fol |l ows: Dl :1.5xT[1 Tr] + 3.0 x T[err] + T[err]

Sonme naphthas (or gasolines) have a DI of 1400 D and | ower Dis are

desirable, e.g., 1300 or lower. As shown in 10 the follow ng table, the
catal yst of the present invention i's superior for the boiling point

reducti on and driveability index inprovenent: WD 96/ 17039
WD 96/ 17039
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- 16- Integration Wth Ref or ner To m nimze benzene

production in the conventional ref orm ng conpl ex, onl¥ Cgerr naphtha

will beWOaHEWAY. Consequent |y, a dehexani zer beforeP
- reactors 5 to renpve benzene and its grecursors (et hyl cycl opent ane

i ng

and cycl ohexane) is used. The inpact ofiP&forming (Jerr] napht ha was
exam ned using a kinetic nodel that sinulates commerci al reform ng
performance. The sinul ati ons were set at conditions to produce (Cerr]
reformates with an octane of 10 100 R+tO. The (err]-Cerr] cut produced
fromthe HDS/Be wnp&ﬁt %ﬁhﬂ% 53@%5 W%f&%éw%%uhﬁ %PQTEV dehexani zer
and not orne hen g% Into the err reformate as

- " conbi ned ereitr]eaﬁuias eﬁ‘-age leor fhe pveradl.process
conpari son j heeyPark iohe tMrze&hmmebembabw&@ntS endpdliys,s and
gg&}agggllggéyeability 1ndex of the fombined c;' product were reduced
5 as compared to those for conventional HDS alone in the
pretreater.

Incorporating a sulfur-tolerant noble metal promoted
porous inorganlc oxide, e.g., zeolite, catalyst into the
bottom of a naphtha pretreating reactor can lower combined

10 C,' product (reformate and C,~C; dehexanizer overhead) end-
point and benzene content for refiners with dehexanizers.
Reformulated qasoline specifications limit benzene content
to 1.0 % and Ty, is much lower than that for conventional
gasoline. Cascade HDS/zeolite followed: by a dehexanizer

15 can allow refineries to achieve benzene reduction and
driveability index improvement by using a 1ow-capita1 cost
catalyst replacement approach. The present invention is
especially attractlve to refineries w1thout C./Cs o
isomerization units.

20 In a preferred embodiment the 1nventlon provides a

process integrated into the reformer sectlon of a reflnery

for the manufaoture of high octane gasollne. he invention
can improve the economlcs of meeting the benzene specifica-
tion of the gasoline pool, preferably reducing the pool

25 benzene content below 1% or 0.8 %.-

)



[err] WO 96/ 17039

PCT/ US95,.14. - 18-

shown |néﬁoé§y7%{ the benefits found in the pretreat|ng 5?588“%|so
cascade to the overall process I nt_g qgatlon For exanpl e, benzene
content, end-point, and drlveablllty I ndex of the conbined Cerr]
product were reduced 5 as conpared to those for conventional HDS al one in
t-he pretreater. | ncorporating a sulfur-tol erant noble neta
pr onot ed porous inorganic oxide, e.g., zeolite, catalyst into the
bottom of arpapbtdEATMED] eating reactor can |lower conmbined 10 (Clerr]

product (refor e a errl-Gerr] dehexapizer e end- poi nt
and benzene coﬂ?tht pﬁ?ciﬁﬁ?éﬁéiféM$¥P%@ﬁ§x ﬂ¥ZEFEVIéQ %@?3?ﬂﬁ?ﬁ?ed
gasol i ne sﬁm@ilimgirangﬁIre¢¢rmz¢3f¢mntammzmg product proédoceddfrpmrr] is

much | ower 4 i?ﬁhél oth 1§ entional gasoline. Cascade HDS/ zeolite
fol | owed by dehexani'zer can allow refineries to achi eve benzene

reducti®%n and 1) n#%%&s&#4¢qya|ﬁ@mxn¢m5 kR cheedsbrean; ggntainipgapi t al
cost W6 BPRGREITOING RPLERCA. hydrodé STRLL | AHEDOh0Batalyst

