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Description of Related Art

Naphtha streams emerging from petrochemical refining processes
generally comprise a mixture of Cs to Cis hydrocarbons which include
about 15 to 40 wt.% of Cs to Ci1 aromatic compounds and the balance
mostly a mixture of ¢s to Ci1 aliphatic hydrocarbons, including mixed
paraffins and mixed olefins.

It is well known in the art that such streams may be subjected to
catalytic reforming to further enhance the more valuable aromatics
content of the naphtha. In a typical reforming process, naphtha is
passed over an acidic, medium pore zeolite catalyst, such as ZSM-5,
which may also contain one or more dehydrogenation metals such as
noble metals, under reforming conditions which include a temperature
of from 400 to 1000°F (204 to 540°C), pressures of 50-300 psig, weight
hourly space velocity of 0.5-25 and in the optional presence of hydrogen
(Hz to oil mole ratio of about 0-10). In a typical reforming process, the
reactions include dehydrogenation, dehydrocyclization, isomerization
and hydrocracking. For example, the use of a zinc-modified ZSM-5
aluminosilicate as a reforming catalyst for light naphtha feedstock is



di scl osed by Fukase et al, "Catalysts in Petrochem cal Refining and
Petrochem cal |ndustries 1995" 1996, pp 456-464. The deh dro enati on

react i on®O%BFE3 |y i ncl ude dehydroi somerization 5 of aI P8Rt anes
to aromatics, the dehydrogenation of paraffins to ol efins, the
dehydrogenatlon of cyclohexanes to aromatics and the dehydrocycllzatlon of
acyclic paraffins and acyclic olefins to aromatics. The aromati zati oh of
the n-paraffins to aromatics is generall g considered to be the nost

I nportant because of the high octane rating 10 of the resulting aromatic
product. The isonerization reactions include isonerization of n-paraffins
to isopar affisalesed by Ryiase sona i“Eaaﬂtz'althS)ﬁnoPm’rbdsemimajl Befamarfyf ang, and t he
| someri zati_on subs ted arQ The hydrocracki ng reactions include
the hydroc#: é‘ék‘?cﬁi’ﬁ ai)tﬁ“g trigs 1&%3 Jy%ﬁ%d’é’sﬁ‘l’ ‘4Pfzation of sulfur conpounds
in the feed stock. 15 Acidic zeolites of the HZSM5 type are al so well
known catal ysts for use in toluene disproportionation reactions wherein

t ol uene or THexohgdragenationerictibds tpplvaligl inehedd ddhpdesistherieatiahyst under
di sproportiognation/al kyl ation conditions. |n many such processes, the 20

catal ysb i of pilkgcyelopantanas toranematioss she cd@hydmgqx@tmsh@% AtRfBnsdioher
terial t duce, t h f i d f.th t al Thi s t h
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the neta or oftho’i soners. anpl es of such processes 25 are found in U.S.
Pat ents 4, 95Ih63érorﬁaazatlﬁﬁ3oﬁnﬂld3 BeArdffins WoSarpammbies s 3ganadddydi scl oses

o rocess Lor e SONNErlon o ik pcarions comlsLon PRt Ui,
sil ane..,WeR 1,06..6QN%EE Sk atic product. The isomerization reactions include
isomerization of n-paraffins to isoparaffins, the hydroisomerization of
olefins to isoparaffins, and the isomerization of substituted aromatics.
The hydrocracking reactions include the hydrocracking of paraffins
and hydrodesulfurization of sulfur compounds in the feed stock.
15
Acidic zeolites of the HZSM-5 type are also well known catalysts for
use in toluene disproportionation reactions wherein toluene or
mixtures of toluene and methanol are fed over the catalyst under
disproportionation/alkylation conditions. In many such processes, the
20 catalyst is first treated with a silicon-containing compound or other
material to reduce the surface acidity of the catalyst. This technique
has been found to enhance selectivity of the disproportionation process
towards the production of the more valuable para-xylene isomers, in
contrast with the meta or ortho isomers. Examples of such processes

25 are found in U.S. Patents 4,950,835, 5,321,183 and 5,367,099.

U.S. Patent 5,371,312 discloses a process for the conversion of
hydrocarbons comprising passing a hydrocarbon stream over a zeolite

which has been treated with an amino silane. When the conversion
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process -iﬁOBQfﬁﬁﬁ@f‘e di sproportionation, the patent indicatesctRRbsber
catal.yst may also contain a dehydrogenation nmetal such as platinumto

reduce the anmount of ethyl benzene by-product forned in the process. 5 " In
addition, U S. Patent 5,202,513 discloses the use of a galloalumno _
silicate catalyst of the ZSM5 type containing galliumas part of the
crystal structure which is treated with ah al kal i hydr oxi de, used as a
reform ng catal yst for naphtha-type feeds. 10 In an article by Y.S. Bhat

et al., Appl. Catal. A 130,.(1995) .L1-14, it is disclosed that n-pentane
aromat i zat | B¥PCEIRAS atr?ﬁﬂﬂe (fi&g%?"}’é‘gmﬁﬂﬁgﬂnhéi‘ebﬁéwrgi F&fi‘%@ gl%atv&gér
deposi tion | hd ' | ity
ovards paraiahfeandp Ae chhane a WTHOCHRNER IRl SAER s abin by
process whefeluteahe[ahohnChLettyl henabhe byosrodhet formeddds thebrocessont act ed

under reformng conditions with a zeolite catal yst which has been nodified
with a platinumgroup conponent nmetal and a second netal selected from

|1 inc, .i.ndi i i Th blicati i ndi cates that
The. proGeastt adaiien™y 8 Blter 5288 RORRNosER GRUN BF M Reigs L1
yield of pagaexyd eftaly’st bEthEZSHNHaREE Lot aiiBpCOXLNGN tdXepaat of ¥Rk Prior

to use in the reformng process. One of the major drawbacks associated with
the use of enyistilcstradiune whichpis treaded iwith cat dyidmoxigdeomsed@sprocess,

as contrasted with di sproportionati on processes, is that an undesirable
armount  of nﬁ%%i}}%ﬁ cg Xﬁﬁﬁﬁaﬁ%égaﬁpﬁéég%rei n a significant portion of
nol ecul es having 5 or nore carbon atons are degraded, rather than upgraded

into nore val uabl e products. As a result, quantities of |ow
10 In an article by Y.S. Bhat et al., Appl. Catal. A, 130 (1995) L1-L4, it is

disclosed that n-pentane aromatization over an MFI catalyst which has
been silylated by vapor deposition of an organosilicone compound gives

increased selectivity towards para-xylene production.

