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HYDROCARBW | ON This invention relates to apEfB§RAn3sdgO"
conver si on hydr ocar bons. More specgfically, the invention
r‘el ates to a pr ocess for upgradi ng a hydrocarbon ~~ feedstock by

reformng followed by hydrodeal Ky | E¥DROCARBON couvzﬁstoiqyt i c reform ng of
napht ha feedstocks i

f dust
MbSt napht ha TP cpyeptich beLbBeh, FoP 8 bBPCRRS, Ermsbhyatita
par af fins and ccofsdqukmdgrhm haMereoapecﬁ.ﬁmeaMybelthe ‘inventioncat al ytic

reform ng these ﬁc@wn&é gopi.gégggthrlgggra&%be%y %prove bon

conversions resulting I n ane
nunber. Some of femdstock hmrreefmimnfo& ﬁvedsbvnhydmdearldmmhm

dehydrogenation of “%H%é‘ﬁf@ﬁctfeféfﬂhbcéfaﬂﬂghtha F@am%msc' il 34d1qn of

normal paraffins to isoparaffins. 15 si,rabl e reactions whic
commonl y occur ¥R the !P@HFG%?‘&EkFﬁSlﬁﬁnﬁai‘-&fiFFﬁg’napmﬁné@m

deal kyl ation  feed¥ contat omegeSqﬁanﬁ&edaeeoﬂaaaputnbn@soQﬁrdoons such
as nmet hane an f hane. , Because o

reactions, an i Y %b?'é%t?%sﬁﬁuﬁﬁP;YyiﬁSYregﬁgpﬁi W 4 %anq fumbers.
rearrange the stIncatalytic heeﬂqunmngr bhese components| go tthriomgh i@ gher

gctane praguct s WLNA S yvaroca?bél LhidBkatiARIze i inEaPY NuMber

e ref s are,
typically, catalgasceline moduem af ydmprovedr pgtngepnumbgrsup@mes ofsthe as
al um na, l{c‘l&'aé W nponent s
i npregnat ed or adm xe erew t aﬁgagtsixﬁgmﬁggsgﬁbm TR ude and nore

recently bi met al feR¥AXogenakion -0f naPhkhenes to ?H@H‘PG#F(% %%m na are
exanpl es of theS@e (@éﬁ.zﬁﬂi&n%i noﬁ‘ﬁhi' xsai:afzﬁ.asd%%c r:.stagséra‘fﬂin%

Pat ent 7, angd
ref or m ngf%at al yueRs igsirahle req Sgbﬁhs Whlchz‘?wp@&ycmrm W{ia\'qﬁ)bl e
met al conponent hydioesacking ofl paraffing, Snaphthehneio and Eﬁalﬂc’y&atlon

hydr ocar bon_ convet SIREraRAEERE Bor bFRALE BakeSRAY Byarobhritng Fdch'as
4, 839, 027 descr i bethane cdnd néthapeececdecansehofnthege less desirable
reactions, an important objective of catalytic reforming
20 is to rearrange the structure of the hydrocarbon -
molecules to form higher octane products without any
significant change in the carbon number distribution of

the stock. .
The reforming reactions are, typically, catalyzed by
25 catalysts comprising porous supports, such as alumina,

" that have dehydrogenation promoting metal components
impregnated or admixed therewith. Platinum on alumina
and more recently bimetallics such as platinum and
rhenium on alumina are examples of these catalysts. Such

30 " catalysts are described in U.S. Patent Nos. 3, 415 737 and

" 3,953,368. ' .

Other known reforming catalysts have been based on
'~ zeolites containing a noble metal component such as
platinum. U.S. Patent No. 4,582,815 describes a silica-
35 bound zZeolite catalyst composition for various
hydrocarbon conversions including reforming. U.S. Patent
No. 4,839,027 describes a reforming process which employs
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acidity refractory oxide binder material and containing at | east one
nmetal species selected fromthe platinum group netals. Typically, .
reformng is operated at 5 pressureg‘beIOM/about 350 p.s. |.g. (2,514

kPa) and in the [fesence du for
upgradi ng a ?%fb?ﬁﬁf@eabaﬁﬁh?ﬁvgarg gEIéEP;&EerPSPPQnﬁgﬁgn ;ﬂf

i ncreased yi abfldity begbactory oxidecbinddpchatezialbaad dontaindtg n
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U.S. 3,847, 792oupniietadswt i Typicallyal kelforning 3seopgsatedvat,568
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3,923,641 wh Igh activity zeo cata I'S use
hydrocracklngr98¢%¢6rﬁﬁthﬂyogen- heating the catal yst at hlgh

tenperatures, rangrgfednafés for ungQha&hlgFa( 2@45%&&@ tbOaIah?&% (927C) for
one to 48 hours to achi eve strg g&éFaCI di.c qaégrla ?{oad range
e

of 20 hyd?S%?EEkYﬁgrEBﬁH?PFSHQnErén gaged,yie Fﬁg°f hig

t enper at ur ]§Socaagengr6daet40ﬁ5vé28é€hl aesﬁﬁﬂbgar ih eevernl Um.tealnd s
pressyres fr Si n U S.

Pat en 6hb 48g§ge§18;58§88€es§h§ég péogga&%%?lgpgiédgrgﬁéﬁﬁggﬁ$brocarbons
over a ther nhydyoesacking¢i 8eedUec8ys8aBDbad4a; ukowoseverdty i s descri bed.
oroperti oo o roebatkend) | 6a' i, 290679920 and sroBBRIRE] 10 116

i nprove the alkplation, see Udﬁrl Ag7RYeP68ar bon conversion reactions is io

di scl osed in 30 gnbkiial £t 65batid z4o120eh fadalpden2deledinetiarzeol i te

roved stability prest eam

catal&%t ungB coﬁ?FSPFeﬂ°coﬁd??Pog§10¥hﬁ€ﬁpérHﬂﬂpeaCFPNB%Y ze°1¥HRlsteam
partial prespgts. catalpsbolsi asedninanhydgotibacking a reformate by

heating the catalyst at high temperatures, ranging from
400°F (204°C) to 1,700°F (927°C) for one to 48 hours to
achieve a strongly acidic material. A broad range of
20 hydrocracking conditions are described including ;
. temperatures ranging from 400°F (204°C) to 600°F (316°C) |
and pressures from 0 to 2,000 psig (101.4 kPa to 13,891 |
kPa). In U.S. Patent No. 4,016,218 a process for ?
alkylating aromatic hydrocarbons over a thermélly ,
25  modified crystalline aluminosilicate is described. 1
Various methods for steam treating zeolites to _ f
enhance the properties of the zeolite have been
described. Steaming a zeolite to improve the stability \
during hydrocarbon conversion reactions is disclosed in
30 " U.S. Patent Nos. 4,429,176 and 4,522,929. The zeolite of
* improved stability is made by mildly presteaming the
~ catalyst under controlled conditions of temperature, time
and steam partial pressure. A method for enhancing the
activity of a zeolite catalyst by forming the catalyst
‘35 into a composite with an alumina binder and steaming the
composite is described in U.S. Patent No. 4,559,314.
It is known that benzene, toluene and xylenes can be
produced from a reformate feed containing benzene and
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a"ctivity of a zeolite catalyst by formng the catal yst 35 into a

conposi t e VWOI96a0e066! um na bi nder -and steam ng the conmPSIYUSISiI2S28
described in U S. Patent No. 4,559, 314. It is known that
benzene, toluene and xyl enes can be -J3roduced froma reformate feed
cont ai ni ng benzene and WD 96/ 10066

PCT/ US95/ 12528 alkyl aromatics over a zeolite oS reduced activit rf !'LCS
over a zeolite o uce act|V|ty, such as . st eaned ZSMS under
tenperature condPBi Steamede ZSM-5 upder high,temperpture conditiQRey SQ%e
described - uosdl bac@atalum 4§Q02141,2411QW HRAESIEIES tHE | deEaPihEd 100 5

psig (791 kPa), pref.erabl and an absence of se
conditions are i E 9‘3‘5‘(‘1"&% low, press etﬁfn(}ﬁf%ﬁsa% )n(g
presence of hydr pgé.lg |(n9tlhdu>a), prle@femarmly dowers, famil ars abgencedfli rectly

from the " BY8ERen. RIS dohdit i ladd SHGHAEL Y G O 10

of the effl uent 'Thg proce ses
for the productupnegsuurpdmmms and t@eplggaa@% o ihydzragen ein the

catal yst, depletigtodhmer so ﬁiﬁ@%‘e\éﬁ § 52 tV'\{é(edxcfii‘éctl '%Gﬁltﬂ{ st

deactivation can generally be ascribed to the nature the Teed, the
15 nature of TREoTmeX. sRathex it,dsLinat pﬁmwe and @ RPXLi0R

'C\i/bre Sfecubl fcal | of %@@ﬁlﬂ \ﬂmct tllsvaexm t@:arthet hy dfmm élﬁéi‘pmthe |
eposition o organlc mat.t er onto cata iC i ca
referred to as cok| n&um&g sﬂeﬁmfa’rr é’tﬂfct?‘ﬁ# iR %}Yﬁ??ﬁﬁ’éﬂﬂ
alhum' nulm 20  cempdolying mnbeidid recdites caﬁalysthaiqﬂehmﬂ uwtion of
the zeolite cat t
Sone catal ysts ?ﬁﬁﬁ-& %?%‘[@‘scgg fg{éﬂﬁ ‘ed elcsaucaetalﬁﬁé Jé)%‘ggjb‘f(aﬁlgo% an
be regenerat ed by:alnugenagtamyarbe)gsgmmbezis to thﬁ)m@uﬁmgogaﬁle)rfeﬂdn:)vthg
t he organ mat t t§g§f’scﬂ gas.
See U. S E’St na thwl@]qﬁl gf? ieadrE %ﬁ'&’ﬂéf urn| ng n an
oxygen- cont ai n| ngopsditiens. ‘More specifically, catalyst deactivation can
result from the de_pos:.t:.on of organic matter onto the
catalyst which is typically referred to as "coking”, or
from a reduction in the zeolite framework aluminum

20 content. In both instances, it is the acidic function of
the zeolite catalyst that becomes diminished or
"destroyed. ' '

' Some catalysts which have become deactivated because
of coking can be regenerated by burning in an oxygen-
25 containing gas or removing the organic matter from the
 zeolite in a hydrogen-contalnlng gas. See U.S. patent
No. 4,358, 395.
Although burning in an oxygen-containing gas and
treatment with hydrogen are known to regenerate certain
30 ' catalysts, thesé-processes in general require high
temperature and are costly. Furthermore, the
regeneration often fails to fully restore all properties
_so that the regenerated catalyst is not considered to be
the same as a "fresh” catalyst. However, as mentioned
35 earlier, the rééenération is only known to regenerate
catalysts which have become deactivated from coking.
Such techniques are not recognized as being effective to
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cat al yxQ ¢ actoxdde amdg@nehnm:qxadertbuswrs@ f Theeloss of frameWonknum

atons and/ or é?uéiﬁﬁk o) o]
U S. Patent . q@%dﬁﬁﬁéfﬁgégéﬁafée catalysé& EEac ivating a
deacti vat ed Rakalytictaeyivity %ﬁaﬂeﬂﬂéally attFéhBFP@aF@dfﬁéE&W9§ may be

used for hydrongififin atoms &REPSE"GatidngCadseciatedpeitdi ammﬁﬁﬁormte‘
whi ch utilizes a catal yst deactivated by MIG processi-ng is not 20

descri bed,  atoms. Recently, it has been reported that pollution can be
reduceks by | oweri ng.gaspatent eRdpod p919 p790sdiscloses a methpdofioet

o oe s HatfuPr 490yl phed’ LhsiLe cararyee”fo' hUE°cRS' oo
: reactivated catalyst may be used for hydrocarbon
~ dewaxing. A method for upgradlng a reformate which
utilizes a catalyst. deactivated by MTG processing is not
.20 described.
Recently, it has been reported that pollution can be
-reduced by lowering gasoline endpoint to result in a
product endpoint where, in a standard ASTM distillation,
90 volume percent of the.gasolxne distills below about
25 270°F (132°C) to 350°F (177°C) (T,). Based on this,
there have been regulatory proposals, particularly in the
State of California, to require gasoline to meet a
maximum T,, specification of 300°F (149°C). Meeting this
T,e Permits only lot_of_the'hyd:ocarbens in gasoline to

30 . boil above 300°F (149°C). A significant boiling range
conversion of heavy naphthas will be required to meet
this goal.

A process has been dlscovered for producing benzene,
toluene and xylenes while enhancxng the octane value of
35 the gasoline boilihg range materials of a naphtha
fraction of low octane value and high gasoline end
boiling range.

»




25 270F 132£,err]C) to 350F (177C) (T[err]) Based on this

there have WEM/PMGul at ory proposals, particularly in the Tm@ﬁsﬂ?@sof
California, to require gasoline to neet a maxi mum T[ err]

speci fication of 300F (149[err]C). Meet i=p=t=hi s T[err] permts
only 10% of the hydrocar bons in gasoline to 30 boi | above 300[err]F
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of a napht ha hydrodealkylationowerdtdiong/al ue and hi gh gasoline end
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process of this Moesssorforampgnadéangaa lpetroleunh evaphichareonprisingf the
reformer by nore S’B %k% whi | e produm ng less (err]+ hydrocarbons,
t hr ough gro al’kKyl ati on reacti ons. The invention is

directed to a rrultl-st(@r) iintrgdmaing the rmm tora gagalybicaretorsingm
naphtha conpri si Rgnleh@om x:.1.s.1§xt9‘3l%'S pYurality of opdrativéiy dé'&hﬂ&cé@&

naphtha to a catal ytlc re or zone risi urality of
oper at i vel® conndd*ed be HQg’éd‘%GQF‘%)rcqﬁﬂAlfﬂg‘P %%'t a‘F‘?%tCEBﬂ 8Tt he
catal yst 2SS lwm il it dtsetl untlier ed formityg coond it bons ObE

tenperature and pressure to vide an_ internedi at ng
aromati cs and pa&ﬁ"ﬁ e‘ %n% pressure (Eﬂ ?a%rﬂ‘tmt?gﬁg?#%heproduct
to a benzene and cbitprz.s.i.‘lng mmaemtumemxd; parafLingy iandig at | east one

fixed bed ”g‘ﬂe) ta%‘i:%o Zq@'éﬁé dé{é\fx&??@é&d@éyt&°€”ﬁ&ﬁ§§n&°aﬁﬁe

catalytlcreformn ne an
bei ng nai dBai ned Q:(ﬁlmfﬂiﬂﬁiss (Fone Ccompriging aatlrlaeéﬁfél presfixed bed

conpatible with tcipn{o%mfgﬂm %%tal @w%ﬂ@ @Eaﬁmf aéonﬁaeté&aﬁal He
Zone CoNtAININg & talytic retorning sone, the benzene Snd tolacne’ ° °'°
of | ow yti rming zone,
synthesis zone being maintained under conditions of
_ temperature and pressure compatible with the reforming
- 20 conditions of step (a), the reaction zone containing a
catalyst, preferably comprising a molecular sieve of low
acid ‘activity, typically, as determined by an alpha value
of less than about 150, more specifically, less than
about 100, even more specifically, less than about 60, to
25 provide a reaction product having more benzene and
toluene than the intermediate.

