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NAPHTHA F gﬁghwgﬁCATALYST AND PROCESS BACKGROUND OF THE | NVENTI ON 5
Field of t Vention The invention relates to zeolite L-baREHUPWIPI ng.
catal ysts and their use to produce reformate having a | ower content of
Clerr] and Cerr] aromatic conpounds. 10 Description of Related Art )
Catalytic reformng is a nmajor petrol eum defi ni ng process used to raise the
octane rating of naphthas (Cerr] to Cferr] hydrocarbons) for gasoline

bl ending. 15 Catg | o FE B BnidiSe AlaSOn 2 i ncipal S0 e of aromatic
chemcals, i.e., behs -'—- S = Q"i'b RPED8n of paraffins
and napht henes to aromatics. reform ng chem cal reactions are
dehydr ogenati on of 20 cycl ohexane to aromatics, dehydrocyclization of
paraffins to aromatics, BACKGROUND QBTHE INVENHANYycl opentanes to
aromatics, ‘i somerization of normal paraffins to branched paraffins,

deal kyl ati on of al kyl benzenes, and hydrocracki ng of paraffins to |ight
hydr ocag bo ing of paraffins to |ight hydrocarbons is
undesi ?%bl gﬁg%%—%ﬁ@éﬂﬁoﬁéﬁgnhni m zed 25 because |ight hydrocarbons have

| ow val ue. Catalysts commonly used in comrercial reformers include a G oup
VIT1I netal,_such as platinum or platinumplus a second catalytic netal,
such as rhelheiiRvantion wiates taizaniite ddbasedirefarmingeatalysts eaddheinyseal |y,

30 hl or i L Sl ] ' [, f ' Lity.
A urr - pADeBIRIIET PERAFELF helind 'S 1BWHE: Sdtupth BYTCE i o piseRs |
paraffins, dompounds.

10
Description of Related Art

Catalytic reforming.is a major petroleum refining process used to raise the:

octane rating of naphthas (Cs to C4y hydrocarbons) for gasoline blending.
15  Catalytic reforming is also a principal source of aromatic chemicals, i.e.,

benzene, toluene and xylenes, via conversion of paraffins and

naphthenes to aromatics.

The principal reforming chemical reactions are dehydrogenation of
20 cyclohexane to aromatics, dehydrocyclization of paraffins to aromatics,

dehydroisomerization of alkylcyclopentanes to aromatics, isomerization of

normal paraffins to branched paraffins, dealkylation of alkylbenzenes, and

hydrocracking of paraffins to light hydrocarbons. The hydrocracking of

paraffins to light hydrocarbons is undesirable and should be minimized
25  because light hydrocarbons have low value.

Catalysts commonly used in commercial reforrhers include a Group VIl
metal, such as platinum, or platinum plus a second catalytic metal, such
as rhenium or iridium, dispersed on an alumina substrate. Typically,
30  chlorine is incorporated on the alumina to add acid functionality. Alumina-

based reforming catalysts are suitable for aromatizing Cg¢" paraffins, but




2 are less effective for aromatizing CJerr] to CJerr] paraffins because -
t hese catal ysts hydrocrack nore of the lighter paraffins to | ow val ue fuel
gas than twewsawsisert to aromatics. 5 Conventi onal ref or MBRGY/GI8AIEHSt S _
are bifunctional, i.e., the catalysts enhance i) dehydrogenati on and

cyclization reactions on the catalytic netal sites; and ii) isonerization

on separate strong acid sites in the catapyst. The undesirable
hydr ocracki ng reactions al so occur on the acid sites. 10 Wthin the past
few years reform ng catal ysts have been devel oped whi ch have been

di scovered g8 hesspaffectivkafdry apdrhatizinge Csoto sCorperaffinsg belcaush ethdset o
Cerr] paraffin conponents of naphtha. These cat al ﬁts are magje usi ng
zeolite, raat@lystshhydeaciach morgsof the dightsr panading £ Iew: Valve eld38 © They

15 are- o-funct.i inrelatively few strong acid sites.
Unl i ke coggaﬂ?itﬁﬁgf%ﬁ?%ﬁ@%?%ﬁgﬂagat al ysts, zeolite based catal ysts
acconpl i sh dehydrogenation and cyclization reactions as well as

i somerization on the dispersed netallic catalytic sites. %ee;:ause t hese
zeol i t & bas@enventianalt eeferving «<atalystsngrac bifusctienral, Jiestheaatalysts

hydr ocr acki ng react, on e - e 720l | | r rred
for reformq{gl%a!'&gi?z‘yaﬁog%%ngg gﬁégéﬁ%ﬂ'ﬁsﬂ%#ga?%@m@ egafvﬁlﬁfa 6 to
15 Angst r orpgg] esitis2 @@ Tii) éeplarizationi 6ntsuparaty spoabenciad siteppiar thd or
reformng catalysts, particularly wherein the catalytically active, netal
i s pl ati nusatgyshpTee wndesitable swargeraskingdeartiens alse peewy o theasid s
4,104, 320 and 4,544,539. 25 Modified versions of these Goup VIII
net al - cont ai'fing cat al ysts which al so contain an ion-exchanged al kal i ne
earth pgtal such as cal cium bariumor strontiumare disclosed in U S
Patent 4,435,283. This catalyst is disclosed to have a higher selectivity
wi th respeciVithin tie past fevdyaats efouningaeatalysty hayahres daveiopad Whidxane
'nto aromat rllacvsé been discovered to be particularly effective for aromatizing the Ce to
Cs paraffin components of naphtha. These catalysts are made using
zeolite, rather than alumina, as the support for the catalytic metal. They
15  are mono-functional and contain relatively few strong acid sites. Unlike
conventional bifunctional catalysts, zeolite based catalysts accomplish
dehydrogenation and cyclization reactions as well as isomerization on the
dispersed metallic catalytic sites. Because these zeolite-based catalysts
have few strong acid sites, undesirable hydrocracking reactions are
20 repressed. Zeolites which are preferred for reforming catalysts are large
pore zeolites i.e., zeolites with a 6 to 15 Angstrom pore diameter. Zeolite
L is the most preferred support for reforming catalysts, particularly
wherein the catalytically active metal is platinum. Examples of such
catalysts are disclosed in U.S. Patents 4,104,320 and 4,544,53%.
25
Modified versions of these Group VIl metal-containing catalysts which
also contain an ion-exchanged alkaline earth metal such as calcium,
barium or strontium are disclosed in U.S. Patent 4,435,283. This catalyst
is disclosed to have a higher selectivity with respect to the

30  dehydrocyclization of alkanes such as n-hexane into aromatics.