15 WO 96/03209 discloses a reforming process wherein a Cs-Cs paraffin or
olefin feedstock is contacted under reforming conditions with a zeolite
catalyst which has been modified with a platinum group component
metal and a second metal selected from gallium, zinc, indium, iron, tin
and boron. The publication indicates that the process leads to an

20 increased yield of para-xylene and that the yield of para-xylene is
further enhanced by pre-coking the catalyst prior to use in the

reforming process.

One of the major drawbacks associated with the use of acidic medium
25 pore zeolite catalysts in reforming process, .as contrasted with
disproportionation processes, is that an undesirable amount of
molecular cracking takes place wherein a significant portion of
molecules having 5 or more carbon atoms are degraded, rather than

upgraded into more valuable products. As a result, quantities of low
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val ue C[errg to Cferr] gases are produced, often in quantities of greater
than_abod‘(o 836887 o6 of the initial napht ha feedstream Acco?ﬁT’H@?S{RZ % is an
object of this invention to provide a process for 5 reform ng a naphtha
feed using a nodified zeolite catal yst wherein the quantity of |ow val ue
Cerr] to (Jerr] gas by-product produced in the process is markedly ~
reduced. Anot her object of the invention4s to provide a process for
reforming a 10 naphtha feed using a nodified zeolite catal yst wherein the
par a- xyl ene content of the C8 aromatic product present in the reformate is
produced i vajnedteto Chgnsan asquirpibeedinefsemantqusuimeRel @EeTieE thawENTI ON 15

The present .i nv i o, pravides. a pr ss for reform ng a napht ha

hydr ocar borﬁbﬁ‘ﬁt%go/hf’g%‘? HY 1&? aBE@ﬁai% LAt o 0f CJerr] to CJerr]

al i phatic and cycl oal i phatic hydrocarbons conprising contacting said stream
under reformng conditions with a nodified reformng catal yst 20

conpri si ng Adcordiregipeili &t anpalrjectsofz éhizcirdien tawnute pasiidec at groeasp doit
inpregnated with at |east one dehydrogenatiqn netal selected fromthe group
consi st Png 16foAIng arﬂapiathe,% &ﬁmaai%%?leﬁmgﬁﬁﬁ% ot WAREEEhRes or
sulfides t 3 ' | &S LEec : [.d.d Apregnat ed
al um nosi | @@?u%@gg% 9%tut%h ]aEOPg}r)?%%Pg%fggPéﬁg%%eﬁclk % I§i’ﬂrrl%:tg g% Eﬁydr oxi de

or an organagtkédlgnredoapdund in an anount sufficient to neutralize at |east
a portion of the acid sites present on the surface of said support and (b)
cal cination of said support, the reforned naphtha product of said process

S 0
containing Aﬁgﬁxetrho r}e&bﬁu %hezisnvve\a'tntié%oifs tcoI‘ S{Jx;iagaeﬁ{'(;cegg Tor reforming a
10 naphtha feed using a modified zeolite catalyst wherein the para-xylene

content of the Cs aromatic product present in the reformate is produced

in greater than an equilibrium-amount.

SUMMARY OF THE INVENTION

15
The present invention provides a process for reforming a naphtha
hydrocarbon stream containing at least about 25 wt.% of Cs to Ce
aliphatic and cycloaliphatic hydrocarbons comprising contacting said
stream under reforming conditions with a modified reforming catalyst

20 comprising an intermediate pore size acidic aluminosilicate support
impregnated with at least one dehydrogenation metal selected from the
group consisting of gallium, zinc, indium, iron, tin and boron, and
oxides or sulfides thereof, said catalyst modified by (a) contact of said
impregnated aluminosilicate support with a Periodic Table Group IIA

.25 metal hydroxide or an organosilicon compound in an amount sufficient
to neutralize at least a portion of the acid sites present on the surface
of said support and (b) calcination of said support, the reformed
naphtha product of said process containing less than about 25 wt.% of

C:-C4 gas.
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process Giolbl@sdsventi on provides a reformate product whi clpcaudobazane
hand,- contai ns a reduced content of |low value CJerr] to CJerr] gases which

are primarily the by-product of cracked Clerr]+ aliphatic and 5

cycl oal i phati c conpounds while, on the other hand, maintaining a high.yield
of nore valuable CJerr] to (Jerr] aromatigs in the reformate, and greater
than equilibriumanount yields of para-xylene in the Clerr] aronatic
conponent of the reformate. 10 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON Zeol i tes which may be used as nol ecul ar sieve support materi al

for the catalyst of the present invention include internedi ate pore size

zeol i tes hayhB§rofetVel RS nReh flofi ARvides 4 8efoiife ProdOtvhicH enafpeut 7 15
Angstrons and & SiJerr]/A[err]derr] ratio of at |east 10. These i ncl ude

zeol i t es hammehaadyEbptaves,a mavceconsentreiioor yahusl Ci be Catgases wisich
Preferred such zeolites include ZSM5, silicaljte (& hi ilica tao alum na
rati o form %€ Z%@)a‘,rﬁzsdi’f’l, gzmo%‘?t 786 ff?‘d?@f/l 2@“,"" Z HC7SRPEs and
ZSM 38, i t i, ASME b ROmFRekh dRWRRZE N It St diniy gf bly used
inits hi gh?%/ amlzlii%ﬁ?grm e?lgg ms%ﬂ%?t}&gg?ééﬂhaeﬂg’g&%e, as” gy}% esi zed,
contai ns al ¥rld of matekedinabdle & tth Gredmimatits onthe rifosmatanabé gexatwanged

wi t h anmoni um catiopns, . foll owed by calcination in air aﬁ;t %O?O[err]F_
(315[ err] C) than 1 Mmp-amaunkinpds 9 paEnnylgnesimdibe Eodomatiche art

to produce é{}ﬁggﬁé’?t Bﬁ]}[@ %fo%ﬂgat@em ite. 25 The dehydrogenation netals may
I'AT O |

be i ncor por e Zeo e 'structure by any suitable nethod such as
i mpregnation (incipient wetness nmethod) or by ion exchange.

