; e3e#t , #q| p6T, 5 February 2003 A COVPOSI TI ON FOR USE | N CONVERTI NG
HYDROCARBONS. | TS PREPARATI ON AND USE BACKGROUND OF THE | M Eebruary 2013

i nvention relates to a conposition useful for converting 5 hydrocarbons,
and particularly to a zeolite catal yst conposition and an i npr Wmmwm
of making the zeolite catal yst conposi-tioen which has inproved &m
when conpared with certain other zeolite catal ysts. The i nproved neidesd IS
especi al l'y inportant bRCONEOSITIONHARYSE Me@ONVYERATHIGY st conposition
with reduced coke fornation [{)roBertles and reatl SI rrpl ifies the
preparation of cer t ai AYRROUARBOR, d oA ) . The invention
al so deals with a processgf %Kéﬁélﬁ@ﬁ‘@? II@{IEWbﬂPar bons to a product

i ncluding aromatics usi ngﬂmeﬁrﬁm?%m—mnmtl on. It is known to
catalytically crack gasahvengobeldtengp & aongpodiyehr asHubfonsofvertipgrti cul ar,
non-aropmat c, gasol i ne 0|I| ran e h droc?rbons more in particul ar, 15
par af f i hs AYRFOSAEPNT SR PB"‘FF%HY tQRZePHE, calalysh CPmpasipaR apg aRdMPEREA o ef i ns

(such as effuy HRPYHoRREatal PR ﬂ{QE‘iBBthlh s BTX
i.e., benzene %ﬁ@gﬁgg an 0xy eanaegsq A aI SO et%:l‘gl%gﬁlg‘;e}nefdF> lr58ﬁegpr esence
of cat al yswhemitomiparednvith certire ether ze)l(tcsumbllyats 3¢t imjproveesl msthddderi bed in an

article by N Y. Chen et In._Industrial & En eering . Chem stry Process
Desi gn andeﬁé??’@“éfﬂﬁ@ﬁftam%?% itpyoyides 3 gaqlite 53 %b?t Ferpasiion witd feducedi on
Ry ocar bose s e AN K Ar g BT R R A B I kb el e
ﬁt gane,lo Er pp:m%):d zbcﬂvtelcatallyktenéﬁle(ievd:mﬂoemdsoadBAlszlﬁgw @negss fﬁGthdég Cgr omatic
+

vl ocar boRSTVBRBE R FHYCEBBIS e FIaRaes aoihar e B O e 8l Endi vi dusl
25 react|ogatgr}@plg&;,?osuwn-can be desirable to increase the yield of certain
of .the nore valuable products relative to the others. One concern with the
use of zeolite cat al ystssknownttheatatyticelly craok @rsdlingriwsland omge thydarcertens c
hydrocarbons and l.ight olefins is.t excessi roduction of coke. during

t he converZ’l ATER PgRy amﬂ?e‘ctgéﬁﬁ'}“c%ﬁllémg Fa@%%&d{) argog%rﬁlo’:ﬁdpé’a%‘%aér bon
gener ahky deneghd s &@ﬁﬁi}%%?hﬂ‘ @l@ﬁn@fal@ ORIl tWalslloWer Slefiftt uthtas Coke
formed during the zeolité catal yzed aromatizati on of hydrocarbons tends to
cause cat alethylengemndt propitlensn,. andt arpmatie by drapdrbonso(sielp roBd Xpricc degeenef or t he

*
aromati zat Itcﬁﬁer?ef, an xyff)enes, and also ethylbenzene) in the presence of catalysts which

contain a zeolite (such as ZSM-5), as is described in an article by N.Y. Chen et al.
in Industrial & Engineering Chemistry Process Design and Development, Volume

20 25, 1986, pages 151-155. The reaction product of this catalytic cracking process
contains a multitude of hydrocarbons such as unconverted C;+ alkanes, lower
alkanes (methane, ethane, propane), lower alkenes (ethylene and propylene), C,-Cq
aromatic hydrocarbons (benzene, toluene, xylene, and ethylbenzene), and Cg+
aromatic hydrocarbons. Depending upon the relative market prices of the individual

25  reaction products, it can be desirable to increase the yield of certain of the more
valuable products relative to the others.

One concern with the use of zeolite catalysts in the conversion of
hydrocarbons to aromatic hydrocarbons and light olefins is the excessive production
of coke during the conversion reaction. The term "coke" refers to a semi-pure

30 carbon generally deposited on the surface of a metal wall or a catalyst. Coke
formed during the zeolite catalyzed aromatization of hydrocarbons tends to cause

catalyst deactivation. It is desirable to improve processes for the aromatization of
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5 February 2003 -2 hydrocarbons, and the formation of light olefins from
hydrocarbons. by minimzing the anount of coke formed durihBebuuany 2003
processes. It is also desirable to have a zeolite catalyst that is useful
in producing significant quantities of the aromatic and ol efin conversion
products. 5 Certain known nmethods of preparing zeolite catalysts often
require the nodification of a zeolite or zeolite material with an acid to
renove co [ i ; r | formation.
The el i m ma e B O UL, “The
zeol i t e canhdemdesiafaivke fpmoed dwihg hieh procdemss Ihat alsedatitabéd 1o havpact t he
catal ytic performance of .the nodified.zeolite. 10 The elim nation of the
aci - 1 1 eat I7ROICARVEh M B BUrafig EisEHicanGayaniies Pl FamAe s

i mproved Cajigfy sdnverstY Srodli&ts@l so economic and safety benefits froman
elimnation of a process step involving the use of a strong acid. It is

al so kn6wn that a thdfarmin knewnaketabdsyafr preparingrrzeobiret Gitaly sig oftemiirgdjuirn t he

Joking o odhe ENRIAAGE o & sy trcbo i PhielRh Wik PR Getgp T BRFaESTEUHSy. al
of whi ch argnkR ARePRGEERR diddiiBoRRts BhRUBHARAN THe ERARHICH o BReaUSE

the coking processes) are well known to one skill inthe art,
descri pt i orprofess step of ekidrigeatingc ers awdJedchingniliet zeolikeeeani be. daSidable prayitiecha,

bei ng produced a cokin roces ha . ow_oct ane nunber, typically
no higher  hgt sschot oAty RESET yos SitpPe BEERRMARE of T Hodigd el e

ol efinijg anphdiiphightidd 6f tHeCdeRd-trBARIM fiép ahid Be HEMRE1HY deSFABIOHTE Bits in

pol ymerization of diolefins and other ‘unsaturated species which are present
in the cokem maponadacatadystholhgre aisaalspetanemiofind safatybveacss Spwaines i s hi gh,
W th brom ne. nunb(?\r/(if (ASTM D 11!55%2 t.X%i cally dn tt he ra(gge of 50 to 80,
there i s ndiFHERYINF L BIRCFTLUER BV e S U2 FIFAR 4%, unsat ur at ed speci es
as they are | ow oct ang £ 9139 XA6Wh ShatBeiRFAallEracRiERy deRiibdiRcaRMinkg Used

el sewhere in a refinery, the coker naphtha nust be severely hydrotreated to
renmove the fwidfin mliecgaanﬁn@lb@ﬂ@girnmgﬁ, eeastally| eokerSoarththa; aynkmprodeendiiysa i n an

(i or oxampl SORpERERHH g Stred oifid dflie BRRHICH Uahas? okl ffor Rhiihe ™"

gasol i ne 30arb&inbivh@récesge inithdp&rdiewh refihiapandustiperBechus. thelkekidge it can be
used as a nmotor fuel. It is therefore desirable to inprove the processes
for the upgpragess@s)ore yvedbknown teang skiled i By a5t the deserplign of segheepking

hydr ocar bon- Mg . g i.n the 5 February 2003 _, gasoline boiling
range, suchp%g&%g%)dlsv |l£tg(lllllhgzeé‘?acked gasol i ne or coker naphtha, to reduce

the levels of, or prefsktaitlaphthabsifg ptdduckd By \addikéngopretesd] hasa tbvdbathgd | ni C
materials (such as C5+ ol efins and diolefins) fromsuch L

hydr oc &% onowabfratyrically mouhigherdhan abrute/Oa apd sy velaisnmaierinh yhithgs highivie
pet rochem cal.§..: 4 i TX o1 : ene,
and xyl ene)&gﬁgérélﬁg r??&gﬁé@i”ﬁés&%g t?(%ﬁ}ll{gg agto ﬁg?cgnté, f°¥)‘}’§%‘§‘}sgﬁ2,6&§§’§“%ﬁit°§ | ene).
It is al so efediolefibs and otheawasauraedl speeies athidlyat presepomi the wokehsdphiha. usef ul

in the upgradjing.of such hydrocarbon-contajni, fluid, .such as
catal'yt| ool AthTidhe GOBT T HEBREORBr el D, With DO BT ST cess.
It is also j9npygy &@géu hear ﬂaxger 8£56 ?@Qﬂpﬂgfeai'smonﬂosgtl\}é'c%'ﬁt:%tﬁio‘ﬂﬁ%%@taﬁ@

contam nated w t'h rge anounts of nitrogen conpounds. The presence of
t hese 2% r offem the mpsatmdtedcspeciesas they drodew ektane ebimpenerds. aBgare dlug ¢oket y and
stability. It is therefore desirable t havE a roceﬁ t hat . does

¢ Folkey ngphiga

si gni fi cant PPRRATABARCUSASISANER 112 BHERCELAB? PPRST TBPIIGR JREY PP SCYse 3 yst
g L i S e o e R S S e
napht ha. SUMM&RyedHoWEIEoCtWENTEDBt. Thus, the coker naptha must be further processed
(for example, by reforming) before it can be used as a fraction in the gasoline
30 boiling range with a high octane number, i.e., before it can be used as a motor fuel.
It is therefore desirable to improve the processes for the upgrading of

a catalytically-cracked or thermally-cracked hydrocarbon-containing fluid in the



The present invention involves at |east partially converting hydrocarbons
to aromatics (such as BTX, i.e., benzene, toluene, xylene afttbahawy 2003

et hyl benzene) and light olefins (such as ethyl ene and propyl ene) utilizing
an 20 inproved zeolite catal yst conposition, that has been prepared by

vari ous nethods including treatment with or without acid, and further, such
zeolite includes a boron conponent and~& zi nc conponent (preferably the
boron conponent and.the zinc conponent are in the formof a zinc borate
cormound. " #EPans BN inetangs. et RERGHsH I trat Bealse SL&kehndiin i) on
provi des a Rfues assSlehels offBdtl R@fedabll FRMBVE dha /R Vhke Gfaliy ahd §RMHAR t1 on t hat
has such desirable properties as providing for | ower coke production and an
i mproved yimstatiabs (saely aaCit olafingamdadioleiing) fzem shelyhydrorarbomeontaininy fhad

et hyl ene and pr.opyl ene articularly with an [nmproved ratio of olefins to
romat 1 s ThPRREES p Hhbie: Bk feblialle i RRnbEBACARE B3 sRafiiaPufir bons.
30 The FnveaBTH ial SkenRérRy itsleeneaand NpTea¥LshizR@ti dlefinBlsedh & etflbgd), when
used in the conversion of hydrocarbons, results in | ess coke fornmation than
al t er nat i v@ropatanet andvhutyleang). It is alsopdgsirable yo hagsa zgolitp salglysisenmpdsitipant i on

further proqvides net.hod for. makin n.inproved zeolite.material having
such desi r &Hi'&° B?egﬁleﬁnttpgélpgrsadbr}go& %‘\%Hg'yld 6%@5"?%8?"8\‘}@36‘“8%:(@&%?@[ Pons of
benzene i n chiaRtiBdIXy-tFadkdd gadolihe or tElaGiriaphthh) B SihgRLAEHIERBesdhen such

i nproved zeolite material is used in the conversion of hydr ocar bons, as
providing for the indtsadsmnewn thas thesehydercahoprrgntayngluidsarg gften sl i ght
decreasjng of the vield.of light olefins by using.t i nproved. zeolite
macer 3P Svmmiiit, S8 Gee sl sCa BBt oo B i MR & P

i ncr easi ng @fodeR@oyippuldéan ¢4ué aqbaf dMseoltet dataddtyacavisy hgthitasiRgr emss ng of
the yield of aromatics by using the inproved zeolite material in the
conver si on tefrefieyeifesirablsdadiave @ preeess ihaflorp RotyBenifigantlyedectrass, thgeastisityret hod
for making i V. i terla i i ropgerties as
pr ovi di ng i siHIeG 6818 ZBRl &falfR Ghir oo A R e i n
fluid in thgdaraonneprbferdbinduriande: usdredingsf hod@carbapitbhainingnflaids

singl e-step process to reduce the levels of, or preferably renove, the | ow
val ue dPef isuelcaspekeaingp@hni ¢ materials (such as C5+ ol efins and 15

di ol efins) and ot her |ow val WAR9CBE IKKaEREdp t hermal y-cracked
hydr ocar bon- cont ai ni ng fl ui dgiﬁ\&x‘mm—qﬁ‘mﬂw product containing a
hi gh concentrati on ofTlar presdnt ésvepsion inedvdsBX)eashpagiialiplcoevettight ol ef i ns
(such as ethyl ene, propylene, and butyl ene), and paraffins (such_ as

met hane, ethydrsarbory 1) AIOERAICS .(S“ﬂheasp‘?'égeh?-’ Penzent-i tahent. syleme and alr h an

i mproved precagq@ . ¥o) | B il the rate of
coke formation %&E?ﬂg&g 3%:%%‘9c?gér%gl\é3&?(!&&0?3%1%6?%Igg?{bogggﬁf)‘s&%%gcn‘l&z ed. The

i nvent i26n aimpoovyedoebliescalalyist orpositionpthat hasi leen prepaeed by valivusimétheds an

acceptably | qw,coke production r.ate and/or i ch produce a nversi on

o oduct - cortbabmRdreatmarih 8T it BSdumaiohe BT el ReBRBTRIOIG 11 gh
ol efins 25 {3hRemSarfl {1¥in8 RBnRH MR (PRAEABE) the bBfor! EBMEFYHeRNardl (RO ZRIcOVi des
hydr ocar bon conversi on processes which produce a conversion product

cont ai ni ng ®nipoabhtearqumthd farmsofod zmcdrmtte compeunrh merePreferabifheincnvent i on
further pravides thy%rici%@r Ron conversi on processes for 30 the upgrading of a
t her mal | y- cTXRREQ“h¢8roscarbon- containing fluid in the gasoline boiling

range, guch as coker mrplveation Pr@iﬁs%&%@es&ffé{t mARRS AMOnprb@di debiRNt Yy
decrease the activity and stability of a zeolite catalyst which results in

an aromat i ccatalgst Rempesitipn 2z has Bugls desirahle BIpQrtios as prowkdieg fatdewemenkedecl i ne
rant A1y Ot ARG HPGIRHL Shoblat S Elloh EBTRR) i B 6Rins
(such as ethylene and propylene), particularly with an improved ratio of olefins to
aromatics in the product, when utilized in the conversion of hydrocarbons.
30 The invention also provides an improved zeolite material which,
when used in the conversion of hydrocarbons, results in less coke formation than

alternative zeolite materials.



One of the inventive nethods provides for the conversion of hydrocarbons,
preferably non-aromatic hydrocarbons, to aromatic hydrocar pdlebriary 2008 as
BTX) and |ight olefins (such as ethylene and propyl ene) by contacting,
under reaction conditions (i.e., conversion conditions), a
hydrocarbon-containing fluid with an inproved zeolite catalyst conposition
prepared by a nethod that includes utilizing a zeolite. The zeolite is
conbi ned, or i ncorpomﬁﬂe M IeRidi RAGER px%vgfég Qn@t%@%‘r%ﬁklﬁgq a zinc
conponent (preferably t %oron conponent and the 10 zinc conponent are in
the form oﬁrn@rcmcdnzeddue atatered poingducladelirablerpoprrateasjroyidingorbor on

conponent and Zinc co nt are i orm of . zi nc _hexabor at e,
Zn, B60") , tl@pfqyreﬁncanwm OTEFFé’Z?ﬁex'PdE%h't}g( %rﬁ%twnc%f Ereaeton Praduglat ed wit h

steam (dep gauegd Wheh BEcHIRSHIOOEH hased !n%nﬁf 8%@& $ tk}et&nfv&rsmnt(lﬁe i nproved

zeolite catalyst conposition. Thus, an enbodi nent of the invention is a
novel cHhnpdyidtdcerpoid as engvidipigrigr axermmteamlm Dﬁti’te Yheld dfeiemnaladscwnbdnmr ein

the m xture, conprises a.ze s .not ,been treat th an acid a
b ndor o BliEomeckaana ot gl of bR oIER B isiRe f bperi ol imagricn
conponent gpqd B&Véfsnﬁ SORRRBERborR! & dprblRi é;ofomtﬁ’é irRreabing ol%%@%&&eﬁpound

and, nore preferably, the boron cohponent and the zinc component are in the
form of zi drghhekﬁbmmmeqnlin Bight )kc@@mgmcﬁtﬂmyxe&rbbduomm:s bjf using thawvent i on

is a novel .co ition compri.si at _has been treated with
steam in I'f&Y ‘ifg ZEQE e "?Jnm 1&5%8?’8@?‘9%@6‘?‘?{({}?‘@?% OSonprises a zeolite
(that hgs not been trgatigfemidnydd Tutch Providesti AERIod Br RRKRIE APIRAREENE . and
a zinc conmponent (preferably the boron conponent and the zi'nc conponent are

in the formeofittamatemal Hawingt sich slepiablriproperties approviing faf the apgradinghef Hor on

conponent g t are.in m of ..zi ne. hexabor at

ZooBe0") . ThemAlSicFeekey GPARGREOn A Gtk e b dhE kBt SEUEE08 Hflent i ve
met hod can ReoksethphthaCRNY eirgldtel Emééaqased@re he IRBIs NN pREGARY | C

hydr ocarbons, to aromatics and light ol efins contacting the catal yst
under r eactremovedheliaw yaluelefinia ah@dm&fammtq:@i;t @hehi #gCet Qle@ns 80d The

iced 109 ¢ OB RRET O hERR S e OB BB S g w1

the gasol i ngdisdationconige fRIE o pﬁ)dﬁw@hlgma@m&pmdua cdntiMigh @ HIEp process
to 5 February 2003 -6 reduce the |evels of, or preferably renove, the
ol ef i ni ¢ arkPnePmiatpn of araaticsi sk sRER), asg@lwbllshﬁ qigﬁ%ﬁn(fuab 8t ethylesy. and

ot her |ow v, r r

hydr ocar bonﬁjggﬁltegl %ﬁ%%ﬁfﬁ 3’ %Jdog&itgﬁgé&gﬁpr ocflﬂ){ (étgtiril ar ni né)r%paﬁe)
concentration of arorpid ﬁ:@sc(rﬁﬂﬁ%nﬁ&n BlEX)dealbivgth atlmiprovéd)piocessefor ise (such as
et hyl ene, propyl ene, and butyl ene), and paraffins (such as nethane, ethane,

and pr (%QanéonWﬁ@nz‘écdlyidf‘é’aét&“éP?é'Yh‘@b%é%tFtoif Gﬁk‘lef‘E'H'&F‘BH db‘?“g [F8H nventi ve
met hod can p)% &ﬁfy‘ardéar lg%ﬁﬁniﬁlaat does not significantly decrease

t he act|V|ty an stabl'l'ity of such zeol'ite catal yst conposition when such
zeolite catal yst is uSkinventién tke pmndberlwdmcaxbbnttpdvcmantma&ssqsmﬁdt ably

during the u radln f t hermal | ycracked hyd bon-containing fluid
such as cok@Vve yablys g ver€ OfE BrOdUBH TN R I BIRAVFRESOP e COVERS
Il1ustrates ﬁ%t cfg%uﬁﬁé lsm'téare ﬁhzﬂmttl% HPax%fnaﬁ@Qsbel‘% hghmda@t Bl lohdiphs (1 N

terns of BTI))( yi over a novel zeolite catalyst conposition, 15
pr epar &b by(saclmaweﬂhyicnwemdnpmyﬂmteblod can be |rrproved when such catal yst is

used in the conversion of hydrocarbons during the u radln of a

t her mal | ycr acked hydrﬁ'&%?‘ﬁ’ﬁ\ﬁue%ﬁ&ﬁlpﬁ?" %csﬁ]y‘é a&?c‘?rf")%g%?é?mg%ﬁqﬁtm
pretreati ngpgaale M&m%&gm&&%&mma&&w@ Wrdtilied oN hionPARY (SRAmsal

medi um such as 1on-exchange resin DESCRI PTI ON OF THE | NVENTI ON

The inventi BdXjonposition includes utilizing a zeolite or zeolite rrat eri al

that has not been treated w an.acid-treatin SLem,
aci dl eaching step is ih’? '{"é’ﬂgw“ efé’B‘?vg‘ieé%\ygmcSWn °8V"r8ﬂ9“| g‘(‘ﬁﬁ gf ed
with a 4y ndgfe ;fgrzmi)rig)&f & ERARENIcrackedl hjdraédrbor- eomainRmt fliaria ftke g&:donn& he

boron conponent and t
boiling range such as coker naphtha, in a process that does not significantly

decrease the activity and stability of a zeolite catalyst which results in an aromatic