98EFS133. DOC 2a EPA 0498182 A-1 discloses a prdcess tor

produci ng g;(?gg; f hydrocarbons from non-aromatic hydrocarbons_usin
zeolite L &g contai ning both a platinum conponent and BRCHAISEYY ?995
conmponent. The presence of the hal ogen conponent is said to extend catal yst
life during 5 the reforming process. A simlar process is disclosed in
EPA 0201856. I n addition EPA 0142351 and BPA 0142352 discl ose a process
wherein freshly prepared or regenerated zeolite L catal ysts containing a
Goup VIII netal can be activated by an oxychl orinati on process wherein the
Goup 10 VIl nmetal is dispersed, followed by renoval of excess chlorine.

3 M ;- g
hort o chadasy "PERANY RebUL L2 kRS, RAVIRP o chlicritl' Ffuotke Mt ® O
| engt hs, ~caghunteri civarael lengtchave tbeehociweieped avhdth c;somdedmunmoﬁed when

used as a catal yst support in a reformng process. These crystallites may
be char act ez dengths; cczqrwerapn ﬁB@kéﬂﬁQ@K'ty stoussds saPmatics Preduetionel y

| arge dia a h engt Y, ur enent
of the %uwﬁéﬁggg%ﬁj g%e cr yg‘%ig’?t ghdlr?'gugarr&{o(rﬁr% %ﬁé#pl a gggg :
cont ai ni ng dr?@tatﬂitéﬁﬁhéy bel lﬁﬁafamgmied ast Yiabt Yhéckeypack” @haé@d and
preferably 0.1 to 3 mcrons and the dianmeter is_generall 3to 1.5

i crons, prl'éﬁ\@ atsegatwew large diametesand shaft length. "'Qﬂﬂ!h?léﬁgt%yéﬁaénet er
ratio is 0 this
ratiois | € ﬁ{gﬂﬁﬂf % h‘(say@f?aée | ggg%ér ?r’é&ﬁég%g ﬁwo‘ﬁ%%ﬂ#@ag ng&%eol ites
are synt hesba"ééﬂ plEn8Ystirmaimridgahe tdigmet@nt Toke kength is typically 0.1 to 0.6,
10  preferably 0.1 to 0.3 microns and the diameter is generally 0.3 to 1.5
microns, preferably 0.4 to less than 1.0 micron. When the length/diameter
ratio is 0.2 to 0.5, the crystal shape is termed "hockeypuck”. When this

ratio is less than 0.2, the shape is termed “coin”.

15 These new zeolites are synthesized by hydrothermal treatment of a
synthesis mixture containing water, a source of potassium, a source of Al,
03, a source of SiO, and up to about 0.1 wt.%, based on the synthesis
mixture, of a source of a divalent cation selected from the group
consisting of magnesium, calcium, barium, manganese, chromium, cobalt,
20 nickel and zinc. The divalent cation present in the synthesis mixture
serves to reduce the size and regulate the shape of the resulting zeolite L
crystallites and also suppreéses the formation of unwanted impurities

such as zeolite W.

25 These zeolites and platinum-loaded versions thereof used as reforming
catalysts are disclosed in U.S. Patents 5,486,498 and 5,491,119, the
complete disclosures of which patents are incorporated herein by

reference.

30  One of the primary goals in a naphtha reforming process is to achieve a

reformate which contains a high content of aromatics because these



synthesis m xture containing water, a source of potassium a source of .
Al[err] 03, a source of SiJerr] and up to about 0.1 wt.% based on the
synt hesi s WOA8(#7€5S of a source of a dival ent cation sel ect edeET/US981078950r OUP
consi sting of magnesium cal cium barium manganese, chrom um cobalt, 20
ni ckel and zinc.  The divalent cation present in the synthesis m xture
serves to reduce the size and regqul ate thge shape of the resulting zeolite L
crystallites and al so suppresses the formati on of unwanted inpurities such
as zeolite W 25 These zeolites and plati num| oaded versions thereof used
as reforni mipeciicalsy ates more disduahbieedndncohtfibukattenhigher486tahes vahuks

5,491, 119, the c I e%g_ di.sc| osures, of which patents are incorporated
herein by MAReiRe retgmateyis yisedhin shengesoling rrofuch Regbht IFEes@Rlor mi ng
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pool . Present ‘req jrements of the U S. Clean Air Act and the ghy.si cal and
conposi® i ofe@MPplex; ebfeguiatisasdwith residt i fimitationscan @asnlingebpitirg and _

US EPAS lhat i i Ieh ' [ .t ada n
gasol i ne b(glanﬁ'gw andyﬂﬁfgpg%?jlt&t hng@?u%cﬁ%@ﬁgh%rrm el%éaqu @%’gp%ﬁ%essure
(RVP) and TED specifitaticr.i WhatWhiat mieans istisatrefornidies coatainitit £ higeet ai ni ng
a higher content of |ighter aromatics, e. benzene, toluene and xyl ene

g x
(BTX) are rontertaflighter apmatics.iegr &w&%eat@ue@amd xdena{BTP9farenat es
“her ai n 10 . ; Ao < of
neavi er o SR yALRRR Jo use Th Bl aRedGatblRR Ml orofRRles WREPLEY °: he
i nventioon tioe Eromaties aohterthales includes significant amounts of heavier Cg and

C1o aromatics.

Accordingly, it is an object of the invention to provide a fresh or
regenerated Group VIl metal-containing zeolite L catalysts which is highly
15  selective to the production of aromatics containing lesser amounts of Co

and C,o aromatics.
Another object of the invention is to provide a process for reforming
naphtha streams using this catalyst, as well as activated and regenerated

20 versions thereof.

Still another object of the invention is to provide a process for further

activating or regenerating this catalyst.