10 DETAILED DESCRIPTION OF THE INVENTION

Zeolites which may be used as molecular sieve support material for the
catalyst of the present invention include intermediate pore size zeolites
having an average pore size in the range of about 5 to about 7

15 Angstroms and a Si02/Al20s ratio of at least 10. These include zeolites
having a MFI, MEL, TON, MTT or FER crystalline structure.
Preferred such zeolites include ZSM-5, silicalite (a high silica to
alumina ratio form of ZSM-5), ZSM-11, ZSM-12, ZSM-21, ZSM-22,
ZSM-23, ZSM-35 and ZSM-38, with ZSM-5 being most preferred. The

20 zeolite is preferably used in its highly acidic form, e.g. HZSM-5. Where
the zeolite, as synthesized, contains alkah or alkaline earth metal
cations, these can be exchanged with ammonium cations, followed by
calcination in air at 600°F (8315°C) to 1000°F (540°C) by techniques
well known in the art to produce the acid form of the zeolite.

25
The dehydrogenation metals may be incorporated into the zeolite
structure by any suitable method such as impregnation (incipient

wetness method) or by ion exchange.
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the preferred enbodinent, the zeolite is inpregnated with the netal by well
known netRORBEIth as by contacting a solution of a netal EQIPSH%LH) ved in
an aqueous or alcoholic nmediumw th the zeolite particles for a period-.of
time sufficient to allow the cations to penetrate the 5 zeolite pore
structure. Suitable salts include the chlorides and nitrates. After ~drying
the resulting zeolite precursor, it is préeferably calcined at tenperatures
of from300[err]Cto 600[err]C for a period of 1 to 6 hours. In nost cases,
the netal will be present in the zeolite structure in the formof the

oxi de. Howdirethe ptaferredrembedisnentp bhé zecldtetisiimpregnatidywith thenmdtelel s of
sul fur, hydroge ul fide formunder refornmn ndi t .ons ich may, in
Curne |t eactbNEl FRevhansiiage et & Poean e Lol pEaanett ke Thus,
the netal MRYsNGelInt A ahREIObr G e diile St LIS 2001it8 pAMIgss Of these
during the re?orm ng process. The preferred netal |oading may range from
about 0.1 tforl® pstridd of Zimevsuffigicftetalzlllovwf thm editors Go parettatet thé 1 n t he

preferred enbodi nent of the invepgtjo t he dehydr ogepat i netal present in
the zeoli t zeobite| BPEe cHERFHUTG] | yOBKa tsy RElader éﬂéf ngerll mang nc,

I ndi um iraqn in o r Q.0 . AN : ln a

nobl e et almlstfuécﬂr?gas pt?gtél}nu% rt%% §§| nu%g %g%lllﬁe r%%?%?zgﬁll ﬁ%%rfir;e%%l m whi ch
tend to be dHI¢iedesStdmperdtaree sl fionai3i00nChy 600°Lforpe peeitidngl ard/®r coke
bui | d-up under reform ng condjtions, Thus, naphtha feedstreans containing

10 to 500 ppenust bumost casess the anetadiridl be pgesesBUhezaobise shBiCtitR essari | y
the oatalyor B TS of SPHAR" Tt Rttt e TER TS PRt cd
xj : E ta “%3?%%?&%%@2*% dTebdfuri hyBRGFd oI deed ahosAnkR@dr RifokRgnupport

conditions which may, in turn, react with the metal oxide to form at

least some metal sulfide. Thus, the metal may be in the form of the

oxide, the sulfide or mixtures of these during the reforming process.

The preferred metal loading may range from about 0.1 to 10 wt.%,

15 most preferably from about 0.5 to 5 wt.%.

In the preferred embodiment of the invention, the dehydrogenation
metal present in the zeolite consists essentially of one or a mixture of
gallium, zinc, indium, iron, tin or boron metal compounds, and does not
20 contain a noble metal such as platinum, platinum/rhenium or
platinum/iridium which tend to be more sensitive to deactivation by
sulfur poisoning and/or coke build-up under reforming conditions.
Thus, naphtha feedstreams containing 10 to 500 ppm of sulfur or
sulfur-containing compounds need not necessarily be subjected to a
25 dehydrosulfurization treatment prior to contact with the catalyst of

this invention.

The aluminosilicate support impregnated with the dehydrogenation
metal is then modified by contact of the support with a hydroxide of a
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Goup Il &5 Fmor an organosilicon conpound in an amunt g ,{IEQ&?‘].’ to
neutralize at least a portion of the acid sites present on e surface of
t he support, after which the catalyst is dried and calcined in air to
provide the nodified catalyst of this invention. The term"neutralized" 5
as used herein is intended to nean not only chem cal neutralization of the
support such as di spl acenment of H+ cati on’s by al kaline earth netal ions,
but al so bl ocking of surface H+ cations by silicon conpounds deposited on

the surface, of t support and within the channgls of the support. 10 Were
t he neut ral@%%m“g&éﬁf ST ANETEFROFHAOREOHP BX ABcAmpRBt SRERSIRBEI | i cat e

suppor t may he. madiibl g;é 18Ystdh @p@gﬁ%rag ytglaeaaggﬂeg%ﬂésgﬁ%ﬁ 1R a;m@&ut 0.1

to 2 normal aqueous sol ution roxi r-a period of from about

0.2 to 1 hafrtheRnaiporaphftet kehith thedi enehsitds drsedaaidechlainedb{reaid €oup to
reflux tenperature for a _period of ahout 1/2 to one hour. Thereafter, the

modi fi ed amreviissthe mpdifipd catalystaplethis invertiensdhe tam "aewialiaed” cal ci ned
inair at at ture of ,upstp, 1000[err] C.,.pneferably fram about
s00rer b 5 GO0y PF R T dro et o Bear o GrROI AR e ARG of o1
conpounds wWhieGhppR¥t BachSR8AHiESIaEBRlchY of B CAtHYB _anlaﬂhﬂ@%aszgﬂ&%taﬂs

sel ected fromtheé group consisting of silanes, silicones, an
al kyl si | i cabes,. bsti alsbl bloskingef surthaceddlalchbopssby asibison uampsunds

et amel oy SR S e Su pbLe Sl coneaand o c il cone

support. :

10
Where the neutralizing agent is a Group IIA metal hydroxide, the
aluminosilicate support may be modified by dispersing the
aluminosilicate in an about 0.1 to 2 normal aqueous solution of the
hydroxide for a period of from about 0.2 to 1 hour. Preferably the

15 dispersion is heated at 25°C up to reflux temperature for a period of
about 1/2 to one hour. Thereafter, the modified aluminosilicate is
separated from the solution, dried and calcined in air at a temperature
of up to 1000°C, preferably from about 300°C to 600°C for a period of 1
to 24 hours.