An important feature of the invention is that the
catalytic reforming zone and the benzene and toluene
synthesis zone,are in series flow arrangement preferably

30 . without intermediate separation of the reformer effluent
so that the two zones are operated under compatible
conditions including hydrogen circulation rate and
pressure. -

In one embodiment of the invention, a low acidity

35 molecular sieve can be provided by using a deactivated
catalyst from another refinery process. In this respect,
the other refinery process provides the catalyst
treatment conditions needed to reduce catalyst acidity.




acid activity, typically, as determ ned by an.al pha value of |ess 8
t han abewg 9elfobss nore specifically, less than aboutpCiis9sa2528 nor e
specifically, |ess than about 60, to 25" provi de a reaction product

havi ng nore benzene and t ol uene lgan t he internedi ate. *
An inmportant feature of the invention Ts that the catal ytic

reform ng zone an Zi?ﬂé’:gcfﬁlt ; ; e SYOE LS.Z0 are in
series flow arrang_,efn{eﬁ q%?e erably %%éﬁ&\;e\‘nﬂf%%u h? n%(%%gngﬁlég?é gg%ar ation of
the reforner d839tistated catalyst (ganthe xegenerrted by openventionadr

~ conpatible technidgueh tdudls ag%y%mmgrm%%if bRl éORtAPH EngNdas
pressure. In one enbodi nent of the_inveniion, a.low aCidity 35
mol ecul ar si kR TEMPYR 3 JlAaRk 3\MAIeT Part 2t theagcumulated .eqkest " from

anot hers refi r?fqmmmallysiiVbﬁ hf‘mogen*r:eg'ergéﬁ'ﬂibﬂt rgf idnery |
process provides t catal VSt . s d tn ondi tLons peeded to,reduce -
catal yst acidity. gu:agl\g 9% ﬂ)cﬁ)jéﬂpllffgé ngcgﬁeﬁatlc ffow iagram of

PCT/ US95/ 1252the process of the invention. --6-- Prior to

the contacting w tgdy rgf t&'m'é é{ggﬁ [ va t gan be
regener at ed by cor#\}'ei I onﬁlﬂ@_ . Ltec jﬁ?%]usecsh_suc i%sﬁ%@b%%?#lggﬁiﬁfan
oxygen- cont aidf rilteenative embpdimgnt of thesinveneioR.part of the

accumylgat ed coke %%om?fﬂ @ m t he catal yst or by hydrogen regeneration.
Figure 1 is a simplrirled schematic flow di.agram of : t he process of

the invention. In the presenf Jnvention;d perrelewn Raphthat| ow di agram
of an chdryotérifedipd Bolldig tiengeventc oo Wbout 450°F Reforming
boi 1 ng' r angd A2 n (VREPALE BEEELAG D "o anone FIEFIEUEES, Mol || g
up to about 48Bjtacidd Wikl e rieforming catalysttumderl refdrmingf or m ng
catal ¥y UndQor¥dlid hetbated (00 hiiiite SEAEAGELLD BEQRKEE 2 Teaction
produc CONPr1sing. aromati cs and pararffins. pically, the
hydr ocar bon fGORPRisikng r@rqnqﬂ%m%ep@wafﬁmﬁemi/cany. the
hydrocarbon feed contains a percentage of components
which boil above 300°F (149°C). The components boiling
above 300°F (149°C)-usua11y comprise at least 10% of the
20 entire feed. In general, the feed can be: further :
characterized by the presence of C,+ hydrdcarbons which ]
are usually present in an amount of less than about 40
wt.$, typically 25 wt.% to 40 wt.$, based on the entire
weight of the feed. Yield advantages can be achieved by
25 increasing the cut point of the reformer feed to boost w
C,+ aromatics. Alternatively, a C,+ aromatic cofeed can |
be employed in which case the feed can contain over 40
wt.$ C,+ hydrocarbons, typically, up to 50 wt.$ C,+
| hydrocarbons. Since C,~ components are olefin
30 - precursors, yield loss is minimized by removing them from
the feed. Thus, the feed can be substantially devoid of
C¢~ hydrocarbons. B
The reformate is formed under typical reforming
conditions designed to promote dehydrogenation of
35  naphthenes, isomerization of paraffinic hydrocarbons and
dehydrocyclization of non-aromatic hydrocarbons. Thus,
in the reforming operation of this invention, a
relatively low octane aromatic deficient hYdrocarbon
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whi ch boil above 300F (149C). The conponents boiling above 300F
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general, the feed can be further characterized by the presence of

C err]+ hydrocarbons which are usualdpLpresent in an anount of |ess
t han about 40 w.% typically 25 wt.%to 40 wt.% based on the
entire wemgberdalt is iconverted dtoqy adlagtivelyn hignatteamsl by 25
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in which case thbimesaldic catadiystowaranged in a plusality Jof reaction
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Clerr]- conponents .are ol sors 0SS is mnimzed by

renmovi ng t Bem f r BAAtinum/alpminggd plarnmm-mkeméw Q:Jamma And (Rt Lnug-

devoi d of lgﬁ_am},r/ahm%r bons. The reformate is forned
under typical reform n c.ondr tions designed to rom)t
dehydr ogenati on of 35 e reforming. pr %%ﬁalhﬂ?%rf"iﬂ ipnons, fyclic or

hydr ocar bons andsemregeddmtmw.cl Tt lpm:céssﬂcuhmmrectn Ca ikt déxd)s .

-er:JZt ively | ow obpiﬂ‘é‘%f %&?ﬁ? él%glgﬁ%tc'l gﬁ%&c}i B%ﬁnéigfm7 10066

PCT/ US95/ 19528 Typzcal]ryat ihyidriogerno roce hiysiracarbor nole etqtin‘» gt orp abe

aromatic rich pr 'EP@ G}.@J%

cat al yst arrange cﬁ react't%r'cgln>é zonlg‘lse {&j‘? %or m ng
catal ysts incl udéesgth plati nun1 aI um na, platinumrheniunt aI um na and

pl ati num i ridi difellddfiditions of reformi @}ﬁaamy PLAERide Can be
continuous, cycli c or [qrﬁor egeneratiyve process’ can be in

fixed bed, =~ ‘ROPEFGUyEes eashiiahout FPOTE {(47 1 Gbcko pout

-Typi cal | y15a hydaosmn qsrmu)carda)rpmsmfa ifrom albou® 50 psigS{446Skpa)
o et o b8 Bdplte A 5 Y Al Sore spebfPBlL1y trom
- about 50 psig (446 kPa) up to and including 450 psig
(3204 kPa). It may often be preferred to employ
- pressures in the lower ranges e.g. 50 psig (446 kPa) to
20  about 125 psig (963 kPa) to encourage formation of
aromatics which supply precursers for the preferred
reactions of the benzene and toluene synthesis zone and
. enhance yield of -the preferred products. The hydrogen-
to-hydrocarbon ratio ranges from about 0.5 to about 20
25 ° ' and the liquid hourly space velocity can be in the range
of about 0.1 to 10, usually about 0.5 to 5. '
Reformate Upgrading -
The reformate product along with the hydrogen and
light hydrocarbons present in the reformer reactor
30 - effluent is cascaded to a benzene and toluene synthesis
zone which is operatively connected to the reforming
zone. Typically, the temperature and pressure conditions
established in the reformer are not modified and in one
convenient mode of operation, employing a conventional
35 reformer having a plurality of catalytic reactor beds, at
least a portion of the catalytic material of the last
reactor of the reformer is replaced with the benzene and
toluene synthesis catalyst of this invention.
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' ene sypt hesi s cat al t.his |nvent|on
3&;36}28022nzene aglnce a reagtgon me Hanism thr . whdsh) thes benzene
--8-- and tonpnealhnd nsuamgynxylenesUDdtblE@khﬁﬂﬁjhpﬂyﬁically

i le ul at tions ar
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e.g. |ncrea5|hgrehnaf§er- EhcpbydrecarbbnthenbersLnnameactumnmahmunhfor
any - 15 = engebher fhvehed. 26ART pnddhl aahsﬁéer ProfnstiBi bk Q%g%en

circulation. Howeve iS. Wt v
provi de faC|I?¥9@§t+6?'ppéﬁE&PFﬁgréY beapeng and toluene include

dlsproportlonatlon of C,+ aromatics, transalkylatlon of
Cs+ aromatics and cracking of linear and lower branched
paraffins. - Dehydrocyclization can also occur. There is
20 no significant:net,consumption or generation of aromatic .
~rings. Furthermore, ethylbenzene content of the
reformate is often reduced and xylenes are usually
unaffected or increased. The least desirable reaction is
paraffin cracking and the consequent formation of coke
25 and olefins (which alkylate the aromatics). The process
conditions minimize these reactions by employing a low
acid activity molecular sieve, which activity is
determined, for example, by the alpha value.
' The process of this invention can be:carried out in
300 - a variety of reactor configurations. For example, in a
reforming process comprising a plurality of reaction
beds, the hydrodealkylat;on catalyst can be placed in the
last reaction bed of the reformer. Thus, in a three-
reaction bed reforming process, the third reaction bed
35 - will contain the hydrodealkylation catalyst so that the
hydrocarbons contact this catalyst as they exit the
reformer. Hcﬁever,.in an alternative embodiment, a
separate reactor containing'the.hydrcdeaIRYIation
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these reactions by engheui agsaphea!te hy droa@ati taﬂidwrade%“dﬁ aig Si eve,
which activity is

for e the al pha v
The process of tAPB1PKGEnt fg'bﬁ Eﬁﬁc or . May, 2’& &#’ﬁ?ydllomm’l afle%‘iﬂ'%’fzed
react or cbofi gur bedoos. a tabuaznriegime; xegardlessciof rthey reatrs of
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Thus, in a _threehYdrodealkﬂatﬁ.og catalyssr angdy theoeeforming t¢atalysticta on
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hydr ocar bons contact this ey exit t
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t he hydrogsalkylahtgmyst bed 96/ 10066 .
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placed in series withWpRB RePgVipg bed ref%t’ég(%“ﬂf"ﬂqﬁ's Homa LP%tlon
i nclude flexibil ubgfull to placepa stiaviotaryh hed Bf theliiydridedliofldtion

feed . catalyst inside the reformer, typically in the last
stage. Johnson screens or other containers may be used
20 to hold the hydrodealkylation catalyst bed.

The upgrading reactor is maintained at temperatures
ranging'from-about 500°F (260°C) to about 1,500°F
(815°C), specifically, above about 600°F (315°C) to
1,100°F (538°C), more specifically above about 800 °F

25 (427°C) to about 1000°F (510°C). Appropriate pressures
are, usually, greater than atmospheric, above about 20
psig (239 kra), specifically above about 50 p.s.i.g. (446
kPa) upto about 1000 p.s.i.g. (6996 kPa), specifically,
about 100 p.s.i.g. (791 kPa) which are compatible with

30 - the conditions of the reforme;; Typically, because the
feed contains hydrogen, the reagtion is conducted in the
presence of hydrogen. The hydrogen to hydrocarbon mole
ratio can range from about 0.5 to about 10. Hydrogen can
be added as quench to control the reaction. The catalyst

35 space velocity is, typically, less than about 75
" W.H.S.V., more typically less than about 50 W.H.S.V.,
even more typically from about 5 to about 30 W.H.S.V.
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PCT/ US95/ 12528 1
ZSM-11 is more particularly described in U.S. Patent
No. 3,709,979, the entire contents of which are

20 incorporated herein by reference.

ZSM-12 is more particuiarly described in U.S. Patent
No. 3,832,449, the entire contents of which are
incorporated herein by reference.

ZSM~35 is more particularly described in U.S. Patent

25 No. 4,016,245, the entire contents of which are
incorporated herein by reference.

Z2SM-38 is more partzcularly described in U.S. Patent
No. 4,046,859, the entire contents of which are
incorporated herein by'reference. .

30 - Additional molecular sieves contemplated include
ZSM=-23, described in U.S. Patent No. 4,076,842; MCM-22
described in U.S. 4,962,256; MCM-36 described in U.S.
Patent No. 5,266,541 and ZSM-3 described in U.S. Patent
No. 3,415,736,

35 ‘Molecular sieves also contemplated for use in this
process are the crystalline silicoaluminophosphates.
Silicoaluminophosphates (SAPO) are described in U.S.
Patent Nos. 4,440,871; 4,898,722 and 4,778,780.
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30 Addi tion A Sia t ed | ZSM 23,
described in U S, Pa?%%?nkgeai?gs6#@!%?“%8%*gggba% ﬁeb&&écrﬁheghen
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1000°F (538°C) in air. The presence of organic cations
in the forming solution may not be absolutely essential.
20 More generally it is desirable to activate this type
catalyst by base exchange with ammonium salts followed by
calcination in air at about 1000°F (538°C) for from about
15 minutes to about 24 hours. -
Natural zeolites may sometimes be used if converted
25 to a zeolite catalyst by various activation procedures
and other treatments such as base exchange, steaming,
alumina extraction and calcination, in combinations.
Natural minerals which may be so treated include
ferrierite, brewsterite, stilbite, dachiardite,
30 - epistilbite, heulandite, and clinoptilolite.

- When synthesized in the alkali metal form, the
zeolite is conveniently converted to the hydrogen form,
generally by intermediate formation of the ammonium form
as a result of ammonium ion exchange and calcination of

35 . the ammonium form to yield ‘the hydrogen form.
The zeolites in their fresh state may be in the
hydrogen form or they may be base exchanged or
impregnated to contain ammonium or a metal cation
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ot her nmetal al um nophosphates are al so cont enpl at ed. These are
described in U S Patent No. 5,304,698 _15__ Xyl ene sel ective
nmol ecul ar sieves may be preferred 5 in some refineries. Materials
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zeolite and re exa such a m xture
is ZSM5 andfi’]'aq"rﬁl (R§fjeac§ieﬂ, nlcﬁef cgba%e ?F?B #Bdecul ar sieves

descri Bed, wmolybdenumgprepared in the presence of or gani ¢ cations may be
15 activated ' L4l ' P at 1000[err]F
(asreri0 for o 9 B Py 751 Sfbged! 1000(er Exchange
Wi th anmoni um sal tBhe dmdmdf-ai,kzba%imummon zcne QWELQSSS[ err]C) in

air. The preg@etular dFeve 6@t1&95ac1d ac ,? ‘9{,%,9{; may not
be absolutely essential. 20 Mor e genera 5| r ctivate
this type a,ctlvc‘é’tyalcﬁ"t dpternined B nY%llN%aI tbnfalpbwed by
cal ci n& i on ivalue of lé&wttlﬂém@bd@@ﬁﬂi] %f@rséé@i‘ffé@l’i 15
zeolites ma %OITE'[I mes be

m nutes to about 24 hqur
used i f COI‘]V%?‘[E@U% it lsotod S50 1oL C%R%E’Sﬁ 1Y 1838 Bhen akowh
procedures 60, momed spevdf icaklyriless tamalinse wphmgﬁroﬁi&éﬂﬁ ng,

al umina ext r%ta&tl :Qﬂi LU %c,%éhfé)d“ﬂé}?ééqé;rem%q; o %xlgjé?ler, te,

m neral s which rray reated Tnc
stilbite, daGontemt é-s preferngdstilbite, heulandite, and clinoptilolite.