2~ zinc conmponent are in the formof a zinc borate conpound, and, nore
preferably, the boron conponent and the zinc conponent ar e SiFebrhsayi2008 of
zi nc hexaborate, Zn,B60"), to forma mxture, or conbination, wherein such
m xture is calcined, to forma calcined m xture, or treated with steamto
forma steanmed m xture. The resulting cglcined m xture can be used to
provi de an i nproved benzene 30 concentration in the BTX fraction of the
reaction pr(aethcds PTXY yixtd wiivhnddesiabt desink trapidly aakc tinrdduringt the @ppfadiuged in
t he conversion of hydrocarbons, preferably non-aromatic hydrocarbons. 5
February 2063ucly therpally-gsagked Wr%@’hwt%ﬂ‘%gglﬁ’é‘i-or the resulting steaned
mxture can be used tg,DpPWARvédfive ﬁ%tl?d’o%g)ééﬂigés oPkhd Edlerspl£6¢ NS and a
greater olefins-toaromatics ratio when us I'n the conversion of

hydr ocar bors/drqeasdoas, gtk feraton aowarmnatichydraashobg s Jaréhatic Aydratabyist that is
made by certain nethods other than the inventive nethod described herein.
The resdl ti(ﬁgchs%se%ﬁga %ndxlezr]wl%fh@ﬁ chsdhiiees ovrapgwa Ya$PIiRRs8Y ed
product co LNLNG: i Oof n i i ) X), high
Vel uo | 1 giUraPkRRich SR eRERTLARELASh DlndARE W SRHGRE Sl

paraf fins (fiuidwitdsanmizhpened zedlitacealysnangositan @repatezinbyi a ankethad tHae
conversion of a thermally 10 cracked. hydrocarbon-containing fluid, such as
coker naphtiRgludesngilizangp ‘zeolite g The 2eQlitaas RIPRINFL.1Q 1RCATBPTBLegaWith 3 Bindar,
vapor, or bR2bi B80S, haHRAE AL bond jon is
that the zgagﬁ(ﬁ)g %}51 B?)%ﬁet% of l?%étg}g%&r%os@?%rna ﬁ? not rﬁ gét‘?k%,’éng\réﬁ?té%eched,
wi t h ari0acizinpedsmporteat atexinntbe fdrmadf & zink ebolpate dempolnl; and,craoreoprefdrablgnd zi nc
conmponent (preferably the boron conponent 15 ang the zin¢ conponent are in
the form oftg%ﬁ%(’ﬁ‘cc%‘@ﬁ%ét B GHY, CORIMPNEMAE “b&@ffgﬂamfﬁm‘% heé(ageﬁa&a
conponent  apdpt ey 2) Bt AMARGET TRE Snikfhrd REmHES EALRAEA 2k HealtBXG :
ZnZB6011. %&g %e'a’i te rstart?‘% na@e??la ruseg In the conpgiséigi&?lgrggg%ﬁt he

i nventi on c@epdndirengn #eoddsired oaacticﬂnpxioﬁe_ctshtcefdrm thehimphoved zebfitecdatalesti n t he

conversi on of 20 hydrgQcarbons to aro i ¢ hydrocarbons and |jght olefin
hydr ocar bon%o%ﬁ’é‘rﬁm&onﬁ&l?t éraewhe‘gmeghir)? !‘8‘_’%@8&‘? ﬁ)lﬁ‘oxérﬁﬂ’i"moéﬁ?.n Exanpl es of
sui tabl g zeQlidrRihd HelikEFe %IQPhasalSe%n RQfcireddWiiedéln the n{iﬂﬂ?@c&hﬁée@%%olif&

Ki rk- & hnmer Encyclopedi a of Chem cal Technol ogy, third edition, volune 15,
pages 638- 6@itat haphot hWenetyeagedSeitk an Heid), Yo binder] 9&iorgn cémpéremglzing, a zine zeolite

h traint i fined in U S Pat ent 4,097, 367, whi.ch i
oo por at pBIERTPERTelaBRe e RoB sahaisn agL® nerBHoagm AT 6t A% ot
12, preferabdyzind tobfe CaMIEuRS, ahd AAdRORE erably, th@BOSh BmpeRBg! #dl the ZAde

molar ratio of Si02 to A1203 in the crystalline framework of the zeolite is
at | east abompdpent amadndbe forenefezinghexabpratd, nZeBOR).ef erably the nolar ratio

of Si O,,,(}o AhO3 in th&g(z) ol i tg %rarre%)/}p{hk S 'hn Eshe raeg%e of .firom about 8:1
to about” 30 200: 1, no %‘Ffef%’ £\ Wnﬁ fid"YR &’é of "PYSHORRSaT°E2: 1 to about
100: 1. Pr ef gymmsbide® InikBive ki hbdiBecdSMaled WithksBamZMidul of &&ibnddon,ZSM 35,

ZSM 38, and conbi nations thereof. Some of these zeolites are also known as
"MFI" or " Pwheraisi the mixguwpepmptisss 2p0bte Ghatdasnpt keen teatedowith antacid)nsr e

neor por at a8 & sokaf Shbneah AR UG SamBRREE osfrsbll e RFEF el

bor on conmpoaghtheaiit édifipdiiet aredRRN fitin & £zind bblite tomnpoeid, and, Mmerdoor at e
conpound, and, nore preferably, the boron conponent and the zinc conponent

are in ¥he pisiaelly, therhoror camponenandzthe e componept arg ip dhe fprmypk Hng he

zeolite or j t QA al u i1 |.ysit j.tion
W t hout theﬁﬁéé%}afeo%?‘ﬁég ‘%' 0?9 %3’@ ,8a??%28t§c§§{p?%l§°§?%%ag% %ﬁ%ﬁﬁ)ﬂd has been
di scover ed invahtiveethodroean denised o &sivestiydrdcabong) rpeeferabiyg nen-at@hatioe

catal yst having incorporated therein, thereon, or therewith a horon
hydrocarbons, to aromatics and light oletins, by contacting the catalyst under

reaction conditions with a hydrocarbon-containing fluid.
30 The zeolite catalyst composition prepared by the inventive method
can also be used for the upgrading of thermally-cracked hydrocarbon-containing

fluid in the gasoline boiling range, such as coker naphtha, in a single-step process to



10 conponent and a zinc conponent (preferably the boron conponent and the
zi nc conponent are in the formof a zinc borate conpound, Mﬂébl Y,

t he boron conponent and the zinc conponent are in the formof zinc
hexaborate, Zn2B60" ) without treating, or |leaching, the zeolite with an
acid prior to such incorporation. Depergling on the use of the zeolite

cat aI yst, such benefits include: |ower coke 1 S production, an inproved

(i e . Or eplied il IeVdifior o Bleferably Ridve! e diefflcl #n RERAHE matbARE eased
concentratl ons of benzene in the BTX fraction of the reaction product, and
upgr adi ng &uthes Efa+ on%fms aod dibl &y aoérotian-lazwmadmmhyxyoédrbmd fremaugh oduct
vm'thahigr}ﬁ oncent iorziof l;aromatlcs ﬂ se be efits result from

Ui 121 g eEnhepobRd BRrGarbtnitaioe ML rEtEs aigtic ConpeRs Pon. 20
To prepar ehighecohéefﬁatlbﬂ%f ZRPAdt{cS (ﬁﬁhaalsmxmﬂﬂ?%me%m Blefig®l ek agt arting
material is mxed, or conbined, with a binder, a boron conponent and a zinc
conponeht élﬂwbhermbp)j/lemm@nﬁbpmedmaffmndsmdi‘easzmntbanmrcﬂmenandare in the -
formof a zinc horate conpound, and, nore preferably, the boron conponent
and the zi R°PA¥ponent are in the formof zinc hexaborate, Zn2B60" ), to
forma 25 mixture, omrheQplitddhiaBi ccvm%&smdaﬁﬁre@eﬁedb@yemetxﬁﬁwg nféthdy an acid.
The m xture is then calcined, or trea under suitabl e treatnent

condi t i onsca alko be aaed int Dpfosesn thhtedoeﬁ\x@hsnguﬁ'l@edb'ldeereemtabpshvu}oambs| tion.

The zi nc bor und..used.in the preparation, of the xture 0 be

ol cined, - SRl SRRRR APt Sk shnBisk ieh Rk el ol i Shnen 0
i ncor peg at ﬁﬂ: ddﬁbé}smﬂrﬁf%ydﬁfcai/ﬁo% ;Sr’é?eraiﬁﬁﬁhhﬁg tH@ngﬁaﬁmgﬁifeﬂh@}mQ Lsuant to
t he met hods and under the conditions describ herei n, provi des zeolite

conposi t i onrackest aydrbeagben-cdntainingruid sudmwktrhwhthg desi red properties
such as good catal ytic ! 3.9 resistance to coke
formation. The zinc bormm ; sfitt on may be any
anhydrous zinc bor at erhbas\remlmgﬁ@t@akhai ﬂfd@ﬂtﬁ/l?zﬁl@terﬁﬁ JPBTX Gliecld ¥nd
hydrated zi nc borate having a general fornula x B~O nH O wherein x

=1to6 yst-abniltx 6n¢emtoféh'?i’<rwelgie¢veramgq) 9 af nevel aeelde mtalmbnompwtmmg

nexaborat o PR B Sapkdl iRk SRR sl ECurblRR Faa T iU

t et r abor at gn pRMYcARM@IcAt ST, hydrddaﬂfonb esteh @k duginpanté @bFﬁamga)f ZihegmalBcabor at e
10 (tetrazinc dodecaborate heptahydrate), and the [ike and conbi nations

t her eof . Tiseackedhbydroearben-eipin g speleﬁ%ﬁglﬁﬁrwaphﬂ@ he REdiEeRtRg SUADNg t he
i nc hexabgr at ds t bor at
Fns e o3 by RERBHA B TRAR ELEH b bl PR S e

catal yst cegg@sition described
20 DETAILED DESCRIPTION OF THE INVENTION

The inventive composition includes utilizing a zeolite or zeolite

material that has not been treated with an acid (i.e., an acid-treating step or acid-
leaching step is omitted). The zeolite is combined, or incorporated, with a binder, a

boron component, and a zinc component (preferably the boron component and the

[\
W

zinc component are in the form of a zinc borate compound, and, more preferably,
the boron component and the zinc component are in the form of zinc hexaborate,
Zn,B,0,)), to form a mixture, or combination, wherein such mixture is calcined, to
form a calcined mixture, or treated with steam to form a steamed mixture. The
resulting calcined mixture can be used to provide an improved benzene

30 concentration in the BTX fraction of the reaction product produced when such
resulting calcined mixture is used in the conversion of hydrocarbons, preferably

non-aromatic hydrocarbons.



herein can also contain an inorganic binder (also called matrix material)
preferably 15 selected fromthe group consisting of alum niFebrainy:2003

al um na-silica, alum num phosphate, clays (such as bentonite), calcium
alum nate, kaolin, colloidal silica, sodiumsilicate, titania, and the |ike
and conbi nations thereof. The nost preferred binders axe bentonite and
colloidal silica. The relative anobunts of a zeolite material, a binder, and
a zinc borate 20 conphe éhuitingt datciddinikt@re orf the eesaltitt steamed Miigrecah ci ned,

or treated wth steam_ shquld be such as to provide the inventive zeolite
conposi ti ohe Hesd 1ﬁg3r@ﬂél§P 28 dMBFise ¢l TSR 0&@“@@6@ acHeHEY PleBnglY i vi ty and
resi stance t

bi nder, angfo%ma%x?%ﬁat Bora eh%g m?ﬁ%%&?@r o tgg & né%%l% %hfgrgt%@dljlw th st eam
has a COﬂCQania’ﬁlEI}@drddﬁrbbﬁwthﬁtﬁalcatal)h;e ti2h is ande bpfceftaiamehiondts ofier Weinght
percent_of the mxture (on a total mxture weight basis) to about 99.5

wei ght ber@l@n‘ﬂwﬁmvﬁﬁ’éﬂhﬁ@ﬂ%ﬁcébe‘bhww ably, in the range of from about 50

uel ght per cent of \ NenTLANDS: SOuARPHI0. B! AN bPRLESHt Bl i M Xt ure

and, nost preferably, rom erce m xture to

80 wei ght Bﬁpm@éﬁ p@ﬁubﬁl@nmxmhgraehxgﬂ&oﬁemxraabh ysf altdmatm Xducheis BT, aipdl ite, a
bi nder, and zinc bgorate conpound has a concentration of binder in the

range of f W@lh‘ﬁ digbueleBnsksugh as stwlens: pespylane. sddbutyleng)eand paigffins (§wokt ur e
ht b b 4 3 - 10
wei ght as' %netrtk&g?l émf{ne ?ﬁ%ﬁ%}%ﬁﬁ%}p\g?&f ngdoiil tﬁ@@oxﬁgﬁsuﬁ? Q H’%éfm%ﬁg

m xture, pre rom about percent of the
m Xt ur 0t o caleked hﬁﬁomb@htomﬂhﬂgrﬂmdf stidheasndokeriadheiad, T]ﬂﬁ)&t‘mpmfcﬁ'l’l@m y, in
the range from 15 wei ght percent of the m xture to 30 V}Bi ght percent of the
m xture. GBpR By, totdﬁBOtﬁ]gﬁ? WM vapos.eQ)) Gombinatiogs Hifgsol- and a zinc borate

conpound has a concenty ghiq preﬁﬂré‘%fliﬁlsa}ﬁ%n‘ﬁf}msotm{j HeMzebl1& & rmowardl y

to about 30 wei ght perce 6 e mxture (on a mxture
basis), pref ehieartdnypdsmohhe noargaedf orf leachedbovith af. dsidaprigihto xpemgantwmf t he

m xture to about 30 wei ght percent of the m xture, r eferably, in the
range of f tnPEAGUPOPDEOMPNCHIe ARG AINCHTOTRRABCR; (eredérabbhs Dot LRABEYht

percenys ol shit it U&ﬁpoﬁéﬁ@aré‘ﬂ?%%ﬁﬁ%faabb){e bl @i ddinbARGE rhdroM 2 wei ght

percent of the mxture to 15 wei ght percent o e mxture. Any Suitable
means for mre:fenaglyat}mebﬂmn epmapohimched tharthcaoniposeit arairethediopowddircan be
used to achle t he d esd di spersion of the materials in the resulting
m xture. a?hgnﬁﬁgl ble m xi ng means suitable for use in preparing

Itg\e/e;]nt f(f/ gre of a zeolieereoRictfflRE maABGalausgd B (R VoRRsHOARAURY iREnddie

can be any zeolite or zeolite material which is effective in the conversion of

20  hydrocarbons to aromatic hydrocarbons and light olefin hydrocarbons when
contacted under suitable reaction conditions. Examples of suitable zeolites include,
but are not limited to, those disclosed in Kirk-Othmer Encyclopedia of Chemical
Technology, third edition, volume 15, pages 638-669 (John Wiley & Sons, New
York, 1981). Preferably, the zeolite has a constraint index (as defined in U.S.

25  Patent 4,097,367, which is incorporated herein by reference) in the range of from
about 0.4 to about 12, preferably in the range of from about 2 to about 9.
Generally, the molar ratio of SiO, to Al,O, in the crystalline framework of the
zeolite is at least about 5:1 and can range up to infinity. Preferably the molar ratio
of Si0, to Al,O, in the zeolite framework is in the range of from about 8:1 to about

30  200:1, more preferably in the range of from about 12:1 to about 100:1. Preferred
zeolites include ZSM-5, ZSM-8, ZSM-11, ZSM-12, ZSM-35, ZSM-38, and

combinations thereof. Some of these zeolites are also known as "MFI" or "Pentasil"



15 nmethod to nake the inventive zeolite catal yst conposition are descri bed
in detail in Perry's Chem cal Engineer's ' Handbook, Si xth SHkbirusry 2003

publ i shed by McGawHi Il, Inc., copyright 1984, at pages 21-3 through
21-10. Thus, suitable m xing neans can include, but are not limted to,
such devices as tunblers, stationary shejls or troughs, Miller mxers,

whi ch are either batch type or continuous type, inpact 20 m xers, and the
i ke. Iti er od ne mxing of a zeolite, a
bi nder, egrl%%ngﬁﬁgr?rg%gﬂggn&e?ﬂ%fe%%gk%ﬁitﬁu?%pgg a zeolite, a binder, and
a zinc bor ate corrpounelnomlpottbxﬁrasbectfcxﬂrthmdnmtisméqoﬁmorppraeibaroa‘bll orext r uded or
granul ated. Any suitabple neans, known to skilled in the art, for

t hps
form ng, prefECENYARR F\Pﬂﬁﬁg‘PBPeI&r(aFﬁfFfaWﬁg %?“m GHPIE R ANAIDB RIS Ze0l it e,
a bi nder, eﬁon%hmehert@é RrrCIPLYNE Khle REm 5\% tafd amBieyeretdity, dasi 1 ed

f or med mxtur preferably extruded m xture (i.e., extrudate) or granul ated
mi xt ur e 5(i . Borpn gompohatt@nd tof ziac zeoiponent age b trlndéorm afding mmlmr#ner ate

conpound. Al i such a t not [.im , be used in
For g, pr GRE by B s Oh M Bt (6 AL e RS OB 2508 1 0, a
bi nder, andca@angét%m%% {#0h &ighonP oM m%t P& cRXtheudbing W&%ga% .

i ncl ude, but are not | mted to, such devices as screw extruder
known as auger extrudhrhaschxceradgemvdrgd)maeﬂtermdercs)tam EﬁnEﬁtsrfcmmpraﬁﬁag-a 11
and the |ike. referred a screw extru t he extruding of

F to usde g E
the mi xtureze&ilteacaz%lést‘taéfmgams?rﬁaate therein, JNPoR: BIRSFEWIE GrRSd. Sui t abl e
granul gly NgcJFRAIRNERN b DlcUdpotht ﬁag@fex%?y tht Botfdc rg;?on\éﬁtt arginge%&t' on and

dry granul ation. Wet granul ation consists of mXxing y Ingredients 5 with
a |iquid sucimpmenbare indhe Farmi ofad zirg, baxeit eompiwed, nn@ulnrcfngibi/}etthqohmbe is

then dried, coarsel round, and sieve he desir i Z i t he

ot oper | Sor eTRTEE! def Rt AbRS Eriai B S5 SGERG PG Er S rdn 8di ent s
in a heavy- githdutl @&highi HleRISS the zPSIRE WM 4T AU pAbES WhGRcApSration.
subsequently crushed to the deSired size. It is preferred to use wet

gr anul at i onDepending gn dheuhsatafithe aéolithsataiyst, sneh btfneﬁtszmelwt:elomr tokebi nder,

d bor.at f t
e an 2kl oRBRAETLARORNHed o EiyereD SiSi BBTY Blindt i a0 Boidthor ar e
conpound.  Apreabdd 8dtcent?RANS of beARinB QA Fhe Bmmaé@%ntdfqa@r@lsnéﬂ Fﬂ)d’u@t khe art
for formng such an aggl onerate can be used. Such nethods include, for

exanpl e, rmumrﬁ@mgpt@ssnaity crpdqdelmdzﬁ)qag)onmntamg |m1gd tmﬁ@rqiblnsmtylang

h di di
r ot o R doB0e g B8 A el bideheSi Fidth RERE B Afaved - ¢ &

Perry's Che(pecallnvgﬁg)em@@gme ckﬁﬁ@b@&h osttiost h Edi tion, published by MG aw
HI1l, Inc., copyright 1984, at pages 8-60 through 8-72. General]ly, the

zeol i t €20 bi nder, and Fiorwrepsse sheinyeniivmeelits egtalyst composition, a zeolite
starting material is mixed, or combined, with a binder, a boron component and a

zinc component (preferably the boron component and the zinc component are in the
form of a zinc borate compound, and, more preferably, the boron component and
the zinc component are in the form of zinc hexaborate, Zn,B,O/, ), to form a

25  mixture, or combination, which has not been treated with an acid. The mixture is
then calcined, or treated under suitable treatment conditions with steam, to form the
inventive zeolite catalyst composition.