25 SUMMARY OF THE INVENTION

The invention provides a crystalline type L zeolite catalyst in which the
crystals are cylindrical and have an average length of 0.6 microns or less
and an average length: diameter ratio of less than about 0.5, said catalyst

30  containing at least one catalytically active Group VIl metal of the Periodic
Table and from about 0.1 to 2 wt. % of halogen.



regenerated Group VIII netal-containing zeolite L catal ysts whi ch |s 'h"i ghl y'

15 sel ective to the production of aromatics containing | esser anounts of

Cerr] andVOP84741Sar omati cs.

a process for reform ng naphtha streams using this catalyst, as well
activated and regenerated 20 versions thereof. Still another object
the invention is to provide a process for8further activating or

regenerating this catalyst. 25
The invention provides a crystalline type L zeolite catal yst
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process tor enhancing the cat -
reformate wherein less than about 20 wt.% of the aromatics content of

said reformate comprises aromatics containing nine or more carbon

atoms.

The invention further provides a process for enhancing the catalytic
activity of a crystalline type L zeoclite catalyst in which the crystals are
cylindrical and have an average length of 0.6 microns or less and an
average length: diameter ratio of less than about 0.5, said catalyst
containing at least one catalytically active Group VIIl metal of the Periodic
Table and from about 0.1 to 2 Wt.% of halogen, said processing
comprising: a) contacting said catalyst with a gaseous stream comprising
water, a source of chlorine, oxygen and an inert gas under oxychlorination
conditions comprising a temperature of from about 450°C to 650°C and a
partial pressure of chlorine derived from the source of chlorine which is
greater than about 0.03 psia (206.8 Paa) for a time sufficient to form
oxyhalides of said metal; b) contacting the chlorinated catalyst with a
gaseous stream containing water, oxygen and an inert gas under chlorine
removal conditions comprising a temperature of about 450° to 550°C and
for a time effective to lower the chlorine content of the catalyst to about 2
wt.% or less; and c) contacting the catalyst of reduced chlorine content
with a gaseous stream containing an inert gas and hydrogen' under

reducing conditions including a temperature in the range of about 350°C



15 activity of a crystalline type L zeolite catalyst in which the
crystals are cylindrical and have an average length of 0.6 mcrons, or |gess
and an averwQeshkwigt h: diameter ratio of |less than about 0.5,p 'Wﬁl yst
containing at |east one catalytically active Goup VIII netal of the .
Periodic Table and fromabout 0.1 to 2 w. % of hal ogen, said processing 20
conprising: a) contacting said catal yst vm'et,h a gaseous stream conprising
wat er, a source of chlorine, oxygen and an inert gas under oxychlorination
conditions conprising a tenperature of from about 450[err]C to 550[err]C

anioh 1o or ShEEPE A S B0e SR8 Ser Bt B L e oS Fo dhe FRRIICR: <o
form 25 oxidtal i des of said netal; b) contacting the chlorinated catal yst

Wi th a gaseous stream containing water, oxygen and an inert gas under
chl orine renoval conditions conprising a tenperature of about 450 to

catal yst to Bgogeiabate G B Mleettoh ro ¥ElechvE sRis, He ROBN0 ot cducea
chl ori ng copgffinatds havrighahighsRentsof Bgit Co1d Bnarndtics Whlle staheand
hydr ogen under reducing conditions including a tenperature in the range of

about 350[ esare timegrodustd less jof the heavier ks and Ged aPENatics: educe netal in
the catalyst to the netallic state. The catalysts of this invention are
sel ective towards the production of 5 ref ormat es having a high content of

light CJerr] to (Jerr] BRIERDESCRIPTRORIOF THE DRAWINGS' oduci ng | ess of
the heavier C[err] and Terr] aronatics. BRI EF DESCRIPITON OF THE DRAW NGS

10 Figure 1 is a graph plotting the % conversion of naphtha feed vs.
reformag gk % o8t Glabh Rtk ehd &M bRl e RBKRHA 988k (&M orm ng
reforming time for a catalyst of the invention and a conventional reforming

catalyst.

Figure 2 is a graph plotting the yield of Cs to Cs aromatics vs. reforming

15  time for a catalyst of this invention and a conventional reforming catalyst.

DETAILED DESCRIPTION OF THE INVENTION

Zeolite L aluminosilicates which are useful as support material for the
20 catalysts of the present invention are the small particle size cylindrically
shaped crystallites such as disclosed in the above referenced U.S.
patents 5,486,498 and 5,491,119. They are generally prepared by the
hydrothermal treatment of a synthesis mixture containing water, a source
of potassium, a source of Al,O;, a source of SiO, and up to about 0.1
25  wt.%, based on the weight of the synthesis mixture, of a source of divalent
cation (M")'selected from the group consisting of magnesium, calcium,

barium, manganese, chromium, cobait, nickel and zinc.

Preferred synthesis mixtures generally have a composition falling within

30 the following molar ratios (expressed as oxides):




Figure 2 is a graph plotting the yield of CJerr] to CJerr] aromatics Vvs.
reformng 15 .time for a catalyst of this invention and a conventi onal
ref orm ng Wat984y6d6. DETAI LED DESCRI PTI ON OF THE | NVENTI ON ZeRPCTA898/07095
al um nosilicates which are useful as support material for the 20

catal ysts of the present invention are the small particle size
cylindrically shaped crystallites such as7disclosed in the above referenced
U. S. patents 5,486,498 and 5,491, 119. They are generally prepared by the
hydr ot hermal treatnent of a synthesis m xture containing water, a source of
potassium a source of Al[err](err], a source of SiJerr] and up to about
0.1 25 w, % based t he wei ght the synthesis m xture, of a source of
di val ent céM/&Qi‘*'( ?2)”' @Qﬁé@s é\é}fﬁgdrﬂ-g e group consisting of magnesi um

cal ci um -bay i ’ ne ~Ch¥ o@ghum cobal t, nickel and zinc. Preferred
synt hesi s ﬂ%@ﬂ?’é?ﬁgﬁé’wm ;%vgba conposition falling within 30 the

foll ow ng BDMAIICY | 0Ss (expr=eSsd® as oxi des): 7 (M[err]O + MJ[err]