prreR Ae CAPLRVNL s R TIMEE A NV
provi des a feedsi;remessvemtaegwbbel netal t¢éentainingrpeecys oorpstall thenery
o e TacHhaSe UrlhO'uAEL 208, Bofb Bt 9 50VLAD opentidd
of l12-member rings under condltlons sufficient to effect
benzene saturation, thereby providing a pretreated effluent
of reduced benzene content:;
2) dehexanizing the pretreated effluent to provide a
- hydrocarbon-containing overhead stream and a bottoms
15 stream containing C7+ hydrocarbons;
3) reforming said bottoms stream to form a reformate
stream; and
4) combining said reformate stream and said C,~
hydrocarbon-containing overhead stream to provide a

20 combined gasoline boiling range product.

2. The process of claim 1 wherein said noble metal-
containing inorganic oxide catalyst comprises zeolite
having pores with openings of 12-member rings selected from
the group consisting of zeolite beta, zeolite L, zeolite X,

25 zeolite Y, Dealuminized.Y, Ultrastable Y, Ultrahydrophobic
Y, Si-Enriched Dealuminized Y (LZ-210)}, 2ZSM-12, ZSM-18,
ZSM-20, mordenite and boggsite.

3. The process of claim 2 wherein said noble metal-

containing zeolite comprising pores having openings of 12-
30 member rings is zeolite beta.

HII\II\ ) III\I IlIII Il \Ill



tion of the gasoline pool, preferably reducing'the pool 25 benzene

content below 1% or 0.8 % WO 96/ 17039
PCT/ USOW/019643839 -19-  PCT/USIS4661 | S
~ CLAlL MED: 1. An integrated process for providing a gasoline
~boiling range refornmate-containing proﬂ%%f produced from napht ha
conprising:. .5. 1) pretreating a raw naphtha feedstream contai ni ng
benzene by contacting with a hydrodesul furization catalyst t her eby
formng Herr]S and thereafter cascading said f eedstream over a noble

met al - contai ning porgng g&%&h@h'b?eclalF ig@h&%%iﬁ Q&&é@cﬁ%ﬁiyﬂﬂ

COI’TpI’I SI ng por es havi ng openl ngs r.ngs -undef condi tions

suf fi ci ent PP éﬁﬂécﬁr°m °-Beﬁ?eﬁew§a§upapiﬁnmeFﬁér§G}eﬁF&§|§FFE the
pretreat ede&ﬁEUeBhs:Lst:Lan olfe?maednhﬁr,lzgaanaaaﬁﬁot iridium, rhodlium

dehexan|2|n% gﬁretreated effluent to provide a derr]-
hydrocarboﬁ 8RR ﬁpﬁa dver head stream and a bottons 15 stream cont ai ni ng
C7+ hydr ocar bons; - 3) refornming said bottons streamto forma

refornate §trea?hgg§90cess of clﬁlmcﬁnﬁhakﬂgnsﬁhidr%Egﬁqikei treanband

said (err]- bon- contalnlng over head stream to. provide a 2
conbi ned g&?@ﬂ#ﬁé P&tﬁlﬂ@dréﬂé EPGG&XF contains from 0.3 to 0.7 wt

- platinum.

6. The process of claim 1 wherein said noble metal

is dispersed on said catalyst to prbbide*a-H/nbble metal (
10 ratio of at least 0.8 as measured by hydrogen
chenisorption. - ' '

7. The process of claim 5 wherein said platinum is
dispersed on said catalyst to provide:a H/Pt metal ratio of
at least 1.0 as measured by hydrogen chemisorption.

15 8. The process of-claim'l'wheréin said combined
gasoline boiling range product contains no greater than 1
wt% benzene.