The zinc borate compound used in the preparation of the mixture to

be calcined, or steam-treated, can be any zinc borate compound that, when

30 incorporated into, onto, or with the starting zeolite material pursuant to the methods
and under the conditions described herein, provides a zeolite composition containing

a zinc borate compound having desired properties such as good catalytic activity and



20 conpounded and subsequently shaped (such as by pelletizing, extruding or
granul ating) into a conpounded conposition. Cenerally, the SBelirnaey 20032 of
t he conpounded conposition is in the range of from about 50 n2-/g to about
700 nm2/g. Cenerally, the particle size of the conmpounded conposition is in
the range of fromabout 1 mmto about 1@ .mm 25 The m xture, preferably
formed m xture, nore preferably extruded m xture or granul ated m xture, of
a zeolite, raiditdas cokd foriationC TR Ahebsrarnompbuadusb® sty @eeibnt @adr yi ng
conditions in an atnosphere of air or inert gas (such as, but not limted
to, N,, H baaggranhudrgus mac|bogate having sngsngral famula p&not YB.Qy. emapynet hods)

R s R R
preferably at a tenperature in theé6range of from about 50C to aboht 175C,
and nost preferably at a tenperature in the range from|00C to 150C. Drying
t he meuEg i's geBerfMEZ ; 5 Feél:j)r;%ary 2003 - ;Zq;arg)l efl 1(:)u'; at anbi eBt
pressure (i.e., about 14.7 poungs: r olute) or, can be
carried out under vacuum conditi oh"gsgreﬁfaggg‘g:%‘%@. Hawleidr ying pressure is in
the range of from abQudén-Emitignexmnsissof possibleazidt Yotate abpéundd imdudeds per
square inch absolute. The rate of drying is controlled so as to avoid
s?r?es of b\%ﬁ'tcebor%ﬁpéllncﬁleé‘f‘hi’r%tﬁi aioe difamye ditydraty ainmirdosain mmohydrate rangeb
"n the  andco P i RdpchBroda, dRplREBorR iRt A Sdbile 12 20Ty
t he dryiong (ietraginc alodeaboratd heptalaydysiey, madnte. Bkehand sorhbina@orsatiérsof. Thke

presently preferred drying,is in a convectjon oven, under any pressure, at
a t enper at AR Porateromponge 1o Prefeishlyaesubexaerate: oAgangtthe aive egaborgea ti e
period of f . I h ug

pref erably cgir?{ﬂgg, @%‘J%}re ﬁneﬂﬂ';#r%eh@gqul'ﬁng]igf e eé%bqe;f/;&?ily ?@I&f &e%%%degﬂﬁ‘log{t ure
or dried, granul at ed Theximproyedf{i.e, meaitiveezeohitdcatalyst, commygbsaioni described at e
conmpound can then be cal ci ned, by any. net hods) known to one skilled in the
art, to gi }hé’f%n RM 3150 PRI aY "Z‘H)SIPI_P"E é“@gﬁ ?i‘l? s‘%auégrfb%}g?‘tmﬁﬁlﬂbmeﬁﬁaﬂési rabl e
15 propertigge g%ﬁ%&gﬂﬁp%ﬁsﬁ%@f Aahind, Tsiﬂig@,n?lu dsﬁliée[]%?uxﬁﬁluﬁl‘)ke

formation. e dried mXture, preferably drie ormed m xture, nore
pref er abl y phospldite, eldys ((sieth asi benoreted rcabining dlunginatey kadieg coiloitalrsljicapf a

zeolite, a binder,. and.a zinc,borate c und. can, al s treated by
exposi ng oAU Ritigpts. fignia, ppd 4y ‘R%mqoé}}) S tg‘f’ﬁﬁfgpﬂg‘? B’,osbPrégeé‘?ele y an
entirely 0a55044s aftl PORSHRR fnd Nz @IMRNlicg] Ng steamto give a final steaned
zeolite catal yst conposition having desirable properties such as good

catal ytic activity anthe sdatsteaameurttp ot akeolito mattriabna biddes iand ngzivh bordiei ed
m xt ur preferably dried, formed m xt.ure, .nore.preferably dried, extruded
i xt ur o GRS o SR MLGEE 7 P TP 18 BTGB of BRIIET LN 21 ne
borate conphEi HeYuchasqe HsEHE dhdinvetvePeBBR Woth RNt Ha¥g &Rired at any
tenperature conditions that suitably provide a final calcined zeolite

cat al yst coprpperties such Brgsodreatalytic a¢tivityirand desistanagrio avke dormaationt e, a bi nder
and a zinc borate is ﬁarll(i-ilrl]e ien al [ Egne(;ﬁ%l% .tdge cgl ci.ng ion may be
conducted at a pressur&Fh ¥h r’%‘ﬁbﬁ 8F 2 r M- BINACT 308 A HRC B S quar e i nch

absol ute (psndpound tabe Walchidd, S itreated Qi Q€1 lsVa béhckiatioanrezedfiteflihare about
at nospheric pressure .e., about 14.7 psia) to about 450 psia, and nost

pref er adl y tange pE frpahétlpw ranveiehbBYREY o€ they mixguiec(onc s mpixfuse Weight
cal cination, LeMmeralil'ed 3 el Pellehy of e Wigelr@NHEeRlbld iR ThEPYE PP L O

about 50 weight percent of the mixture to about 90 weight percent of the mixture

and, most preferably, in the range from 60 weight percent of the mixture to 80
weight percent of the mixture.

30 Generally, the mixture of a zeolite, a binder, and a zinc borate
compound has a concentration of binder in the range of from about 5 weight percent

of the mixture (on a total mixture weight basis) to about 40 weight percent of the



5 February 2003 -13 about 1500C. Preferably, the calcination tenperature is
in the range of from about 200C to about 800C and, nost pr ¢fBabarihxy 2003e
calcination tenperature is in the range from250C to 700C. The tine period
for conducting the calcination is generally in the 5 range of from about 1
hour to about 30 hours. Preferably, thejgalcination is conducted for a tine
period in the range of fromabout 2 hours to about 20 hours and, nost

pref er abl y, midpge Catbferaty ] RNthe SafRMIUFS R Abb@T 1 Aweighe pRreéit o thé nlik@rd aNge
from3 hours to 15 hours. The dried m xture, preferably dried, forned

m xture, nmbeupdevergitipgrceot off thednixtuxe andigdostipretgrablyonn ¢hre radge roanil$ at ed

m xture, of a zeolite, bi nder, d a zinc baorate compound, nay al so be
subj ect ed t%elgﬁte%eﬁ?wg Ogglﬁedf’?ﬂ&f[ﬁstogig) ‘g?ﬁﬁtsi)%&e'glf?ﬁﬁ?ﬁ%qgrree to a

predom nantdinEaRe S mttiRSHNL b itdd eifdedPhyd aiRNbdrite | ¥nPoafPHSs a

at nosphere, conprising steamand, optionally, an inert carrier such as

ni troged orcome¢ntizion @f ginceboratkjagaipoundeinthg raegs bpwardiyt @lapout 3o mysagditt i on.

The st t here, 1 | udj ng t.he i Td ferably h
Concent r at | ICRY S0 IERPRRELLH e B BUREr GBSt B PIESSTRDIG 0 e of
pref er abl y, frb @6 @GS Wéight wgc@ﬁ of iR mb@ae s laBBePIELeiBX paeLR Fhaut 95

mol ar percent. Treating the dried mxture of a zeolite, a binder, and a

zi nc bor at envdurponmte pieférasly e tmthragngseofdoond aboud! ateightpersentsefithe condi ti ons
and at any 20 tenperat conditions  that .suitably provide.a f.inal steaned
Zeol | te carRPE BaRBbL T rERAY ekisE N0 iRt AR BBt e P
conductjgd afange RORSS WeRghthetdi@t bAMIiREurk rt@rrstx_eéigm RidERs Bhafe midear dly to
about 3000 pounds per square inch absolute (psia). Mre tycgl cal pressures,
however, are in the rAngsuiddbl¢ meansaivomixy nrealdpHebinder; anaba@inc BX50@ psi a.
The steam teat t rature.] all ¥ 1.1 an of, f.rom about
100C t o abodtHagh et BERREF e R B8 BRiRH Aoy bi R BB 0 3R 7T ¢ ne
range of fresltheuixthzd CMayadfatié pd3HUCnixidg medne spitadble fozhlsy in phgpagihgam
treatnent tenperature is in the range from 150C to 800C. It is preferred
for the stelmmisiuseof apeplicar dindghnddt zisadoraie eempamddribe aveptive he ti e
per i od lgor ﬁé&l%? 't@gnatthQhéni?é;eH{i\% ?Joliﬁe ga?agéttc%mp%smoﬁda% des%flgecflirghglgiil l?g rate
conpound to a steam atnosphere at the appropricate tenperature cohditions
and appr opr Pairg’s [0iested] Erpomei-d' | lneibedk) Sheh iBdifidie publisged o) McGravebhllar y
2003 - 14 from about 0.1 hour to_about 30 hours. Preferably, the steam
treat ment sknép coRYREWA I8t et pages 318 thiough 2lod. | hhus, suifablgyeiigng mears about

0.25 h ! . | .
s conduct ety Betide, Ry 10ERG: A TP ShoPARKARAN, dimpled cBUBRIY HER BET . 5

Ceneral |y, {rbeghisj Mallet aligérsedhichakd tithee dhrh\tgpe 600FMBUOUOFPOSinipasal st eaned
zeolite catal yst corg)osi tion has_a concentration of zeolite in the range of

from adut AiXeRRiaga the, dkee At isgirefered & uisor mullsh mixer 1y theypuxing 9fFosi ti on
wei ght basi ?Qoflﬁeo aqgg&gr g@%‘ﬁ’ez'i&h Orptgrcgﬁ.@;)ch{_ t he conposition, preferably, in

the range o rom about wel ght percent of the conposition to about 90
wei ght percent of theThe ntienpost tizeslitendbinders tangractise bixlate, canfpdund caange
from 60 wei ght percent of the coppaqsition to 85 i ght percent of the
Conposi t | ong’eG&%efPﬁT“F‘%/Pr ghaped.i prafer e’rtﬁéd&dzcgcﬂrﬁ%'@atggt Ay stutabiggBeansi on or
final stear’rgl(ii(i | theCROSfdri %ﬁfﬁib BGARIAHAE QatiRs nder in
the range o ‘%Ig% g%g%tgﬁg%vé?glﬁt ﬁercg&ﬁ{nﬂ{()hf' t g c%prrposi tigg{’] ?Kgﬁ glt%’t al
conposi2y ont re 1), attmnddppartd HRinedogdte cpepo c d aonposi tion,
nposi23 ontheaniyiire bf abzeoliss), attnddrpartd & Rinvehogdte cpmpownt canf be heeddonposi ti

P e i SN B R B AT S50 el SRR o
Lg%gsg‘ [ iO(Tn g&n\aﬁlea%imec(@.e.t, gPinul i, 6PARES I, #Birlder, 38d Welishbofagy cent of the
compound. A liquid, such as, but not limited to, water, may be used in forming,
preferably extruding or granulating, the mixture of a zeolite, a binder, and a zinc
30  borate compound.
Suitable extruding means can include, but are not limited to, such

devices as screw extruders (also known as auger extruders or auger-type extruders)



Generally, the final calcined zeolite catal yst conposition or final 20
steaned zeolite catal yst conposition has a concentration ofS Bébrua e
conpound in the range upwardly to about 30 wei ght percent of the
conposition (on a total conposition weight basis), preferably, in the range
of from about 0.5 wei ght percent of thejgqnposition to about 30 wei ght
percent of the conposition, nore preferably, in the range of from about |
wei ght per cgat thefikkhat GopBRekd it®Osd § seleMidxtrdde il BB tex#diRgIFant nakutde
conposition, and, nost preferably, in the range from2 werght percent of
t he conposi ofi ®redlise, 20bindérghnd paincevratofcompeunsonposi tion. General ly, the
concentration of zincgi.n ﬁhe zi.nc borate corrgggndq itn the fi a(% cal ci ned
Bl

zeolite catal yst conp%%lllatb eogfa%latl"?grﬁ'lea%‘ct “en8 £ Bk l(jj‘rp g t()(:’OV?lr%osi tion

is in the raagatiGasdby sanmabeis WRt vRinikioRRbAASE oPimiking G9MRERIlhan 30
(on a total conposition weight basis), preferably, in the range of from
about 0.3 weithiatligyed geght aspbut ind ligw b Waten. {Ibeabsutingiweheighis encent of

t he conposition, nore preferabl.y, in the range of .frgm about 0.5 wei ght

per cent of SHE: BHETE ST “RESIE (b5 st Soe;using e SRSt seEe et
percent of DbheofaTRAESH cbf¥sts 8NGensiTRiRk Ay ShEEABLY in aMhebte dugN@Bletingm 0. 7

wei ght percent of the conposition to 20 wei ght percent of the conposition.
General |y, prses wopreduaer grapwWefeoPhisbrase shbsegquandy Lrashed d¢ sheedestnapsingd ltps 5 t he

final calcined zeaolit t al . conmpositiagn.or final.steaned zeolite

cat al yst co%geﬁ it8nuslgs“9 e?ﬁ%“ﬁ%“?‘i% eu%r\%/ﬁ@aﬁnig ?té{hﬁb%hxiﬁrfﬁr}\%e%eéﬁ?e’ p?er cent of
t he conppsi biné, GAM a&idObathteGomPethd.i on wei ght basis), preferably, in the

range of from about 0.1 weight percent of the conposition to about 20

wei ght percent of theltcamdsdiesirable farghe formeapixbirg toibg anmgglemereateosdt f rom

about 0.3 i +Rer e t (el rcent
of the comps e oY iteolles t BHGER TRAY BhOBadt AARBH Ay MEAK aREl
percent of bhmethod)kinbivarbytthostGkilkadghtthpartdenforafing bechcanpgomenite cay
sui t abl e hydrocar bon-containing fluid which conprises, paraffins (al kanes)

1 ng :
and/ or ol ef bhysqdal Rehedsthgdangiudefon ehanpls, pelding Arewuiegs pelleitdi®i n each of
15 thesge: hy rb i.NSq. r o] . -2t OB
per nol gscul {eun?gﬂiébgﬁ? d%@@glrgbo%r# r{ePllF {)Pm%c‘f)sgir&en(g%telgﬂ e cogfrgl’ @%luﬁig%é)ggﬂqn% fluid
t o be cont apieank amd Prahtilatize oleanse icpioaidgdtin @aagasi értiled "SezcEnlbpdniearei n
under suitable process conditions for obtajining a reaction product, i.e.,
conversi on Bt Beks, Chegticn!ifngigensi diandbeek i F%’K’én@gt,’h%lﬁéﬁyd?c M1 ene and
propyl ene) ntal ni kot > - 0f, apout 2 carbon atons per
mol ecul e to al’olgl!tc"ggg%é@éébg{%’%ggs%g%egglﬂgjgﬁw gi?ld aromati ¢ hydrocar bons
(such as BTX, i.e., b&raenby, thokedie, biadd, xd gne bordte equpohdnys atehe suit abl e

hydr ocar bon-contai hing fluid also contains aro i c. hydrocarbons. The term
"f1uid"29s GewRoYRdediand sEbssavatly shape stﬂmﬁw @W%FW@BS P&t i ons
t hereof. 25 4 14 it abl i

gmﬂIaltlhg? %dé@?f&ﬁﬁﬂ&?;ﬁ%p%ﬁ%ﬁ C‘fenex%Ylghhébéu ace area of the

hydr ocar bon-"cont ai I nc e’'gasolines fr catalytic oil cracking
(e.g., FCC aompbwdiedcoapesition ispinctbe sages, ofpfyor labsutsS Gyméfgl torebsuf 700nmi’fer nal

hydr ocar bon-(e. g,, ethane ro e, and n t ha) cracki.n roces ,
napht has. G, e GRGTn Beq OF e comiouiie st A dhahd FES [
combi nat i ongpger ff o bt AOGAA! red hydrocarbon-containing fluid is a 30

gasol i ne-boil'ing range hydrocarbon-containing fluid suitable for use as at
| east a2fjasol i ne bl endhstroixkurgeprefesdbly formed myixture,oinbienprefesalgy exfrudédbut 30C

t bout 210C.. Anoth itable h bon:. t ai ni flui |
Compr 1 se a Ml Rt By AR e Y ERRP o a0, Budla e betaie SRGioRa: i ng
fluid whi ch cBeibk Subjected o AR} EalitRs!ih 28 diRbgBereTbreaiP of ikt ?5’5 (such as,

hydr ocar bon- cont ai ni ng flui'd of this ttgpe_ i's coker naphtha although ot her
t her mal | y- pbutinetelimitedikai Sy, Hacirgen anydrtbe Jike andjgembinationgatherdof 0 Weanised.

Coker  napht hag, 3§ MIRA B HeSfiuldiAR' ho IR, G99 Mk W8 [heahly Mgt s of
30 out at a temperature in the range of from about 20°C to about 200°C, preferably at
a temperature in the range of from about 50°C to about 175°C, and most preferably

at a temperature in the range from 100°C to 150°C. Drying the mixture is generally



5 diolefins as a result of the thermal cracking. Coker naphtha is obtained
by coking processes, i.e., thermal cracking of a residual BSiHebduan83as a
crude oil residual fluid, in a coker. As nentioned above, coking processes
are well-established in the petroleumrefining industry and are used to
convert residual fluid into higher vaI_qu Liquid products. Because the

coki ng processes) are known to one skilled in the art, 1 U the description
of such C%ﬁ&dpfu@afe&ﬁsﬁht hres@ie (L tadoRk g1 1Y pdirias e} &&amnm%bgméé”égi
operation of the coker and refinery requi remsnts) coker napht has

i ncl ude: | icgihbe canpiet e uderpiacalinycondisions é’rdzfgrdbimghq drygreg prfesfure mbout 50C

to about 165 ht h Ly h boi | f
f rom about BE5EngG Ok BolT AT a DN ARSI TR 8 RO AT PP OIS FEL el | y
having a bgidy momamg*ph&faté S ?%c&@x@@e&l%o%@%‘%v&@l@@ es vt?z?t@rv\yagg@sm i ne

fractions (typically having a boiling range of from about 165C to about
260C) . bn addispiatiering. hBrying siexes q@ncbcesshwaz}ngbeofcfp@nabem Qb thiout heealsmit i r e

htha fract bt d,f t he cok t t qf t ht h
ot on oBDdoNB PreEmPB S Eitak e fainks b iane? pERP Siout A o ho
conposi ti oRbGft FWOKArs, HAd NG ﬁ%féMKb@x%rgfngtthﬁc embétm ffel hiE froff 1 G0ker

napht ha are disclosed in U S. Pat 1, 968.
hydr ocar bohoursrio 0niavgs. f Thé @rﬁsaml)bpreﬁm)qde@lbmg tsona @cmwccaum oMgns tiegerwher ei n

ch hydrocar bon-cont.ai ni n d cont t
oot hout <) 0 DR, S PrBmscrn e st G ED DTl Ao SR dor
her ei n,1025 aG@né M6 bl dbout RERSUEd RNabBRRa6 Houbs. COHVGFSI on zone. The

contacting step can be operated as a batch process step or, preferably, as
a continuous process Téleegledlml)ttmr@, pr@fﬁtr@blyobmdaﬁrmd TRIXYOE, momaplafeysbly bed,

R R A Rt e el

skilled in zirtcebcﬁat*e coatpotnd ea tﬁdﬂeoeomclﬂaﬁ thySatiyt mbihed(fsp kn@wﬁQo RAE kskifled ar
fluid and catalyst. In a preferred operational node,

hydr ocar bonn demarai taigive 8 fmakicalgingd Bpalie catalyst aoxpp@&m@abaw@g desirablgher ei n
such hydrocarbon-con e6r 00 retreated
Wi t hi nﬁg prpe LGS Sucﬁ%g m%m%ﬁnacﬁglt%gﬂgé?sﬁed{ a tﬁl ée S’éﬂ’%ﬁovm medi um

preferably ion-excharmge dridi Mixthef pfeeerabn@mrmddrfmeerdhanmcrenﬁ,@téwpf&ermblyI dis
passed to a conversion zone to be contacted with the zeolite catalyst

conposi tio rﬁirleﬂb%tmdﬁﬂ pixgre oF desd.ceranylaisr daixgire; o asaifiarfgkindessiand ar e