O/ Si = 8 - 6 o O+ M O =25 - 90 ,
Si)qlerqr\"]e/r,rbj“ﬂ'e@fq\é{gr‘r' ’3zm ng:r‘ilgs-é-gbbsrr}vi [err][O’eEu[ezr]O + M [err] O. =
0.9 - 0. 9999 wherein M is an alkali netal, preferably potassiumor a

m xture of potassiumand sodium M is one or a mxture of the dival ent

met al s desavhdreth dfove, amnalkalii metdie prefemably qotdlsiutherZaeomikiré of the 10
i nvention is prepared 0 nthesis mxture at a

b h_ﬁdr ot her mal heati ngg f the s%
t enper at uré’%?ssd'%‘u?n%é?@ M, Ak 0iS280¢ P PoMidMre, Hethe divalent setabbut 10
to 150 hour : o y cQver | opt i-ch%aI 1yni t he
resul ting éjr%%:["gH’. %Bé&é%o?f‘?eﬁL'%p%oedg’%@&%s%?%ﬂhése ze(%e:b(tﬁﬁgézl_'_i' pdr}gg‘ug}:t § are
char acteer i aeeeritioraiscyiepated &yl hydratreriral ineating of the synthesis mixture at

a temperature of about 150°C to 250°C for a period of from about 10 to

150 hours, foliowed by recovery, drying and optional calcining of the

resulting crystalline zeolite L product.

15  These zeolite L products are characterized by a cylindrical shape having
relatively flat b'asal planes and relatively short channels within the zeolite
crystalline structure. The length of the crystallite walls is generally in the
range of from about 0.1 to 0.6 microns, more preferably from about 0.1 to
0.3 microns and the diameter is generally from about 0.3 to 1.5 microns,

20 more preferably from about 0.4 to less than 1.0 micron. The average
length: diameter ratio of these crystallites may generally range from about

0.05 to about 0.5, more preferably from about 0.1 to about 0.4.

The zeolite L is made catalytically active by incorporating catalytic
25 quantities of at least one Group VIl metal and halogen into the channel

structure of the zeolite L.

The Group VIIlI noble metals which are necessary for catalytic activity are
those metals from Group Vi of the Periodic Table of Elements which are
30 selected from osmium, ruthenium, rhodium, indium, palladium and

platinum. Preferably, the metals which are employed herein are platinum,




relatively flat basal planes and relatively short channels within the
zeolite crystalline structure. The length of the crystallite walls, is, .
general |y iwobgareasnge of fromabout 0.1 to 0.6 mcrons, noregdngdmiedddsy
fromabout 0.1 to 0.3 mcrons and the dianeter is generally fromabout 0.3
to 1.5 mcrons, 20 nore preferably fromabout 0.4 to less than 1.0

m cron. The average |ength: dianeter ratigof these crystallites may
generally range from about 0.05 to about 0.5, nore preferably from about
0.1 to about 0.4. The zeolite L is nmade catalytically active by
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and hal ogen into the channel structure of the zeolite L. The Goup VIII
nobl e net al pregeint in @ny cembiwrtion tesiredt Riyenivmae Group \AIB métademayt al s

fromGoup VJII of the Periodic Table, of ene ich are.30 selected
from osm uOrb RESRETHSCIRGd ARt 1BAS! e GIRLP AT DI ARG is preseit
Preferably, the netals which are enployed herein are platinum 8 rhodi um
or iridium and nost preferably platinum The netals may be present in any
conbi nasi onTHesamednt Bh&riowm VHI GoblepmétaBprasent inrthe cdtatysbevibbesant so

| ong as at | gast one.Gou%_ll. n8ble aetal is%esent. 5 . The anount of -
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preferably fAobld melab&ghpneratds indide liee ciiamngts. . Generally, however, the

level of metal present will range from about 0.1 to 6%, preferably 0.1 to

3.5% and more preferably 0.1 to 2.5% by weight of the catalyst.

Furthermore, the amount of metal present is generally from about 0.1 to

15  2.0% by weight of the catalyst if the average zeolite crystallite size parallel
to the channels is greater than about 0.2 micron, and from about 1.0 to
6% by weight if the average zeolite crystallite size parallel to the channels

is no greater than about 0.2 micron.

20  The Group Vil noble metals may be introduced into the zeolite by, for
example, ion exchange, impregnation, carbonyl decomposition, adsorption
from the gaseous phase, introduction during zeolite synthesis, and
adsorption of metal vapor. The preferably technigue is ion exchange or
impregnation by the so-called incipient witness method.

25
Halogen may be incorporated into the catalyst by combining it with a
source of halogen such as alkali or alkaline earth chlorides, fluorides,
iodides or bromides. Other halogen sources include compounds such as
hydrogen halide, e.g., hydrogen chloride, and ammonium halides, e.g.,

30 ammonium chloride. The preferred halogen source is a source of

chlorine. The amount of halogen source combined with the catalyst




Furthernore, the amount of metal present is generally fromabout 0.1 to 15
2.0% by wei.ght. of the catalyst if the average zeolite crystallite size
“paral | el twowBd7@Bannel s is greater than about 0.2 nmicron, ardriusesmbout
1.0 to 6% by weight if the average zeolite crystallite size parallel to the
channel s is no greater than about 0.2 mcron. 20 The Goup VIII noble
nmetals may be introduced into the zeolitegby, for exanple, ion exchange,

i mpregnati on, carbonyl deconposition, adsorption fromthe gaseous phase,

i ntroduction during zeolite synthesis, and adsorption of netal vapor. The

pref erabl ysheglanbeusuch thzt wlmamwstomntamegﬂnam @boby 0.Me te 2 owt.Hed
I nci pi ent wi tness nethod. 25 Hal ogen ncorporated into the catal yst

by conbi ni hglagenwmareapresenably Bpmébgybﬁ %teiabayt drxuti% dralagenl iThe eart h
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sour ce of chlorine. The amount of ha ogen source conbined with the catal yst

9 shoubd be such that the cat al yst contains fromabout 0.1 to 2 w.%

catalyst oihBrefafERnetepribft Mk radfih s Bt Eodipse ot AL R " o
G oup VI pipietimateriat whidht sesiestas h hataix wikichotiside thelepataleadgatre. 5 In
a preferred embodi ment, the zeolite L is conbined with an |norgan| c bi nder

mat eri al \/vﬁudablﬁarmédeésmf%!ﬁlﬁl nclude hsiisrdsaluruna; yailica-gluige rand
Sui t abl e bi nder
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10  zeolite L crystalhtes with water and the binder material to form a paste,
shaping the paste to form molded prills or particulate extrudates and

drying the resulting product.