Wien ggnt hesi zed h@x@i%ﬁ'd@'ﬁhé@éﬁczfﬂféa md¥ecular sf&%# ﬂbsbe
conveni ently canverted tovqu; h rogqe;rnﬁ orm eneral 'y
i nt er nedi at e F&“ﬁ’&ﬂ %ﬁﬂ-’rﬁ &} ractice fhe xmntmn byrm)nl um
Logrgxggapg(rataed'mal Citrelatiieny o¥b slteani fﬁi-e’&’ﬁg&r}wraﬁ CHiQH &éﬁm be e
hzdrogen for%opefﬁgﬁbﬁ&%msfge mg&f g‘r osf 593341 and in v.s.
Patent No. 3,965,209, respectively. Another method for
20 reducing acidity is to provide basic cations such as
sodium at a significant proportion of the cationic sites
of the zeolite. That technique is described in U.S.
Patent No. 3,899,544. : -
-In many cases, steaming will be the preferred manner
25 of reducing acidity of the catalyst. That catalyst
preparation step may be conducted in situ by passing
steam at suitable temperature; generally 1000°F (538°C)
or higher through catalyst in the reactor for a period of
several hours until the desired reaction activity is
30 - achieved. Alternatively, the activity can be reduced by
exposing the molecular sieve to steam and high
temperatures for a period of time sufficient to reduce
acid activity. This can be accomplished at temperatures
below about 1500°F (815°C), typically about 1000°F
35 (538°C) for several hours or even days. Typically, steam
treatment is conducted fr 6 to 168 hours.
Catalystsiwhich were employed in such severe
reactions as a:omatization of paraffins and olefins lose
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The nmetal s that may be present include any of the cations of the

nmetals of Groups | through VIII1 of the --132eriodic Table of the
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specifically, |essS en apbout 60, nore specifically, |1ess than about
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t ol uene @é’%tién RE&A Shé eéaté@zefiel\% Qh’i:ycﬁftatl%td

nol ecul ar S|eves reduce |table to practlg
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at en eptive no reduci.ng
acidity is to proH’\S%n{é Rl L) sb¥u¥ﬁr§§e "gE" lgssﬁﬁ?ﬁ%’?é@t&%'grﬁhﬁ cant
proportiori®f themchécubar siévs is of suffﬁ.hﬁ:enwhctivfﬁiyatd cavalyze ithe

Stoan ng wiI| be SRELFPRIE TEMHn 0B e tatornate, yparadind B HiE

cat al yst. That cdeact;(svatlng mapexpalari eagst nptai;tlbeconmamnmum and u

by passing a I e gt Y a0

(538[err] O céfc@ na'ﬂ% ??@ughbggtea lliflsnctgﬁgi tgg) 9% hlﬁlgrelrod
of sever al tlheuabl Ylof heheeBpiegu éﬁcﬁp-snea@p. szalt?lu@esc;hese

achi eved. 13\ ternpgjeeigns{he activity can be reduced by exposi ng the

o re ot Petiocs. Gouditle)' e spens' SIRALGEEA SonLenbantec dre, Chome
t enper at ur es uséd! i peactidhfOinvolringlaeplitesi ofl inteinediate pore
1000[err]F size. Although these zeolites have unﬁsually low
alumina contents, i.e., high silica to alumina ratio,
20 they are very active even when the silica-to-alumina mole
ratio exceeds 30. As known in the art, this activity is
‘surprising because catalytic activity is generally
- attributed to the framework aluminum atoms and/or anions
associated with these aluminum atoms. These zeolites
25 retain their crystallinity for long periods of time in
spite of the presence of steam at high temperatures which
induce irreversible collapse of the framework of other
2zeolites, e.g. of the X and A types. Furthermore, these
zeolites usually have low coke-forming activity and, |
30 - therefore, are conducive to long times on stream between
regenerations (usually by burning at higher than usual
temperatures). However, when framework dealuminization
does occur, the catalytic activity of this type of
zeolite is drastically reduced. Accordingly when the
35 zeolite experiences framework dealuminization, its
utility as a catalyst is seriously diminished and it is
simply not economically feasible to continue to use the
zeolite.



35 (538[err]C) for several hours or even days. Typically, steam

t'r eat newo 96gogggnducted fr 6 to 168 hours. Cat @#crausssmes2gh wer e
enpl oyed in such severe reactions as aromatization of paraffins and
ol efins | ose WD 96/ 10066 '

PCT/ US95/ 12528 -=l4=- 1 3.. activity to

an extent which f 1 th rocess of this
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deacti vati on varied. Typicakiperthe deact:.vaté“d:ecatalpstths ref or mat e
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use in an conV%RﬁJeprtenmqew reactlon An inportant feature of the
inventison is that iy thd tes@fof tfn@l?ﬁﬁédi’a”éé%ré“ﬁ*iﬂ@ feoi'H;SEU' ch! eve

is of sufficient_activity to cat sirable reactlons of the

al
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cont ani nant s ¢l methano -k gaddXiné qsm@ew; ti®fréd@ik télh#iéyeﬂolﬂo'f

hi nder the ability of the ecul ze_t hese
reactions. °he preser RF9SPEE ne eerﬂ'e 'é? sY%‘%%%?gﬁ%?a?’éﬁcﬁ?ﬁ tfose
used in reactspecifically r@mﬂbe:kamfllasu eraraeh'amogorzz,au 107si ze.

Al t hoygh the £S | a e.

hi gh sﬂql ca ?(? air;,\in'a 'irtalf“a d’%%}?& %ney %13?4e9§/ery active %vgﬁgﬁkgonéﬂ
sili ca-to-al mm @atalyst mvhich hasdrcaue deankivated decingt, this
activity is er 1t & SPrécdsads d?‘uéi‘ftéy iﬂbésdgﬁgfiﬂéom at e

attri buted to the framewor k a| um num atom; and/ or ani ons

with these amﬁ%ae&%rﬁkewm AR011ta catalyzed procesees EeLstallini i/
for long perlcﬁiﬁrelfting“ffbléfms to ﬁbdhxﬁé Ane dh’.@@ﬂE@t@I séeam gt high

Lermendiures (WYl a2 and, kS SEE T ok bdbaratirge,  Arevoric O
zeol i tes usualdqmémaﬁmnpcéﬁijrhemmtconvqrm ‘and olefins
conversion to chemical intermediate (e.g. over ZsSM-23)
may be used. |
The spent methanol-to-gasoline catalyst could not be
20 effectively used in the methanol-to-gasoline process,
even aftet_rngne:ating the catalyst. The deactivated
" catalyst can be'empioyed in its deactivated state for
reformate upgrading without any treatment to reactivate
it, in which instance the catalyst must not be so
25 deactivated that it has lost all of its activity.
However, in one embodiment of the invention, the
deactivated catalyst is employed after it has been
regenerated by known technigues such as by regeneration
with oxygen or reactivation with hydrogen.
30 ' The ability to successfully employ the spent
- * catalyst is unexpected since laboratory analysis has
shown that the spent catalysts contain the many metallic
contaminants present in the feed and in the processing
‘equipment. The contaminants include iromn, calcium,
35 sodium, nickel, phosphorus, titanium, zinc and magnesium.
By whatever means the reduced acid activity is
achieved, the activity may be measured in terms of acid
activity, usually, measured by the alpha value which is
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reduced. Accordingly when the:35 zeolite experlences franemork

deal um ni zati on, I a a S (o] | ed
and it 1 “a‘ép’ranrﬁst lééﬁn%%%‘%a?F&‘?eE% gveh Bekedperitifaliy o
zeolite. about 100. he alpha value is usually less

PCT/U595/12528 than about 60, speclflcally lessltfian about 50. Spébific
sources of the spent zeol caIIy t he

deacti vat ed cat al5RR9¢] °£ afpﬂge&ﬁi?%a?ﬁﬂ FFgﬂlébPHFlﬁ te dﬁyg@ﬁ Be or
hydr ocar bors 'specmwrualny Pesseshan 30. ' In the case of

I nternmedi ate pore siz has
becone deactivated dur 58 Aisﬁa ?ﬁguﬁe%ﬁaﬁﬁFﬁ§B£§asg||§8 %P%@éﬁghat
readily enpl oyed Alpha Valuehispansapprpxinate. indicatdonaofl the gatalytdc

process is sdﬁgcgétxgggﬁgoeﬂe' fatafyst bbiipaled to &gtanbart

3979, 472; 4,044, 0 wever
catal yst whi ch ha@ab%fbm andcitvgivesdthengelative zager cm@mn@or(\réﬂ:g @f

processes ch a g [ | & CWEX icata |
catal yzed g?ocesiggH?SIdsﬂﬁiha conversiofl ﬁég |%§g?% &E;O|I 15?% bh& unit

con rtin
distillate, see UFime)s It &51965882°3ngh8 3Ctivisy 25¥¥ ure
i someri zati on, etdsﬂtcbsﬂgeaatamyser taken asndnokmbnas of 1 (Rawmmﬂea

Cper e LT Toh 2 Es ey e Kb, anes 1o BesdSSE 1n Lk patpne

used in the nethampsslpega;oknnthpr of Catail Lsntablnegan@naﬁaﬂg
deact | vat ol st at o FH§5) } 9bE° ﬁfopm?%tzm i ST T
reactivate (1980) p ancbhlnnorancate eheaaanyby peferemcep@ssdo that
description. The experimental conditions of the test
used herein include a constant temperature of 538°C and a
variable flow rate as described in detail in the Journpal
20 of Catalysis, Vol. 61, p. 395. '
Hydrogenation Component
In one embodiment of the invention, the catalyst
comprises a hydrogenation component, typically a metal
from group VIII of the Periodic Table of the Elements
25 (CAS version, Sargent-Welch Scientific Company (1979)).

' Examples of suitable hydrogenation components include
cobalt, nickel, platinum and palladium. Other metals
such as a Group VIB metal e.g., tungsten and molybdenum
may also be employed. Palladium is, however, preferred:

30 " it has demonstrated advantages over platinum in its
T ability"to convert the reformate without producing
excessive amounts of olefins which lead to increased
catalyst aging.
While still achieving hydrodealkylatxon of the feed,
35 the metal hydrogenatzon component results in enhanced
benzene selectivity, astoompared to the zeolite which
does not contain a metal hydrogenation component. A
portion of the olefins, formed by dealkylating the heavy




25 . deactivated that it has lost all of its. activity. However ,. int
one engwesmopds of the invention, the deact i vat ed PCAVER9SR2528 S

enpl oyed after it has been - regenerated by known techni ques such as
by regeneration W th oxygen or ligactlvatlon wi th hydrogen. 30

The ability to successfully enploy the spent cat aI yst is unexpected

si nce | abor%&rgg'ysdr% rbaasturated é;' é{,é{gt S contain

the many neta contam nant s reseént |nthe eda In the

processi ng three henefigial refulist od hxeduced | crke make because, 35

sodi um ni ckily pUEHYINL ooke c}%‘ééﬁﬁsdr@(‘aﬁ\%md‘m (2) By
what ever rrea_ns the r Suc ed aci achi eved he activity

_may be rreasu‘rqﬁquFq Zfne, Rre u"tlmyeﬁ?{‘? et copyexsion @fcred by the

al pha sval ue etitiyllbenzene andDC}é/ apom@tics because of saturation of
PCT/ US95/ 12 typically |ess

t han about %8' :g\/t%qjéa epe ]ﬁ?{%ﬁ l%/va:.lable efs%&tﬁmg%ﬁ 100. The
al pha val ue alkylation; lamt possiblyhai3 hiinerexsed siehydrotyglizatioman

about 50. specr% gg]r?&fﬂ_ngagg@gea% 3hPRAe" k. are from about 1 to 40,

nore 5 n Al pha Value is
exam ned, it is eaRout f hy OQ%WWé!Ql@l §%!h WY oxi mat e

i ndi qgj i on fegeiftiisrj Alpdd The amouiittd¢ &fdéﬂaémﬁ éé@ﬁf«éi" and

conpared to st andard cat al yst I t v re ative rate
const ant (r ‘ﬁ@ele%myhe%‘i‘g&h sﬁ'&ﬁr Qe of catalyst per |
uni t y@ogernat iorharth D Ivdrhkes ron tabait soJos:awal Mo aabout ‘

1ok 10 o e b S AP Sy, hal 010 g

t he Jour nal amfouddt of hiydrogenation méiadl Manges (ﬂ:.%ﬁ)abmt 061 \pt £78

(196§), and lhrrﬁ’]ti rpﬁgﬁi Sm PY \
reference astWt)oa 3OW§9‘5 Lsecsrsl ptgloncghﬁre gi;p"g;?? con tlons of the |

t est ahaut HvZeite mhqurdeoé ook thipdrogenation metal 5espatlyC and a |
variabl e f1 Quyiaif s cHte ded 13l i deglietide idbt Pt Wik selectivity.
In a further emhodlment, the metal hydrogenatlon
- component of the hydrodealkylation catalyst can be
20 contacted with an activity moderating amouqt of a Group
VIA element, especially sulfur. It was found that
undesired olefin forming and ring Batu:ating activity
attributed to the metal function is moderated by treating
the catalyst with sulfur. Typically, this has not been
25 found to inhibit the acid function of the catalyst.
This can be accomplished by catalyst pretreatment
with sulfur in situ or ex situ. Sulfur treatment can be
accomplished in situ by continuously adding a source of
sulfur along with the feed or cofeed such as a C,+ stream
30 - or a hydrogen stream or intermittently continuously
adding a sulfur source to the feed or cofeed during the
process by cofeeding sulfur, discontinuing thé cofeed and
then recontinuing the sulfur cofeed.
. Sources of sulfur include any sulfur containing
35 campound capable of moderating the hydrogenation
function, examples include alkylsulfides such as
dibutylsulfide, methylsulflde, dxmethyldxsulfxde and i
diethylsulfide. . Other sources of sulfur include hydrogen



20 of Catalysis, Vol. 61, p. 395. Hydr ogenat i on Conponent
I n one emboWOS006§f t he i nvention, the catal yst conprRGEYEs%/12528
hydr ogenati on conponent, typically a netal fromgroup VIII of the
Periodic Table of the El enments 25 (CAS.yeLsi on, Sargent-Wel ch
Scientific Conmpany (1979)). . .- Exanpl es of sui tabl e hydrogenati on

components i ncl ugkLeide an@bsﬂﬁbom'di@ilfi&@i' ntHe bt | Gah Usary O her

nmet al s such a gug VI.B g un sten agonop%t;denu

may al so be enpl GF&ER 1Iyal fityRica p# P tasa

denonstrat ed advad,298s ppmw. pl at i num inits ab| lity to convert the

reformate wi thout pro e ch | ead

to increased g#'% 3’8’ °aer?€% ﬁféé’ﬁ W é’)&g(%?& a@% g@

hydr odeal kPl at i om@dmmmcmary ttee reduce [the @@xﬁtamuwonﬁnthe

results in enhangp ec eéq,@ene ‘ﬁcidé Wie cdta &Lkl $é’ igfmégol ite
r

whi ch does not cont ai’n ogenat I on ‘tonponent

portion of the olcSmmete wikdy mﬂéﬁkﬁﬂ etk randthen sypjectedoto

PCT/ US95/ 12528 gteaming or other acid activity-rdddcing treatméh€latics,
are saturated as they forg Thi s 5CEI eves three beneficial results:

(1) reduced coke make at any pote’nt'l al coke precursors are
saturated10(2) im esmi,b meoeculliay i @Iewcbzmhcmvemployeef ind5

et hyl benzene and err]+ eg 0 u

I ntermedi ate ol eftlﬂ% 9&]\% ”3[ ftg}ié;l ’dﬁg rp&én éfé?'gy?g??%ﬁatﬁﬂd"'ﬁ'h a

possi bly (3) i ncmstarick datedriady whixh i k) resistant f;peth¢ ﬂ@petatuse and

present in the f ts of I

vary, 10 depen |eng ct?ﬁ‘gﬁi ons %WW r%lgef(g%% ng ac && t@@?

desired sel ectiviqatalyge caﬂuc}l makr pduakenials 111C1W%Ir%m'ﬁhetbﬂ Tt al

varies frqm abOUtné}.&'%M éé&%lj substanée#"tag/oxbé/n{"eéﬂhinéf affc

catal yst, nor typicall ;}/ { X natlon taL ranges

from about 0.1 wRaker als such as clays, ic dfor metal oxides.® The
latter may be either naturally occurring or in the form
of gelatinous precipitates or gels including mixtures of
silica and metal oxides. Naturally occurring clays which

20 can be composited with the zeolite include those of the
montmorillonite and kaolin families, which families
include the sub-bentonites and the kaolins ‘commonly known
as Dixie, Mcﬂamee—Georgia and Florida clays or others in
which the main mineral constituent is halloysite,
25  kaolinite, dickite, nacrite or anauxite. Such clays can

be used in the raw state as originally mined or initially
subjected to calcination, acid treatment or chemical

modification. : :
In addition to the foregoing materxals, the
30 " molecular sieve employed herein may be composited with

the porous matrix material, such as alumina, silica,
titania, zirconia or combinations thereof, e.g. silica-
alumina, silica-magnesia, silica-zirconia, silica-thoria,
- silica-berylia, silica~titania as well as ternary

35 compositions such as silica-alumina-thoria, silica-
alumina-zirconia, silica-alumina-magnesia and silica-
magnesia-zirconia. The matrix may be in the form of a
cogel. The relative proportions of zeolite component and



15 to about 3 wt.% Less than about 1 wt.% typically from about *
0.2 to sfpegiobsed W % hydrogenati on netal usually epdTisgsa2428 e
desired degree of activity and selectivity. In a further
enbodi nment, the netal hydrogenation 18~ _conponent of the

 hydr odeal kyl ati on catal yst can be 20 ~~*°COntacted with an activity

noderating a | al l It was
f ound tha1§:J %@gﬁ%&i %’édajeooq * %aﬁégfﬁ"ﬁ%far?% v(ig&%&u‘fﬁﬁ' glll‘%ct ivity
attributed t cedldtetcontent itanging rfxem hetwesn tabost nl) to abouthi00
catal yst wit I t hesu & oypdy nhi bi t
t he a%:ll d fun?tlon!“% %’ue ca{'ﬁ% éhd bz my‘ljfgt%gnr % ac‘gf] sEed by
catal yst prety remﬁﬁlt‘Pe°1f1°#JE¥l 29,15 rabont §Qr JroXR Specifi

treat mgnt cambRut 100, pREAECERR | t‘tﬁ_\ﬂ%iﬁhﬁléﬂ e CoGtposDEs] y addi ng a

source of quur aI 0NQ the feed or cofeed such as a C[err]+
stream 30 or R gt ntermttently continuously
adding a sul fur sam dfhé Qmihﬁ.-famb (int!ﬁmédibprmthethe petroleafss by

cof eedi ng sul f nthU|ng t he
sul fur cof eed®?® limthcg Sf*’o%‘r%é{ﬁé?%ﬁiﬂf@ n%’?%d%h%rflggﬁiﬁ cbit ai ni ng
35 corrpomuaﬂnﬂalto dhenhisizodealkylaticon mxm zone. function,
exanpl i ncl ude gyl sul{ ‘%i‘“g*

met hyll?tsjl fide, d| rre ylsrc;l sduld‘fssd. Eﬁci d sch I e ‘?‘? <§dﬁjts‘r:ﬂ'her sour ces
of sul fur i ndSRfulproRRss configyratiomes 6Referrmq to Fig. 1, a

PCT/ US95/ 125%@troleun naphtha supplied by line- Id7xs char ed%f i de and

From about - 5@ SFGRRER hARRRE 17 whigh ém if o el LS T RRnat |
netal can be fegd eyl 4 & fature mabmﬁmm re'mlsehémm d
et i, NIRRT £ P, 0 0Eoibd FabotEly fatfhres
ot her acid adiéas tl6lr aandilae twiazh nntterstage heatemsitl5a andecl5hl
Although three reformer reaction zones are shown, there
can be less than three or more than three reaction zones.
The bottom portion of the last reformer reaction zone 18
20 is loaded with the hydrodealkylation catalyst. The feed
passes over the hydrodealkylation catalyst just before it
exists the reformer to produce a product of increased
benzene content as compared to the effluent of the last
. reforming catalyst zone l6c. S
25 The hydrodealkylation catalyst of reaction zone 18
is typically isolated from the reforming catalyst to
maximize its opportunity to work on the products of
reforming as opposed to the reformer feed. ‘This can be
accomplished by providing a separate reactor or by '
30 ~ segregating the catalysts within the same reactor.
However, intermingling of the hydrodealkylation catalyst
and the reforming catalyst will be difficult to avoid and
will not be detrimental.
- One reactor bed configuration involves sandwiching
35 the hydrodealkylatien catalyst between the reformer
catalyst. In this mode of operation, the final reformer
catalyst'isomeﬁizesfand saturates olefins formed by the
hydrodealkylation catalyst. Highly branched C, paraffins




10 general any nol ecul ar sieve which is enployed in t he
process of WQPQI 96&ecntion is often associated with a mﬁsﬂs’?f?é?%rl al
which is resistant to the tenperature and ot her conditions enpl oyed
in the processes which they cat al yzepgSuch matrix materials include
synthetic or 15 natural | y.occurring substances as:well as inorganic

materi al s such agréhauﬁ ifi re€ormageohave! al beilday Biext whicH als eflase

be either naturally int orm I hQus
precipitates or Eﬁ?ﬁ gdggﬁzﬁpffurgglgfp°ses qﬁfiﬁéﬁiﬁifqnﬁ n, mesting
hbtrrgllyhoccur;thg béngenehpukrity requdizrementsomfotihies petindchemicais ite
I ncl ude those o 1l Lt e.gnd s, f whi ch

fam |ies %gﬁgtthe @Egﬁhb hgggsgégg F%giyﬁ%lqg?éllﬂﬂdn|y known
as Dixie, M:Namspreaﬁergb&YaZQMFﬁer inaacmiddler porttdon iof the lagt stade
main mineral conggi ifi&”i’e!ﬁérﬁihboﬁhbho@éo ne kAl G+ ghtkirkanahacr ite

or anauxite. Su¢ ays can used I h the raw state as.originally
n ned or |n|t|aIF991“dln9 §BSF§cFedP§%ﬁ€§}%¥nh??%ﬁk159|834P8§ﬂﬁéﬁy éﬁ

?rgtem _ca: h Sﬁaﬁai'dﬁalh.ﬁléar and low blr:ah&gégd'ﬁdﬁiﬂ:ﬁldhe fr!&lemtmg h
erial s, e ecul ar sieve oye rein onpqsi ted w
t he porous natrlghﬁﬁpgglgVers&Bﬁ ze RFgﬁPﬂy aﬁerlq rqgh
zi{ponia 0 conbbpahched pbcafﬁﬁnse;?_lesblb&anched padaftines whzc?_boil
si lica-magnesi a, . §i ag c il - Lisd, i ca-her
silica-ti tg ani a agigbkg gg’h%‘e?'%é??"% ah%afé%%&&gaﬁeo s?psqu##%o? &E d ﬂ&h
silica-al unm na-t purity benzeane stream.sl Thisaconfiguration also
si l'i ca-al um na- ”ﬁﬂﬂ‘i@ﬁeé“daﬁh' bﬁ?z eve L@ A%, 2-tHd g&"&é‘bn@eofmiﬁ
a rti

may be in the for : tive prop ons of zeo
conponent and ©olefitngsinotbe ef luent.

Egrégsgg{iﬁgfflx . Us?ally when the q¥drodealkf¥§t1%23ﬁ?ﬁﬁixﬁE"ﬂ@n:ﬁ
from bgt ween abotPC %th é’&%ﬂnl e ref°n”§é'r'cé"ﬁgw%ﬁ§ Pd‘ﬁ‘&?%r@"%sugl ly
in the range of niparwbdealkylatiomicatalystf iitalllocatied, o ahmadidD, flowe
specifically reactor is particularly suitable to maintain a low
pressure drop. The radial flow reactor, particularly in
20 cdmbinatiqn with smaller particle size hydrodealkylation
catalyst, contributes to improved flow distribution in
the last bed of the reformer.
' In some operations it will be useful to employ a
small particle size catalyst, typically when reactor

25 volume is small or to alleviate pressure drop. A self
bound zeolite such as self-bound ZsSM-5 is specifically
contemplated.

Figure 2 shows an embodiment of the invention in
which the hydrodealkylation catalyst is located in a

30 - separate reactor 19 associated with switching valves 17a
and 17b which, optionally, enable the catalyst zone to be-
removed from on-line contact during at least a portion of
regeneration of the reformer catalyst. This will be more

_ useful when the metal hydrogenation component, '

35 - particularly platinum, is used or when the reformer
contains a moving or fluidized catalyst bed. Optionally,
heater 15¢ is located between the last reactor of the
reformer and the hydrodealkylation catalyst reactor 19.



5 about 100, percent by weight of the conposite. Process

Conf i gumQ 96540066 In the.nmulti-step integrated prREAGIISHRE2S

petrol eum naphtha is catalytically reformed and the reformate is
cascaded to the hydrodeal kyl ation reagthgn.zone. 10 Fig. 1is a
sinplified schematic flow di agram of one usef ul process .
configuration. R@fe&réﬁﬁngt @d-igbthl Figures 1. d&ifd 'D) mw%@m&g&ppl ied by

line 10 is charged t ref or eat er ich:elevates |

t enper at ur e 5’?‘ omat:.cs ke tRFq:ga"c a&alﬂ%ei,&"f MARPT Gl igut r nm ng.

The heated lsep arafmd 22s wlﬁaﬂgebparaeteré & Hydnogén+reich ngas rebat i on zones
16a, 16b and h three
r ef or mer reas&% onesq’g’re shown, 1?#10%{ sréériﬂcfj[},d%%g&) teh? ers%f?%# e or
nore t Ban t hildaer &dot | Sdazdiee 24, the Tigticd tproduet iis ednvéped ast
reformer rea s%gé | éﬁkﬁf‘i’ yﬁgﬁf@ﬁ t|on

catal yst. The P{" %a%rzggssﬁ?s %\./Aer 1?,1é§/drodref‘ﬁ ky I on :@;t al yst just
before it  seriesxiofi Sracticmakors that asparate Hhejproduct nintdsed
benzene cont gnL @mer e&h&%mmﬁfdmoxpfsﬁfw.st The C,+ ! €f orning

catal yst zone ‘16c.° ] ode | at catal yst' of reaction
catalyet 20ng 106eitn can pe SRLREAEA] SN At e edrres

maxi mige it s oxprdie Wydrpdaa lkylation hregutol dtic :afcrease yiﬂ@r i Tige as
opposed to t b

provi ding a g:épéﬁaeﬂa dfbrf%Qéé’cfgﬂ!tg’ge%? e’g%t?ﬁ%fé)ﬁ%rﬁé'?eglfgénﬁn thin
t he sane realBoto a paraﬂﬁmmpanatmr rﬂthgﬂuttgl cfeparatesircthieal kyl ati on
ST ot be BeFeiiindRoch W WAdR deicdRy B Wiy 0l [ ST
sandwi chi ng g¥tracti@nhydTheé: Anemakicam Q?ﬁ@%tcaébtﬂ&h henconveyedr

catal ygt. | gilhilgn@rds Qfo %@ﬁa&tdﬁ'bn td’tﬁxé 'W'wlfﬁlp@warates tlf?t al yst

ICZ?;TF;IS'[ZeS ﬁg&ﬁ;;t ur at es 8’ efins orﬁg %Sand xyl\m%/gl/ rodeal kyl ati on
PCT/ US95/ 12528  An important advantage of the -invéhtion is a low
consumption of hydrogen. Typically, hydrogen consumption
is less than about 200 SCFB (35.6 n.l.1l.”'), more
20 typically, ranging from about 0 SCFB (0 n.l.1"') to about
100 S.C.F.B. (17.8 n.l.1.”), more typically less than
about 50 SCFB (8.9 n.l.l1l.”'), This low hydrogen
consumption can be particularly advantageous when there
is a need to balance a high hydrogen consumption in the
25 reformer.

The hydrodealkylatxon catalyst can be exposed to the -
conditions of the reformer during rejuvenative treatment
of the reformer catalyst. Particular advantages are
associated with palladium, as opposed to platinum, as the

30 - hydrogenation component of the hydrodealkylation catalyst
after rejuvenative treatment of the reformer catalyst.
That is, palladiumpcontaining_catalysts have been found
to withstand the rejuvenative treatment better than
platinum-containing catalysts. Typically, the reformer

35 catalyst is rejuvenated by oxychlorination;but any |
rejuvenating method is contemplated. , .