Anber | yst - rl XN- 1010,

Anber | yst ‘S&%% e}’w&&g% BA@%EA &E %%%Chwgﬁgéﬁ%natlons

t her eof . Mpredapiigimlyagdsyoust diﬁlolsﬂ[bra)&btaﬂgﬂ?y &R Shtirdlp gabey dthicephdre, 120

i on-exchange resin (provided by Rohm & Haas Co.) or Anberlyst 15

i on- exclangempEising steans i Bived fadl SW’TQQM?P@%%‘Y%&PmPQBU%@%W& reating
step can b gi%bﬁfe H)/op%ﬂ bs SHeH B0bGodTER uc%&%?fﬁé des%iafngé‘@&‘éé LRMibY the
art for pr reati a rocar on- co al ning ul a n| rogen renoval
medi um such as, pref e@ﬂhhmg theririzd ahixnge, prefdrably hed pfoeied atiknge,shefe can be
operated as a bat ch process step or, &:\@{ erably, as a continuous process

step pref erPigierabby ddediiextuded mizirees Sraplated, mixre of @ 29lit ér at i on,

the 1 ~ pr %ﬁ@e?taﬁﬁgtmﬁgﬂgra&ofﬂlﬁb&ﬁﬁ flas? Bb Icnd s RO B i P! oyed
preceding (1.e., upstreamof) a conversion zone conpfising a soll Scat al yst
bed, or25novindpt @ay a¢mpdratnedconatitiéisuthati sétdblyapraivideta firad calomedazenliteg t he
zeolite catalyst co QsitiqQn.. Any of these era no hav ,

vant agee CHAD TR SRR he SHeS RiRREGS} h Pl o P s¥LR @i ¢ he
one nost suidrabli®cdiGmediPakticular fluid, nitrogen 20 rermoval nmedium and

zeolite catal yst conposition. The pretreating step is preferably carried
out under pretreati ngGensmally, itbe salcinatiors uiayalis wr@mmtbtaeatph@smedndhc on of the

trati f t d f al 1
commounds. ARenpt o D2 HRUBAE Bk SR goP Aarute RRer i dSaimting
pretreajed pryfhrad dymixbcan t%e af mo&gaﬁdwla@}no%cﬁ@m@bmrqge agbsuaeH pbigyel of

ni trogen conrpoun be passed to a conversion zone to prormte t he
formati on ofbout 65&p$lg,sandpmestapra&|r§blmxthef rapse dtom etiwespherjsopressire ¢4 15he

hydr ocar bon f. t.ions
woul d 1 ol UB THE SeiPHaRE Bmpa Rttty indhé e S eRF sBCRRPLR TS
about 550C, nore preferably in the range of from



30 about 10C to about 200C and, nost preferably, in the range from20C to
150C. The pretreating pressure can be in the range of from3debguary 2003

at nospheric pressure upwardly to about 500 pounds per square inch absolute
(psia), preferably) the 5 February 2003 - 18 pretreating pressure can be
in the range of from about atnospheric_pgessure to about 450 psia and, nost
preferably, the pretreating pressure can be from atnospheric pressure to

400 psia. TBeispwec atpge@iabWithd chiBmali¥H RARERAN: SO fletafige & b 1S

charged to the pretreatnent zone (i.e., the pretreating charge rate of
hydr ocar borbenr208P@ito @gbbhtu8 (P Ci ands wedst as:ferablpr tei cdiimatpnetmeehiungiswei ght

hourly space velocity ("pret ting WHSV') in the range of from exceeding O
hour' ~ upwartbg Eﬁng%%ré’ﬁbago f%é’()]}ﬁ%ér -1 The term"pretreating wei ght hourly

space velocity”, as Umé%n@;eh&d féhfdddu&%@mm@lcm&ﬁ%ﬁiigglenér@wfmé the rate

at which a hydrocarbon-containing fluid is charged to the 10 pretreat nent
zone i nspoumts ¢ferothaboutd] Wodeth dyout 36 lpowmdBrebdrablyt thegmicinaiooval nedi um
preferably ion-exchange resi.n, .contained.i.n the pretreatnment e to which
Phe. hydr ot EOBBIFISSCHTE & S GoT P it s e CHE0m A gr HEs 1L a0 8D OME, ng. WSV
of the hydrﬁﬁ%@&ﬂsﬁf&%@,ﬂh@Qalfcméu@!ntigc&mcﬁa%f 8 e PLridPethe Mhgle 1 n the
range of from about 0.25 hour® to about 250 hour -1 and, nost preferably in
t he range ffrem3lougs tblhbours! to 100 hour ' . The contacting step is

preferably carried o Lthin.a conversipn,zon erein is contained the
zeolite catalyst pon;@?\il\%ri‘ MUHE l??ﬁf'g!%‘iabg’eda%"td'r g(?{"{?grfaf’tt?r(?ng‘,or‘? Prg?"',rgt’ef?
conver §pon GRAJLLHRRE mikARE of \dkie@PEMnRIaRATh& B Coff £LEGtE O bialie@bRATRL | CS,
preferably BTX, fromat |east a poftion of the 'hydrocarbons of the 20

hydr ocar boreimobdratertongpoiihdi wiay pisef ler subjertqol ot steaamtingl chyditionabp oxposimgt ai ni ng
fluid. Thus, the reaction p t he .conve roduc I ncl udes

d , d.e., ' ,
aromatics. CHHPUFEFGIP %BHe&lloh?%%’gfyvx%a&F%lsi HOORRPET, plréef%g':agpyo " Flétffﬁlté'r%iﬂué of

t8 Bgccont actitRgspheRD c@ﬁx@f-i@iﬁuﬁ@kéﬁxﬂ Bnd,f‘t%ti'bﬁﬂ% 28findrt eafrRPQU¢h 4DREop&h @bout
, hore preferably in the range of from about 450C to about 750C and,
nmost pr ef erkehilup, to give a final steamed zeolite catalyst composition. The steam atmosphere,
15  excluding the inert carrier, preferably has a concentration of steam exceeding about
90 molar percent and, most preferably, the concentration of the steam atmosphere
exceeds about 95 molar percent.

Treating the dried mixture of a zeolite, a binder, and a zinc borate
compound with steam may be conducted at any pressure conditions and at any

20  temperature conditions that suitably provide a final steamed zeolite catalyst
composition.

Generally, the steam treatment may be conducted at a pressure in the
range of from below atmospheric upwardly to about 3000 pounds per square inch
absolute (psia). More typical pressures, however, are in the range of from about

25  atmospheric to about 2500 psia. The steam treatment temperature is generally in
the range of from about 100°C to about 1500°C. Preferably, the steam treatment
temperature is in the range of from about 120°C to about 1300°C and, more
preferably, the steam treatment temperature is in the range from 150°C to 800°C. It
is preferred for the steam to be superheated and not saturated.

30 Generally, the time period for exposing the mixture of a zeolite, a
binder, and a zinc borate compound to a steam atmosphere at the appropriate

temperature conditions and appropriate pressure conditions can be in the range of



25 in the range from500C to 700C. The contacting pressure can be in the
range of from bel ow at nospheric pressure upwardly to about S3(kbrpacn2i3per
square inch absolute (psia), preferably, the contacting pressure can be in
the range of from about atnospheric pressure to about 450 psia and, nost
preferably, the contacting pressure canihe in the range from at nospheric
pressure to 400 Asia. 30 The flow rate at which the hydrocarbon-contai ni ng
fluid i s chasgemotoo e e Yes8iI0Nhans) ePlefergbly, tHaasteaantrafienOstepay ge rate
of hydrocarbon-containing fluid) is such as to provide a contacting wei ght
hourly spacendestediferya imedqierigdtipthe range péfognahourdod hourgo wpigt'3S henrs he
range of from exceedi ) -1 & 0 our. -1 The term
"contacti ng%%%ﬁp%lg%rg‘)lg @%&(E:eeah/gle%%:lgﬁ{/&%‘ygsgol??ggt%{!leflr’rei?ﬁ?]%s%glofj l?r;[léen t he
nureri cal rahpefem 08enduate2athowts.ch a hydrocarbon-containing fluid is
charged to the conversion zone in pounds per. hour divided by the loounds of
catal ys® contai ned i nGpwgalbbﬁb@,ﬁglpng\al%mﬁezqomq,\nzﬁt@lmsttqﬁ)@posnlon or fina

hydr ocar bon- cont ai ni. i.d. r . r ntactin SV of

t he hydr ocasrt%aﬂqdé%e@lgqg%%t%gétﬁouhfpég{e%n%g ac%ﬁ%@?‘éﬁéﬁ Ogg%’elﬁégénnﬁ‘gerap%? e range
of from abofbmOabdat hoWeight ereatibf #eQolpusitiod (amnd, totaDeémpdsaionr wbight i n t he
range fromO0.5 hour' to 100 hour. The process effluent, fromthe conversion
zone, generbkasisy te ahewi Wsweight perpeny it thgygompostiqne prefenaply i Hg myer ofgen and
met hane, a - j | S} . e e ne, -and
oropan,  antfoi thouL 37 teBfhy PRARRL SF 8, GhiBEER 1o BE AR hRT or ¥ ng
gr eat er10t hagordpdsitidnoshda s preferBOlY, a heringe iy racaeighnpertdnd Of it

conpri sing benzene, toluene ortho-ﬁylene, net a- xyl ene, para-xyl ene, and

al so et hyl beRasiqy togdS wereht RRIGRRiQ dhe GIPRRSMYBbNns), and a C9+ 15
("heavies") fraction I i . |G i nor e
carbon atons per nol e%hgal&{ﬁ%?{zg’l@r30/??}&?%%%8?%%gé;g@g%jgﬁﬁoggﬁ%‘bngisepar at ed
into these gteamed padlité catelystormengmsitimyhak nmoncenetahion ©f bindeh imthe thage ekanpl e,
fractionati ?n distillation. Becauyse the separation net hods,?. are_known to
one ski | | edTPR 2ot arweightrererad of ithe ssmposihiop(o8 dclktal spmpatiiiefh Weigbhods) i s
omtte ergld I i r i A r LKgation
eactor o B ddRamerel ol BRen At PonBRRIRE Prifebl, A LR ARR BT, “and
propane canfrbom atxad 8aseifhighercgas of thasomapdsitiod th aboot 4k weighapencemsofstheh as,
for exanple, in a . therpal cracki prqcess t roduce, et hyl en nd

propyl ene. §HBPHYEM ﬁ'gﬁ?%ﬁ?t Bﬁﬁ%?régg’vé‘?' ange af?&%we%ba?ré?ré&%tﬁ? 0

i ndi vi dual ' : ne skilled in the art. The
i ndi vi dual %F“el?(%sﬁtidl{c]g)nﬁ%lﬁgfﬁhéggﬁgggﬁtpggggﬁﬁﬁﬁ%@ket ed. The BTX fraction can
be further separated GenheralipdiheifthahkalCiied ecolife aatalyat camposiionoaT fixwxh
fractigﬂi. Alterc?ativelg, t he BTX.fra}:I:tion can f.urt({;ler. ul_lr)ldergo one or nore
reacti eStERBrd Bealils aiglysLeqraposition:hasa GaRceriratiQn;afiZRfpores cogpegnd in

hydr ocar bongneSQngs ub Raldi teaRMt Bb%&?ﬂtﬁ:l‘&np&f {RecommkitidR by §do@P BTX
aromati ¢ hydrocarbon. Suitable exanples of such subsequent Co to Cg

aromat i ¢ hy dempasitiem weight basis)o peefenablydinsthe opnget éfofnerni aboutod. S tvdightrerdend f or m

benzene and | enes), ..transal k tion of ben e and xylenes (to.form

Lol wene) - antithe Srassilearty Dol s e GrrarTpPe soBPosER KR AR or

ort ho- xyl eng, {2 RAsS oK FofNBouf\l 1 WEighhseréint bPERNcIngRM RN BREBbWM S Repher abl y
i on-exchange resin, has been deactivated ( i.e., contam nated) by, for

exanpl €25 r ebeisentyoff the ¢opppsjiaR, andy Mgt prefesahly.t indthe rangerfram dgwpighenoval
capability of the nitrogen .. v pedi.um h ec ugnsati sfactory, the
T ogen § eReus st sHRlETRY B0 TR HBCARC P R KB sitBR

Generally, the concentration of zinc in the zinc borate compound in

the final calcined zeolite catalyst composition or final steamed zeolite catalyst

composition is in the range upwardly to about 40 weight percent of the composition
30 (on a total composition weight basis), preferably, in the range of from about 0.3

weight percent of the composition to about 40 weight percent of the composition,

more preferably, in the range of from about 0.5 weight percent of the composition



may be replaced with new nitrogen renoval nediumor, preferably,

reacti vated by any means or methods) known to one skilled Bifebneary2003uch
as, for exanple, acid washing. The optimal tenperatures and tine periods
for acid washing the ionexchange resin depend generally on the types and
anounts of deactivating deposits 10 on Buech resin. These opti nmal
tenperatures and tine periods can easily be determ ned by those possessing
ordi nary skolabsyt J0nweilght percerrd tizr eonopositica] ahérreosh pfeferabhe in tliceramgt  of

brevity. After the jnproved lite catal yst conpositiaon S been

deact i vat ecfr%?,o'i‘]WF‘ggEHﬁ’ﬁF%t,gfﬁ‘ﬁ?é‘"ﬁ%%‘é‘?‘l ?60%0 WF@EB@%‘H&H&%, to an extent
that the feggpbsiisenversion and/or the selectivity has becone

unsati sfactory, the inproved (i.e., inventive) zeolite catal yst conposition
can be reactivated byGeneyallye#resconrentmatiho @ ookanowwthe singiwrakicbinpdundiit he art

h f | cining in air to b ff deposited coke and oth
car bonateodte fifaplded ol A8y tofipnalitn oF Dl Y SRS Gy at o |
t enper at ur €odpokifin ﬁ@ﬂ?ﬂ‘xe(}tméé %@&9% ﬁ@@@q ove?glapgérc K0 Compb&itioRt | Mal

time periods of the calcining end generally on the types and anmounts of
deact i vat i {gn depwscompaoritiothaveigbbbasis), prefeatliys incherpange taf droraratboun0.4 he

| ci [ . . These. optimal t] iod ily.b
dot er m ned ERHBCETHOELiss e birar hapy <A TrER pRednaT e Samatare.om t 1 ed

herein for hfe pgréfeibStin Ghe RMBY bt Yron2&bolin®. ¥ %igﬁ%@&&xﬁ@ﬁﬁé 8SmPb &K esent ed
to further illustrate this invention and are not to be construed as unduly

limtindg tHe abewpe wighhpercenivadithé compEiNVRIaEd,| madipsefesehhyplie the Fanger at es

h i f I I i .sub d
catal yere (HRRe SSRILPERSA Or PryarBedPuo i (e PRE Tt s o
Aci d- Tr eat edmpobikionZeol i te Catayst A commercially avail able ZSM5 zeolite

catal yst (provided by United 5 February 2003 -21 Catalysts Inc.,

Loui svill e, KY. underApy seiteble biudspegrhan-enmtaining fhgbwhisht eoinprrises paaffing i nch
extrudat e) it h LA To,tr t.h ith acid. . the
catal'yat - nelbiBain SR BE ot (BRLEY AU RRbubRS GRE R BB S Kavi ng

a concant r ahéserhydfochfhoneicghfaingén e tanCof (@APikDGt BRAHo) £iddhs pePr two hours
at a constant tenperature of about 90C. After soaking, the catal yst was

separ at ed fIRelgFuindo abowl Lotarberoaiomp et molesylentap brauspéas fie Auigatodhe and

dried. The i.d- ! ne [ l{Ci in air at a
t enper at ure&g*aggggglgﬁ g?s%%?lger gafl%lggrnﬁ% ?gﬂo@{l%skxﬁetd %?flgoq‘ﬁ‘td%%%% A 10 gram
quantity ofprbfes abmiigonkef lobbiing acedttivh @rédidt, 43lycon¥edibh ot al yst

(comrercially avail able "T-4480" treated with acid, as described above) was

i mpr egnat ectonpyisig light iohriand (alkenase suchi anntayena andrprordpRg) ipataining in the
eSSt i | WrafigdBt b dhold ol il AP BECTORENG oBURS ERb6H TRER b W 11 2
sol uti on of e I ncorporating elenents), w a solutron contalhing 1.08
grams of hydolktdd and mcoratinhydradaebdndi{§uibRs, BFX D)., Bengénggnalmengfandori ¢ aci d

(H3B03), and 8.47 grans of deionized water. This, acjd-tyeated, inpregnated
reol i L6 wasOUis) GFFRnIY, e Suliable bytosashon-gontaining furdalsaGoatsins at ed,

SO S R A5 O ot eSSBS A
hel i um f or & dombisatamns 3B8edfni th a heliumflow rate of 50 mM/mn. 20 A final
PT OdUCtZSV\Bi ghing 10. zlgog-rlgnq%ng\%ian?p Easa i) gtﬂfabilc;t]gvgi{agl%lh I;'(())c%r an-gc?n%i%{n%ed a
fluid include gasolines from catalytic oil cracking (e.g., FCC and hydrocracking)
processes, pyrolysis gasolines from thermal hydrocarbon-(e.g., ethane, propane, and
naphtha) cracking processes, naphthas, gas oils, reformates, straight-run gasoline and
the like and combinations thereof. The preferred hydrocarbon-containing fluid is a
30 gasoline-boiling range hydrocarbon-containing fluid suitable for use as at least a
gasoline blend stock generally having a boiling range of about 30°C to about 210°C.

Another suitable hydrocarbon-containing fluid may also comprise a



boron (B) concentration of 0.77 percent of the total weight of the final
product (i.e., 0.77 weight percent B). The final product alsdebromty2003d a
zinc (Zn) concentration of 2.31 percent of the total weight of the final
product (i.e., 2.31 weight percent Zn). The final product had an atomc
ratio of boron to zinc of 2:1. 25 Catalpst B (Control) A 100 gram quantity
of commercially avail able ZSM5 zeolite Zeocat PZ2/ SOH powder (provided by
Cheni e Uet itkathhliyefacRek BddrotdrboiZbothinify RiidbDeRicRIUdR ih ¢hd 4sBlide Boikhpre. A
sufficient quantity of deionized water was then added to the m xture so as
to provi de remge. akhearefaneddiydrosaghoa-cantamngdiid of thigdype BEolitrenaphthaudat e was
then dried 0 e Ot 0 5C) and _at npspheric
pressure (aago(ﬁ g%ld}h'gf {ggﬁ%aﬁ@%g?&%gu%ﬁlgé%{é‘% il';la&ljléli X g%%ﬁ“a%‘(%&gi)sﬁp[ﬁours and

then cal ci Rgel.i Gokdrrnabhtha8 ateouisatuddted B@Etiond coBtaGniAM stAfitdnt ¥mefints irs dri ed
5 February 2003 -22 and cal cined zeolite-bentonite extrudate was

i mpr egnat edliolpnsaas 3 rrsulbiof the thermalsarackigg: egaken paphtlaa isrmbigieed by eoking

tiall tely filding.t ter] i th
Soluti on o SRR helibic il 6 ROLSRabhuld SuBERSH ik ARHEILAL 10"
grams of hyfiligtied cokee RistmaiienédabiNe3 Lol Procedsds 3¢ avshl-&xfablisHeldGnaké d 5

(H3B03), and 84.7 grans of deionized water. This |npregnated

zeol i t e- beredplen Efininggagdustiyzand; e set foeepnyertresidual duid ipiedpeherivelysr essur e
(i.e., abo : n e | .hours. A 25
Gr am quant {1 TEpreaRaLy BEcREE (ARG, pRREHRT A idh 38 o RN i B & v
t hen cdloci nkeldesoription 6HEuch doRingspratess(eseiumiiaedrhereih. 5S00C. The

t hus-cal cined i npregnated zeolite-bentonite 10 extrudate was then treated
in a steam at nospher d2§RsRdiBE RIS madegnperiation of the ookerApdtsfiserst 20 m / hr
and a heli : a f 1; T iipal (Melgl] out 25
grans was ggztllg%eﬁaeggg’ %ﬁléé?fr}aﬁ%?asg% l}g%lué}dnltl I n%a?'hgg%gﬁyé)ﬁl\a%l ;Hagglﬁggnt ration
of 0.62 perboditg rahge b froat abounsDYhto about HES5PC dhllrangtundphhias gtypidallp2 wei ght
percent B). The fin pr oduct_ al ) .concentration of