Preferably the binder is added at a level such that the bound catalyst
15 contains from about 10 to 50 wt.% binder. Also, the catalyst metal and
halide compound may be incorporated into the zeolite either before or

after the zeolite is composited with the binder.

The resulting zeolite L is preferably caicined after drying under conditions
20  which tend to minimize the agglomeration of the metal component present
in the catalyst. Calcination is preferably carried out in air at a temperature
of 200°C to 550°C, preferably 260°C-500°C for a period of from about 1

to 12 hours.

25 In order to activate freshly prepared catalyst for use in the reforming
process, it is preferably subjected to a hydrogen reduction step to reduce
the metal cation to the metallic state. Reduction may be carried out by
contacting the catalyst with a mixture of hydrogen and an inert gas at
temperatures in the order of 350°C to 550°C for a period of from about 1

30 to 12 hours.
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Al so, the catalyst netal and halide conmpound may be incorporated into the
zeolite either before or after the zeolitte is conposited with the binder. -
The resulting zeolite L is preferably calcined after drying under
conditions 20 which tend to mnimze the aggloneration of the netal
conponent present in the catalyst. Calcination is preferably carried out in

air at at rature of 200[err]C to 550[err]C, preferably
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cation to the netallic state. Reduction nmay be carried out by contacting

the catalyst with a m xture of {gdroagen apnd an inert gas at tenperatures in
the order of 358 err]centartingppald ratalitt withes igagesus rstegameamprisisg to 12

nal ogenat ed by & pr ocCae ool Shierh SRt tBf Bl her,c. <

a) contacting sai d ogthloyisiationtdoraitierse compsisirepantemperatird f RsRr . a
source of chlorine, oxygen and an inert gas under oxychlorination
condi tions conpri si n@té’ d‘&%t‘%r@%}c fanshnea pattial spigssurg ©ft ehlggoperr] C
and a partial pressur C ' | uy.C I ne
which is greater thartlfefgkd foRf i Wrg%ﬁt EQB%EE@P%R( %Ogr%tsggbgﬁor a
time gafficient to fabout 0.03 psia (206.8 Paa) for a time sufficient to form

oxyhalides of said metal;

b) contacting the chlorinated catalyst with a gaseous stream
containing water, oxygen and an inert gas under chlorine
15 removal conditions comprising a temperature of about
450°C to 550°C and for a time effective to lower the chlorine
content of the catalyst to about 2 wt.% or less; and

c) contacting the catalyst of reduced chiorine content with a
20 gaseous stream containing an inert gas and hydrogen under
reducing conditions including a temperature in the range of
about 350°C to 550°C for a time effective to reduce metal in
the catalyst to the metallic state.

25  The described catalyst may then be used in a reforming or aromatization
process. During these reactions, the catalyst gradually loses its
effectiveness. The two major reasons are considered to be the production
of carbonaceous deposits (“coke”) and the agglomeration of the catalytic
Group-VIll metal. The process steps outlined below provide a method for |

30 removing the coke and redispersing the metal in such a form that the

catalyst is again effective.



oxyhal i des of said netal; b) contacting the chlorinated catalyst with a
gaseous strea tai ning water, oxygen and an inert gas under chlorine 15
r enoval cow&#?“g conprising a tenperature of about 450[ er PF&USS8/07095
550[err]C and for a tinme effective to [ower the chlorine content of the
catalyst to about 2 wt.%or |ess; and c) contacting the catal yst of .
reduced chlorine content with a 20 1" gaseous stream contai ni ng
an inert gas and hydrogen under reducing conditions including a tenperature
in the range of about 350[err]C to 550[err]C for a tine effective to reduce
metal in the catalyst to the netallic state. 25 The descri bed cat al yst

may then belgﬁ Sg%c%%sas{e%%%%ﬁ%eyr?é’iﬁm&jcéﬁ{iﬁg the Ttﬂ&ﬁ%?ctraﬁﬁg%@?c& 25°

reactions, yst oses Tts effectiveness. haj or

reasons ar éournrstepemay alsolize ubed o distributen s Greupafitiomets! tHenaghdu
("coke") and the ,aggl g)rrer,a,t lon of the catalytic Goup-VIIl netal. The
process st P8 Zeglite Retpredt s evsar spntactgd withh afeedstosl. renoving the coke and

redi spersing the nmetal in such a formthat the catalyst is again effective.
11 The process steps described bel ow, excepting the then-extraneous coke-

burn step, Atthedeginhingiskthet regeénetatidnprodeutirey thepredctor ﬁmmnihgftﬁughom
the zeolite before it is ever contacted with a feedstock. 5 At the

begi nni ng ¢Rtalyst Mayehe flefomth hydenaraon fredstogk aforealit Rremugs dram
he donydr oS i ysrb8rcietiBn FEEERER i nR6E shikifre SF ABIGa RRERHY, e "

hydr ocar bortsydrodéaborsact Thei seactderist aadeenbey daémperature pands préssure

10 conditions employed in the dehydrocyclization procedure. It may be

appropriate to purge the catalyst bed with hydrogen or a mixture of

hydrogen and light hydrocarbons to remove the feed and product

hydrocarbons. After the hydrogen or hydrogen and light hydrocarbon

purge, the catalyst bed may then be purged with a dry or wet, substantially

15 inert gas, preferably nitrogen.

During one or both of the hydrogen purge and inert gas purge operations,
the catalyst may be cooled to an appropriate initiation temperature for the
coke burn cycle to follow. This cooling obviously may be accomplished by

20 regulating the temperature of the hydrogen, recycle gas or nitrogen
admitted to the catalyst bed. This initiation temperature preferably is less
than about 900°F (482°C), more preferably less than about 850°F
(454°C).