The hydrodealkylation catalyst may be reactivated by
the rejuvenative treatment of the reformer catalyst.




present in reformate have a boili ng point which i's close to that of
benzene. ThWO.96H8866 difficulties in neeting t he benzen®@FN§E42528
requi renents of the petrochem cals i ndustry. A nmedium pore size
zeolite catalyst, 5 preferably ZSM 5, _Lpja-m ddl e portion of the |ast
st age of the reform ng reaction zone cracks (err]+ paraffins,

: ncl udi ngdt Pesebqowyv]ergah.ﬁr;]cé;ﬁ m&wﬁmzfmeﬁ&etﬁ-éhadm_vhﬁtlng txﬁéowards

i near an ow bra araf tins Q thro over the
reforning catal y§@ I%Iag‘gr?é"? @)"\Mefg such, ag, ’rfg?a‘ﬂdl" O¥¥9fRe s
branched paraf fi rmgdneﬁaﬂnmﬂ with hydumgdgen tdmmarbeimere gasl éml'nlfasat e
separation of a hi purity benzene stream This configuration also
m nimzes, and can ev& elimnate, the presence of |ight olefins in
the efflueft. 15Example ljsually when the hydrodeal kyl ation catalyst is
located within the rehyiPlexdupid Ueionst by etlfe‘eresults of

hydr odeal kyl ation cata] yst iI.s [Located radi al reactor is
particul ariy sui thydrodealkylating 2 |qe,;ormate pdag LFF%“@*B’@On#h‘éWHGFbP]-e
fl ow reactor, pakdiithi/lvhed reforier. conbination with smaller particle size

hydr odeal kyl ati on - catal yst, contr S 1,0 | rove

di stribution in A 5he ’81'7 éle*g‘g %r%‘( an a.{pha vajue nf
operationd0it will6 s esdldatied efiqrt @ffectivenesswin lppdtadéazlkylatlng a
catal yst, typica eq_pe;%;m% i ¥ad S r vi at e
pressure drop. i &%Je oun 'eoqé/%a Suc a@%‘l’}gb% 5is
specifically condidiianslaf dwemperature, préssure @dmchrraazimdi ment
of the invention ddingat:.ble \%hgh Ité*fom%deal kyl ation catalyst is |ocated

in a 30 separat € react or assocl at with switching valves 17a
and 17b whi ch, opti ond¥fhe refemmate has kthe yEellewing ccompositiongenpyed

fromon-Iliyse contact during at |east a porq-hgg_eofl regeneration of
the refornmer catalyst. This wll re useful when thmal
hydr ogenati on conponent, 35 ; . 1's used en the
ref or mer contains a novi rrg,-or fluidized catal yst bed. Optioqdd |y,
heater 15c is |located between tHhB-iC3s{satarated)f the ref2&r 4% and
t he hydrodeal kyl ati on cat al yst rbemnzemel19. 6.31
20 . toluene . 17.80
C, aromatics 22.25
Co+ 27.72
Cs+; R + o (calculated) 101.00

The hydrodealkylation reactions are carried out under

25 the following conditions:
Iable 2
Pressure, psig 200
Temperature, °F - 902
. WHSV . 7.8
30 i -' 'H,/_Hc ratio 5/1

The catalyst is heated in flow:.ng hydrogen. Once
the desired temperature is achieved, the reformate
feedstock is introduced. The results set forth in the
following Table 3 show the formation of benzene, toluene

35 and xylenes. The reduction in C,+ hydrocarbons
demonstrates that the gasoline boiling range portion of

~



WO 96/ 10066 - PCT/ US95/ 12528

--20-- WO 96/10066 Referring to both Figures 1 and 2, afPETAUSH2518],

the aromatics rich product is passed to vapor/liquid separator 22
whi ch separates a hydrogen-rich gas vi 299.. hydr ogen conpressor 25 for -
recycllngtothereforrrer via 5 iné 21. Via line 24, theliquid

product is coyeYSfoduct ha% ?r‘i@&?@é&t@@ rHe ﬁfd”é‘ééé)?%ﬁg prodéét into

typically a series ract| onat or s at “separ at

err]- C[erq‘]s“llﬁ’[@mflﬁe%‘i‘fr%ﬁﬁq-’ér?‘]:ﬁah?dr ocarbon streans. The Clerr]+
aromatics can be separated and recycl ed_-ahlg el 3e refornmer 10 or the

hydr odeal kyl ati on reactor to increase yield. The Cerr] to (err]

. streamof fractionator 26 is transferred by |ine 28 to a paraffin
separator 34 whi ch separat esg}-he paraffins fromthe arqgstics,
typicalfy, by solvent Cadyr gsataratédg aromatics extra®.88n then be
conveyed 15 via |line 35 bengeperati on zone 36 which separBtéss t he
extract into benzene, toluentolneneyl enes streans. 21.2& inportant
advant age of the invention |§. anamatics consunption of hy@drdgen.

Typi cal Iy, hydrogen consunpt&ghn ' is less than about 2@2-34FB (35.6

n.1.1.43%rr]) nore 20 typPetr IR+ Qarkfadkeuk Qﬁﬁ‘&bout 0 sS4 .15
n.l.1[err]) to about 100 S.C. F. B. (178n| .[err]), nore typically
| ess than about 50 SCFB (8.9 n.l.l.[err]). Th|s | ow hydrogen

consunption can bewaéthy:mmidneouwmﬁuﬁ mbenstberss observea a need to

bal ance a hi [0 on ti t he, 25 reforg The
hydr odeal kyl %]9‘%#?5’&‘?%%& ‘iﬁﬁg %8%%%%%! {‘oa’?ﬂes' L lsCSF'IﬁFFI thatss the
reformer durithe rpzyemhtpmesszamlmeves a sighifbeantf increaset hyst . '
Particular a S ' e o] sed to

pl ati num asq%/%m%? %ﬁ‘ean ogenat g&t(&:%érrp neni hg?&%lhég#ig} gégl Egﬁat I on

cat al Vi contaﬁn‘@ratquawermhe veotak £ mat asomanecsenonm;ntc ofaithe .

That is, pal | agedunace] %Q'%@g&ﬂé&yﬁi%ﬁﬁj{é PPels! 84086, TablbO3W thstand

t he I'E,‘j uvenat | ve treat I’T’Eﬂt t 1 num cont,al ni ng

catal ysts. Tﬁﬁ 8, at%qee?ﬁmr‘-lgﬁ °°ntEﬁFaP§s§°|°§9|reP’U\}SﬁaP@&uWS
oxychl ori nat ity dut4 BY wt.% inceeasenatAdghotghothis mayt appeatred.

small, in the refinery setting even incremental increases
20 in the more valuable products are important. The
reduction in C;+ hydrocarbons has a positive effect on
gasoline blending to meet T,, requirements. A substantial
increase in the calculated octane value is also achieved
by the present invention.
25 Example 2
This example compares products formed by contacting
a reformate with a lower activity Ni/ZSM-5 zeolite
catalyst (S8i0,/Al,0, = 1600')' and a higher activity Ni/ZSM-
5 zeolite catalyst (8i0,/Al,0, = 70). In this example the
30 ' temperature of reaction is 900°F, pressure is 200 psig,
~ space velocity is 20.00 (W.H.S.V.) and the
hydrogen/hydrocarbon ratio is 5. The feed and the
- product hydrocarbon distribution in terms of weight
percent is reported in Table 4.




The hydr odeal kyl ati on catal yst may be reactivated by
rej uvenat i WEOP6/W66rent of the reformer catal yst.

PCT/ US95/ 12528
ot her net hods kn
such as burning
gas such as
denpnstrates the

t he
WO 96/ PETEES95/12528
--2 1-- : - However,
own for reactivating the «-23-- catal yst may be enpl oyed
wi t h oxygen, regeneration wth hydrogen or an inert
ni trogen. Exanpl erdble 4 Thi s exanpl e
results'of hydrodealkylatlng a refornate under

5

.=

condi tions conpaj Wth the refor
zeolite HZSM5 ﬁgp'gg& aéﬁue of 10 1021%13% &d% g #203
ef fectiveness in ful L_ranae refor descri be
in Table 1, undef gLondl g%ﬁt?%ﬁp=ratgfggu%§e&sur
ratio C ONPat=iit-e—i=t-h—k Hre—i-ef
fol | owi ng Sonpos| cia®,; 15 29.46 Table 1 4.71
Ful | Range Reforfate gerr-
0. 45 Ce=C, . dlerr] e-rtﬁe?r] (pat ur£56(53 5D897
benzene (aromatics) 631 .20 toluene
17.80 Cyo ~{f{err] gagonmati ¢s 4.87 22. 253, 15
Clerr]+ (aromatics) 27. 72 L Cerr]¥,
(cal cul at ed) TOT00 T 1Ty Fn guEat Ryt atT o TEact oS are
carried odf unde} C25Ci2  the flol | owdn§ cond{tions:1+59 .
Tab| e 2 (aromatlcs)
Cyyt 0.2 0.79 0.10
conversion
Net % _ -—- 65.21 -3.0
conversion
C,-C,
paraffins
20 _ The data reported in Tablé 4 demonstrate how
' 'zeolites of different acid activity result in different
products. Even at about the same C,+ conversion, the
catalyst of lower acid activity (Si0,:Al,0, = 1600)
' obtains a net % conversion of C,-C, paraffins of -3.0. By
25 contrast, the net % conversion of C,-C, is 65.21 using a
higher acid activity catalyst (Si0,/Al1,0; = 70).
Additionally, with the low activity zeolite the C,;+
hydrocarbons are reduced even over the feed while the
.more active catalyst increases the content of C,,+
30  hydrocarbons. '
' This example demonstrates the results of
" hydrodealkylating a reformate under conditions compatible
with the reformer using a low acidity catalyst which
35 includes a metal hydrogenation component.

A platinum ZSM-5 having an alpha value of 10-15 is
evaluated for effectiveness in hydrodealkylating a full
range reformate, described in the following Table 5 under



Pressure, psig 200 . | Tenper at ure,

[err] F 902 VWHSV
7.8 30 W0 96/10066 Herr]/HC ratio PETAs9s/M2528
The catalyst is heated in fl ow ng hydrogen. Once t he desired

tenperature is achieved, the reformate=24=- feedstock is introduced. The
results set fort f of IomﬁnngabIe 3 show the formation of

Lo _the )
benzene, tolugﬂﬁgégl°ns 9f qteYPeRaturer pregaure; gRdi HoAHCr¥atiaydr ocar bons
denonst rat es cémpatiblgawbthnreforhing, rehectamperatuee is 924696/ 10066

%9 of 50. 89,

PCT/ US95/ 125 2 { he pr oduct
“has a reduce dak *ﬁe3%?oggég'aW§8 Selredaq20 “afid’| h¥d§HH§PaﬁH al

i ncrease i n oy carbon mole ratio of 5:1. " Table 3

derr]- 9.49 5 _ Cerr]-Cerr]

(saturat ed) 16. 88 benzene

8.68 2 ~ toluene Table s - 21. 28

Clerr] aromatics Full Ran8é Reformate wtg errl+

22.74 10 _ err|+, + calcul ated) = _ _104.15

An et hyl benzene conversion o fo.596is obser ved. Conpd}s t he data

of Tables 1 and 3, it is cl z: g t he present:procé@§ hi eves a

S|gn|f% gant i ncrease in - ene, toluene and xyl enes

production rate and 15 c@@# g?%ﬁ?l The total Cerr] o |

aromatics content of the e, as reported in Tafl* 3 s

reporg¥;

46.36. Table 3 err]-Clerr] aromatics cod

whi ch anounts _ : 2945 ‘
The results set forth in the following Table 6 show the
15 formation of benzene, toluene and xylenes.
Table 6

C,~(saturated) - 5.15
C,-C. . . ' 15 068
benzene 8.48

20 toluene . 24.92
ethylbenzene 1.72
Xylenes - 22,93

C,+ 21.22

Although the feeds differed slightly, a comparison

25 between the results of this example with the results of
Example 1, demonstrates the advantages of using a metal
hydrogenation component in the process of this invention.
Fewer C,- components form and of the light hydrocarbons
produced, all are saturated over the catalyst of this

30 . example, while in Example 1 olefins are produced (coke
precursors). The product toluene increase over the feed
is greater and even though the feed of this example
‘contained more C,+ hydrocarbons than the feed of Example
1, a greater reduction in the C,+ components is achieved

35  (21.22 vs. 22.74).



toa 4.53 w.%increase. Although this may appear small, in the
refinery s&;(;# &ven incremental increases 20 i n the noperiusdsiiss
products a %8 ant. The reduction in Cferr]+ hydrocarbons has a
positive effect on gasoline blending to neet T[err] requirenents. A
subst anti al increase in the cal culat28¢+=- oct ane value is al so

achi eved by the present invention. 25 Exanpl e 2 ' Thi s
exanpl e conpar es promed by contacting ~.areformate with a

lower activity N /ZSMypig E‘é’kéﬁ Le compa:@éé atnet ré%@i:er bf/ ddheackihy & =
1600) and a higher_activity

(Sigerr]/Al [ errjefermate W:Eﬁh ﬁ?ﬁ?%%ngxﬁﬂﬁpé FﬁtaSU‘% yg%gr garalysts
reaction is 900[]§§ﬁélzanpj£%15&rﬁ1ﬁe26ﬁ 9si g, space velocity is 20.00

the 5 product nyBecSpoth SRERTYRE (T8 EaobEl 2rbp 3 mebnbitia e

percent is reporgasolindamitdand contadssimesallic contam:.nants as set
PCT/ US95/ 12528 --23--

Tabl e 4 %?%cﬁ?b%%ble 7t Sigerr]:Allerr] er r] =70

Sigerr]:Al[err]O[err] = Distributi rmat e

1600 n (w.% Char gest ockpetalPgoduct 1 - Pr oduct 5

Clerr]-Cerr] 0.9 29.46 - - 4.71 Clerr]-Cerr]

55.9 10 55. 53 57.89 1ron (aromatics) Cler1230

4.5 4.87 3.15 calcitmw omatics) 10 Cler330Cerr]

1.0 1.59 0.45 wNickel(aronatics) Cl e210Q+

0.2 0.79 0.10 Phospheru® - 88

26. 95 27.87 conversi ®itanidum (ferr]+ : - 75

15 : Zinc . 110

Magnesium <82
Sodium 210

The catalysts are contacted with a full range
reformate under the conditions of Table 8.
20 . mmss
Reaction Conditions
Pressﬁre, psig ' 300
Temperature, °F 920 .

WHSV, hr* 20
25 H,/HC ratio 5/1



Net % 65. 21 -3.0 conver si on
paraffin %&0 The data reported in Table 4 dermnstl;ﬁt,@sggﬁ

zeol i tesa,(?f |?ﬁ6erent acid activity result in different ts _
Even at about the sane Clerr]+ conver Si 095-t he cat al yst of Iovver_ acid
activity (Siqerr] Al[err]O[err] 1600) obtains a net % conversion

o U] G| P ot g G e R B

(Sigerr]/Alf Srer | mhe?@mounts awmapmdﬂn\metmsmflmm wty

zeolite the CJerr] + hydr ocar bons are reduced even over the feed while

t he nor .3 e-catalvsi jpncreases the content of Clerr]+ 30

hydr ocar bons. Exanpl e 3 TAR _Thi s exanple denonstrafes the

results of v c-aeha o =tecd ot o uader hnnrhflns conpati bl e

with the refoffmer using a Iow aC|d|ty catalgata bgeh 35 |nludes a netal

hydr ogenat i onfconponent]. acnam VF S Terv T .: al pha val ue

of 10-15 is VA fpﬂe¢€r affFFPS enbss in PRE&Mdeal kvl dting a full

range r gf or maj B,- descrilbgdsgn thg j.qjé owi np1Tghkl e 5 under y WO

96/ 10066 REH-US964264 8

--24-- H C.eCpndi t ijo23.05 tenpkhBiure, ﬂBesgure and Herr /HC ratio

conpati ble w N9, the t¢ ture 21F, pPlessure is 300

psing, WH. S. gh?"*mgm rg)fsrsa ﬁgﬂrnh bon-mnlefratio of 5: 1.

5 - toluene | 18.37 BhE 5 [ 21.04 el Full Range

Ref or mat e WO - crer :
ethy1- 3041 el r4d ~ err 3-24 18. 93

0.11 10 benzene d (;J'% 2@ ] ‘
xylenes | 20.66 22.45 21.49

Comparing the products of Table 9, the spent catalyst
(taken from a methanol to gasoline process) not only

15 produces a substantially equivalent gasoline product as
the fresh catalyst, but makes fewer C,- and C,+
hydrocarbons. Additionally, the spent catalyst increases
yield of gasoline (C,-C, hydrocarbons). Although not
shown in the tables, of the C.-C, y:.eld, a greater

20 percentage of the more desirable olefins and branched
materials are formed over the spent catalyst (wt.$
olefins and branched C, to C,, 13.61 vs. 8.92).

Example 5 |
This example compares the performance of various
25 reformate upgrading catalysts in upgrading a reformate.