I so contained a zipc (Zn
15 1.88 perlt?¥ihg % oifing Fetget fmgﬁ%ﬁ Cie HaP1prioefiedvigrinaghtha) 88 wei ght
per centysZn) : I t1iqtey, ~al Ly
avai | abllse Zfrsﬁggﬁiée%ﬁ%@ E%@%%?%B%@%‘%“ﬂé%&m e{rH % pr ovllzﬁe?jq{))?&%ﬁ@ibgc%g% i kon)
was m xed vieaty gasglinenfraofionse(tptpacal lyehavitgy £ bgilimgerange gh 2B8604bout MBS ¢ zi nc
hexabor at e hept ate, .20 provided by Alfa AESAR, Ward Hill, NMA under the
pr oduct deﬁbﬁﬁ%ﬁ%&g' 3 AedHiebBe piren B85S M By ﬁpfararﬁdxw@a deontny
quant i ty OfngifihdHat0h WBlafiied 1Fsin tE Bol@YP diltOn PR OF ik HEEhEL ASHdP ProVi de

for an extru e paste Ich was extru . extrudate was then dried at
about | 25C chtaine frompthe rcokerprigensiee dralyaical defults pb timdsommositrguerekench

absol ut for, about 3 ho . JThe thus-dried zeolite 25 bentonite-zinc
Do at o At (P8 HASPRAN B STaioRTics O Obt HPRIHERITSES 3 Hodriatar 650C
with a H2O oy riaggg.of 20 ml/hr and a heliumflow rate of 500 cc/mn. A

final product weighing about 25 grans was obtained. The final product
cont ai ned 0.26 grans Dic hydrogarfadi-condsiningi fhyyd ican dbepabirstedanecnntastingn of 1.0

t of th tal wei.ght of the final duct (i.. 1.0 wei ght t
By “The 11 i whERR RS GcteobTiPalaitiae SAGH antdtaf oy ah il Reali £ ng
in a zinc coBHmedE), d ifdhnef with kh® 26188 cafyst E6mpedifibn,\Wis&ilederdihe fi nal

product (i.e., 2:1 weight percent Zn). ] )
25 contained within a reaction zone, i.e., conversion zone. The contacting step can be

operated as a batch process step or, preferably, as a continuous process step. In the
latter operation, a solid catalyst bed, or a moving catalyst bed, or a fluidized catalyst
bed can be employed. Any of these operational modes have advantages and
disadvantages, and those skilled in the art can select the one most suitable for a
30 particular fluid and catalyst.
In a preferred operational mode, the hydrocarbon-containing fluid is

subjected to a pretreating step wherein such hydrocarbon-containing fluid is



5 February 2003 -23 Catalyst D (Invention) A 20 gram quantity of
commercially available ZSM5 zeolite Zeocat PZ2/ SOH powder 5(Hebowary2@08y
Chem e Uetikon) was mxed with 5 grans of bentonite and 2 granms of Zn3B40Q
SHOO (trizinc tetraborate pentahydrate, provided by Pfaltz & Bauer) Inc,
Wat er bury, CT under the product designaijon, zinc borate) to forma
mxture. A 22 m quantity of deionized water was then added to the m xture
SO0 as to prppstredeediwithian metreaiiahd Bneashareinhis contiird exiitrogadrenidial ext r udat e
was then dried at about 125C and at nospheric pressure (about 14.7 pounds
per squar e MEEMapSHTIRE Jor-gxchapgs kesim, befpre suchlydrogasbey-s@maining fluid is

zeol i te-be rb%agér&l 5{8 ZdoRGeriBh %Egec%tp b€ %Bﬁt&ﬁ%ﬁiﬂﬁ&éi&%&e}[&%& %{)%{ﬁoﬁti% eam

at nosphere hour s at wth a wrate o r-and a
hel i um f | oWdmlimitofg Sft@ble ekamples Af fiomakchangd vesin avei gihbadyssiSyindizrigstans was

obt ai ned. The final prod cqnt ai ned 0. rans of horon (B). .resulting in

a bolron5cor?€1§ﬂtobé’t'f\@£e Sl#é&“}‘lggé’c‘!é eﬂ?'sé%élgltodpaﬁ"\kéﬁéjﬁtmgl(ilﬂe f:Jna: ]
duct (i . 7 i £ i.ned 0.83

D . ffmberic S0 e RRIRE 0, Bhy Eifbifdbs M TRt GRLEAILANECT O

t he total venghkthaafe tehim ifiAvaberfiteslR+¢ 20 (on-exchaBgSresin @hdviged be RohAnk.
Catal yst E (I nvention) A 20 gr_am quantity of comregjglﬂlwl ﬁ avai l abl e ZSM 5
é i Rory

zeol ite zedda GzRITSCMbEAVHIdS IPPrESeianea BN EHsnPEOY hige& Haated with 5
grans of 2(b(p_§ntonite and 2 grams of Zn2B60" 7HO (di zi nc hexaborate

hept ahydrate, " provided by Alfa AESAR, Ward HiIl, MA under the product
desi gndbi on, zi nc hexEeqgratrenting&¥p ¢tam bodomeabyrany swigbleAm2angyimeaghaiid)i ty of

dei oni zed wat th dded_.to the m xt to. Lde f.
ext r udabl e FASWERRILH it falqueeatig % Ry oraceibar seeipine-Iud wih ac about

125C and atjfipgpheleifoval MeduftschReUbretdably 2ionPXeRa B e RELin S AR el
absolute) for about 3 hours. The thus-dried zeolite bentonite-zinc %orate

extrudat e veep canche epgratéchasiaibatchiprodass s@phwuprefeaably, aeapentatuoue pofceS00C.

The cal ci nati on done i.n lieu of a steamtreatnent. A final product

wel ghing. antiR PISETIHA EEeriiDe Y EPTIRIETHED T [hAPTHPEHL Pl haihed 0. 26

grams qfs bogeedtBint' Ra¢ |cBinB]§isésrh ol RPToACeA %giﬁtugg@naﬂo ediheR&higeNt Of
e.

the total weight of 30 the final product (i.e., 1. wei ght percent B). The

final produge. alpstireapoof) @i ¢ongeBioB3zope ompsising o sol{dzedtalygishedt ongnovinga zi nc
concentration,of .2.12 percent 0 e, total .weight t he final pr.oduct
(oo 5 Aty s GRS g Byt 6% fpalE yroBle Sellyat GpeB Ry en i on)
A 28 gram onapbf ihés@f&éi’@tﬁﬂfﬁ[ fcAks Hady advantloss &MiRadiftasts aA8QRce PZ2150H
powder (provided b em e Uetikon) was mxed with 1.4 grans of Zn2B60"

7HO (di zi ncskildedaindheien che selatytie ane moent svitahdel forye partigulac8nid, mittegens Hi | |,
MA und the product. desi gnat.i.on i nc _hexaborate, 98% and 30 grans of
col | oi g@l s'ieFP)(‘:’OIdTﬁ‘i'BWi’ 8%‘32 %}xt%c%t?fygﬂc%%ggﬁq@cg}. Company, Inc., Mlwaukee,
W, under the productTigepregoaingOstepls prefdsably A2rritd ot 48det prtarsatsipensi on of
silicain water)) to forma paste. The paste was then dried at about 125C

and at nos pheandifions dkps shikably peaimote 4hey resiugtier opdhe epgaenteationf nisegAnut e) f or
about 3 hou&o%nnpcf)mﬁs tph]é)féra‘ogropgrr'eglgvgle&l ﬁiir%‘géﬂ L&xﬁﬁ‘o‘tﬁx‘dg,cfrgr%rtﬁg %yﬁ%%&%o}ﬂas then
coarsely grou and *si eve 0 a
containing fluid. Thus, the resulting pretreated hydrocarbon-containing fluid,
25  containing a reduced level of nitrogen compounds, can then be passed to a
conversion zone to promote the formation of aromatics, preferably BTX, from at
least a portion of the hydrocarbons of the hydrocarbon-containing fluid.
Pretreating conditions would include a pretreating temperature in the
range of from about 0°C to about 550°C, more preferably in the range of from
30  about 10°C to about 200°C and, most preferably, in the range from 20°C to 150°C.
The pretreating pressure can be in the range of from below atmospheric pressure

upwardly to about 500 pounds per square inch absolute (psia), preferably, the



particle (i.e., granulate) size of between 12 and 20 nesh. The thus-dried
zeolitesilica-zinc borate granulate was then treated in a §Sthehmanv2003here
for 4 hours at 650C with a H20 flow rate of 20 m/hr and a heliumflow rate
of SO0 cc/mn. A final product weighing 22.8 granms was obtained. The final
product contained 0.1 15 grans of boronl§B) resulting in a boron
concentration of 0.44 percent of the total weight of the final product
(i.e., O.4pgretventiyg pesswegan B} in Tiverahpge af fromoshat athasphaon pebsuedtofabdugr ans
of zinc (Zn%} resultin iﬂrg? zt%lnc concentration of O 89f(§ﬁrcent of the total
wei ght of ¢P&PFiRFEA. BOghpEierghly othe RICHERAURE PLIFUH SRR DRI RIMesRReriq st G
(I'nvention 2Q. A 28466 3@ quantity of commercially available ZSM5 zeolite
Zeocat PZZ?SO?—I poméer(’i’?!gr ovi ded by Chemi e Uetikon) was m xed with 2.8 grans
of Zn2B60" 7H20 (di dihedldexatbat athicththethydyagdrmbe-copaowigl 8didolg chired AESAR,
Ward HiJ I, MA under the product designation, zinc.hexaborate, 98% and 25
- of col | BEGPTEReRbE oy ot dePByr i PR ot B SahpahgoraneL,

M1 waukee, aWa) igSudinsielo bldQidRrOpldGtatiRsheiRht h@Rlyodpacd WK 1 Bpfilleatiftd W - %
suspensi on of )sfi lica i I’(l) l\T,)vatler)) to ?o_rm allgpaste.yog'Fﬁce pasteyA\zl%/gs te%erﬁlhodri ed
at about 1¥ESHAdinatheospgreef foprexsseding Odivutit upwardlypourst ped0 bauar e i nch
absol ut e) r abopt 3 hours.. The thusdried zeqglite-silica-zinc borate paste
tas then coTF 48P RrpBeririneet Bous fies Slefi e re Sidt neréil fuallipepefe s Da’ of
bet ween 12, angriédl s bf tHOAPLERAICAL] RYUIBERBROH ISR WRRd i) @ RrdeaRE3EEd i N
order to double the quantity of thus-dried zeolite-silica-zinc borate

gr anul ¥ e. pfteeatnant zdné éd pewulsipee-heiit dividedi hycthp poands afrwtrogeat emassl t hen
treated in_a steam at npgsphere .for 4 hours at 650C with a H20 flow,rate of
20 i/ hr AP, BTy oy e RETh AT GiHer b % BELCHmeBomnes MHCh A

final prodyet hyRbGhb&tg camtating M8 iWRaRagbd aiTRE prefdiped f)ie&ebtir]gg Wdups ofgoNt ai ned

0.2 grans of boron (B) resulting ma boron concentration of 0.88 percent of

the total W ktdrogrbeeontainiie Puiddadhe pretigatment genengangdet inplde cange o) . The

the Cotal b s HEEE § _ corte o) . T}
concent r at Haip 8o G5 bEMTGH bgit PREMBCS ol o PRGNl il e

(i.e.,14. 78.5einghtio p@OagE'ZN) . EXAMPLE |1 This exanple illustrates the use
of the catal ysts described in Exanple | as catalysts in the conversion of a
cat al yti cal | y- cr acked hgaeitactiag istsipl is gefeepblyecartied gut1withis 4 ¢qpiversishef i ns

(such as, ethyl ene .and pr l,ene ics (such as, .benzene, toluene,
and xyl ene,ZE’P%igv%}erﬁ?){f 'clglgngﬁégg@%%%tﬁﬂe ﬁ%ﬁ&éﬁon?puogésonaégfan%ergg _P’é of each

catal yst nmebgditighs, §@Sdonk@dioncoRdidRk,cthht Aasblp|p6@6te the Fordnatloniofil €ss st eel

tube reactor (length: about 18 inches; inner dianeter: about 0.5 inch).

Gasol i ne béramaiigss prefrsably s BXf from 2t lesst @ancatign ecthertwdracatponsiof thsf a
refineny “@xigpo%ﬁl%%g-égggagﬁﬂg 5@2&“ ;{ggfg?%b;?»} gfetrregte{;]'g?éi\fo%%‘sn-%%nf%ﬁﬁ@gﬂ&i‘&. m / hour ,

at a ténperature o nospheric pressure out” 0 pounds
per squar e Thushthgaegeion prbéudt.OrdiEthercdaoésion ppédudt)dhcleddst #0mbtie. r eact or t ube
and passed through several .ice-cooled traps. The liquid portion remained in

these traps and was viePjeedon gepditions wawdyntludesa sraction tempesasue ofgheort i on
whioh exi . v ] AS IS q
I ch exit %gﬂfg?ﬁnséértgp}g%ﬁa&ﬁ@itﬁ%ﬁ%%@gﬁfro*ﬁfboﬁ?@éo Ceb&bout shdte! thed

gaseous pro ourly I ntervals) were analyzed by
means of a pyeferably intieagngpbf friResabdus 460°C teatioas 750(hand, anosCatedtrgblys A

Tabl e 85 Aif dEReadtai aPL S IO Hod 1he EERagiGTFSIE S ol e Fgerlor ar y
2003 - 26 gym below atmospheric pressure upwardly to about 500 pounds per square inch
absolute (psia), preferably, the contacting pressure can be in the range of from about
atmospheric pressure to about 450 psia and, most preferably, the contacting pressure
can be in the range from atmospheric pressure to 400 psia.
30 The flow rate at which the hydrocarbon-containing fluid is charged to
the conversion zone (i.e., the contacting charge rate of hydrocarbon-containing fluid)

is such as to provide a contacting weight hourly space velocity ("contacting



10 15 20 25 30 TABLE | BTXLi ght sSum of Av Catal yst Cat al yst

Yi el dO ef i nBTXA ef i n/ BTXo wt - 5 February 2003

/ oPreparation(~-9% Yi el dandRat i oCoke/ hrb(wt -9% A ef i nA(Control ) (AL +

| MP) ~ 39. 020. 759. 70. 530. 3B(Cont rol ) (EXT +I MP) d50. 07. 657. 60.150. 7C(EXT w B +
6(1 nvention) STM " 42. 120. 162. 20. 480. 2( EXTOwW B +

4(I nvention) STM f 34. 021. 655. 60. 640. 2a Et hyl ene and Propyl eneCoke was

det er mi ned WIHSV9 ikt wihge hé frommcxdeedingP hembupwgrdihe dwuall 988 bodr bnt he

reactor and.neasurjng the cok ith a thermal .gravinetri.c angl yzer
(TCR) - anut B (r <Oy VO HutDsPare Peaby § 65 Visdsielh A Temei he
Zeolite | Muaaaadaeehti dthdirdte abhihicd £hpdtecBBoA-CoeintheZRA4 ii§ EnBeO ANinke
Extrudate I npregnated with Zinc Nitrate and Boric Acid(Zeolite was Not

Aci d- Leacheabnversgaotant én Bewrdsriver dioBt diyidad daybibie qroundsxef aatrdyse chntiandd and

St eaned .(Zegl it e. wasNot I dz L atf’ihﬁdA' ~ ﬁgo_l i tte.- Beyn%oai.t eBZi n Et rabor at e
Ext rudate. DPFSTEANOBZRN: (oWl e PudrperRoR A B iy sheredd o The o dat a
present ed iprefdRliecohtaeli@aWHS ¥hgwht Pﬂ&roéﬁﬁ&%bﬁﬂinﬁt fhid 36 $hdcArstdn

exhi bi ted consi derably |ess coking an Oontroll Catal ysts A and B.
| nvent i on Cengl aastbeDndhe tangg toff fane dbeirt 0i3fphewd do @bows.250dowat ey, most

A efin-to-BTX.ratiao en_coppar to.Con Catal ysts A and B. Invention
Catal yst C %rfﬂqral?lyéxa\fgenrap%rpé%ﬁg(t}qué% g(?de)h?lérr) ~QOefin-to-BTX rati o when
conpared to Control Cah@ppstsstefflléif, froMrtaY @BRVrsibi z6@ abierhllpesdi@nsance is
believed to be due to the novel 5 February 2003 -27 process of making the

i nvent e claghil gpstiragtioniegmpiasing dydrogeminitc methasel 4 CeChdractdon cemprigng
hevaborat o Gelifodine S8 HEAbRRLL L SR BRI FBiianEt o, T,
I nventi on Gadrabiohissic CompdumdsUtsrig gremkt than thedrbbiasonsl a BIeD arehdiict r eat ed or
act d-| eaChel(ljjldrocarbons fraction comprising benzene, toluene, ortho-xylene, meta-xylene,
para-xylene, and also ethylbenzene (i.e., BTX aromatic hydrocarbons), and a Cy+
15 ("heavies") fraction which contains aromatic compounds having 9 or more carbon
atoms per molecule.
Generally, the process effluent can be separated into these principal
fractions by any known method(s) such as, for example, fractionation distillation.
Because the separation method(s) are known to one skilled in the art, the description
20  of such separation method(s) is omitted herein. The intermediate fraction can be
fed to an aromatization reactor to be converted to aromatic hydrocarbons. The
methane, ethane, and propane can be used as fuel gas or as a feed for other
reactions such as, for example, in a thermal cracking process to produce ethylene
and propylene. The olefins can be recovered and further separated into individual
25  olefins by any method(s) known to one skilled in the art. The individual olefins can
then be recovered and marketed. The BTX fraction can be further separated into
individual C, to C; aromatic hydrocarbon fractions. Alternatively, the BTX fraction
can further undergo one or more reactions either before or after separation to
individual C to C, h};drocarbons so as to increase the content of the most desired
30 BTX aromatic hydrocarbon. Suitable examples of such subsequent C, to C,
aromatic hydrocarbon conversions are disproportionation of toluene (to form

benzene and xylenes), transalkylation of benzene and xylenes (to form toluene), and



5 The difference in performance between the invention catal ysts and the
control catalysts is certainly unexpected. One woul d not e§Februany2003ryi ng
and steam ng a non-aci d-1 eached-zeolite-bentonite-zinc hexaborate
extrudate, or nonacid-|eached-zeolite-bentonite-zinc tetraborate
extrudate,in |lieu of inpregnating an ac2@-|eached zeolite with zinc nitrate
and boric acid, would enhance the performance 10 of the final inventive
zeol i t e catiabmpaizatenpb sicta-pylsne Gnowarthicdxdesotmpiraesypaet t hat dryi ng and
steam ng a non-acid-| eached-zeolite-bentonj.t e-ziegc Qex.abor te extrudate, or
non- aci d- | eached- zeol M- 1HE MIEEERSEPPYR MEAR, BrederaPly OPIShAReE fesitbeu of

| mpregnat i NgseBPRRRlsed PRENMnBRRM A e ONhHIEXLHHIZ! Redbbork] B
nitrate an oric acid, woul'd enhance theé performance of "the fina

i nventive zaoéiten ticattld petogén rervavap ogpabilopof thheitregsulremodameabomatas t hat
the invention cat al .s{.s in which a nonaaéi d- .each%g-zgﬁl i te-bentonite-zinc
hexabor at e QPTG AAsRIsTagory,the BitFopep JeRAYA edipm, BIFRBN; ©08-SCIEE £65%hor at e
extrudate, gy 8 igthcaldvit RN REroRR rORBEAGHedifmi SFPpRIBAbINeROvAL y | eached
zeolite, or non-acid-|eached-zeolite-bentonite 20 extrudate, wth zinc

ni trate andaryomeans acinkthad(s)edencavrciat arieyskilledniatthe artsiughiaki farexhyppsugadi or to
the control catalysts. MPLE 1|1 This.exanple LlIlusfrates that the

| nventi on Cﬂ?%ﬂ’%t QeRtEpe btgﬁlpFrﬁ{"g?a‘?ﬁﬁstérnf’ pggﬂgsotor éc{iwlaﬁ)h‘ﬂ%él?ef ¥t he yi el ds
of aromati cgchatieeds defehtl) ccdBehily dhthe 2ppedlafiiadfountlshd@RivalnpYdeph&isand
propyl ene) in the conversion of a catalytically-cracked gasoline boiling
range fll0ui don Babhresies fThesmoptersaldomderatueet and time pseinds pameasilyds descri bed
above for l.e I1. Results of the test. ns for Catal ysts Cantrol), C
(Prvent D onydoteiited b (o8n Prishystis: roGahe i GLeT e rana B Strksed Hebdh o &
wer e obt ai ngd jaktar ofrB@iy.s on stream 5 February 2003 -28 5 10 IS 20 25
TABLE || 'Lightsum Catal yst BTX A efin’ of A efin/BTAvgCat al yst
Preparationyield Vi elﬂ@mlﬂwwlémicé@@!@éﬁﬁmh@léwMé@md@pﬁ‘(m +

LVE) 20 O7- 82 TroPQkatiipte, CokESEIRH dMEER HoRBAS TWal tncht Ul Bfe £9480- 2E(EXT

15  conversion and/or the selectivity has become unsatisfactory, the improved (i.e.,

inventive) zeolite catalyst composition can be reactivated by any means or
method(s) known to one skilled in the art such as, for example, calcining in air to
burn off deposited coke and other carbonaceous materials, such as oligomers or
polymers, preferably at a temperature in the range of from about 400°C to about

20  1000°C. The optimal time periods of the calcining depend generally on the types
and amounts of deactivating deposits on the zeolite catalyst composition and on the
calcination temperatures. These optimal time periods can easily be determined by
those possessing ordinary skill(s) in the art and are omitted herein for the interest of
brevity.

25 The following examples are presented to further illustrate this
invention and are not to be construed as unduly limiting the scope of this invention.

EXAMPLE |
This example illustrates the preparation of several catalysts which

were subsequently tested as catalysts in the conversion of hydrocarbon-containing

30 fluids.