25  The coke burn step is accomplished by contacting the catalyst with a gas
stream containing oxygen at a temperature in the range of about 400°C to
600°C for a period of time sufficient to burn coke of the deactivated
catalyst and convert the Group VIIl metal to agglomerated particles. The
preferred initial coke burn temperature is at least about 830°F (443°C)

30  and the temperature is gradually increased up to a preferred temperature
of about 925° (496°C) to 975°F (524°C). To assure substantially
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Group VI metal.

The regeneration steps which are used in the process of this invention are
15  generally analogous to those disclosed in U.S. Patent 4,914,068 and WO
94/05419.

Naphtha streams which may be reformed in accordance with this
invention include light to full range C6-C11 naphtha streams containing at

20 least 25 wt.%, more preferably at least 35 wt.% and most preferably at
least 50 wt.% of Cs to C, aliphatic and cycloaliphatic hydrocarbons and
generally less than about 25 wt.%, more preferably less than 20 wt.%, of
Cs - Cyy aromatic compounds. Reforming is conducted by contacting the
naphtha stream in a suitable reactor with activated catalyst at a preferred

25  temperature in the range of 800°F (427°C) to 1000°F (538°C), pressure of
about 50 (344.7) to 3,000 psi (20684 kPa), hourly weight space velocities
in the range of 0.5 to 3.0 and in the presence of hydrogen at a molar ratio
to the feed in the range of 0 to 20, more preferably 1-10 moles of
hydrogen per mole of feed naphtha.

30



catal yst may be reduced wth hydrogen prior to step (a), in which case the
de- coked catal Is contacted with a gaseous stream containing inert gas
10 and k@é?ﬁéiﬁsunder reduci ng conditions including a tenp%?ﬂpﬁ?sémf' t he
range of about 350[err]C to 550[err]C for a period of time sufficient to
reduce the Group VIII netal. The regeneration steps which are used in the _
process of this invention are 15 gener @3 y anal ogous to those discl osed
in U S Patent 4,914,068 and WD 94/ 05419. Napht ha streans whi ch nay be
refornmed in accordance with thjs invention grécl ude light to full range

C6- C11 napHteaCal@iysisof dapdRyentian ate bighly sgiactiye tgwargs the erodustionpy at
| east 35 0 : ; % 0, ; r]
al | phat ¢ ShieeaEe YRR Bty stoanpS Eahterly dinelly iveRbEts bRakbBELl o
Wt . % nor e 7)0r wt.9% @9IGs te €y drbaratic8 (BTXR ofThe] emtidncedCBIN Yield makes
conpounds. Reform ng I s, conducted by cont chti ng the naphtha streamin a

sui t abl e r dhistcatalyst ragiqularly adraclive fge BT Pre pa/ip &heprcal IBeeNPRt ure in
t he range %Ei g%%efs”]': (427[err]C) to 1000[err]F (538[err]C), pressure of
about 50 ( 9 0 3,000 psi (20684 kPa), hourly weight space velocities:
in the range of 0.5 to 3.0 and in the presence of hydrogen at a nolar ratio
to the feed in the range of 0 to 20, nore preferably 1-10 noles of hydrogen
per nol e ofOfftedotalparomaticsoproduggdrgensr ss than about 20 wt.%, marerhe

catal ysts af otdienl, KR i 47 W9 Ang ShE piEehasnNdss BenPigdyey on of

ref ormat e i'gh ar omat cs” Cont e 'R excess of "about 70

wt . % of (] eonktitReSIheavly aopmatidsCeoritBihing nird er entr@ncaibdal Atoms! dhekes

this catalyst particularly attractive for BTX production in chem cal

recovetdy 5refgsmatedsdhus more valuable for use in reformulated gasoline where
lower contents of Cy and above aromatics are desired for environmental

reasons.

The following examples are illustrative of the invention.
15

Example 1

A catalyst of this invention Was prepared as follows: Into a circulating
solution of 12.8809 g of Pt(NHs)4Cl>»H,0, 19.74 g of 25.27 wt.% KOH

20 solution, 8.09 g of KCI and 1399.0 g of water, there was added 800.0 g of
a 1/16" extrudate consisting of a 70 wt.% of small particle KMgL zeolite
and a 30 wt.% alumina binder. After 1.5 hr, the loading solution was
drained and the wet extrudate was dried at 300°F (149°C) for 5 hr and
calcined at 662°F (350°C) for 2 hr. Elemental analysis of the resultant

25  extrudate gave a 0.846% of Pt and 0.20% of Ci loading on the zeolite L
support.

Example 2

30 The catalyst of Example 1 was tested and coked in a pilot plant reactor
using a Ce-C7 light naphtha. After about 150 hours on ail, the coked
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O the total aromatics produced, generally |less than about 20 wt.% nore
preferably less than 17.5 wt.% and nost preferably |ess than 15 wt. % °
const it ut S¥OB¥4IBIS ar omat i cs contai ning nine or nore carbon XCEHSISATS 10 -
reformate is thus nore valuable for use in reformul ated gasol i ne where

| ower contents of C[err] and above aromatics are desired for environnental.
reasons. The follow ng exanples are ill udfrative of the invention. 15
Exanple 1 A catalyst of this invention was prepared as follows: Into a

circulating solution of 12.880 of Pt(NH err])[err err rel O 19,74

g of 25. 27cagaly,gthsz@eg§B$ra§$tin8y 9.30?5&"@}3@ éﬁ&%‘g&;_'ﬂ"g% \xé er,

t here was ﬂﬂﬂﬁﬂng%e ;0 of a 1/16" (1.6 mm) extrudate consisting of a 70
mal' |~ paFt1cC

wt. % of s € KMgL zeolite and a 30 wt. % al umi na binder. After 1.5

hr, the Foading solution was drained and the wet extrudate was dried at
300[err]F (149[err] O far r cal ci ped at 662[.err]FE o for 2
. B eenth) conkaguh 4o 8RR d4e856) ke O oo R R Bt ka0 of
and 0. 20% c [ t zepl i i r I e

cat al ys%t o%klgxagr%q}gdlcmwaogﬁl)'ers@ gd@gncibggttggvPﬁpag%?ﬁ?(gglozﬁt% \r?(gglcr;ogr‘ using a
[ er r] - C[ ergxychlogintationphith sHCAfanel Oabati85080 (53 GFE),0f8)owet aimeoaloladd 14

tal yst ted b | ' | vi th
Fol | ow ng SBESE1510FChAB) Wabe Bd a8y S0 T iGpery WOt T SdLBPT 2t 2) coke
b bet O, (3) H
rgcrjtrjlct ?oﬁeﬁéogégfgﬁﬁizs%]{g{ grﬁlrrf:)%gl(i?\%gﬁd]og@éﬁ orieL;%iZ)n \(Nl%h I[-lglrr!amd
Jerr] at 950[err]F (510[err]C, (5 wet air soak at i
10 Example 3