20
Organosilicon compounds which may be used to modify the catalyst
include compounds selected from the group consisting of silanes,
silicones, and alkylsilicates. Suitable silanes include alkoxy silanes
such as tetramethoxy or tetraethyoxy silane. Suitable silicones and

25  silicone polymers include compounds having the formula -[RiR2SiO]»
wherein Ri1 and R: are the same or different C: to Cs alkyl groups,
phenyl groups, halogen, hydrogen, hydroxy, alkoxy, aralkyl and the
like with at least one of R; or Rz being an organic group, and n ranges

from 2 to 1,000. Examples of preferred silicones include



wherein R err] and R err] are the sane or different CJerr] to (Jerr] alkyl

groups, phenyl oups, hal ogen, hydrogen, hydroxy, al koxy,_aral kyl and the
i ke wi tﬁv%{’ /:I@gét one of R err] or Rlerr] being an organipcél 5‘{5%),27’43nd n
ranges from 2 to 1,000. Exanples of preferred silicones include.
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di net hyl si | i cone, copol yners of dinethylsiloxane and a | ower al kyl en& oxi de
such as et hyl ene oxide, diethylsilicone, &ethyl hydrogen silicone and the
i ke. Suitable alkyl silicates include CJerr] to (Jerr] alkyl silicates
such as nethyl silicate or ethyl silicate. 5 The silicon conpound nay be

deposi t ed chmetbylulicers cobolymeers| efndinpetbylsiboxaneyarnhy owearadkylerst hod. For
le, the.sili d d..in |iqujd f or m. b

A e e SER AR TR RS HSEt ol LRl L L e

10  di sper siop tRE 168! S5:@Rabl¥ 1%G1 Witifa telSndludy gq%l CeaRyY eiliatsa a paste,

dried and calcined. This deposition process can be repeated one or nore
times to prauchdes methyksilicafeoontthyd eiiextepr oduct. Alternatively, the
silicon conpound may be deposited on the alum nosilicate surface by well
known va&por deposition techniques. The deposited silicon 15 conpound

ext ensi vel Vrl??‘e’g’iﬂn%f)ﬂ”‘épfé&%ﬁﬂ‘as Alyt BE %h?%i@é& éﬂfftﬁféﬁsﬁ%fg%‘epf the

al um nosilica ecu sl eve anhd on s aces wt nolecular sieve
channel s. Tdlensinbosilivaté rigatag; auitsblosmetle@i.e FsrtéempR), ciledilicorai r at a
tenperature of up to 1000[err11C, referably from300[err]C to 600[err]C,

for a peri c@mpound gnay hewssc %&%@dr}éﬁatzﬁlmbmm%obg disselwedr ¢hed above

shoul d be Sn"ifsE)lerCsle%ntint% solvent or aqueous medium to form a solution,

10  dispersion or emulsion, mixed with the aluminosilicate to form a paste,
dried and calcined. This deposition process can be repeated one or
more times to provide a more uniformly coated product. Alternatively,
the silicon compound may be deposited on the aluminosilicate surface
by well known vapor deposition techniques. The deposited silicon

15 compound extensively covers and resides on the external surface of the
aluminosilicate molecular sieve and on surfaces within the molecular
sieve channels. The silicon treated aluminosilicate is then calcined in
air at a temperature of up to 1000°C, preferably from 300°C to 600°C,
for a period of 1 to 24 hours.

20
Neutralization methods as described above should be sufficient to
neutralize at least about 50%, more preferably at least about 75%, and
most preferably at least about 90% of the acidic sites present on the
surface of the catalyst.

25

The zeolite may be used in the catalytic process in its crystalline
particulate form or it may be combined with 50 to 90 wt.% of a binder
material such a silica, alumina or various clay materials as is known in

the art to form molded pellets or extrudates. A zeolite-bound ZSM-5-



neutralize at |east about 50% nore preferably at |east about 75% and nost
pref er ablyg elzghpast about 90% of the acidic sites present pepilemysf ace of
the catalyst. 25 The zeolite may be used in the catalytic process inits
crystalline particulate formor it may be conbined with 50 to 90 wt.% of a
bi nder material such a silica, alumna or various clay materials as is
known in the art to form nol ded pellets o) extrudates. A zeolite-bound

ZSM 5- WD 98/ 36037

PCT/ US98/ 02747 9 free extrudate can al so be used in the process. The netal
| mpregnati and/ or, silicaon c quad osition frocess, descri bed above may
be carri edc%g%“f i) e8?“ﬂ?%ﬁ%ﬁ%gi%gggtpgof?sco %Q%%%Wf?ﬂﬁéo%i nder,
preferably &}fﬂ@f &iliSorf\coblfbial Adpabiong pibessoMtfMbed abbdekady be
Cerr]-Cerr] paraffin gases produced in the naphtha reform ng process of

t hi s i nventdagnieidsost yeidrecantfter |thwezedlitanist tanppsided caidhi thec birvdan, i onal
napht ha refor‘rgrtri ngl ge erally less than 25 w. % and often |l ess than 20 w. %
of 10 theF \{ eg‘?”Sduct. Typi cal naphtha feeds which may be processed
i n accor.dance with this invention are refinery products containing at |east

abut 25"wt.% nore usually at |east about 35 wt.% and nost usually about

50 wt. % of A% eidicdtedl=boCherthe abhfdat iof arutkeyic|®alCi phatdffinhydisesar bons
such as olefins and paraffins, about 30 to 40 wt.%of Clerr] to Clerr]
aromat i cs, wicdmeedhint themepkthy refomping ysesrssy ot thesagnveptian. 9

constitutes. r] . arpmati and, roughly 10, t.o 20 _wt . % of ;whic
constitute §1%§?%n-thf o Or“lera(riglﬁ‘at ,d%lg? ( gﬁggce% in “convenflonal napﬁtha
reforming, generally less than 25 wt.% and often less than 20 wt.% of

10  the reformate product.