Catalyst A - Steamed Platinum/ZSM-5
A physical mixture of 50 parts 2zSM-5 (Si0,/Al,0,

ratio of “55), platinum solution and 50 parts
pseudoboehmite alumina powder is mulled to form a uniform
30 mixture. All'components are blended based on parts by
weight on a 100% solids basis, excluding platinum. The
platinum solution contains platinum tetraamine chloride
to target 0.1'wt.%-platinum. Sufficient amount of
deionized water is added to form an extrudable paste.



benzene 5.56 10 - t-ol uene

19. 02 WO 96/10066 et hyl benzene PCT/US95712528

xyl enes 21. 40 Cerr]+

29. 46 The results set forth in t{;&follomnng Table 6 show the 15
formation of benzene t ol uene and xyl enes’

Tabl e 6 at.ed "

Qerr]-Clerr] The mixture is a%éi' %xﬁ'ﬁhgﬁ k8 /16 cylmd::oiecﬁzlg nséhSape
8.48 20 extrudates &fidl deied on a belt driéf at 127°Cx. The

et hyl benzene °
448 extrudates ar thefi K%trogen calcined at 480 d(?d;ﬂ@

Al t hough t he feebguﬁﬁff@léﬂw§¢l§ﬁtpy5 Bougpiri cadcinatiomat,A38%we The

results ofsthis eémhéd\/\bh’&al 8tf e&uhteaﬁéd at ssoﬁmrﬂdxe 24 neupy\strates
t he advant ages of conmponent in the

process of this FR¥EAEF S girponent s form and of the
| i ght hydrocarbons A phypiﬂd&cmdxtﬂtb afeGSapam&he¢SMH5 (Si02/RXkd03t of

o) g o, s S e S

and even t hough amumiaadpowdenlasemaiﬂbd to formc@nmamﬁarmnmxxuqngf]-mhe
Jerr)+ ciiponentoupGnshEs des bieasd ppagg bn By werUlfy gf A e
PCT/ US95/ 12528 solids basis excludlng palladlum, zmpe.palladlum solutlon
Exanmpl e 4 containB paPiadiud ¢RERIafinee chavdilde do AUPGEE 10\B arts
' palladium, by weight of the catalyst. Sufficient amount
of deionized water is added to form an extrudable paste.
15 The mixture is auger extruded to 1/16" cylindrical shape
extrudates and dried on ‘a belt drier at 127°C. The
" extrudates are then nitrogen calcined at 480°C for 3
hours followed by a 6 hour air calcination at 538°C. The
calcined catalyst is steamed at 550°C for 72 hours.
20 Catalyst C - Spent HZSM-5
-A physical mixture of 65 parts ZSM-5 (si02/A1203
ratio of ~55) and 35 parts pseudoboehmite alumina powder
is mulled to form a uniform mixture. All components are
blended based on parts by weight on a
25 100% solids basis. Sufficient amount of deionized water
is added to form an extrudable paste. The mixture is
auger extruded to 1/16" cylindrical shape extrudates and
dried on a belt drier at 127°C. The extrudates are then
nitrogen calcined at 480°C for 3 hours followed by a 6
30 " hour air calcination at 538°C. Then the catalyst is used
" in a commercial hydrocarbon conversion process for 2
years and regenerated to remove coke built in the
catalyst. ' '
cat; . D -~ Spent Palladium/ZSM=5
35 - A physical mixture of 50 parts ZSM-5 (Sio0,/Al,0,
ratio of ~“55) and 35 parts pseudoboehmite alumina powder
is mulled to form a uniform mixture. All components are
blended based on parts by weight on a 100% solids basis.




reformate wi

al pha v@bWgnetss: ° The spent catalyst is renovegrijsediaas

nmet hanol -t o- gasoline unit and contains netallic contam nants as set
forth in Table 7: ——28 TABLE 7

Met al s ppm 10 ~T4¥TT | ron

1230

Ni ckel Sufficient amoun}lng% idﬁlzed water is added tﬁh%%ﬁﬂbﬁﬂ%

88 extrudable paste. TThenmixture is auger extruderdb tiH 1/16"

Zi nc 3 3 1 3 A '

2 cylindrical shape é%(i):giuld%tes and dried on a belé:'l“ﬁl%? y-tH

The cat al yst 323P€.coRhacessrudakes ape nizxggen calcineds atmd8d Mer the

th fresh and spent catalysts. Both catalysts have an

condi tsons ofofaBl Rofirs £81lowed by a 6 hour a1r calcinatioR fatd

Reaction Con

300
20 25
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results of t
-anpunts are

10

" 15

20

25

gbbkgenngﬁtGFEaIYQFrPP usegzén a %ommercia@Hgydnggﬁqq
converbifonaprocess for 25kkars and Yegeheiated to remove

pajpdadiumi usingnanofineipjentywetness method with
palladium tetraamine chloride solution. ihe impregnated
extrudates are dried at 120°C overnight and calcined at
370°C for 3 hours. |

Catalyst E - Spent Tungsten/zZSM-5 -

A physical mixture of 65 parts ZSM-5 (SiO,/Al,0,
ratio of “55) and 35 parts pseudoboehmite alumina powder
is mulled to form a uniform mixture and formed into 1/16"
cylindrical shape extrudates using a standard augur
extruder. All components are blended based on parts by
weight on a 100% solids basis. The extrudates are dried
on a belt drier at 127°C and are then nitrogen calcined
at 480°C for 3 hours followed by a 6 hour air calcination
at 538°C. The catalyst is used in a commercial
hydrocarbon conversion-process for 2 years and
regenerated to remove coke built in the catalyst. The
used extrudates are impregnated with 3.5 wt.% tungsten

- and 2 wt.% phosphorus using an incipient wetness method

30

35

with a solution of ammounium metatungstate and phosphoric
acid. The impregnated extrudates are then dried at 120°C
overnight and calcined at 500°C for 3 hours.

" Catalyst F - Steamed Palladjum/zeolite beta

A physical mixture of 65 parts zeolite beta
(Si02/A1203 ratio of "40), palladium solution, and 35
parts pseudoboehmite alumina powder is mulled to form a
uniform mixture. The components are blended based on
parts by weight on a 100% solids basis excluding
palladium. The palladium solution contains palladium
tetraammine ch#oride-to target 0.6wt% palladium.
Sufficient amount of deionized water is added to form an

888 . 2 APR AP SEETHARTRE, AFE, dmpFeThited yigh, 0y3 4k, ¥ '

b



TABLE 9 Cat al yst Feed Fresh Spent 5
Cerr]- ' 639 2.39 1.44 d err] - er weTnusegiasa®
16. 85 1gwg§611063 benzene 5. 56 6. 55 6. 59

t'ol uene 18.37  21.37  21.04 __,q__ cethyl- 3.41
3.22 3.24 10 benzene xy| SHA2 20.66  22.45

21. 49 | - ' . 6Ghy, .7 : FoLRay i g
t he products of %}{)t}r;ﬁ dgb]ﬁvg ass&e%ﬁ't_ %&eajlﬁéa&e' lg%‘%‘l‘(eenx zr'.%%?a net g£g|

to gasoline proceydindnical shape exs andisried ien |§ kel drier at
gasoline product 133ec, The Rkttt iade/ Stherd Wi tFdden (Cabeinéqrat- and

Cerr]+ hydrocarbons. . Addit al | t he spent Tatal yst_ipcreases
yield of gasolind8CGfor & éﬂ‘ﬂr%yfrﬂ(}g&%r@} a t%l‘?%tca;‘““a‘:k%vﬂt
in the tabkes, ofs3g*e.C ahd cdlwined icdthlystyriststeded at (5500t fge 92
the nore desirable olefins and branched materials are fornmed over

t he spent cat al y§'[° * %

ol efins and branched Clerr] to Clerr],

13. 61 vs. 8.92). TheEpmgpgerties of catalysits sA-<®aame clistedr s Table
per formance of velr' ous 25 ref ormat e upgradi ng catal ysts in upgrading a
r ef or mat e. Catal yst A - Steaned Pl ati numi ZSM 5
physi cal m xture U parts Stgerr err err) ratro o
[err]55), .platingm solution and 50 p r{:s le:‘g(,‘]oboehm' te al um na
powder isl |l ed uni f orm Jgatal ngnnrrlnn enis _aro
bl ended based on mpgéﬂpyt xeightign a 10@% sol ijdqs basipg excl yg ng
pl ati num The pHatT IO OOt T O ConCar yrs—pt At H{IumT t et aarm e
chlori de t § Pesgipbian w| BB/ at| AR SUFTBA ert* nt *8W/ | *Pd/
dei oni zed water ils_added to forlnéSM~%x} 2SHaB| ¢ Z8MxS | 2SM-5 \WZ25MFSopHeta
PCT/US95/12528 | surface 303 (295 |294 |293 |270 {370
area, m‘/g = '
15 n-hexane 9.5 10.0 9.2 8.8 8.6 -
sorption, :
wt.%
cy-hexane 9.3 - 8.3 - - 13.0
sorption,
20 wt.$
alpha value | 20 17 6 9 10
alpha value, | 54 21 12 6 —
after oxy- :
chlorination
25 * gsteame
** gpent _ ) | _
_ The results of upgradi_ng a reformate at 950°F
(510°C), 20 and 30 W.H.S.V., after rejuvenating the
reformate catalyst via oxychlorination, are reported in
30 Table 11.



--27-- The m xture is auger extruded to 1/16" cylindrical shape
extrudal,89sAdtidedried on a belt drier at 127C.  The PCisHIAR3ELS are
then nitrogen caIC| ned at 480[err]C for 3 hours followed by a 6 hour .
air calcination at 538[err]C. The 5 =30S cal cined catal yst is steaned at ‘
550[err]C for 24 hours Cat aI yst B~ St earred PaI I ad| um ZSM 5

A physical m Seleaiglgmyy = e olonpig: = —

of [err]55),} pwder
is mulled tgTornra ounmnr R » - OTENT S ar e Dlenad
based on parl - sof 4i% excl ufifng pal fadi um
The pal | adi yr [ ' [ revagym ne d to
target 0.3 Jal | adi uhgsk 'gp.ts e5Catpgpsy . aCi efit
anount of dei onijze is & . extruda ¢. 15
The m xture > gUgET - ERTTauen ‘ (,yl f rrr(,dr g xtTydat es
and dried o H-Begtvdrler at_1p3e The 28xtrudad &: are t3i9en ni §r ogen
cal cined at j480[err] C flasg ' r y hour air

cal cination fat 538[err] PrOdHBE ?oﬁﬁbgﬁ gé yg? ?s steaned at }
550[err]C f 2~lrot-s20 WLQ‘I_OL < Spent S5 X A
physi cal i Xt Bepzeheos [BvGs ZSAL6 (Ei7G4err 1y Billerr)J0T &7 r ] raffi o of
[err]55) andg arts bo el glaum nal er {4 I'$ ,ul [ 'edft o
form Zéunl f u’ ig},ﬁgpgm Sﬁlﬂ ﬁgﬁmé_"ﬁn 98' ol nl,*g":;* Laded pdrts by
wei ght on a‘ beses] 183¢ filcigni ai @2 of (leigQni zed wat er
is added to Aot el e mReure g4 ir uded
to 1/16" cyl{i€ geaﬁe 938 |92. 3dr| SRoh a b8P-6drj dr at‘
127C. The eX§ 0 n- : 'troga | @t 48)[ I C or 3
hours fol | ovletisy - ‘ ; @-3 or—t egjgv &@:d ;

catal yst is "ed | p@.drocegs for
2 10 yeq caflal yst.
Cat al yst D -* peamed “urm T y cal mxture or 50
parts ZSM45{fﬂéient]/Al[err]O[err] ratio of [err]55) and 35 parts -

pseudoboehm te al um na powder Is mulled to forma uniform m xture.
QII conponents argyq resul@éefgﬁgrééﬁeﬂlofaﬂfétf1b¥ofﬁ§hggt tha 2 100% sol i ds
asts. performance of steamed Pd/ZSM-5 (Catalyst B) and steamed
15 Pd/zeolite beta (Catalyst F) at 30 W.H.S.V. and 510°C.
The results show that steamed Pd/ZSM-5 is particularly
effective for making benzene and toluene while steamed
Pd/beta is most effective for making xyienes. Although
not shown in the Table, steamed Pd/beta produces
20 additional 2.6 wt% xylenes over the xyleneé of the feed
while steamed Pd/ZSM-5 produces only 0.7 wts xylenes over
the xylenes of the feed which is more than three times
the incremental xylenes.
The results of upgrading a reformate at 920°F
25  (493°C) and 30 W.H.S.V., after rejuvenating the reformate
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Results reported in Table 12 show that each catalyst

_effectlvely increases the benzene, toluene and Xylenes of

.produces ‘a significant amount of olefins.

a reformate. However, steamed H-ZSM-5 (Catalyst C)

Steamed

-Pd/ZSM-5 (Catalyst B) produces comparable or more

" the feed.

are bl endq@ base
excl udi ng

20

25

30

35

benzene, toluene and xylenes than H-ZSM-5 and produces
fewer olefins ("C,- olefins") and steamed Pd/zeoclite beta

(Catalyst F) also demonstrates better xylenes

selectivity. Although not shown in the Table, steamed
Pd/beta produces 1.2 wt% xylenes over the wt.% xylenes of
This is over three times the amount of xylenes
produced by steamed H-2ZSM-5 and steamed Pd/ZSM-5.

The data of Table 12 also show that both Pd/ZSM-5
catalysts and_Pt/zsn-S are more active than H-ZSM-5 and
W/ZSM-5. However, H-ZSM-5 is'léss desirable because of
excessive olefin production. The Pt/2ZSM-5 shows non-
selective cracking in the production of large quantities
of C,- and low C,+ gasoline yield. Both steamed and spent
Pd/Z2SM-5 offer a good combination of cracking activity



pal I adium The pal | adi um sol uti on contains pall adi um t et raanm ne

chl ori deyd gsrtoaégdet 0. 6W % pal | adi um Suf ficient anptirseafizéhgi oni zed
water is added to form an V\096/10066 _
PCT/ US95/ 12528 239 extrudabl e paste. The °

m xture i s auger extruded to 1/16" cYlindrical shape extrudates and

ar e o @ ko Uy Hyamoqanadi, adl R WHBLE o YAHFA I £RI°"
cal ci nati on gocsl pragBgitdon ©f bEnzens citolkiens aAndixykenesoamd at
550[err] C for a%%qb:me yﬂﬁ‘&s’swlth only a sWf1P'RPERdLfon Wbt %{Eﬁs A-F

are listed i 10 10
Cat al yst promqtegﬂlzsu-s dggsauggq demonstrate @s much effecgiveness

F 5 Desqg pd/¥sM-5tin suj essi’&fd"/oleffrf’cﬁrocfuéﬂion EIil‘.hough the

ZSM5 ZSM5 _ ZSM 5 z§|v+5 ZSM5 -~ Beta Surface 295

294 293 Cup7gontensyis low. ..o, npp/g 15 n- hexane 9.5 - 10.0
9.2 8.8 Example 6 - : "~ sorption, cy- hexane 9.3 - -
8.3 - - - - 3. pha ‘
val ue 20 17 'J!lu.sel3 ex%mplf demoi‘%&dtoéﬁoﬁxe advaz‘x’%ﬁ%eé %m%dxn@ 4

6 12 amc amount of sulfur #s & aofieed to moderate i the imetalb

SO bRt g oyl Y g lodiling g sbCprpRe o

'is steamed ZSM-5 having an alpha value of about 20 before

oxychlorination about 54 after oxychlqr:.n_a_txon of the .
reforming catalyst and cont'aining- 0.1 wt.% platinum. The ‘
upgrading was operated over the oxychlorinated catalyst

15 at a temperature of 920°F (493°C); pressure of 325 psig
(2,342 kPa), W.H.S.V. of 45 and a hydrogen to hydrocarbon
mole ratio of 6:1. '

T&Lﬂ 13

Reformate Upgrading with Sulfur Additlon
Feed - Products
20 I Time On Stream, - 50 -] 74
: hours . :
sulfur cofeed, : No : Yes
400 pppm _
Com 2.3 . |11.0 7.8
25  Jec.+ {97,717 |89.4 - - |92.3
c, aromatics {19.9 15.4 ~ |1s.6 l
Benzene 5.8 7.9 - ]18.0
Toluene ~|1s.6 18.6 - J19.1
. Xylenes | 17.9 "]18.0 | 18.3
30 H, Consumed, 183.1 74.9 i
SCF/B : : '
IBenzene increase " - ]1.4
| Toluene increase |

_ The results reported in Table 13 demonstrate that
35 adding sulfur as a cofeed effectively moderates the



r‘ef or mat e cat al yst via oxychlorination, are reported in 30 Tabl e 11.