A full range Ce-C41 naphtha was hydrofined and subsequently treated with
massive Ni and 4D sieve for removing sulfur to about 4 ppb sulfur in the
feed. G. C. analysis of this treated feed gave the following composition:
15 Cs (0.26%), Cs (5.85%), C; (18.99%), Cs (22.35%), Cs (21.60%), Cio -
(10.37%), Cy (2.93%), As (0.32%), A7 (3.13%), A7 (3.13%), As(5.33%),
As(8.07%) and A:0(0.80%). Using this liquid feed, two experiments were
conducted in the lab units: one with an alumina-bound regenerated 0.85%
PYKMgL catalyst of Example 2, and the other with a sulfided Pt-Re/Al;Os-
20 Cl catalyst (i.e., KX-120 catalyst). Reaction conditions were 860°F
(460°C), 1 WHSV (relative to catalyst charge), 100 psig (689.4 kPa), 6
H./feed (mole/mole) and over a period of 165 hr. Table 1 summarizes the

experimental results of the time average values.

25 Table 1

| Feed | AB-AB| romatics -

Ex Catalyst | Conv. | Select Ag Ay As Ag Ao C-Cq _

2 PYMgKL | 74.6 76.4 7.0 26.0 | 24.0 4.2 4.8 10.9

Cont. | KX-120 | 65.7 51.3 3.0 12.9 17.7 6.4 3.0 19.7




950[err]F (510[err]C), (6) wet Nerr] purge at 950[err]F (510[err]Q, (7)

wet Herr ion at 950[err]F (510[err]C and (8) dry H.err] cool down
and N[err%w%%?}g‘]lfei{lg 10 Exanpl e BPET('}ﬁs'P"’?“gﬁge--
Cerr]-Cerr] naphtha was hydrofined and subsequently treated with nassive
Ni and 4D sieve for renoving sulfur to aqgut 4 ppb sulfur in the feed. G .
C. analysis of this treated feed gave the foll ow ng conposition: 15

Cerr] (0.26%, Cerr] (5.85%, Cerr] (18.99%, Cerr] (22.35%, (err]
(21.60%, derr] (10.37%, Cerr] (2.93%, Alerr] (0.32%, Aerr] (3.13%,
Alerr] (3.13%, Alerr](5.33%9, Alerr](8.07% and Alerr](0.80%. Using this
i quid feeds darpbeseen imeRigaree earcbd dinet redienerated PtaiMgli d¢atalystevasd th an
al um na- bound re?aenerat ed 0.85% Pt/ KM catal yst of Exanple 2, and the

ot her wi t hmpreustabir dhen. thatappserved) with) the KX-120 eatalysisin termas  ofkx- 120

cat al yst). i 0 bt 6QF A( 4 : rel.aki o]

cat al gst)cﬁggggﬁﬁqglgﬁgglgg %@‘gg}.@a{é@{a‘@,R%-ﬁ[%gﬁat%%é%%{%’l(g %@Feﬁb?%nd over
a perigd otrdmatibs . prisduced] shiyTeabolds 1868 wker cormitaled o8y dred OA4 he time
aver age val ues. e 1 Feed A6-A8 -

25 Tabl
Time Avg. wrematies uginghihg eatalyst of Exampie e ‘@Eﬁf@?s%%t%" -pvd%of theal err

égftr)r] 24. oéL‘S’F‘%lics 49'@"%{1’%&9”%%[ Tﬂ]'é %ﬁ‘é‘ﬁ 8%‘??’&/%““% g" g'ﬁ‘fﬁ‘” 1'797

6.4 3.0 atSmatics. 15 As can be seen in Figures 1 and 2, the regenerated
Pt/ KMgL catal yst was - nore stable than that observed wth the KX-120
catalyst in terns of converting the feed and producing Alerr]-Alerr]
aromatics. Also, of the total 5 aromati cs produced, only about 13.6 wt.%
constituted Alerr] and Alerr] aromatics using the catal yst of Exanple 2
whereas about 21.7 wt.% of the aromatics produced using the control

catal yst constituted Alerr] and Alerr] :




aromati cs. 98EFS133. DOC 16 CLAI M5 What is clained
is: 5 0. A process for reformng a CCerr] to (Jerr] naphtha stream*

cont ai ni n§VAP8/HWISt about 25 wt.%to Clerr] to Cerr] ali phBEXAISAZOFO9S

cycl oal i phati c hydrocarbons conprising contacting said stream under
reformng conditions with a crystalline type L zeolite catal yst wherein the
10 crystal s are cylindrical and Mve an average |length of 0.6 ’
m crons or | ess; sai d catalyst containing at |east one catalytically active

G oup VIII rre |c Table and fromO0.1 to 2 wt. % of hal ogen,
and recoverin I[I) mlm rein in excess of 70 wt.% of .the-aromatics™ ™~

content of sal escomrlsesm to (Jerr] 15 o) QB IePlaced
and | ess than 20 vvt.%of t he ar omat t ent of sald refo z

aromatics containing nine or nore carbon atons. The pro mmmﬁm%
Claim9 wherein less than 17.5 wt.% of the 20 ar omat

sai d ref or What ismi@imexkis: ar omat i cs contai ni ng nine or nore car bon at ons.
11. The process recited in Claim10 wherein less than 15 w. % of the
ar omat Pcs content of sal d reformate conprises aromatics contai ning 25

nine or moRe canhosy g Cr%ﬁ?aerf@olﬁéOE@t%ﬁ/s'ielﬁ' (ffich tHE @ryEta. add. or 11

wherein said cylind s have a léngth:dianeter ratio of |ess than
0.5. 30 13. Tybngricaleand bavelan averageclemigth ©fi0d6 Grictgnsvor lesseand

conprises plati rén average length: diameter ratio of less than about 0.5, said
catalyst containing at least one catalytically active Group VIII metal

10 of the Periodic Table and from about 0.1 to 2 wt.% of haloden.