Typical naphtha feeds which may be processed in accordance with this
invention are refinery products containing at least abut 25 wt.%, more
usually at least about 35 wt.%, and most usually about 50 wt.% of Cs to
15 Co aliphatic and cycloaliphatic hydrocarbons such as olefins and
paraffins, about 30 to 40 wt.% of Cs to C 13 aromatics, of which at least
5 wt.%, more usually at least 10 wt.% constitutes C9+ aromatics and
roughly 10 to 20 wt.% of which constitutes Cs-Cs aromatics (BTX).
These naphtha feeds may also contain 50 to 500 weight ppm sulfur and
20 about 10 to 100 weight ppm of nitrogen compounds. The term "sulfur"
as used herein refers to elemental sulfur as well as sulfur compounds
such as organosulfides or heterocyclic benzothiophenes. Typical
examples of aliphatic hydrocarbons present in the naphtha stream
include paraffins such as n-hexane, 2-methylpentane, 3-
25 methylpentane, n-heptane, 2-methylhexane, 3-methylhexane, 3-
ethylpentane, 2,5-dimethylhexane, n-octane, 2-methylheptane, 3-
ethylhexane, n-nonane, 2-methyloctane, 3-methyloctane and n-decane,
as well as corresponding Cs to Ce cycloparaffins. Typical olefins

include 1-hexene, 2-methyl-1-pentene, 1-heptene, l-octene and 1-



These naphtha feeds may al so contain 50 to 500 wei ght ppm sul fur and 20
about 10_t o wei ght ppm of nitrogen conpounds. The terrg.. '_as used
herein r es'rz;%:}%:;o7 el enental sulfur as well as sul fur conpo E&Zﬁgg%%ﬂés
organosul fides or heterocyclic benzothi ophenes. Typical exanples of

al i phatic hydrocarbons present in the naphtha streaminclude paraffins
such as n-hexane, 2-nethylpentane, 3- 25 nethyl pentane, n-heptane,

2- met hyl hexane, 3-net hyl hexane, 3- ethyl pentane, 2, 5-di net hyl hexane,

n- oct ane, 2-nethyl heptane, 3- ethyl hexane, n-nonane, 2-nethyl octane,

3-net hyl octane and n-decane, as well as corresponding (Jerr] to (err]

cycl opar af momene. THpeaticspaeiuge henaenge talugagenrlenes ms well as Sertoene,

1- hept ene, g octene. and 1- WO 98/ 36037

PCT/ US98/ 02741 9% 1(?t(r%‘ene. Aromatics include benzene, toluene, xylenes as
well as CJerr] to CJerr] aromatics. The naphtha is upgraded by passing it

t hrough one or nore catalyst 5 beds positioned in a reform ng reactor.

Sui t abl e r 8w miaphthandiungradedrhy pgssinigl Bvidrroaghernd or more catalyst

E; gfsg.rr%gsg[%)gg éJs?{i&g& in a refgrgpe reactor. @ét%l% wforpip g,,p@ditiodﬁzg 540 10
0.5-25 .0.5-3 Herr]/oil nole ratio 0-10

1-10 The foaIrFoav‘?/ifr?]gng)?énpl es are illustrative of the invention. 15 EXAMPLE 1
The catal yst nodified in accordance with Exanples 2 and 3 was

General Preferred
Temp (°C) 204-540 427-540
10 Press. (psig) 10-300 50-300
WHSV 0.5-25 0.5-3
Ha2/o1l mole ratio 0-10 1-10

The following examples are illlustrative of the invention.
15
EXAMPLE 1

The catalyst modified in accordance with Examples 2 and 3 was
prepared by impregnating 40.33 grams of calcined H+ZSM-5 powder

20 with a solution of 2.76 grams of Zn(NOs)2 and 37.97 grams of water.
After drying at 120°C for 2 hours, the catalyst precursor was calcined
at 500°C for 4 hours to give a ZnO/HZSM-5 catalyst (ZnZSM-5).

EXAMPLE 2

13.76 g of the ZnZSM-5 catalyst prepared in Example 1 was mixed
with a solution of 4.77g of tetraethyl orthosilicate (ethyl silicate)
dissolved in 9g of n-heptane. The wet paste was dried at ambient
conditions for 4 hours, pelletized-to 16/45 mesh and calcined at 500°C



prepared by inpregnating 40.33 grans of cal cined HtZSM5 powder 20 with a

sol uti on wo @iéd87gr ans of Zn(NJerr])[err] and 37.97 grans gy GhasAf ter
drying at 120[err]C for 2 hours, the catal yst precursor was cal cined at
500[err]C for 4 hours to give a ZnQ HZSM 5 catal yst (ZnZSM 5). EXAMPLE 2 25
13.76 g of the ZnZSM 5 catal yst prepared in Exanple 1 was m xed with a
solution of 4.77g of tetraethyl orthosili g{ate (ethyl silicate) dissolved in
9g of n-heptane. The wet paste was dried anbi ent conditions for 4 hours,
pelletized to 16/45 nmesh and cal cined at 500[err]C WO 98/ 36037

PCT/ US98/ 02 | 2 ' | | rate for.8,hours to yield a
silica coat (Za’él?h ﬁﬂll}liggﬁgn%@hﬁg cé.?g‘ll’ fé]f C%,Véllojufﬁztgl\/%ﬁdli‘%ﬁﬁ%éﬁﬁ epaged, ni xt ur e
of 20.469g onddi€ed ADEHI-6ahodlyst [J1]2RASRA5I n Exanpl e 1, 0.59g of barium
hydroxi de and 200 m . of water were heated under reflux for 0.5 hour. After

centrifuging, the wet solid was dried in a vacuumat 50[err]C for 5 hours
and at 120[err]C for 3 hours. The | roduct was pelletized to 16/45
mesh and calcined in air at 500[ergmi hours to yield a barium
neutraliged ZnZSM 5 catal yst [Ba] ZnZSM 5. EXAMPLES 4-6: EVALUATI ON COF