VO 96/ 10068y0 96110066 PCT/ US95/ 12pé¥nysesiasas
- 30- - _ Cat al yst : B C D E F

*Pd/ **H ** [ Pd **W *Pd/ ZSM  ZSM 5
ZSM5 -ZSM5 beta _WH. S. v ==33-=30 . 20 20 20

\:/)’v? o Be nQ%ﬂ J.num gugcggggg ggg.ilgr.g. t\gtel tfndencg &t Eplat:.num

Tol uene 15. 0 tolfake C€g- Gvhild.fetail®irg befifefle, toluen&yhadexylehésS

025 ' 8o.c  brodtfitipp. “Rahiyignaiyvy! Biydrbgen bopsunhibn o o O 7

derr]-, or,eduzed.z'5 0.3 0.9 0.1 10 ~ olefin, *
steaned g = *pxaf C The results reported in TabI e 11
conpare the nce of steanmed Pd/ZSM5 (Catal yst B) and steamed

15 Pd/ zeol i t e bet aT{IGEt grample) idduggratessthe performance of arhe
results show thamﬁtaeéeddeéZSMté b&taahhucwsww in refc¥nfd | rfaumg.

for making xy! enBsS0ABBrBasALYSE RIINES 4n, made (FFom M5 "vgi?é%?é%l s
%?Fgcgtsezo | Pdaédllﬁ.ten?btacﬁn\dt %atﬂ Fb/\(etddned)d.meﬂ:d p&tnécfhlihénes
of the fegnghl c%éﬁ%iﬁfe&ﬂ%aﬁgfﬁ gén%“%é'@‘é) @Qe | nc¢4e9r?e it i@l e%es.

The results of uﬁgKaShﬁg aandf prmaret OGZGP& rr].FB J..g. (2307 7 kPa)

Reformate U@:ading with Catalgst Mixture

u Feed ' Products H
| Catalyst o 50/50 F
' mixture
15 Ic.- 2.2 19.2 ~Is.o
| C,+ | 97.8 91.1 94.2
I Benzene 5.6 7.5 | 6.5
Toluene 15.0 18.5 17.2

20 The results of Table 14 demonstrate that mixing
' zeolite beta and 2SM-5 improves benzene and toluene
. production over zeolite beta alone.



25 (493[err]C and 30 WH.S. V., after rejuvenating the reformate
WO 96/ 1Q45 86110066 PCT/ US95/ 12s@fusesias2s
--31-- catal yst via oxychlorination are reported in Table 12.
The feed enployed is the sane as that described in Table 11.
TABLE 125  Catalyst A =¥ C D E F
Descrip- *Pt/ *Pd/ **Pd/ *X * * tion ZSM 5
ZSM 5 ZSM5 ZSM5 ZSM5 Pd/cmus ﬁ/"msmm.n o bet a
Product, w.%laims: Benzene 7.3 7.0

13!36”617 919 18 ; 18%Kdmui§ &9agé71§tequfgd ﬁZo&SQQ for éé%fga?ng %
92.6 95.2 Pekroleummaphtha includingthe r$tepsoof 7.6 4.8

52 .9 Cerria) lﬁtﬁoducﬂné thelnaphthﬁ ﬁo a Qa%alytgcl 15
ol efin * st eaned S re

and xyl enes of 20 a reformratzwmyveonnecee@daﬂaiﬁwﬁzbﬁabal yst

B o cauces”comer oo o or nopabiudbbLESsu hE Balsyee by BACal FRE Y

6.5
8.1
8.4

5.8

in Tabl e

12 show that each catal yst . ref°r5+?gcFF§3?y1PﬁéP§&§SSat Rdu éﬁé&ﬁeo t ol uene

Q)

H ZSM 5 and produces f cabalystf zone " ther lastotatalyst zonest eaned

Pd/ zeojgte beta 25 (Catalﬁéing m?%ﬁeﬁgﬁﬁanﬁh?g}e§8§8khghgéyIenes

selectivity. Al though not shown d/ bet a
produces 1.2 wt % xyl enes ovefORGALHPNS, QF| temperAture rangingefyomTats

S

over three tines the amount pg&as¥! 800eF (427995oggcggsbyFnggghé)FhK§N$5

d Pd/ ZSM 5.
and st eare pressure of 50 psig (446 kPa) to 500 psig

_ (3, 549 kPa) to prov;de an intermediate
15 including aromatics and pqraffins*
(b) transferring at least a portion of the
‘hydrocarbon product of the last catalyst
zone to a benzene and toluene synthesis
zone including at least one benzene and
20 toluene synthesis catalyst zone
operatively connected to the last catalyst
. zone of the reforming stage of step (a),
the benzene and toluene syhthesis zone
being maintained under conditions of
25 hydrogen-to-hydrocarbon mole ratio and
pressure compatible with the last catalyst
zone of the reforming stage and
temperature of greater than 800°F (427°C),
, ~ the benzene and toluene synthesis catalyst
30 . zone containing a catalyst including a
molecular sieve of low acid activity, as
determined by an alpha value of less than
60, to provide a hydrocarbon product of
higher benzene and toluene content than
35 the intermediate of the last catalyst zone
of the reforming stage. ’

R




30 The data: of Table 12 al so sHOM/that both Pd/ ZSM 5

cat al ysts swologiobésSM 5 are nore active than HZSM5 and PCYUS%IA2528
However, H-ZSM5 is |ess desirable because of - excessive olefin
production. The Pt/ZSM 5 shows non- _.3xelective cracking in the
production of large quantities 35 of CJérfr]- and low (Jerr]+ gasoline

yield. Both steaned qand t P . ' is
eracking activity fa\MD iy Brogess 24 ZS0Ecr PHEE8T iR 929¥mCeMBhndhiien Of

PCT/ US95/ 12528 the catalyst of step (b) includeg)zSM-5 havipgqap.@dpha

Bydrogenatifn ac&ér%éy1§ggc@hgﬁ§5§bomn inthe | good production of
enzene, toluene and xyl enes an agsoline vields with gnly a.snal
formation of ol efins.3e Th%b%ﬁ?°?92$%§53ﬁﬁﬁ§lhé? Bgnﬁﬁ%fpaﬁel wWﬂgﬁ
tel;] fecti veng;L s 5tlt1e l?énﬁbliist%ﬁtéﬂtSuﬁptheshygroéafbonppnddubitonfalstt:legugh

e - - content _is |ow a 6 . IS exanpl e
denonstrates the %bv%ﬁtbﬁ%gei?egdHYng% TBLgtaﬁognﬁﬁn?tgP EE)FUr agpa cof eed
to noderate the netal410 Théuproceasoastiescuibedsin claimsi 4,e2a85 3 imhe

cat al yst _ [ %F@E V] al, pha s R
oxychl orination gﬁ%%ﬁagﬁga erﬁ%ggchﬁgfﬁﬁgtﬁgﬁ gyé?ﬁgroanéaﬁggfgghing r
catal yst and conbydrdgenation: comppaentem The . upgr adi ng was

operated over the oxyghl origpat eaks! 48t dé8cribe t i i
920[err]F (493[err](3$ preggurgggf g describadd dp emhghau$1®W?hlcqv. of

25 psi (2,342 kPRa), H
45 and a hydrogetb@onatal or¥fpegenation ﬁBﬂB°P§PFolgfa6waal selecte
Ref or mat e Upgr adgpemVgiBupuViBr ofdVUTIIODL the Periodic Table of thereed

Pr oducts 20 ime"On Stream 50 74 .~ hours
sul fur cof eed, elenants. No | Yes 400 pppm )

Clerr]- 2.36. The ptotess as deseribed in claims 1, 2 or 5 in
' : which the catalyst of step (b) includes platinum or
palladium and ZSM-5. :

7. The process as described in claim 5 in which
the metal hydrogenation component is cobalt, nickel,
platinum, palladium, molybdenum or tungsten.

8. The'process as described in claims 1, 5 or 7 in
which the molecular sieve is zeolite beta.

9.  The process as described in claims 1, 2, 5, 6 or
7 in which the catalyst of step (b) includes a catalyst
deactivated in another refinery oxygenate or hydrocarbon
conversion process.

10. The process as described in claims 1, 2, 4, 5
or 6 in which the product further includes branched C¢+
paraffins, the process further including step (c¢) of
contacting the product over a catalyst zone including

" another catalytic reforming stage which isomerizes the
" branched C,+ paraffins.

11. The process as described in claims 1, 2, 4, 5,
6, 7 or 9 in which the catalyst further includes sulfur.

12. - The process as described in claim 11 in which a
source of sulfur is a cofeed introduced in step (b).

13. The process of claim 1 in which at least the
catalyst zone of step (a) is a radial flow reactor zone.

| ) R




25 Cerr]+ 97.7 89.4 92.3 derr]

aromat i 15.4 15.6 Benzene

T W 9&’9?30%8 Tol uene 15. 6 gcms”'m?‘lg 1
Xyl enes 17.9 18.0 18.3 30 H[err] Consuned,
183.1 74.9 SCF/ B -=3%rrzene increase 1.4
1.4 Tol ueng, i ncrease The
results reported iﬁ4Tabi%e1Brﬂ%ﬁ§ﬁs?:aFla%Ha? o 13 &BdWHQGQUFhGr as a

cof eed e;fect%?tayyabdefastspthb) is sﬂttgﬁbﬁﬁ36§sg-5. atinum

PCT/ US95/ 1252 - . 33, . _platinu
function by inhibit?hg THE RERGRRR,OF: Chrim; ALRF °in whirhitRer er 1] while
retaining berkabalystl ofnetepd(ly| further incpuddsczeobiteABdtaionally,
hydrogen Consurrpt IP@ ISThe ?rOégggCSE CJE.)am IEXEHpPﬁ;éhOFhQEBPPanégltS and

exanple illustrates the p
ZSM 5 in ref At @lweoﬁwgtheszs zmgooﬁosmpamum at fiigedsbedde from

0.6 mt.%pal lzsheyn - - zeolite beta and catalyst F (steaned 0.3 wm. %
pal | adi um 10 5@%&5). The test c ndltLonf are 920F (493;err](% 30
WH. S. V., and press{t e Bhe $XPGeE80f c13i®71y Zpads 5,

TABLE 14 12 or 15 in Reiichetise umdﬁdqéa YbhBumpt 2bNSis Méhsrehan

Feed Pr.oducts. - Catal yst

50/ 50 200 SCF/B. | | mixture 15
Cerr]- 2.2 18." The proxress of claim5l9in which €therbénzene and”. 85
91.1 . +hee BE . 5 6 | 6.
Tol uene t%%%?e synthesﬂi%? lncludéif Jhydrogen qderich.

19. The process of claim 1 in which the hydrocarbon ‘
product of step (b) includes C,+ hydrocarbons, the _
process further including seﬁarating the C,+ hydrocarbons
from the product of step (b) and recycling the C,+
hydrocarbons to step (a) or to step (b).

20. The process of claim 1 which further includes a
C,+ aromatic cofeed in step (a) or step (b).

21. The process of claim 1 in which the petroleum
naphtha is free of C,- hydrocarbons.

22. The process. of claim 1 in which the end boiling
range of the petroleum naphtha contaxns from 20 to 40
wt.$ C,+ hydrocarbons. ' '

23. The process of claim 1 in which the molecular
seive includes zeolite beta.

24. The process of claims 2, 4, 5, 6, 7 or 8 in
which the catalyst of step (b) is subjected to steaming.

25. A process for upgrading a petroleum naphtha

" including supplying a petroleum naphtha containing C,+
aromatic hydrocarbons to a process loop which includes a
reformer catalyst, and a benzene and toluene synthesis
catalyst including Z8M-5 and palladium which is exposed
to oxychlorination during rejuvenation of the reformer
catalyst, subjecting the petroleum naphtha to reforming
and benzene and toluene synthesis to produce a benzene
and toluene-rich product. :

* ¢ L rg's ®



Xyl enes 17.5 18.9 18.7 - 20 The results of

Tabl e 14 dey®egiceed € t hat m xi ng zeolite beta and ZSMPOTAISYS/IZ5E8S
benzene and tol uene production over zeolite beta al one. WO
96/ 10066 PCT/ US95/ 12528

--34-- | CLAI M5 FAR “AUSTRALI A d ai ns:

1. A nultistage ingﬁ@{gg@ﬂ% B§Sé§sf8£ Hfgiﬁdhﬁg}ﬂ which tagtr %W@ of

napht ha i ncluding th roducin
naphtha to a catpdlladium ranges from 0.1 wt.ketor ki w§. StbyeWEnghadmﬁbtae

plurality of sRecé?%Tys toluen ogfﬁeﬁégggycggggﬁgted catal yst zones

including a fir zone an ~ catal yst
zone, the | ast catalyst zoné'lo : bei ng mai nt ai ned under
reform ng condi tions of tenperature rangi ng from at

| east 800F (427[err]C) to 1050F (565[err]C) and

pressure of 50 psig (446 kPa) to 500 psig (3,549 kPa)
to provide an internediate 15 i ncl uding aromatics and
par af fi ns; (b) transferring at Ieast a portion of the
hydrocar bon product of the |ast catalyst zone to a
benzene and tol uene synthesis: ' zone including at |east
one benzene and 20 : t ol uene synthesis catal yst zone
operatively connected to the | ast cat al yst zone of
the reform ng stage of step (a), =~ . ' t he benzene and

tol uene synthesis zone bei ng mai nt ai ned under
conditions of 25 hydr ogen-t o- hydr ocarbon nole ratio and
pressure conpatible with the | ast catal yst zone of
the reform ng stage and tenperature of greater than

800F (4270),
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t he benzene and tol uene synthesis catal yst 30 _ zone

cont ai Nivpg o108 2! VSt
| ow acid activity,

| ess t han

hi gher benzene and tol uene content thaﬁ

as

i nternedi ate of the | ast
ref orm ng stage.