Acid-Treated ZSM-5 Zeolite Catalyst
A commercially available ZSM-5 zeolite catalyst (provided by United



6(1 nvention)CAL) 47.713. 761. 40. 290. 4a Et hyl ene and Propyl eneb Coke was
determ ned at the end of the reaction by renoving the catab¥Febgiarg2008e
reactor and neasuring the coke with a thermal gravinetricanalyzer (TGA),
manuf actured by TA Instrunents, New Castle, Delaware. Zeolite-Bentonite
Extrudate I npregnated with Zinc Nitrate,and Boric Acid(Zeolite was Not
Aci d- Leached).d Zeolite-Bentonite-Zinc xaborate Extrudate Dried and

St eaned ( Z@t&l&ﬁé’"ﬁ?c.,Wuiﬁ@liléj'ﬁ—‘{f.aﬁxﬂﬁ?%ro%ﬁn@{ b S BRIhONLIZ0LIBGitd AL 4t €
Extrudate Dried and Cal ci ned (Zeolitewas Not %\m d- Leached), The test data

present ed iinchTesituglate) vels émnteg veitioacid hdfo trém thevelalyse pitbdsidofthepeagasti ng t he

i nvention catal ysts. can have ,an, i npact aon iel.d of 30 aromatics and
Tonr o or s SofkiCint e pzocioria add 0T KuSlith Jiv iRt eou Oy ng

a zeol i te- hnonDkiefc Al MOITARBK Anda} aHRKS: LAX Bk ued chhgliar Vi el ds of

i ght olefins and™| ower yie aromati cs than the cal cined I nvention
Cat al ystS E.tethpereturé ofai@at &0t Adter saglangythe leatalyst evas sepraed fion dal aidi ng,

in lieu of sfeanm ng,, a zeqlite-bentonite-zi .hexabor at.e extrudate,
produced arf'oh‘\‘l‘é?ﬂﬁﬁgtt@lfoﬁéﬁyWﬁ%%qef"étg%at?re%’lﬁ] ‘5“6‘?‘ 1 8aardyse 'etﬂiswahqdi’ght

ol ef i ns” andipRi GFHagrcaktl Rk s ChicRle@TRGICA ol RApetdigresiredordsd rent ko Cat al yst
C. 5 February 2003 -29 The test data indicates that the octane ratings of

| ow oct ane lwurssans can be naximized by increasing the yield of aromatics

and mnimzing the yield of Ii ght% ?Ilef ngﬁﬁtuﬁf ng Invention Catal yst E.

The opposite result, of mnim zi i aromatics and maxi m zi ng
the yiegd of |ight Q'&fl'Ong?am(‘cﬂﬁnt?@ Sh@iaBetk-BYscoibs | Ri-freianysRNs Cat al yst C
In addition, Invention Catalyst E exhibited considerably |ess coking than
Cont rol Catzeblistcaplyshdepramercigbly avedalilé "€-4488Y arented)with adifnas-desciied rati o

when corrpar%g t.0 Copt rrgl X t%l yst. B, . apd adSa BTX roniati CS eyi eld simlar
to Control CRYS) V&Y mPreghaly. oy andpaiplegt wetess fmpegaangnteqhniaye, (ke i on
Cat al yst C gdiinily empRictp fislirheihaoyes &Sthe GakithAge hixddtiaCanthr Dbolddabyst B

and had an inproved (i.e., greater) Oefin-to-BTX ratio when conpared to
Control Catthe yraorratigeelements), vithetrsplvtipmcenteiang 8 grame of hydratesh zing st s,

ari ed o GRRenEaiNPRRE) Ry et bR AT BRI G ng o
non- aci d- | edidifgkdzOget.t ThideidoRedted, impregnated zeolite was then dried in air at
125°C for 16 hours. The acid-treated, impregnated, dried zeolite was then treated in
a steam atmosphere for 6 hours at 650°C with a H,O flow rate of 20 ml/hr followed
by calcining in helium for 2 hours at 538°C with a helium flow rate of 50 ml/min.
20 A final product weighing 10.26 grams was obtained. The final product contained a
boron (B) concentration of 0.77 percent of the total weight of the final product (i.e.,
0.77 weight percent B). The final product also contained a zinc (Zn) concentration
of 2.31 percent of the total weight of the final product (i.e., 2.31 weight percent
Zn). The final product had an atomic ratio of boron to zinc of 2:1.
25 Catalyst B (Control
A 100 gram quantity of commercially available ZSM-5 zeolite Zeocat
PZ2/50H powder (provided by Chemie Uetikon) was mixed with 25 grams of
bentonite to form a mixture. A sufficient quantity of deionized water was then
added to the mixture so as to provide for an extrudable paste which was extruded.
30 The extrudate was then dried at room temperature (about 20°C to about 25°C) and
atmospheric pressure (about 14.7 pounds per square inch absolute) for about 2 hours

and then calcined in air for 3 hours at S00°C. A 50 gram quantity of this dried



15 extrudate with zinc nitrate and boric acid, gives a catalyst that is
significantly superior to the control catal yst. EXAMPLE | V3Hebruary2088¢
illustrates that the Invention Catal ysts described in Exanple | can be used
to increase the concentration of benzene in the BTX fraction 20 of the
reaction product produced in the convergron of a catalytically-cracked
gasoline boiling range fluid. Each test run was conducted in the sane
manner as @&adcehichred zblitebdntoniterexmmliae Mas ikpsednaredpby hhéndigisht wetAgssf or

I nvention Catalysts C and E are summarized in T m I11. All test data were
obt ai ned afigreegatRiyteshpique t (i &a pssentially-ednplgicly thgpores1af the; subatspte

11 Catalys . - * i : .

Vi of cvi o1 QOrGTAS) earnigp it o SRRl GRRN &l Atk gagpution conaining

6( 1 nvent i o0 MaaikfTyirddd zGw2nitréie EXa(NO,),*6H,0). 4.5 grams of boric acid

wB6+( | nvent | on) CAL .620.513. 747,79 Zeolite-Bentonite-Zi nc Hexaporate
Ext r udabe dﬂ:’éés)aﬁ%g ﬁgéagf@aw( Sstnizedoteifior s aPreses rolpe-bentonite

Zeol i te-Be PN EWA r [ - Cal. gl Zeol i t ewas
ot Ao - Lo e e B e B SR T o 1
converted tpouxyd presquarthiech @bsoluta} for pbestehheursi A PAkdrem|duantdyedfrthy show
that the novel nethods of preparing the invention catal ysts can have an

i npact on itRBYTEHRY INPrERRAL é?fggi"l’?fg?‘ﬂg: SrHdaitewes “’SBﬁg]é? d 18RI 198 3ar omat i ¢
hydrocar DOMgyufSHC efperdflet o200, Thelfil ENEincl hdfAfaied Honty hefiN: P! oduced
in the conversion of 'a catalytically cracked gasoline boiling range fluid.
| nvent ilon Eaxtratats twas, them treatod ih hetaaovatimosplore $er thoovmlati6ADNG wath a H,0

zeol ite-bentonite-zinc xabprat e extrudate oduced a BTX fraction of the
reaction profuctte Iﬁ’g\%arfa{)ﬁ’ R ﬁg’Fl“&‘B f*%?féﬁB&F}:’b‘anééﬁ’é‘aEBW_ﬂﬁ?teq to
I nvention Cgtigh¥stabbut PRERRY whiEbBRAE! THETERS DrefuctlSRIThEa boforl (BSU Of

cal ci ni ng,
concentration of 0.62 percent of the total weight of the final product (i.e., 0.62
weight percent B). The final product also contained a zinc (Zn) concentration of

15  1.88 percent of the total weight of the final product (i.e., 1.88 weight percent Zn).
Catalyst C (Invention)

A 20 gram quantity of commercially available ZSM-5 zeolite Zeocat
PZ2/50H powder (provided by Chemie Uetikon) was mixed with 5 grams of
bentonite and 2 grams of Zn,B,0,, ®* 7H,0 (dizinc hexaborate heptahydrate,

20  provided by Alfa AESAR, Ward Hill, MA under the product designation, zinc
hexaborate, 98%) to form a mixture. A 39 ml quantity of deionized water was then
added to the mixture so as to provide for an extrudable paste which was extruded.
The extrudate was then dried at about 125°C and atmospheric pressure (about 14.7

pounds per square inch absolute) for about 3 hours. The thus-dried zeolite-

[\
W

bentonite-zinc borate extrudate was then treated in a steam atmosphere for 4 hours
at 650°C with a H,O flow rate of 20 ml/hr and a helium flow rate of 500 cc/min.
A final product weighing about 25 grams was obtained. The final product
contained 0.26 grams of boron (B) resulting in a boron concentration of 1.0 percent
of the total weight of the final product (i.e., 1.0 weight percent B). The final

30  product also contained 0.53 grams of zinc (Zn) resulting in a zinc concentration of

2.1 percent of the total weight of the final product (i.e., 2.1 weight percent Zn).



25 a zeolite-bentonite-zinc hexaborate extrudate. The test data in Table
1l indicates that the concentration of benzene in the BTX5{Kebttawy2088 t he
reaction product can be nmaxim zed by using Invention Catalyst E. In
addition, the test data in Table Il indicates that the increase in BTX
yield using Invention Catalyst E (calcingg.extrudate) (BTX yield = 47.7

-9% 30 as conpared to Invention Catalyst C (steaned extrudate) (BTX yield

= 42.1 wt-%, is a result of an iQsaBas® (livdntienconcentration of benzene in
the BTX fraction of the reaction product i s also significant that
| nvention Catal yst E |4189@%duﬁﬁéyafmﬁﬁ?rﬁ*@nbﬁv@’fablﬁe%gwn%Z‘?Qﬂ\“? KEoRTX
fraction of u (o) rgtion of the
ot her arorra ??%gl_g P%gﬁ,@%ﬁc@ m ’l&gen{éje%ﬁ%algq%eggﬁlé@ 5@%8? Oa%l xyl enes)
in the BTX bémhit@an@fz dri@s bez,ﬁ]f, Foy) -pmm:(@xﬁzm<E%éﬁME’¢rEte\4>e]ituh§d[atea@&Mded
illustrates that Invention Catalyst F described in Exanple | can be used in
t he upgradi BY Pcffﬂ%ékgauqfabmh\é{at@abqrhe%amdyt the psqdugt designation, zinc borate)

hydr ocar bon I
single-step %?((%rgh%]{}glr% edlAugzehph(@Ia'ﬁ g'aﬁ?fgé Zég?‘k’gﬂep gér: %ﬁ%%&n{&v@fe t he | ow
val ue ol ef i migtueeido di 0d efavidecforah extratlisblé @améwmschﬁ'&as @Jtﬂfdbcﬂls Tasdxduddief i ns)

from such coker naphtha to produce a product containijng h val ue
pet r ocheni c¥1as theRArieds a'a‘i‘h?h'gtl?%gl d, gfnogphesteypregsuge (ab%‘én ﬂéou‘tdéln?éne and

xyl ene) and {]utﬂE &Jbﬁisbﬂx%e)(tﬁ#&tkbaﬁ% Y. §RE A rR:rd an%rb%}x onﬁg E{% Saser
napht ha sanpl'e had been oduced in a commercla un| est run
was condldict edtrudate Ivmsbﬂsretrmmﬁra sicamestmobiieck ﬁinok/lemfrm at 6308Qpkieh kIHEXCcept

t hat coker pht ha from rC|aI coker it of arefjinery was used in
lieu of the a%mt?ﬁé%nﬁv raabrd@m|fm“araﬁera£r§%0 EAmH) y B tn%rpmachg unit of

a refinery BSLL f ht ha
used in thi tsw h’%?gbl‘g?% hown I'n b%}ib%% F@ng?l évl%a (gscgfl{agleg?kﬁ]%&?‘es run
for Inventi (bnrcﬁa(&)l sestltifg & @ beromeoriceewlatian ofdb? @eMentAd]] the et weipht vthe

obt ai ned after hours o
| fenal product (1.e. r}) ?wexg t percent B). The final product also contained 0.83

15 grams of zinc (Zn) resulting in a zinc concentration of 3.3 percent of the total
weight of the final product (i.e., 3.3 weight percent Zn).

Catalyst E (Invention)

A 20 gram quantity of commercially available ZSM-5 zeolite Zeocat

PZ2/50H powder (provided by Chemie Uetikon) was mixed with 5 grams of

20  bentonite and 2 grams of Zn,B,O,, ®* 7H,0 (dizinc hexaborate heptahydrate,
provided by Alfa AESAR, Ward Hill, MA under the product designation, zinc
hexaborate, 98%) to form a mixture. A 21 ml quantity of deionized water was then
added to the mixture so as to provide for an extrudable paste which was extruded.
The extrudate was then dried at about 125°C and atmospheric pressure (about 14.7

25  pounds per square inch absolute) for about 3 hours. The thus-dried zeolite-
bentonite-zinc borate extrudate was then calcined in air for 3 hours at a temperature
of 500°C. The calcination was done in lieu of a steam treatment. A final product
weighing about 25 grams was obtained. The final product contained 0.26 grams of
boron (B) resulting in a boron concentration of 1.04 percent of the total weight of

30  the final product (i.e., 1.04 weight percent B). The final product also contained
0.53 grams of zinc (Zn) resulting in a zinc concentration of 2.12 percent of the total

weight of the final product (i.e., 2.12 weight percent Zn).



5 February 2003 -32 10 15 20 TABLE | VProperties of Coker Naphtha
FeedGeneral PropertiesAverage Ml ecul ar Wei ght 95. 1Speci fi c S@ebvadry, 2003

g/ cc0. 70Ni t rogen, ppnP3. 8Research Cctane72.6Distillation, C (ASTM

D2887) I nitial Boiling Point (1BP) (0.5 weight-%off)20.15 wei ght-

of f 30. 010 wei ght-% of f 36. 12060. 33068. 74490.

85098. 460117. 770125. 780140. 590159. 295169. 4Fi nal Boiling Point (FBP)(99.5
wei ght-% off)296.4 5 February 2QQ8st a:tr@eg,gogas TABLE VUpgr adi ng Coker
Napht ha Using Invention Catal yst F Cokér NaphihaConversi on Product obtained
After Upgradi ng CokerA REgharhauaktitygfloowarercialy @atiddbjes ¥ SMESefcohteChericent |

s T e BRI S i Pf I T RS
w - C1+C2017,383912. 73@6 (&h‘zﬂﬁ'Héﬂ@&orﬂ@f}ﬁfnfahﬂﬁa@ngrdﬁm?ahflfanAEQAW Whra

(i ncludes par “affin | soparaffins, and napht enes The test data
present &d |Phllm4b4\emverctlhea?r¢4ucsﬁwrtanan, Zzlmah‘tmerattzd)&%)t 30 gfamps efpar at i on

produce i nve tl v st.s a dint radi.n coker
apht e t o cpnouiEaTas frdits B At rgmistSh Cmaot e PALRAHREARL. cuch as
aromatics (&H@htlﬁ%rg{ﬁ?& dbsignatioRHTZENDHOX QiSlﬂOe(Al(ﬁ%%)éh%ﬂhoﬁQﬁ smcahﬁ

ol efins {such as ethylene and propylene). The test data al so show t hat

I nvent i on Guatel)ytt formugppasteiedhe haste ske thenadsiadnat, abah &:%5°|Cniimd aumqspherm ai ned

only 25 about 4 t, perce t hi h val u ghr BTX | i ght
ol efi ns) bé?%sfsgremgbg"g e, PO @ﬁf %’IM"@%‘ 8\%2 tﬁ)ué% lR(/Oa'ﬂrile ¢ thus
petrochem caledl 4eBl%-Ah-2ih@Bbrate paste was then coarsely ground and sieved to a

particle (i.e., granulate) size of between 12 and 20 mesh. The thus-dried zeolite-

silica-zinc borate granulate was then treated in a steam atmosphere for 4 hours at
650°C with a H,O flow rate of 20 ml/hr and a helium flow rate of 500 cc/min. A
final product weighing 22.8 grams was obtained. The final product contained 0.1

15  grams of boron (B) resulting in a boron concentration of 0.44 percent of the total
weight of the final product (i.e., 0.44 weight percent B). The final product also
contained 0.2 grams of zinc (Zn) resulting in a zinc concentration of 0.89 percent of
the total weight of the final product (i.e., 0.89 weight percent Zn).

Catalyst G (Invention)

20 A 28 gram quantity of commercially available ZSM-5 zeolite Zeocat
PZ2/50H powder (provided by Chemie Uetikon) was mixed with 2.8 grams of
Zn,B,0,, ®* 7H,0 (dizinc hexaborate heptahydrate, provided by Alfa AESAR, Ward
Hill, MA under the product designation, zinc hexaborate, 98%) and 25 mi of
colloidal silica (provided by Aldrich Chemical Company, Inc., Milwaukee, WI,

25  under the product designation of "LUDOX AS-40" (40 wt-% suspension of silica in
water)) to form a paste. The paste was then dried at about 125°C and atmospheric
pressure (about 14.7 pounds per square inch absolute) for about 3 hours. The thus-
dried zeolite-silica-zinc borate paste was then coarsely ground and sieved to a
particle (i.e., granulate) size of between 12 and 20 mesh. The preparation procedure

30 was then repeated in order to double the quantity of thus-dried zeolite-silica-zinc
borate granulate. The thus-dried zeolite-silica-zinc borate granulate was then treated

in a steam atmosphere for 4 hours at 650°C with a H,O flow rate of 20 ml/hr and a



ol efins) after upgrade. The performance of the invention catalyst is
certainly unexpected. One woul d not expect that steam ng asFebruary 2003
zeolite-silica-zinc borate granul ate woul d 30 produce a final inventive
zeolite catal yst conposition that produces such a high 5 February 2003
-34 quantity of high value petrochem e@s during the use of such
conposition in the upgradi ng of coker naphtha. EXAMPLE VI This exanple

i |1 ustr at ebelivmatflownratenef 00 Gulman.y €t fiG] deeduct vething ExBypires was abtaredused in

th di f ht th | ly- ked hyd bon- cont ai ni
i don s RBC SRaLRoEctsar el - dwe bEPpd sl BN e Gt G one &t ning & hi g
concent r at EQireRratRhQUTES. 88 HelcEMCY @S tGdDweigh€of theETHAE pRduto]i ¥emegs and

xyl ene). The coker naphtha sanple had been produced in a comercial coker
unit. 10 Thieighe persprtddlal She finplugrodest aédsotdeataineded. 4 erany efyzipe kZeker ms of BTX

yield) and _stabil.ity.(in terns. of BTX viel ver tine) of Jnavention

Catal vt crouigah it SorcBhRi aiohanosel S8t st Fiehaiee iRl ¢ he
upgr adi ng gfodeek@k., NamivBizhnpeReiunt). coker naphtha is pretreated with a
nitrogen renoval medi um such as Anberlyst 15 ion-exchange resin (provided
by Rohm & Haas, Co) or Anberlite lﬂ@@_llon-exchange resin (al so

provi ded by Rohm & S, .Ca. ). .ulh r conduct ed. ~Run | was
conducted in the sa:@ﬁls ARer ealsu-[’ﬁ{rgtgs &‘gé}éeé)g%e %@?S‘ﬁ%"%ﬁ%‘?m Eé%glﬁt t hat

manne €sCrT I ove

coker naphi kg chtalylsan EiNEERIVetsddn 60K Chtalytitdllyodrack ededabdlieYbodgy Hsgd fiuid | i eu
of the gasoline boiling range fluid froma catalytic cracking unit of a
refinety t Halightsadelinse@uemasetiniene and prapider) andREMMAEP KiUeh agsbehzeme,t hi s
exanpl e was ,t he sape .as. t.he r naphtha used in Exanple V above. The
propertiesﬁ%Fthgmggwg?qﬁaﬁﬁgﬁg? used in this exanple and Exanple V, are
shown in Table IV abpyeeadRUsF the ta¥aSuBOAGUE L @ampIR dfheRcis asmlydRRRREaRS Run |
except that the coker naphtha was passed througg a stainless steel tube
react or (| épsgriked ypBramplp [Dway plagrdsintq ¢ glapniess slest Bibe regstnit(langth: jahew)

contai ning;45 B (. 0] f. I.i.e: . ' ange resin
(provi ded l%é 1&%%%%%%%?et5§.a%%29'galnépg$ Arsgt“ge g&hg{%gﬂtﬂg%ﬂlﬁ%ﬁ%%r at a

t enper 3 ur eatafytiapatkingSEHZ ofndefiier@tvap ppdsed ilcopgletruttdraliauflo® peusTds per
square inch gauge) before such coker naphtha was passed through the

cat al yst - c8heui Ifi mbhousaat d fempagpiure of ahout eUhGuapdat AMOoSPREICPIESSITE manner as
Run Il exc I 24 on-exc i IOV} hm &
s,  Co.) Ciout 0oy i sBbrerinl, QRIEEET TAPAGn SRR U T it RO
Resul t s of rédesortthiseesnd gabed thisughosevéral aicdooled Caipal e liGuat porsignmari zed in

Table VI below. . 5 February 2003 -35
remained in these traps and was weighed, whereas the volume of the gaseous

20  portion which exited the traps was measured in a “wet test meter”. Liquid and
gaseous product samples (collected at hourly intervals) were analyzed by means of a
gas chromatograph. Results of the test runs for Catalysts A (Control), B (Control),
C (Invention), and D (Invention) are summarized in Table I. All test data were

obtained after § hours on stream.