CATALYSTS 15 The catal ytic test was conducted in a fixed bed at reactor
890[ err] F, ROtipixy oR 20M4S¢ of2th Zn@SMahdatdiysg peegedr jr Bxhhesle] £ CAT

naphtha as t()héeﬁag of barium hydroxide and 200 ml. of water were heated under
reflux for 0.5 hour. After centrifuging, the wet solid was dried in a

vacuum at 50°C for 5 hours and at 120°C for 3 hours. The dried

10 product was pelletized to 16/45 mesh and calcined in air at 500°C for

2.5 hours to yield a barium neutralized ZnZSM-5 catalyst [Ba]ZnZSM-

5.

EXAMPLES 4-6: EVALUATION OF CATALYSTS

15
The catalytic test was conducted in a fixed bed at reactor 890°F, 100
psig, 2 WHSYV, 2 Ho/feed and using a Cs-221°F CAT naphtha as the
feed. The CAT naphtha feed contained 460 ppm sulfur, 76 ppm
nitrogen, 38.1 wt.% paraffins, 11.4 wt.% cycloparaffins, 16.1 wt.%
20 olefins and 34.4 wt.% aromatics. The experimental results of these

tests are as shown in Table 1.

Table 1
% Yield at 21 hr
EX | CATALYST | FEED | As | Ar | Ac | Ao | Aw |C=lc=]c=]| co GAS
CONV. Cs | (Ci-C1)
4 ZnZSM-5 885 | 7.1 [ 195 | 163 | 46 | 10 | 04 | 07 | 03 | 71 42.9
5 | [Si|ZnZSM-5 463 |22 107 | 149 | 136 | 53 | 15 | 38 | 47 | 334 9.9
6 [Ba)ZnZSM.5 57.8 3.2 11.8 17.6 10.8 1.7 15 3.9 4.0 25.8 19.6




feed The CAT naphtha feed contai ned 460 ppm sul fur,
%parafflns 114wt % cycl oparaffins, 16.1 wt.% 20 344
o7 FEM R

Wt.%

The experinental results of these tests

76 ppm nitrogen,

38.1

Tabl e 1. TabI el %Yield at 21 hr EX  CATALYST FEED Alerr] A err}

Alerr]
C[err]
0.4

13.6

17.6 10.9 4. 5.8
PCT/ US98/ 0248 Tcam bAsse@anlrbéhe é@ﬁﬂtﬁ of h'Bablésbl eaating vabmeltrahém mhg or

Alerr] Alerr] dderr]= derr]= derr]= (err] GAS CONV.

(derr]- C[err]) 4 ZnzSM5 88.5 7.1 19.5 16.3 4.6 1.0

.7 0.3 7. 42.9 5 [Si]ZnZSM 832 45.3 2.2 10. 7 14.9

5.3 1.5 3.8 47 33.4 996[Ba]ZnZSM5 57.8 3.2

1.7 1.5 19.6 WD 98/ 36037

e RSB TR Sl

catal yst,
The ZnZSM5 catal yst from Exanple 1 (55 93 g) was mxed with a

respectivel

di net hyl si | meantainihg hefetokT od.% epromatms W8®.64 g) in neat, liquid 10
1 hr and dried in vacuum at 60[err]C for 4 hr

form at

room terrper ature for

11.8

Wiloh® ABINtRE W NEthdevtdl tuidd e % 8h OHBEIGH )@a%H'st5 vEPfﬁQD' e 7

and therP cal cined at 530[err]C for 8 hr to give a one tine silica coated
ZnZSM 5 catal yst [i.e.(Si)ZnZSM 5] .gxahfige gbove procedure was repeated 3
_érréfpy_rs :

nore tines to give a 4x(Si)ZnZSM5 T

15

Exanpl es 8-9 The CAT naphtha used in Exanples 4-6 was reforned over the

non-

10

15

20

The ZnZSM-5 catalyst from Example 1 (25.93 g) was mixed with a
dimethylsiloxane-ethylene oxide copolymer (30.64 g) in neat, liquid
form at room temperature for 1 hr and dried in vacuum at 60°C for 4
hr and then calcined at 530°C for 8 hr to give a one time silica coated
ZnZSM-5 catalyst [i.e.(Si)ZnZSM-5]. The above procedure was
repeated 3 more times to .give a 4x(S1)ZnZSM-5 catalyst.

Examples 8-9

The CAT naphtha used in Examples 4-6 was reformed over the non-
silica containing catalyst prepared in Example 1 and the silica-
containing catalyst as prepared in Example 7 under the following
conditions: 50 psig, 500°C, 2 WHSV and 4 He/molar feed ratio. Results

are shown in Table 2

Table 2

Yield (wt.%) at 21 hr

;—,> .
>

Example Catalvst Ac Ar As As A Olefing!  Cs-Cot Ci1-Cqt
8 ZnZSM- 8.7 25.0 19.9 4.7 1.1 2.7 3.1 34.8
5
9 4x(Si)Zn 6.4 23.4 19.7 3.7 1.8 9.8 11.7 23.5

ZSM-5



silica containing catal yst prepared in Exanple 1 and the silica- containing

cat al yst oRh&RFred in Exanple 7 under the follow ng 20 eeqdidok@say 50
psi g, 500 err/]’C, 2 WHSV and 4 Herr]/nolar feed ratio. Results are shown in