9. The process of claim 8 wherein said combined
gasoline boiling range product has a T,, of no less than
20 177°C. (350°F) and a Driveability Index of no greater than
1300. '
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2. The process of claim1l wherein said noble netal - - cont ai ni ng

I nor gani atalyst conprises zeolite havi ng porﬁé? ;d% §g1eni ngs
of 12-nme rlngs sel ected from the group consistin Zeol'1te beta,

zeolite L, zeollte X, 25 zeolite Y, I ni zed Y, UItrastabIe Y,

U trahydr ophobi c Y, Si-Enriched Deal um nized Y (LZ-210), ZSM 12,

ZSM 18, ZSM 20, nordenite and boggsite. 3. The process of
claim 2 wherein said noble netal - containing zeolite conprising pores
havi ng openi ngs of 12- 30 menber rings is zeolite beta. WO

96/ 17039 10. An integrated process forPproVHaAtndg4a6dasoline

cont ai ns 1 rhebing grangd 'SeREERERE-Lpeh Shihd MPGHGLP, ARbAuESR] FERR
consi sti ng ofaphtha ncomppigingli um iridium rhodium and rut heni um 5
S. The process pf gl@tf 'ron]%ﬂgr5'9a§3h§fﬁéﬂé Eéea§?ream Efohbhﬁaééiﬁga”d

sai d catal yst, contains

pla
The Sorocess ¥ QIQUPHQ?VQEﬁE}FPEéfﬂtﬁBBI%aﬁélgft and thereafter

cascading said feedstream over a noble metal-containing
zeolite catalyst comprising pores having openings of 12-
member rings thereby providing a pretreated effluent:;

2) stripping off C4- hydrocarbons, hydrogen sulfide

10 and ammonia from the pretreated effluent thereby providing
a stripped effluent;

3) dehexanizing the stripped effluent to provide a CS
to C6 hydrocarbon-containing overhead stream and a bottoms
stream containing C7+ hydrocarbons;

15 4) reforming said bottoms stream to form a reformate
stream;

5) distilling said reformate stream to provide a Cl1l to
C4 hydrocarbon-containing overhead and C5+ reformate
bottoms fraction; and

20 6) combining said C5+ reformate bottoms fraction and
said C5 to C6 hydrocarbon-containing overhead stream to
provide a combined gascline boiling range product.
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cascadi ng said feedstream over a noble netal -containing D
catal yst conprising pores having openings of 12- e rietinra
t her eby provm‘ig a pretr COREHINGEL PROPERTY ORGANIZATION  2) St 1 Neg
Ca[err] hydrocarbons, hydrogen sul ™% and anmonia fromthe

pr et r cBNTERNATIONAT APPLIGATIGN EU&HS}IB%UNDER THE PATENY C%BERJ&TIQNJEEATY ®CcT) .

3) Dkedt Chssiicdtion®ed €T T 1 yent W‘k 08 pibulen o;ﬁ“@ 055
hyd rqsgc %n nl%over head stir gpmn lanlg‘L ttons n Number: eam

cont ai %8 bons; (a)mA)ﬁomiﬁUnmﬁ&g!ml d bosrml.wts(omsam
to L“”JC“A ef-orrate "fi"é ay; u) LuaLlrrl*rlg sart

I ef m&,@n ha@ek-de apém / 1) Designéted Bsflds 003 CR P, KROETBirépedn Gatent (AT,
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(57) Abstract

An integrated process for, providing a gasoline boiling range reformate-containing product produced from naphtha comprises: (1)
pretreating a raw naphtha feedstream containing benzene by contacting with a hydmdesulﬁzrizaﬁm catalyst thereby forming HzS and
thereafter cascading said feedstream over a noble metal-containing porous crystalline inorganic oxide catalyst comprising pores having
openings of 12-member rings under conditions sufficient to effect benzene saturation, thereby providing a pretreated effluent of reduced
benzene content; (2) dehexanizing the pretreated effiuent to provide a Cs-hydrocarbbn-containing overhead stream and a bottoms stream
containing C7+ hydrocarbons; (3) reforming said bottoms steam to form a reformate Stream; and (4) combining said reformate stream and
said Cs-hydrocarbon-containing overhead steam to provide a combined gasoline boilifig range product.