PCT/ US95/ 12523.AIMS 3.
process as descrifed i
I ncl udes ZSM 5 havi ng

process as d

WO

I ncl udi ng a

BrOVIde a hydrocarbon product of
t he

of the
o °FORALL, OTHER DESIGNATIONS

--35-- : The

n anfiga ide “Difbirated WEotalg! vak 85;,%588.%& %) the

ﬂﬁﬂhﬁ conpriging the stepsHedfene content of the

hydrocarbon product of @&ep J_ntrodli&lﬂé tHE

(b).

coBponent.

4.

The proce

5.

or VIII of the Periodic Tabl®®

process as described in dzmaat&ﬂyﬁt(xodbarthe 1astncitaiyseaiahdst of step

(b) includes platinum or

I 7. The
process as described in clalm ﬁ%s#gagﬂgk;Gﬂéé;rﬁﬁgﬁrwﬁQﬁogenatlon

conponent is cobalt,

t gpgst en.

whi ch the nol ecular sieve is zeolite beta.
described in clains 1, 2, 5pressure of 5P psighi(446 kPahtte

ni ckel conditigng ioflMempexakiiren ramgimg cfrom cat

8 o MAMACHRDGP FPIC YD | 1054 "PadsoC) Ynd | "

I ncl udes a catal yst
conver5|on roce

hydr ocar bon
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(b)

dqa:,tswatm ) RRPrdAEdd &fn rﬁﬁfeﬁifd&ﬂ'@é e or

pr;s;ng aromatics and paraff1n8°

transferrzng at least a po:tlon of the
hydrocarbon product of the last catalyst
zone to a benzene and toluene synthesis
zone comprising at least one benzene and
toluene synthesis catalyst operatively
connected to the last catalyst zone of the
reforming stage of step (a), the benzene

‘and toluene synthesis zone being

maintained under conditions of hydrogen-
to-hydrocarbon mole ratio and pressure
compatible with the last catalyst zone of
the reforming stage and temperature of
greater than 800°F (427°C), the benzene
and toluene synthesis catalyst zone
containing a catalyst comprising a
molecular sieve of low acid activity, as
determined by an alpha value of less than
60, to provide a hydrocarbon product of
higher benzene and toluene content than
the intermediate of the last catalyst zone
of the reforming stage.
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10. The process as described in claims 1, 2, 4, 5 or 6 in which the
product f usidisgriobéec! udes branched Clerr] + paraffins, tber/pssnass
further including step (c) of contacting the product over a catalyst
zone i ncl udi ng anot her catal ytic refgrn1ng stage whi ch i sonerizes the
branched C[err]+ paraffins. 11. The process as described in

claim 1,24, 5 o, Gmd fodedd di SUsLPENEA BYSLaLH 11T AGLHOCS

sul fur. The . process as descr
source of sul f urthes catadwaki 9% FtRR cER) | FoBPEESes) ZSM-5 having ap alpha

process of cl ai Rpalue) MBS thidn |smSt the catal yst zone of step (a) is

dial fl t WD 9
gC;?UgS5/1222%reaC c)r3.zcmehe process as gescrlbgg in claim 1 lnlghicﬁhe

process of cl ai rohid (enZerien odritént hof the hpdrogatboh preduéb) ofsstep

Catalyst of stef byt dacraded i € CEERy olo h"beeB" B)." 1 °T, ¢

process of claim 13 i4e whiThe tprotess cas descrahddt&nuehclmynﬁheilQrzanenof
ste b) is a fi 7 I
2, 2,.(5? 6, 7, §aﬁ#fp the catg ¥ of step (b} f“ﬁ“ﬁ?ﬁgéﬁﬁ g?\'ggrgrptsl gﬁ{{lhé

| ess t han hysirggenation componemt. The process of claim1 in which
the benzene and te)] Ue“ﬁxéYﬂf@@ékﬁ Qnéeb&EiBéaslﬁ BYdiMILN iAUGRIEH
19. The process of claim1 in which {he rocar bop of step (b)

roduc
i ncl udes C[erﬂ-¢4ﬁmﬂﬁﬁﬁ*tﬂfﬂ?°??ﬁ?tl°np? Q%ePEr%ﬂe? PgEPngﬁéeEEﬁQratlng
the err]+ hydrfsm harsup VIS rem VHEI popdthé Pérsoepc(Dabaadoreenel i ng the

Cerr]+ hydrﬁo.qarb NS to step (a) or to step (b). - 20. The
process of cl ai * further includes a Clerr]+ aromatic cofeed in

step (a) or step .(b).6. The prddessTas gescribedf in| elaimsi 4 ,WRi or Shdn
petrol eum NGHEdR tive [éfEalystl 6F " stepY (hyCaLRPE s s platlnum or
' palladium and zZSM-5.

- 7. The process as described in claim 5 in which
the metal hydrogenation component is cobalt, nickel,
platinum, palladium, molybdenum or tungsten.

8. The process as described in claims 1, 5 or 7 in
which the molecular sieve is zeolite beta.

9. The process as described in claims 1, 2, 5, 6.or
7 in which the catalyst of step (b) comprises a catalyst
deactivated in another- reflnery oxygenate or hydrocarbon
conversion process..

10. The process as described in claims 1, 2, 4, §

- or 6 in which the product further comprises branched C,+
paraffins, the process further comprising step (c) of
contacting the product over a catalyst zone comprising

" another catalytic reforming stage which iscmerizes the.

* branched C,+ paraffins. ' '

11. The process as described in claims 1, 2, 4, 5,
6, 7 or 9 in which the catalyst further comprises sulfur-

12. The process as described in claim 11 in which a.
source of sulfur is a cofeed introduced in step (b).

13. The process of claim 1 in which at least the
catalyst zone of step (a) is a radial flow reactor zone.

* - C L M S *



22. The process of claim1 in which the end boiling range of the

petr ol euwowsfbdgga contains from 20 to 40 w.% (derr] }&%@@g ons.
23. The process of claim1l in which the nol ecul ar seive Includes '
zeol ite beta. 24. The process %f_ clainms 2, 4, 5, 6, 7 or 8 in

whi ch the catalyst of step (b) is subjh'e'c“t ed to stea(rjn: ng. . 25. A
for upgrady t L n . C LN ng a

et of eumn naphina. Sot oTHe BECCURR 6E E18ip 2 GPCLITAROVELER £hED 2 1 ocess

| oop whi ch i riR3tak¥st of stepofhkrigaselfsbounddzsMbsnzene and tol uene

synihesis cataigst anel prbocbed Yk ScgptnPal b2dhUTHihEh gngxPOsed

to oxychl ori nat uvenati on the reforner’ | yst,

i on duri re € )
. subj ecti ng trf'eafﬁ'ﬁ'%?’ g?\ t (R) tBaFEhexr neomprises ngeobitenbetad t ol uene

ynthesis to produbé. a Tise efidclimers-ih ' - \
96/ 10066 § Process S8 BeRILhs zone of

--37-- step ‘2%) J.1?1ea p#%&ﬁ??ﬂ #P®m 25 in which the anount of

pal | adi um r anges flDm (The vpracess lofitcRaim 1pi Yht4pfs)he, 7, gpenzgne and
Lg#fﬁggﬁ{gg ior °P% 3 Which the hydry&x? Gégr?gl?gptigigg_.g less than

CLAI M5 FOR AI0WBEE{BES| GNATI | ONS .. CLAIMS: |

i 1.

i ' ' . ; t ha
Compr i1 01 G° P Bocdle GHGHAIA £ 1n whieh A REAEHH A5 b
to a catalyt ijtoluene synthesis zone of step (b) comprises a hydrogen

quench. : _ ; _ .
19. The process of claim 1 in which the hydrocarbon ‘
product of step (b) comprise C,+ hydrocarﬁons, the
process further comprising separating the @c,+
hydrocarbons from the product of step (b) and recycling
the C,+ hydrocarbons to step (a) or step (ia).
20. The process of claim 1 which further comprises
a C,+ aromatic cofeed in step (a) or step i(b).
2l. The process of claim 1 in which the petroleum
naphtha is free of C,~ hydrocarbons. -
22. The process of claim 1 in which the end boiling
range of the petroleum naphtha contains from 20 to 40
wt.$ C,+ hydrocarbons. : o
23. The process of claim 1 in which ithe molecular
seive of step (b) comprises zeolite beta. .
'~ 24. The process of claims 2, 4, 5, 6, 7 or 8 in
which the catalyst of step (b) is subjected to steaming.
25. A process for upgrading a petroleum naphtha
- comprising supplying a petroleum naphtha containing C,+
" aromatic hydrocarbons to a process loop which comprises as
reformer catalyst and a benzene and toluene synthesis '
catalyst comprising 2ZSM-5 and palladium which is exposed-
to oxychlorination during rejuvenation of the reformer
~ catalyst, subjecting the petroleum naphtha; to reforming
and benzene and toluene synthesis to produce a benzene
and toluene-rich product. |
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Fefornlng stage conprising a pIuraIityIOf 5

operati vel W&?ﬂﬂﬁ&t ed catal yst zones - 7uEdsI1YEhgNg a
first catal'yst zone and a | ast cat al yst zone, the
fast catal yst zone bei ng mai nt ai ned under

r ef or mi ng condrT#dns of tenperature ranging from
at 10 | east 800[err. [err t o ,1050] e
(565[err] C) and 26. The process %“égf’r ‘bf‘lhs%:lbs‘flbe (Qé%“ é’a‘?fto
500 psig palladium ranges froms, 0649 WR® o prwivi tidyweidier nefli the
conprising aro n (b) transferring
at | east a por Flyg?]&%f"%t %nﬁ}% fde’ﬁ% synthesis catalyq,'ydr ocar bon product of
the | ast catal yst zone to a benzene and tol uene
synt hesi s zone conprising at |east one benzene
and t.ol uene synthesis catalyst operatively '
connected to the | ast catal yst zone of the 20

reform ng stage of step (a), the benzene : and

t ol uene synthesi s zone being mai nt ai ned under
condi tions of hydrogen- ' t o- hydrocarbon nole rati-o
and pressure : conpati ble with the | ast catal yst
zone of 25 the reform ng stage and tenperature of
greater than 800F (427[err]C), the benzene and

t ol uene synthesis catal yst zone containing a
catal yst conprising a nol ecul ar sieve of low acid
activity, as 30 deternlned by an al pha val ue of |ess
t han 60, to provide a hydrocarbon product of

hi gher benzene and tol uene content than t he
intermedi ate of the |ast catal yst zone ' of the

ref orm ng stage. WO 96/ 10066

PCT/ US95/ 12528 : --39-- 2. The
process as described in claim1 in which the catal yst of step (b)

conpri ses ZSM5 having an al pha

IR O 0 ¢



Val ue | ess than 50. 3. The process as described in claim1l in

whi ch woss/1bmszene content of the hydrocarbon product ofPCITGS9S/12528 (a)
i.s increased by at least 10%in step (b). 4, The process as
described in claims 1, 2 or 3 in whi ch the catal yst of step (b)
further conprises a netal hydr ogenati on conponent. The
process as described in claim4 in whi¢h2 t he net al hydrogenatlon
conponent is a netal selected fromgroup VIB or VIII of the Periodic
Tabl e of the El enent s. 6. The process as described in
clainms 1, 2 or 5in whi ch the catal yst of step (b) conprises platinum
or pal | adi um and ZSM 5. ' 7. The process as described in
~claim5 in which t he netal hydrogenation conponent is cobalt, nickel,
- platinum palladium nolybdenum or tungsten. 8. The process as
described in clains 1, 5 or 7 in whi ch the nol ecul ar sieve is zeolite
bet a. 9. The process as described in clains 1, 2, 5, 6 or 7

in which the catalyst of step (b) conprises 4§cata St dgactivated in
anot her refinery oxygenate or hydrocarbon conﬁgraupn pr gess.

10. The process as described in clains 1, ;4 or 6 4n which the
product further conprises branched C[err]+ pa afflns L;:E process
further conprising step (c) r a catal yst
zone conprisin - S\ SR T i ¢h isonerizes the
branched C[err]i+ parafflns 11.

escribed in
clainms 1, 2, 4,15, 6, 7 or - ther conprises
sul fur. 12. The process as described{n claim 1 in which a
source of sulfur is a cofeed introduced in step : 13. The
process of claijm1 in which at |east the o-datal yst zgeg of step (a) is
a radial flow rleactor zone. WD 96/ 10066™ ' X
PCT/ US95/ 12528 @
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- 40- - 14. The process of claim2 or 13 in which the

cat al yst Ofvosﬁsﬁﬁos(sb) is self-bound ZSM 5. 15. Themgszsgi
¢claim2 or 4 in which the catal yst of step (b) further conprises
zeolite beta. - 16. The process of claim13 in which the zone of
step (b) is a fixed bed zone. 17. The process of claim1, 2, 4,
5 6, 7, 8, 11, 12 or 15 in whichthe hydrogen consunption is |ess than
200 SCF/ B. 18. The process of claim1l in which the benzene and

t ol uene synthesis zone of step (b) conprises a hydrogen guench.

19. The process of claim1l in which the hydrocarbon product of step
(b) conprise Cerr]+ hydrocarbons, the process further conprising
separating the Clerr]+ hydr ocarbons fromthe product of step (b) and
recycling the Clerr]+ hydrocarbons to steg(a) pr step (b),

20. The process of claim 1 which further conpr®@ses = aC + a®matic
cofeed in step (a) or step (b). - 21.gR%e pridces® of cl®m1in

whi ch 't he petrol eum naphtha is free of CPeggr]- fydr )

22. The process of claim1 in which the end: bqgllng
petroleun1naphtha conta|<r fron120 to 40

23. The process o e

seale Jof step (b)

conprises zeolite beta. 24. The proces- lpinms 4 4, 5, 6, 7 or
8 in _  which the catalyst of step (b) is sygj pd t O ST§an ng.
25. A process for upgrading a petrol eum naphthaX conpri $i ng supplying a

petrol eum napht ha containing Cferr] + aromntic ydrocarlpons to a process
| oop which conpli ses as reformer catal yst7e®&|% benzen¢ and tol uene
synt hesi s cqtal yst conprising ZSM 5 andrDalladium which i s exposed

to oxychlorinatfon during rejuvenation @of P catal yst,

subj ecting the petrol eum naphtha to refo ™ng
synthesis to prgduce a benzene and tQlup

¥/

Mnd benzgne andQN\! uene
pr oduc

o
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(54) Title: ROCARBON CONVERSION

(57) Abstract

This is a process for upgrading a petroleum naphtha fraction. The naphtha (10) is subjected to reforming (16a, 16b, 16¢c) and the
reformate is cascaded to a benzene and toluene synthesis zone (18) over a synthesis catalyst comprising a molecular sieve of low acid
activity. The preferred molecular sieve is steamed ZSM-5. The benzene and toluene synthesis zone (18) is operated under conditions
compatible with the conditions of the reformer such as pressures of above about S0 psig (446 kPa) and temperatures above about 800 °F
(427 °C). In one aspect of the invention, the benzene and toluene synthesis catalyst includes a metal hydrogenation component such as
cobalt, nickel, platinum and palladium. In one mode of operation, the benzene and toluene synthesis catalyst replaces at least a portion
of the catalyst of the reformer. The process produces a product containing an increased proportion of benzene and toluene, and reduced

proportion of C8 aromatics, pamcularly ethylbenzenes as compared to the reformate.