2. The catalysf recited in claim 1 wherein said Group VIil metal

comprises platinum.

15 3. The catalyst recited in claim 1 or 2 wherein said Group VIIl metal is |

present in said catalyst at a level of from about 0.1 to 6 wt.%.

4. The catalyst recited in any preceding claim wherein said halogen is

chlorine, bromine or fluorine.

20
5. The catalyst recited in claim 4 wherein said halogen is chlorine.
6. The catalyst recited in any preceding claim containing from about
0.2 to 1.5 wt.% halogen.
25
7. The catalyst recited in any preceding claim wherein said crystals
are held together with an inorganic binder material selected from
the group consisting of silica, alumina, silica-alumina and clay.
30 8. The process recited in claim 7 wherein said binder is alumina.

THIS th'Dx Fl: \S BEEN
PLAC




98EFS1 33. DOC 17 14. The process of Claim 9 wherein-

sald G ou tal is present in said catalyst at a IeveI 1 to
. % SpWXfé”éﬁhe process of Claim9 wherein said- hal ogen i's dsiﬁ%(}b

br om ne, or fluorine. 16. The process of CI a| m 15 hal ogen i s
chlorine. 10 17. The process of d ai m mmj contains .

from0.2 to 1.5 w. % hal ogen. The pr cess erein said
crystals are held together wt h an i nor gani ¢ bi nder materi al selected from
t he group consisting of 15 silica, alumna, silica-alumna, and

clay. 19. The process recited in Claim9 or 12 wherein said crystalline

type L zeolgte CAtgﬂdc%tsslfar&éfdrMmﬁgré 0k iter C OndyshitHar feinivi dihtaingiy atai d
activated catal yst pre ared by: a) contacting said catalyst with a

gaseous stream cleasti abagt & é’ﬂ %a ofolecto fee c&llmﬁtlﬁeanéxﬁéwahahaﬂﬁn i nert -

9501 er 1] C to” enofipritarifns Feandy IR, o8ic” shippy WakHE Fetiming™
fromthg source gbnditiopsivith %r?étallm&ggﬁétLerzeélhérbawlygta@c&alﬁystdﬂah?% 8

Paa) for a tine sufficient to formo | ori des of said netal
contacting the chf the presedingt dayas and recovgaingoa yefarmatem wberein less

contai ni ng vat oty QXY 4 b BF the SBRrkALS cBRIGHY 8 BRI PRImiRRY ¢ NS

conprising a te
comprises aromatics containing nine or more carbon atoms.

10 10. The process recited in claim 9 wherein less than about 17.5 wt.% of
the aromatics content of said reformate comprises aromatics

containing nine or more carbon atoms.

11. A process for enhancing the catalytic activity of a crystalline type L
15 zeolite catalyst recited in any of claims 1 to 8, said process

comprising:

a) contacting said catalyst with a gaseous stream comprising
water, a source of chlorine, oxygen and an inert gas under
20 oxychlorination conditions comprising a temperature of from
about 450°C to 550°C and a partial pressure of chlorine
derived from the source of chiorine which is greater than
about 0.03 psia (206.8 Paa) for a time sufficient to form
oxychlorides of said metal,

25
b) contacting the chiorinated catalyst with a gaseous stream
containing water, oxygen and an inert gas under chlorine
removal conditions comprising a temperature of about 450°C
to 550°C and for a time effective to lower the chiorine
30 content of the catalyst to about 2 wt.% or less; and
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lower the chlorine content of the catalyst to 2 wt.%or |less; and c)’
cont act i hQVQA¥4t4% al yst of reduced chlorine content with a BCT/USI8/07095

18 550[err]C and for a tine effective to

gaseous stream containing an inert gas and hydrogen under reducing
conditions including a tenperature in the range of 350[.err] C-to-550[¢érr]C_

cont ai ni ng,
a substanti

for atine effective to reduce netal in tiBe catalyst to t '
10 20. The process recited in Claim19 wherein sal‘:ﬂ‘m}mmm““g‘g
. 0 st

partially deactivated catal yst and wherei

al

it h ¢ t ai ni o E
400] le?r TC to oger r] eontapti thiceabet &f dRAUEB IArES Gorprt B &
catal yst” 21.

sai d decoked catal yst¥i's contacte

tate.
oke-

ep (a) )"

portion of said coke is renoved by contacting said catal yst

t he

The. Prgasssus Sfedr brfaifry 4h flertBas il Rjdigehurdan. ().

W

gas and hydrogen undereduzihg conditiondiinclading adeoghengtuse 10 the range of
tenmperature in th i i Ci
r egﬂce 5ai d |mr31t al _e rag gutoéS&%O{oeg%gC tfcgr g ?i%ee reFch i\];é) Eo ?eét!lcréemse glf i'nCI ent _t 0
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15

20

25

30

12.

13.

14.

18.

the catalyst to the metallic state.

The process recited in claim 11 wherein said catalyst is a coke-
containing, partially deactivated catalyst and wherein, prior to step
(a), a substantial portion of said coke is removed by conta&ting said
catalyst with a gas stream containing oxygen at a temperature in
the range of about 400°C to 600°C for a time sufficient to burn coke
off the catalyst.

The process recited in claim 12 wherein prior to step (a), said de-
coked catalyst is contacted with a gaseous stream containing inert
gas and hydrogen under reducing conditions including a
temperature in the range of about 350°C to 550°C for a time

sufficient to reduce said metal.

An activated catalyst produced by the process recited in any of

claims 11 to 13.

A process for reforming a Cs to C41 naphtha stream containing at
least about 25 wt.% of Cg to Cg aliphatic and cycloaliphatic
hydrocarbons comprising contacting said stream under reforming
conditions with a catalyst recited in any of claims 11 to 14 and
recovering a reformate wherein less than about 20 wt.% of the
aromatics content of said reformate comprises aromatics containing
nine or more carbon atoms. .. . -~ '
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