The test data in Table VI

Il lustrates an on-stream 8-hour tinme period in

1- hour segments. Data was obtained starting with the seconfHebruary2083dat a
in Table VI is plotted in the FIGURE. In addition, the amount of nitrogen,

in parts per
on stream for

mllion
Runs |

(ppm,

and |11

5 remaining in the coker
I's sunmarizsed in Table VI

TABLE VIBTX Yield (WM-% Time' Run I bRun Il Run

napht ha after 8 hours
bel ow. 10 15 20 25

| 11d236. 132742 2337. 642. 441L. 5432. 240 /Lé.eﬁ_dl . 14T, 03Y9. 8 ) . -o125. 73
8.740.6824. 337. 839. 9 One- hour segnent g—ée an ei ght-hour on-streamtifne
period. Datdy was obtpi ned begi nrfing at hgigtﬂyvo-g o . i ng
of the cokef naphtha wi t4 i on- exchBige Ll 8 “ﬂ%‘% t ed
: : . e . 1
wi th Anber | ijjit €ataRsi2pD on- e CchangeYtebdi Farl Vi dedd E i ' d
Coker napht fla was prpt r EAPETRi t|h (weber |y 5%5 i (?R- exchah§2° r e$ cokd/predvi ded
by Rohm & Hias Co.). 5 Februdry 2003 |{%6"8 1@ ¥ABLE VI | Basi en
(ppm Ti nes IlAnRun T 893. 8Z2b.[ba EI ghy- hour mim | No
retreatingio e cpker ha wi i on-exchian regin
P I lconmien SRLS! RRKE A Wbl T 9n-gxchangg 0.53 0.3
5
B
(Control) |(EXT +IMP)" 50.0 7.6 57.6 0.15 0.7
¢ (EXT w/B, +
. 6 n
10 (Invention) STM)® 42.1 20.1 62.2 0.48 0.2
D |(EXT wB, +
; 4
(Invention) STM)' 34.0 21.6 55.6 0.64 0.2
15 * Ethylene and Propylene
® Coke was determined at the end of the reaction by removing the catalysts from
the reactor and measuring the coke with a thermal gravimetric analyzer (TGA),
manufactured by TA Instruments, New Castle, Delaware.
20
¢ Acid-leached Zeolite Impregnated with Zinc Nitrate and Boric Acid.
¢ Zeolite-Bentonite Extrudate Impregnated with Zinc Nitrate and Boric Acid
(Zeolite was Not Acid-Leached).
25
¢ Zeolite-Bentonite-Zinc Hexaborate Extrudate Dried and Steamed (Zeolite was
Not Acid-Leached).
I Zeolite-Bentonite-Zinc Tetraborate Extrudate Dried and Steamed (Zeolite was
30 Not Acid-Leached).
The test data presented in Table I clearly show that Invention
Catalysts C and D exhibited considerably less coking than Control Catalysts A and
B. Invention Catalyst D also exhibited an improved (i.e., greater) Olefin-to-BTX
35  ratio when compared to Control Catalysts A and B. Invention Catalyst C exhibited

an improved (i.e., greater) Olefin-to-BTX ratio when compared to Control Catalyst

B. The improvement in catalyst performance is believed to be due to the novel



Coker naphtha was pretreated with Anberlyst-15 ion-exchange resin
(provi ded by Rohm & Haas Co.). The data in Table VI, such 3dédgbauary 2003t t ed
in the FIGURE, clearly denpbnstrates that Invention Catalyst G can be used
in the upgradi ng of coker naphtha to produce a high octane |iquid product
containing a high concentration of 1 ~ @omatics (such as BTX, i.e.,
benzene, toluene, and xylene). The data in Table VI also denonstrates that
t he upgr adippgkedd oCRKRI MAPTHVBRId EatdI9tBy @yl dnd bt@hrhg UStddlitd-BMREHiieON
Catal yst G did not dECFI ne over time when such coker naphtha was pretreated
Wt h an i omirexixabgyeterextrhdat¢ Rozsolite-bgn@niteizincaistraborparexttudaet Hdeupgr adi ng

of coker naphtha that not nretreated (Run~20.1). The_.data denonstrates
Chat the adBPUTEpert i SBTAL PorBisfancs To ity BRO&PLshen e 1 WP IREREP BT
yield over adipsts Of arldy @Bé b @Bk tRAtYIRS rot ®3¢h Beid TRdardadrnei-fe@Ehddonger

peri ods of tinme when used in the upgradi ng of coker naphtha when such coker

napht ha3i s pr et r eat edhgidifferancd snpaiahaneebetasen thauivertiionreaiaysly snd Us

(provided by Rohm & Haas, .Co or. Amberlite-|R-.12 al rovi ded,by Rohm &
e, Co. ) Son@Onah e A% i) pEowRTeE. b Bet it b PiE R e | <
removed fr amahligs & QB aciddpithBa-28b1e8-HERite Ok hdlaphlaltexittidRicEbf gated with
an i on-exchange resin such as Anberlyst 15 (provided by Rohm & Haas, Co).

The data i ricifalgpehedizeoliterbpnioatie-gincHetrshoratgteatiudatyamlieu Yf impregnatingaare t hat
the pre-treatjng.of ch ker n it.h . a nitr r val di um such
as ion- excﬁﬁ’rﬁfglggc é:gizﬁg,ﬂ%a G‘?‘ ?‘ng‘“éé’?‘?%é gﬁ%\gf) {gaiagb&é#ougﬁg'%ag §?< I* RARPAY hel ps

i ncreage the (€ finyli ihYerdive z861abidatal st @bmbBMESH. OrOKAkBLMSdIsodhdtl dkpb&rth® Of
BTX yield and BTX yield over tine Run 111), as compared to the upgrading
of coker nalsyinBandsiamipgsa nen-agidelepcdgdegoliRrebentonitedsine haxaborater exitdate, of

additional nitro l.on- : ' Fehr. uar 003 -37 The
results showi Olnha%ﬁﬂaega egj\/}g()ltllat)g({ibﬁgf%g@ g'c é:a{eﬁgb(%gtﬁoenxgﬁufl g@éh‘? 1ﬁ§a{tt°%t he present
i nvention iimpyégnhtigglapbedciddesdietyzeolite-Hehnitbjerudata vdthatihainitrdtbenends and

advant ages nentioned as well as those inherent_therein. )
boric acid, would enhance the performance of the final inventive zeolite catalyst
15  compositions.

The results demonstrate that the invention catalysts, in which a non-
acid-leached-zeolite-bentonite-zinc hexaborate extrudate, or non-acid-leached-zeolite-
bentonite-zinc tetraborate extrudate, is dried and steamed, as opposed to
impregnating an acid-leached zeolite, or non-acid-leached-zeolite-bentonite

20  extrudate, with zinc nitrate and boric acid, gives a catalyst that is significantly
superior to the control catalysts.

EXAMPLE II1

This example illustrates that the Invention Catalysts described in

Example I can be used to modify the yields of aromatics (such as, BTX) and light

25  olefins (such as, ethylene and propylene) in the conversion of a catalytically-cracked
gasoline boiling range fluid. Each test run was conducted in the same manner as
described above for Example II. Results of the test runs for Catalysts B (Control),
C (Invention), and E (Invention) are summarized in Table 11. All test data were

obtained after 8 hours on stream.



Reasonabl e vari ati ons,

nodi fi cati ons,

and adaptations can be nade 5 within

t he scope of the disclosure and the appended cl ai ms wi t houf E¢bruanyi2083f r om

the scope of this invention.

5 February 2003 -38 CLAIMS 1. A process for

maki ng a catal yst conposition for use in converting hydrocarbons into a
conversion product that includes |ight-28efins and aromatics, wherein the

process consists essentiall
borat e conpdun

formed aggl

0 provi
nmerate, and (c) treating

of :

or steam ng |to—provids
whe

claim1i,
aggl onerat e

claim?2, whd

to: an at nos
t o about
square inch
range of frg
claiml1, whd
aggl onetat e

| 50

m abput 1

hour

to about 30 hg

rding to

10

15

20

25

r gCBnda) d |(ERAt+ MoPst gp §@D qonpr.éses stgani ng jshe ff orgred
to providg the catalysft conpdgsition.
€ |(EXTwB, +
(Invention) STMY? 6 42.1 20.1 62.2 0.48 0.2
E (EXT w/B, +
(Invention) CALY 6 47.7 13.7 61.4 0.29 0.4

? Ethylene and Propylene

b Coke was determined at the end of the reaction by removing the catalysts

from the reactor and measuring the coke with a thermal gravimetric

analyzer (TGA), manufactured by TA Instruments, New Castle, Delaware.

(Zeolite was Not Acid-Leached).

was Not Acid-Leached).

was Not Acid-Leached).

¢ Zeolite-Bentonite Extrudate Impregnated with Zinc Nitrate and Boric Acid

d Zeolite-Bentonite-Zinc Hexaborate Extrudate Dried and Steamed (Zeolite

¢ Zeolite-Bentonite-Zinc Hexaborate Extrudate Dried and Calcined (Zeolite

The test data presented in Table II clearly show that the novel

methods of preparing the invention catalysts can have an impact on the yield of

30

aromatics and light olefins. Invention Catalyst C, made by the novel process of

steaming a zeolite-bentonite-zinc hexaborate extrudate, exhibited higher yields of

light olefins and lower yields of aromatics than the calcined Invention Catalyst E.

Invention Catalyst E, made by the novel process of calcining, in lieu of steaming, a

zeolite-bentonite-zinc hexaborate extrudate, produced an unexpected and opposite

35

steamed Invention Catalyst C.

result of lower yields of light olefins and higher yields of aromatics than the

g a zeolite, a binder and a zinc

€ a mxture, Lrgating the mxture to prov de a
For med aggl onerate by cal cin| ng
-t+he—cat-al ySt—cotp sttofr—T2—A PT-0€€SS accor-th to
p (c) conpfgih{se U cfi ni ng th

¢ the caralyst BBXpgsi§j-pm |3.0fA pObdfeeBT to
l)m ni ﬁg canp¥iekles e?ﬁe? i ngB¥Ai |d f oKned laggt¥%nelf at e

; FREHR enpertateyrie 1.1 he c 100C

' he rang i
haut 750 g —amd faorl o tinpe NHeri og N t he



S. A process according to claim4, wherein said steam ng conprises exposing
said fornmed aggl onerate to: a steam atnosphere, having a cd&diochruant2003 of
st eam exceedi ng about 90 nolar percent, at a tenperature in the range of
from about 100C to about 1500C, at a pressure in,the range of from bel ow
at nospheric upwardly to about 3000 poungg-per square inch absolute (psia),
and for atine period in the range of fromabout 0.1 hour to about 30
hours. 6. A process ddeaedidat indicateaithatithe néteneratingsofllaw ecttnengreatrap ( b)

conprises subjecting.said mxture to ap, extruding ans 1o provide an
extruded ©8" #85?%?%\3’%36’63‘“9@951% %‘i%)”éﬂ" ‘7g< ar%(“ﬁ‘r‘%?é’égesmé‘é‘&%rtﬁ thg ¥iddAfai m 6,

wher ei n Sail@h%téﬁ‘rﬁgib?%sfﬁ%ﬂﬂ@edtﬁmac%fy%é"ﬁeﬁ%%ﬁésite%sﬁf!%?%iﬁ?fﬁ%hﬁ &he an
auger-type extruder or a conbination’of any two or nore of sal xtruders.

8. A procegseldof aranatisstand ohaimzing weeyieidrof daght oketing udinrbg abtens! bpnsi sts of
a screw, extrudel'rgl. 9. A?Zgrocte s according to claim1, wherein said treating
step (b} cdiSiRe L¥EngR ARl n(z said mixture to a granul ating means to

provide a granul at ed §iaghi#of; Inkentién RAOERS S e@(ﬁﬁﬂtregicegsiﬁé?aﬁﬁfqé@c%kin‘g“er ein
sai d granul ati ng nmeans consists of wet granulation, dry granulation or a

conbi nat i ontharh€prioél. CatdlystB phadcars snproved (fiengreasery |Qlefinsito; BT ento wheai d
granul ati ng neans, consi s f ranyl atign. 12.. A cess according to
ol aim 1, wierERrapriol Tafthe B i IR aemaicny RLES iRy G obipy
formed m xteyifys(eaid) a§ diatkdodove dn THIRIPISESINO¥RRH 08Bl d kAfbied ni xture

to: an atnosphére of air or inert gas, at a tenperature’in the range of
from abhOut cRsiderabkyblesst cokO@ChamiCamtnot €atalyseBamddinduan imprdvedqiing greatar) squar e

i nch absol yte n r.atime period of. f out 0.5 hour to about SO
nour's. 13, HEpPeRust s Rorhheeberd 4 Gork G AREELB he anount Cof sai ¢
zeolite in said aggl orps Rk@tsl genhdhsirB® thaNEe ifenfiérPBatAPQYTinAGhi¥e h Gloh- per cent
of said agglonerate (on a total agglonerate weight basis) to about 99.5

wei ght per cehi-leaghedzgedligchentonite-sinc hewaberategixtudatgds dried andecaleinghtorbasi s) .
14. A pr Ocedsrisedaa%%osrtgainp , Elso ol%lnoas!:én tol?mpl\"’é@gzgnenigrﬁ ,Eof}l?ac? - euagf[led(?;eoﬁg:%énttoenigen
15 extrudate with zinc nitrate and boric acid, gives a catalyst that is significantly
superior to the control catalyst.
EXAMPLE IV
This example illustrates that the Invention Catalysts described in
Example I can be used to increase the concentration of benzene in the BTX fraction
20  of the reaction product produced in the conversion of a catalytically-cracked
gasoline boiling range fluid. Each test run was conducted in the same manner as
described above for Example II. Results of the test runs for Invention Catalysts C
and E are summarized in Table III. All test data were obtained after 8 hours on

stream.



said agglonerate is in the range of from about 50 wei ght percent of said
aggl onerate (on a total aggl onmerate wei ght basis) to about5 9eébrarg2003
percent of said m xture (on a total agglonmerate weight basis). 15. A
process according to claim1l, wherein the amount of said binder in said
agglonerate is in the range of fromabat-5 weight percent of said

aggl onerate (on a total agglonerate wei ght basis) to about 40 wei ght

percent of S[ETT aggr onerate (on a total nago),pnerate wel gnt pasis). .
February 2008 -40 16. A process accortgriagto-claim15, wherein the angunt
of said binder in said | oner at|e gélzm thersapge Pf xtyion atout ght

percent of s | or %alyfon g agp! rate besrs out
35 wei ght pe cen # arPdemggioorrE ?el% ﬁ]n A &Eéf Wg{}*ate v\gt (g

basis). 17. process [accordi ng tlo al’m 1 ‘é)i ﬁ t B¥ Q4 d zinc
borate conpound 1 saijd aggl orrerate Is 1n fhe range]of tromdbout 0.5

wei ght perce 0 sa d(BYtlwigrat|e t pt al, ,aggl prerat e weli gh asi E) to
about 3 K‘PV%‘E‘PE N8T™M)* sai d dggl gﬁgrat (6%81 t pt all%a gl anme g%i wej ght

basi s) . 18. A process |according tlo claim 17 wherei h the anount of saipg
zinc borate conpgund iin said aggl orrerate i in the fange of fjrom about] 1

wei ght perceh&ltnv tron (E&@I\o’r&ﬁat o gg} ¢@ tptabsaggl pmerate %I ghazgam ) to
C

about 25 wei perc NCAIf)® sai d 4 neratg (On~a tptal "aggl ght
basis). 19. A process |Jaccording tlo claim 1l whereinjsaid zin borate

conpound  hasl st A% {08 b heXZROH HARR DB A Sibdefda ARG N X 5| 1 to
6, y = to % md%ea% g&e(?bfggtﬁ;?)\ng ?roml 3Q§d14 0. A process
according to ‘3 erel "said zinc borate conpound is zinc borat

zi nc hexaborg di.borate_di hydrate, zi tribqrate nohydr at e, zinc
tetraborate Oé‘F'FyﬁF“a‘?‘e‘te infi ‘E"aﬁéﬁ t&i‘é‘% p‘FQH‘?g @’b%‘?ggi( elfecabor bt e
(tetrazinc dod\éégalﬂﬁtrét“é er‘@ﬁlﬂeéﬂydrat e), or a conbination of any two or hore
of said zinc|borate conmpounds. 21. A process according to claim20, wherein
sai d zildc bofXdercoyiplduncludes Eihptbehzenalydiett & readily sopvrestedss xybarer di ng o
claim1l1, wherei T T T ; ;
ZSM 38, or a conbi nat f f i g A process
according to claim 22 T&n\/\ﬁgr%%%rsetgg@edz)@omlg I cl%}\}fijﬁ%ﬁ{ﬂ &%?)er B‘E‘Zéés

accordi ng tmethods of prepaviregy e rineaitidn kanabsrs daa lavarnnapast i dritreasing the
alum na-sil| Cﬁ al um num phosphat e, clay, calcium alumnate, bentonite,
kaol i n, col highessvalye ICP@BOH%O‘?%'& P %%O“@Y“E Sydrocarbogs ia3aPildn of any

two or Jpre; Of Bérﬁkr% BAIRIR! Snd %?hen@ a;ﬁ()@ﬁ“eﬁsin%ﬁ&i?@ﬁ}ﬁ?%oﬁ 8f 9' % -Wher ein

t he binder 'S’ bentonite of co I ca. e ruary - 26. A
process accauadkadgatainel lmxlﬁnglranghe‘mei nIrtvlamcm Ehtatyst Es nmleebyt medmslre]ni xture or
a granul ated m xt 27 A ess accor to cl ai 31 er ej L[jg(e

m xt ure hasPI9&ESS & ggplgl%a geolug gygﬂt@arte zmc orate extrudate, produce a B

fraction of the reaction product having a higher concentration of benzene compared
to Invention Catalyst C, made by the novel process of steaming, in lieu of calcining,
25  a zeolite-bentonite-zinc hexaborate extrudate. The test data in Table III indicates
that the concentration of benzene in the BTX fraction of the reaction product can be
maximized by using Invention Catalyst E.
In addition, the test data in Table III indicates that the increase in
BTX yield using Invention Catalyst E (calcined extrudate) (BTX yield = 47.7 wt-%)
30 as compared to Invention Catalyst C (steamed extrudate) (BTX yield = 42.1 wt-%),
is a result of an increase in the concentration of benzene in the BTX fraction of the
reaction product. It is also significant that Invention Catalyst E increased the
concentration of benzene in the BTX fraction of the reaction product without

affecting the concentration of the other aromatic products (such as toluene and



28. A process according to claim 27, wherein the mxture is a dried,
extruded m xture, or a dried, granulated mxture. 29. A pr§&Febpudr9r2008e
conversi on of hydrocarbons which conprises contacting under conversion
conditions a reaction m xture conS|st|nq essentially of ( 1) a

hydr ocarbon-containing fluid with (2) -@lcatal yst conposition nade by
process accordi ne of the precedi clainms, so as to produce a
conver si on’ %¢W§E%E“Fﬂgf%i ‘GﬂéétWQ5§F“@TB?£ﬁ§ and aromatics. 30. A process
according to claim29, wherein sai g yfifpggagbon-containing fluid is a

gasoline froma catalytic oil cracking process, a pyrolysis gasoline froma
t hermal hydr ocar bon- th’zsmiammglepirllostwss that haphtidnaCa&almﬂT ddstribed inef ormate, a

straight-r n lin rrblnat .on y t re of sai

hydr ocar bo%r ﬁ@gl ‘?‘ﬁ“ﬁ’ﬁ ¥ |"i5| € upgra “%Pgé?%]%‘g %BQ@MMBDW“&C@& E‘F%O wher ei n
sai d hygr Oﬁ%@%b&g%rﬁhxﬂldﬁgﬂﬁlh 4h Ghd ?as%lxﬂé‘%@hm@eraﬁéé)l ig sin@fa%%ep process

hydr ocar bon=contai ning f suitab use as at |east a ngs%l I'ne bl end
st ock genetatddycththei ln-g:lsaob@lrlpmfgrabbzng:mayfe tiedow B0 dlefiatvoand AdleGnic32. A

process accordi rei i.d h droc rbon- contalnlng fluid is
a thermal W&%@&@ﬁh%&m&ég%a‘&fgﬂt%&mﬁ %f §1 naphtha,tocreduecdr di ng
Lo cl ai m Srodieedtidinin@infuiiVALO pATMRRGON aicﬁla@%xlnaﬁ& (sBereRIBTxngRnt ha.