Table 2. Table 2 Yield (wt.% at 21 hr Exanple Catalyst Alerr] Alerr]
Alerr] Alerr] Alerr] Aefins[err] Clerr]-Clerr] derr]-Clerr]_8
ZnZSM 8.7 25.0 19.9 4.7 1.1 2.7 3.1 34.8 59 4x(Si)Zn 6.4
23. 4 19.7 3.7 1.8 9.8 11.7 1323.5 zSM5 25 WD 98/ 36037
PCT/ US98/ 02747 13 1. Clerr]-Clerr] light olefins 2. Paraffins The

results of Table_2 sh rked_.decrease in the production of CJerr] 5
to (Jerr] par af f tn gagigla(i‘tihng]ﬁtc&@g?é in the production of nore val uabl e
olefins and Cferp] - errlemaraffins associated with the use of the silicon
treated catal yst (Ex. & vs. the non-treated catal yst (Ex. 9). Exanples
10-11 10 Exanples 8 and 9 were repeated except that the naphtha stream used

was a light virgin C[%rr]-C[err] napht ha .contai ning 81 wt.% paraffins and
19 wt. % of EBRexesnis oflakied st Wasmeskeddasaeasroay theprodnstevn a§ Grow

pressure condidi QNS e-10 i err] and 4 N.err]/mpl ar; feed
ratio. %5 1 (%uﬁ?gafaﬁr%e g%% O%d 5%1% A5ee _tﬁevglrso\éuc@mn ok\l xgorel vatusble
olefins and Cs-Cs paraffins associated with the use of the silicon

treated catalyst (Ex. 9) vs. the non-treated catalyst (Ex. 9).

Examples 10-11
10
Examples 8 and 9 were repeated except that the naphtha stream used
was a light virgin Cs-Ci2 naphtha containing 81 wt.% paraffins and 19
wt.% of aromatics. Reforming was conducted under the following low
pressure conditions: 10 psig, 527°C, 2 WHSV and 4 Nz/molar feed ratio.
15  Results are shown in Table 3.

Table 3

Yield (wt.%) at 1 hr

Example Catalyst Ag As As As Aig Qlefing! Cs-Ce Ch-CaZ
10 ZnZSM-5 16.3 29.0 16.4 1.8 0.3 0.6 7.1 28.5
11 4x(S1)ZnZ 11.7 19.5 11.1 2.5 0.4 19.2 15.8 19.8
SM-5

Once again the data in Table 3 shows that the catalyst of the invention
20 gives rise to marked reduction in the content of C;-C4 paraffin gases
and an enhancement of the light olefin and Cs-Ce paraffin content of

the reformate.

Another advantage associated with the use of the catalysts of this
25 invention as naphtha reforming catalysts is that the catalyst is more

highly selective towards the production of the para-xylene component



Table 3 Yield (wt.% at 1 hr Exanple Catalyst Alerr] Alerr] Alerr]
Alerr] Al err AQefins[ferr] err]-err] derr]-(err] 10 ZNnZSM 5
16. 3 _29.0‘[0981 0% 1.8 0.3 0.6 7.1 28.5 11 é&?’%?%a"ﬁﬁ?’ 11. 7
19.5 11.1 2.5 0.4 19. 2 15. 8 19.8 SM5 Once again the data in
Table 3 shows that the catalyst of the invention 20 gives rise to narked
reduction in the content of (Jerr]-Clerr] paraffin gases and an enhantenent
of the light olefin and Clerr]-Clerr] pardf#fin content of the refornate.
Anot her advant age associated with the use of the catalysts of this 25
invention as naphtha reformng catalysts is that the catalyst is nore

hi ghly sel eatfi tiee trisaddLs lgomaditacpiainagf prétugedr af xthee fewx anpiom bt WD
98/ 36037 . . PCT/ US98/ 02747 14 of
Che i xed CIEPARCH GRaa-EXlepeoi conpidsuaklay raare: Nalyahle piih BeBPH
product . PaLEeiNLafite khak URYIEL St Hidks a0 Ay IR Gflers,

i ntermedi ate than ethyl benzene or the neta and ortho-xyl'ene isoners.

Par a- xyl ene Paesnsyléme aqpurexh mppebyinegtely ehuilitheranpamiosntababiutZD to 5 25
wt. % depending on the tenperature, in the (Jerr] aromatics fraction of a
typi cal pef c¥niiteh s tereniipesuythaltemp erptasendnth o haarpssties feagian of
cont ai ni ng catal ) I i talzysi: i.fl bt

dehydr ogenat? %W%%@ EFR’g udéj%egsg réiﬁmg’ro@ngcg%in%%%ggfog{a{% Zlgm\u% iﬁr%)q% ﬁléetal'

neutral i zed GatalMsES catalyBtss dmnVviesihg0ZSMNS acatalpsts] ensdifividoithe 4 racti on
10 which can have a content of para-xylene_consider abI&/ hi_gher than the
equi | i bri um éehydrogenatipn| metalasuch ias AranpRefarmatel preduerdnpsisglithe

neutralized catalysts of this invention contains a Cs aromatic fraction
10 which can have a content of para-xylene considerably higher than the

equilibrium amount, as illustrated in Example 12 below.

Example 12

15 The liquid products from Examples 8-11 were analyzed by GC to

determine the distribution of Cs- aromatics as shown in below:

Ex. No. Temp. (°F) % of Isomer in A Product.

EB MX PX OX

8 500 10.3 46.2 227 20.8

9 500 11.5 37.3 32.8 18.4
Equilibrium 500 10.2 46.5 20.9 22.4
10 527 1.0 51.1 23.4 24.5

11 527 12.3 28.6 42.9 16.2
Equilibrium 527 10.8 46.0 20.7 22.5

The above data clearly demonstrates that the silica coated ZnZSM-5
20 catalyst produced 157% and 207% of the equilibrium p-xylene in
Example 9 and 11 respectively.



15 The liquid products from Exanples 8-11 were anal yzed by GC to determ ne
the di stidesdepsy of C8- aromatics as shown in bel ow EX. Neerysdgiher (F)
' 500

% of . | somer in A Product EB MX PX oX 8
10. 3 46. 2 22. 7 20.8 9 500 11.5 37.3 32.8
18.4 Equilibrium 500 10. 2 46. 5 20.9 22.4 10 _ 527

1.0 51.1 23. 4 24.5 11 ?27 12. 28. 6 42.9
16.2 Equilibrium 527 10. 8 46. 0 20.7

3
IR OEL o
clearly denonstrates that the silica coated ZnZSM 5 208Gatsl ced

L

157% and 207% of the equilibrium ~p-xylene in Exanple 9 and 11
respectively. WO 98/ 36037 QL‘M

PCT/ US98/ 02744t 19 cdidGisWhat is clained is: 1. A process for reform ng
a napht ha hydrocarbon stream5 containing at |east about 25 wt.%
of Jerr] to CJerr] aliphatic and cycloaliphatic hydrocarbons conpri sing
contacting said stream under reform ng condaiééi ns wth a nodified reformng
catal yst cohmpri s“lingPréPﬁe?Snt nﬁ&f%ﬁném;gor% $ tg& dhedzacarh o s Stieae e

support éi mpr egnal gd Wit at lkgﬁstab%f %bg{‘v}‘ﬁ%o%?”éé itgnpgem&{ic and

sel ected fromthé group-consisting o um  zrI nc, Ir'ron, tin and

boron, and oxi degcdsalishdticldqsdibeirbohs campricaigacystacting tard shyeand)
contact of said inpregnated alum nosilicate support. with a Periodic Table
Group |1 A netal wydenxeipemonggenditions with a modified reforming catalyst

comprising an intermediate pore size acidic aluminosilicate
support impregnated with at least one dehydrogenation metal
10 selected from the group consisting of gallium, zinc, indium, iron,
tin and boron, and oxides or sulfides thereof, said catalyst
modified by (a) contact of said impregnated aluminosilicate
support with a Periodic Table Group ITA metal hydroxide or an
organosilicon compound in an amount sufficient to neutralize at
15 least a portion of the acid sites present on the surface of said
support and (b) calcination of said support, the reformed
naphtha product of said process containing less than about 25

wt.% of C1-C4 gas.

20 2. The process recited in Claim 1 wherein said aluminosilicate
support comprises a zeolite having a MFI, MEL, TON, MTT or
FER crystalline structure.
3. The process recited in Claim 1 or 2 wherein said aluminosilicate
25 support is a ZSM-5 zeolite.
4. The process recited in any preceding Claim wherein said

dehydrogenation metal is zinc.



organosilicon conpound in an anmount sufficient to neutralize at 15

| east a portion of the acid sites ll urface of said support
and (b) c¥PSER7on of said supporlﬂlﬂmmmuﬂnmm& ||napht ha BESAISEB/0ITAT 5ai d
process containing |less than about 25wt "% bf [err]-Cerr] gas. 20 2.
The process recited in Claim 1 wherein said alum nosilicate support
conprises a zeolite having a MFl, MEL, TON, MIT or FER crystalline -
structure. 3. The_process recited in @ m1l or 2 wherein said

al um nosilicate 25 support is a ZSM5 zeolite. 4. The process
recited in any preceding Caim wherein said dehydrogenation netal is zinc.
WD 98/ 360375. The process recited in any preceding Claim whEFeSIHi@2747 16
5. The process rzﬁcite.d in y preceding Caim wherein said catalyst is
modi fied by cont §8tal¥st nisy mpdiied | by neantiechy Witk de Groups IIA mptalpr ocess
recited in any pg&ggg;drag Claim wherein said alum nosilicate support is
conmbined with a brnder nmaterial selected fromthe group consisting of
silica, alumna, clay or zeolite to formcatal yst pellets. 10 7. The
process recited in any preceding Caimwherein said Goup Il A netal is

sel ect eds f r 6m t hdhgr dUeCceBn Jiesitpdginf abyr pueneding c Clainanwhengimeséaith 8.

The process recited in a receding.Claim. wherein sajd 15 ., .catal yst
is nodified by cgﬁt‘rggOﬁﬁ%aﬁugpﬁﬁﬁﬁi?(?%&e@o%&ﬁna. lbg:}cfer e Hocess
recited in any peeRRtid'dréthathe ¢beH SdhsStifk of silica, alumina, clay or

zeolite to form catalyst pellets.

10 7. The process recited in any preceding Claim wherein said'Group
IIA metal is selected from the group consisting of barium,

calcium and magnesium.

8. The process recited in any preceding Claim wherein said
15 catalyst is modified by contact with an organosilicon compound.
9. The process recited in any preceding Claim wherein said

organosilicon compound is selected from the group consisting of
silanes, silicones, and alkyl silicates.
20
10. The process recited in any preceding Claim wherein at least
about 50% of the acid sites present on the surface of said support

are neutralized.

25 11. The process recited in any preceding Claim wherein said
reforming conditions comprise a temperature of 205 to 540°C, a
pressure of 10-300 psig, a weight hourly space velocity of 0.5-25
and a hydrogen to hydrocarbon molar ratio of 0 to 10.



organosili con conpound is selected fromthe group consisting of silanes,

si li conegup Mo Kyl silicates. maﬁ Im S reciteglctsang747

precedi ng C ai mwherein at Ieast%* CJ”,H qumfaci d sites present on the

surface of said support are neutralized: 26 s 1% The process recited in

any preceding Claim wherein said reformng conditions conprise a -

tenperature of 205 to 540[err]C, a pressuyre of 10-300 psig, a weight hourly
t

space velocity of 0.5-25 and a hydrogen g hydr ocarbon nolar ratio of 0 to
10. WD 98/ 36037 PCT/ US98/ 02747 17

12. The process.fecited in_an recedi ng_Cl ai,m r.ei n_sai d_napht,ha
stream contefns 'S{‘el gﬁg?esébaﬁ?{/%g W .%%fplé%eén@ \é\efﬁm{ o‘.”%fg‘?l_f‘] %‘fiphat ic
and cycl oal i phathggﬁmﬂé QHRLRPBSntatns h3 leadtFo OS5 9t %ot d8H CH1ATY
preceding daim erein the refornmed napht ha product of said process

cont ai ns | ess t haliphbtiatan20cyatozdbpdfatf bydiodasb@Gierr] gas. 14. The process

recited in any preceding Caim wherein the 10 ref ormed napht ha
product of said process contains a CJerr] aromatic product containing at

least aQouty 25 Wep % BR6E&N30COE SAURLYPTURATBUTISh REREHN' GRE

reformed naphtha product of said process contains less than

about 20 wt.% of Ci to Cq4 gas.

14. The process recited in any preceding Claim wherein the
10 reformed naphtha product of said process contains a Cs aromatic
product containing at least about 25 wt.% more than the

equih'briuni amount of para-xylene.