34. A process according to claim?29, wherein a hydrocar sai d

hydr ocar borerzent,dbiweng anil uqytbncbancbhgk;t wlnﬁmm@sucmagetmenéranmpahmﬁneﬁ car bon
at ons ﬁ Iecgl e tghabout 6d§%ebon ‘ﬁ{ ﬁ nol ecul e. 35, A process
accor ditfig t'8¢ EPESThapBtha sAaplsi B XY @1“? SorBRIFial sekep 18k ng' sai d .
hydr ocar bon- cont ai ni BgcK tedi fint WACLHAUBCE IR VIR SR nkARG Me&m&d' \Aﬁ%)nt ai ned

said catal yst conposition. 36. A process according to claim?2 erein

sai d conveifei branpadi eicoptsthaoenket saphtha frofed commyergidDGoked Bni o1f anperature in
the range of. from abo abo re in the range of from
bel ow at no§?)ff{}§pf gafnu%elséslaﬁéeu (Hf/&g? &P V‘SSDé)@brlﬁ raggﬁ?lznbcgﬁragl p&alytitare i nch
absol ute (RfdcRhg Bt fe@mgc hi@a€ HHd0R EahlOfl1. Shldberties of the coker

hydr ocar bon-contai ning fluid such that the contacting wei ght hourly space
vel oci 0§ i @aphrtha h%’—drlaﬁblé eypmplecare ehewe dn ngbkf} IYobelow. uRewalt o theotestbmut 1000
hour'. 37. (A ess Qr to clai further co passi ng
sai d hydr od% oﬁn &Oéln?%flxlstngafﬁg an?‘Wegch %’le etgg CE‘? ‘Q’Srr‘? 8‘? inis
cont ai ned aftei § hogeon gr¥amal nmedi um before said hydr ocar bon- cont ai ni ng
fluid is subjected to said contacting, under said conversion conditions,
with said catal yst conposition. 38. A process according to claim 37,
wherein said pretreating conditions conprise: a tenperature in the range of
from about OC to about 5SOC, a pressure in the range of from bel ow

at nospheric pressure upwardly to about 500 pounds per square inch absol ute
(psia), and a pretreating charge rate of said hydrocarbon-containing fluid
such



that the pretreating weight hourly space velocity is in the range of from
exceeding O hour -1 upwardly to about 1000 hour-1 39. A prdckEdguanc2iidi ng
to claim29, wherein the anount of said zeolite in said catalyst

conposition is in the range of from about 40 wei ght percent of said
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5 February 2003 -44 49. A conposition according to claim46, wherein said

zeolite is
any two or

ZSM5, ZSM8 ZSM 11, ZSM 12, ZSM 35, ZSM 38,
nore of said zeolites.

or a conbi nat

i on of

50. A conposition according to claim 49,

wherein said zeolite is ZSM5. 51. A conposition according to claim46,
wherein the amount of said binder in said conposition is in the range of

fromabout 5 wei ght percent of said conposition {on a total

conposi ti

on

wei ght basis) to about 50 wei ght percent of said conposition (on a total

conposition

wei ght basi s) .



52. A conposition according to claim51, wherein the anount of said binder
in said conposition is in the range of from about 8 wei ght Siebeamty 2003sai d
conposition (on a total conposition weight basis) to about 40 weight
percent of said conposition (on a total conposition weight basis). 53. A
conposi tion according to claim 46, wher3@in said binder is alumina, silica,
alum na-silica, alum num phosphate, a cla calcium al um nate, bentonite,
kaolin, cdlloida Ica, sodiumsitigpiey titania, or a conbinati bn of any
two or norje_of said binders. 54 A conposition according to clajimp3,
wherein sgi d bi ndeﬂ)pg&'abﬂ{gtgﬂkdrﬂ\lﬁ]ﬁhtﬁwmﬁhgdhv@itioh@ataf}ﬁt FA conposj tion
accordi ng ta—claim-de _—whoroln —tho—appunt_of —gsaldzine-borata _gonpbund in
said conpdsition is in the range of from about 0.5Coevgbkibnfesdent of said

conpositign (on a total conposition weight basi $DbiathedbRfitr @Qg,xg@pn It

percent of| said conposition (on|a (Okar Naphpsi 1 i quk\é@m Bhthb 56. A
conpositign according to claim5%5, wherein the { rmHR/ren %%}_Fnc borat e

conmpound iln _said conposition islin the range ofifrom tbou?gef per cent
of said ¢ rmgﬁ;,tgme,(toa,t_%tot al conposition weight basis) to about 25

wei ght per - i hasi s) .
57. A &0 c(§2i=ti on according to ¢laim460 wherein said zi id borate ¢onpound
has the foratta—>xZn0—yB203—or—4Zno—yB20S—tH2Pwhererm—x—+s—3++t616, y is
1to5, and3Tis an integer ranging frof 0 to 14. 58. A &dénposition
accordi ng yC1 arm ST, " wherein gai d zing, boratefconpound, 1§~ Zimc O rate,

zZi nc hexa ate zi nc _di borate 8| hydrate, zinc triborate rQDnohydraﬂe, zi nc

t et r abor atjg3dpett2byaleat Gut-odi zi ng hexabqsate hep{ahydrateg;zinc  5|February
2003 -45 decabaorate (i etrazinc dodecaborate hep ahydrate) or a corbi nation

of two or rTltUl@chfC@:ﬁem mt-t% bor 4t e conphnds. ~_9. A conmsi tion acgording

B aal L
to claim ref-e-A—Sa-d—zi-he—Horate—eoRpotnt—is—z-re—hexaberate— 60. A

conposi@ i oﬂﬂ@@%ﬂdhﬁgt tWi-%l ai m 46, wher%Vn sai d|conpositiZ2eh is a mjxture

conpri sing |te, ger,anda zinc borate conpound. 61 A
conposi ti olrﬁtgéﬁ Yeriglsy B'?cﬂal m 60, wherein said mixture is a formed

m xt ure, a{ £ty uded m xture, orl granul gted m xgure. 62.,5A conposi t}i on
according to é: aim 60, wherein daid nixture hasl|been ejther calcined or
steamed. 6R;3 A conposition accorlding toqclaim62, whereirp.said mixture is a
dried, ext Ld_ed mvfllm H—a rlrlnrl nran|||ginrl nr‘ivfllrn 64 A r-nn‘rosition

ooy rrol ot oo T /AC Ol o T LARRENAC A= AR &

accordi ng @4 (;llnaiuriesaﬁaraﬁﬁnsr@dn sai d zeod2te has|not been2teated with an
acid. B5 A isapapaffink) on accordl ng. to claim46, V\ﬂerei n the anount of| zinc in

said zinc or-ate uunpuu‘nu Hr—satte L,uupucl t+or—+s—r—the -aige of—F+om about

0. 3 wei ght | G (ioeldenpargfiing, conpdsi tion $dn a total conpodition weight
basis) to aMafﬁ@S,vmdgmphﬁEn@Sént of said conpogition (on a total

conposi ti o wergtt—basTs)—anmd—tThe ToNcentTat T om of — bor o T sard—zi nc

borate conpound in sgi tS&rH%PasérEée%%(dﬁTszlé @eflaaggaoaf tham{é‘r?u%ﬁt 0.1

wei ght percent of said conposition (on a tota ositiron welght basis) to
about 20 waiethiddspdrpeepuratidn mﬂubemnmﬂmetaamw(mwhmhtcah de wednpotiet i on wei ght

basis). 66. A process for paring a ca | yst co ition substantially as
her ei n desEngl?gH‘g @7cokar Bﬂ@% hasto prgducs 2 p ﬁfgcoataeﬁﬁaﬁw aQBffrposi tion
substant i abk%‘o&énﬁ%l?bﬁbh%%&h?@& (‘éﬁéﬂ"asr B‘T?(r ‘?@C%eﬁién@%h%e %H%!y!éx%? C Db
E, F and , catalysts C and Exanp Catal'ysts C and E

of Exanpl eand IhghanhtﬁhS/,(SlEkaﬂptltylenemndﬁxamibm)VITheG&t dAtacaaimabl)cM thmbrposi ti on
when produ ed h ocess ac to any one.of. clains 1:28 and 66 or 67
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hydr ocas boggoiub ek ipRldedt Migh VR feudeRdhicRA§YBTX and light olefins) before

upgrade, to about 56 weight percent high value petrochemicals (BTX and light

olefins) after upgrade.
The performance of the invention catalyst is certainly unexpected.
One would not expect that steaming a zeolite-silica-zinc borate granulate would

30 produce a final inventive zeolite catalyst composition that produces such a high
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pressure (about 0 pounds per square inch gauge) before such coker naphtha was

passed through the catalyst-containing reactor. Run III was conducted in the same
30 manner as Run II except that Amberlyst 15 ion-exchange resin (provided by Rohm

& Haas, Co.) was used in lieu of the Amberlite-IR-120 ion-exchange resin. Results

of the three test runs for Invention Catalyst G are summarized in Table VI below.
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F-"A2MP1 10S#109%&R' () 1A a&dﬁh@ﬁ/g&hé Jamdunt of nitrogen, in parts per million (ppm),

5  remaining in the coker naphtha after 8 hours on stream for Runs I and III is

summarized in Table VII below.

TABLE VI

BTX Yield (Wt-%)

Time® Run I’ Run II¢ Run I11°
10 2 36.1 32.7 42.2
3 37.6 42.4 41.5
4 322 40.7 42.2
5 31.1 41.6 39.8
6 274 39.6 40.8
15 7 25.7 38.7 40.6
8 24.2 37.8 399

* One-hour segments over an eight-hour on-stream time period. Data was
obtained beginning at the two-hour mark.

20 ® No pretreating of the coker naphtha with ion-exchange resin.

¢ Coker naphtha was pretreated with Amberlite-IR-120 ion-exchange resin
(provided by Rohm & Haas Co.).

25 4 Coker naphtha was pretreated with Amberlyst-15 ion-exchange resin
(provided by Rohm & Haas Co.).
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5 * Eight-hour on-stream time period.

® No pretreating of the coker naphtha with ion-exchange resin.

¢ Coker naphtha was pretreated with Amberlyst-15 ion-exchange resin
10 (provided by Rohm & Haas Co.).

The data in Table VI, such data is plotted in the FIGURE, clearly
demonstrates that Invention Catalyst G can be used in the upgrading of coker
naphtha to produce a high octane liquid product containing a high concentration of

15 aromatics (such as BTX, i.e., benzene, toluene, and xylene).

The data in Table VI also demonstrates that the upgrading of coker
naphtha (in terms of BTX yield) using Invention Catalyst G did not decline over
time when such coker naphtha was pretreated with an 1on-exchange resin (Runs 11
and III) as compared to the upgrading of coker naphtha that was not pretreated (Run

20 1). The data demonstrates that the activity (in terms of BTX yield) and stability (in
terms of BTX yield over time) of Invention Catalyst G can be maintained for longer
periods of time when used in the upgrading of coker naphtha when such coker
naphtha is pretreated with an ion-exchange resin such as Amberlyst 15 (provided by
Rohm & Haas, Co.) or Amberlite-IR-120 (also provided by Rohm & Haas, Co.).

25 The data in Table VII demonstrates that more nitrogen is removed
from the coker naphtha when such coker naphtha is pretreated with an ion-exchange
resin such as Amberlyst 15 (provided by Rohm & Haas, Co.). The data in Table
VII combined with the data in Table VI demonstrate that the pre-treating of such
coker naphtha with a nitrogen removal medium, such as ion-exchange resin, during

30 the upgrading of such coker naphtha helps increase the activity and stability of
Invention Catalyst G (in terms of BTX yield and BTX yield over time) (Run III), as
compared to the upgrading of coker naphtha that was not pretreated (Run I), due to

the removal of additional nitrogen by the ion-exchange resin.
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advantages mentioned as well as those inherent therein.

Reasonable variations. modifications, and adaptations can be made
5  within the scope of the disclosure and the appended claims without departing from

the scope of this invention.
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the catalyst composition.
2. A process according to claim 1, wherein said treating step (c)
comprises calcining the formed agglomerate to provide the catalyst composition.
3. A process according to claim 2, wherein said calcining comprises
exposing said formed agglomerate to:

an atmosphere of air,

at a temperature in the range of from about 100°C to about 1500°C,

at a pressure in the range of from about 7 pounds per square inch
absolute (psia) to about 750 psia, and

for a time period in the range of from about 1 hour to about 30
hours.
4. A process according to claim 1, wherein said treating step (c) comprises
steaming the formed agglomerate to provide the catalyst composition.
3. A process according to claim 4, wherein said steaming comprises
exposing said formed agglomerate to:

a steam atmosphere, having a concentration of steam exceeding about
90 molar percent,

at a temperature in the range of from about 100°C to about 1500°C,

at a pressure in the range of from below atmospheric upwardly to
about 3000 pounds per square inch absolute (psia), and

for a time period in the range of from about 0.1 hour to about 30
hours.
6. A process according to claim 1, wherein said treating step (b)

comprises subjecting said mixture to an extruding means to provide an extruded
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two or more of said extruders
8. A process according to claim 7, wherein said extruding means
consists of a screw extruder.
9. A process according to claim 1, wherein said treating step (b)
comprises subjecting said mixture to a granulating means to provide a granulated
mixture.
10. A process according to claim 9, wherein said granulating means
consists of wet granulation, dry granulation or a combination thereof.
1. A process according to claim 10, wherein said granulating means
consists of wet granulation.
12. A process according to claim 1, wherein said treating step (b)
further comprises drying said formed mixture, wherein said drying comprises
exposing said formed mixture to:
an atmosphere of air or inert gas,
at a temperature in the range of from about 20°C to about 200°C,
at a pressure of about 14.7 pounds per square inch absolute, and
for a time period of from about 0.5 hour to about 50 hours.
13. A process according to claim 1, wherein the amount of said zeolite
in said agglomerate is in the range of from about 40 weight percent of said agglomerate
(on a total agglomerate weight basis) to about 99.5 weight percent of said agglomerate
(on a total agglomerate weight basis).
14. A process according to claim 13, wherein the amount of zeolite in
said agglomerate is in the range of from about 50 weight percent of said agglomerate
(on a total agglomerate weight basis) to about 90 weight percent of said mixture (on a
total agglomerate weight basis).
15. A process according to claim 1, wherein the amount of said binder
in said agglomerate is in the range of from about 5 weight percent of said agglomerate
(on a total agglomerate weight basis) to about 40 weight percent of said agglomerate

(on a total agglomerate weight basis).



"109& ()-! "10%b& ()- @ 10%&' ()-"10% ()- 10 10Pvx[}[9HL

101 Ny) " 109%&' ()-! Xy" 10%&' ()-! Sy" 10%&' ()-"109%& ()-!1"10%& (3 Febmamy2803)_|[10
as4 101 "10%&' ()- 10 10 10!8S

109&' () - Of #109%@& ()-1!10f #109%& ()-1y)" 10%& ()- Q?}[<aS4 10f"109%& ()-!;
f"109%& ()-yLZ"10%& ()-! @LZ"10%&' ()-!"10%p& ()- @L0%& () - c>0zX6aS4

10! a&3" 109& ()-! X&3"109%& ()-'a' "10% r&0() - !X "109& ()- y "109%& ()-m Xy
"109%&' ()-n0123CI xY: 10!11 10%& ()-1 10%& ()- Y! 10%& ()-,-10%& ()-"10%& ()-
10 10 109@xaBxY: KOPrecess@cqording toggeim)Ls, whenaynghe gmount fosgid hinder

M 109 () <2a ShBidndric 6 NPME rahBe of MM bt 10 \IeiEh orfent HP Wa gl @ AQ7& () -
(on a total agglomerate weight basis) to about 35 weight percent of said agglomerate
(on a total agglomerate weight basis).

17. A process according to claim 1, wherein the amount of said zinc

borate compound in said agglomerate is in the range of from about 0.5 weight percent
of said agglomerate (on a total agglomerate weight basis) to about 30 weight percent of
said agglomerate (on a total agglomerate weight basis).

18. A process according to claim 17, wherein the amount of said zinc
borate compound in said agglomerate is in the range of from about 1 weight percent of
said agglomerate (on a total agglomerate weight basis) to about 25 weight percent of
said agglomerate (on a total agglomerate weight basis).

19. A process according to claim 1, wherein said zinc borate compound has
the formula xZnO ¢ yB,0, or xZnO * yB,0, * nH,0, wherein x =1to 6,y =11to 5,
and n = an integer ranging from 1 to 14.

20. A process according to claim 19, wherein said zinc borate compound is
zinc borate, zinc hexaborate. zinc diborate dihydrate, zinc triborate monohydrate, zinc
tetraborate pentahydrate, dizinc hexaborate heptahydrate, zinc decaborate (tetrazinc
dodecaborate heptahydrate), or a combination of any two or more of said zinc borate

compounds.

21. A process according to claim 20, wherein said zinc borate compound is

zinc hexaborate.

22. A process according to claim 1, wherein said zeolite is ZSM-5, ZSM-8,
ZSM-11, ZSM-12, ZSM-35, ZSM-38, or a combination of any two or more of said
zeolites.

23. A process according to claim 22, wherein said zeolite is ZSM-5.

24, A process according to claim 1, wherein said binder is alumina, silica,

alumina-silica, aluminum phosphate, a clay, calcium aluminate, bentonite, kaolin,
colloidal silica, sodium silicate, titania or a combination of any two or more of said
binders.

25. A process according to claim 24, wherein the binder is bentonite or

colloidal silica.
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mixture or a granulated nmixture.

27. A process according to claim 1, wherein the mixture has been calcined
or steamed.
28. A process according to claim 27, wherein the mixture is a dried,

extruded mixture, or a dried, granulated mixture.

29. A process for the conversion of hydrocarbons which comprises
contacting under conversion conditions a reaction mixture consisting essentially of (1) a
hydrocarbon-containing fluid with (2) a catalyst composition made by process
according to any one of the preceding claims, so as to produce a conversion product
that includes light olefins and aromatics.

30. A process according to claim 29, wherein said hydrocarbon-containing
fluid is a gasoline from a catalytic oil cracking process, a pyrolysis

gasoline from a thermal hydrocarbon-cracking process, a naphtha, a gas oil, a
reformate, a straight-run gasoline or a combination of any two or more of said
hydrocarbon-containing fluids.

31. A process according to claim 30, wherein said hydrocarbon-containing
fluid is a gasoline-boiling range hydrocarbon-containing fluid suitable for

use as at least a gasoline blend stock generally having a boiling range of about 30°C
to about 210°C.

32. A process according to claim 30, wherein said hydrocarbon-containing
fluid is a thermally-cracked hydrocarbon-containing fluid.

33. A process according to claim 32, wherein said hydrocarbon-containing
fluid is coker naphtha.

34. A process according to claim 29, wherein a hydrocarbon of said
hydrocarbon-containing fluid contains in the range of from about 5 carbon atoms
per molecule to about 16 carbon atoms per molecule.

35. A process according to claim 29, wherein said contacting comprises
passing said hydrocarbon-containing fluid through a conversion zone wherein is
contained said catalyst composition.

36. A process according to claim 29, wherein said conversion conditions

comprise:
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37. A process according to claim 29, which further comprises passing said
hydrocarbon-containing fluid through a pretreatment zone wherein is contained a
nitrogen removal medium before said hydrocarbon-containing fluid is subjected to said
contacting, under said conversion conditions, with said catalyst composition.
38. A process according to claim 37, wherein said pretreating conditions
comprise:

a temperature in the range of from about 0°C to about 550°C,

a pressure in the range of from below atmospheric pressure upwardly
to about 500 pounds per square inch absolute (psia), and

a pretreating charge rate of said hydrocarbon-containing fluid such
that the pretreating weight hourly space velocity is in the range of from exceeding O
hour! upwardly to about 1000 hour™.
39. A process according to claim 29, wherein the amount of said
zeolite in said catalyst composition is in the range of from about 40 weight percent of
said catalyst composition (on a total catalyst composition weight basis) to about 95
weight percent of said catalyst composition (on a total catalyst composition weight
basis).
40. A process according to claim 39, wherein the amount of said
zeolite in said catalyst composition is in the range of from about 50 weight percent of
said catalyst composition (on a total catalyst composition weight basis) to about 90
weight percent of said catalyst composition (on a total catalyst composition weight
basis).
41. A process according to claim 29, wherein the amount of said
binder in said catalyst composition is in the range of from about 5 weight percent of
said catalyst composition (on a total catalyst composition weight basis) to about 50

weight percent of said catalyst composition (on a total catalyst composition welght ba31s)
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to 6, yis 1 to 5, and n is an integer ranging from 0 to 14.
58. A composition according to claim 51, wherein said zinc borate
compound is zinc borate, zinc hexaborate, zinc diborate dihydrate, zinc triborate

monohydrate, zinc tetraborate pentahydrate, dizinc hexaborate heptahydrate, zinc
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@\ 70. A pr(ggess for the ([;on]versmn of hydgxl'ocarbons suggantlally asyherel%

described with reference to any of the examples.

71. A composition for use in converting hydrocarbons substantially as herein
described.
72. A composition for use in converting hydrocarbons substantially as herein

described with reference to any of Catalysts C, D, E, F and G of Example I,
catalysts C and D of Example II, Catalysts C and E of Examples III and 1V,
Example V or Example VI.



