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PCT/ US98/ 0 | MPROVED CATALYST COWP FUL
PoR T O WBSse o eed v OF NON AROVATI G HYDROCARBC%&BS%H&E |
TO AROVATI CS AND LI GHT CLEFI NS ' ' The invention relates to
an inproved process for converting non- 5 aromatic hydrocarbons in the
presence of an inproved zeolite material to aromatic and | ower ol efin

hydrocarbons pref er gifprOVED GATRVYERtCONPOSYFRON USBHUIORORUT | NG the
conversion-of such hydrocarbons in the presence of such | nproved zeolite

mat eri al . ONVERSION OF NORhARPMATEG HMBROCARBONS ack
non-aromati ¢ gasol i ne boit4 0] SGi N oparticul ar
paraffin and olefins) to O BRO Cé A By ]@gne and
proopyl ene) and ar onatThe iayehtivaatlbrsso s ififroged poesefor cinvtitidgconand '
xyl enes) in ghqe; &rﬂesence of catal ysts which contain a zeolite (such as
ZSM 5), Pas 3remaus Bydrpeagbons in thepresenge of an improved geoligmatedpl t9 arpRatidust ri al

& Engi neeri ) ( I s 25,
L0560, pages oy SEoehyHoRaBas preferalhl Ml RV HoRPYe e Mool TR 0l ng

process corthaicasvession bf suchdydudcatbpnly incthe ipresenceunftsucts improveduzeotiteser t ed C5+
al kanes, | ower .gll kanes (nethane, ethane, propane), |ower alkenes _
(et hyl ene a'ﬁﬁteﬂ opylene), Cerr]-C[err] aronmatic hydrocarbons (benzene,

t ol uene, xyl enes, It isokibvai foydabetit@e Lrack Ren‘at ddidtil asdlMeoiling range
hydr ocar bons. Dependi ng upon the rel ative r prices of the
S

ket
i ndi vi difal k& bows gingpaiqular naraffin and, glefias); tpalevqgr ngﬁmw\a@a%%etmsnezo

yield of c ' Laf i 0,1 rs.
te concer ricksirfpfitnd 6 Eifarttyiefbolt RULFLEEGLR Wifereadd SBADST S
hydr ocar bonig the peasenva tof catalydtsowlzichh condain mdzeb bieg(suahl asf23M-5) sast inalesxibed si ve

production .of co U e £ he conversion.r tion. e formed during the
zeolite B a@a?ﬁ'l?ke/ g(}\lgﬂg o(‘?ﬁg? iegglt'lflglﬂé lﬂﬁ%@%ﬂ&@ﬁ%ﬂﬁ@' ?goc(?%?use

cat al yst depesigryaid Dveldpmdrs, 951ume¢6§ﬂ9$69|p§%és0151%9%e%£&i%§§ﬁ§dﬂc_ﬁr t he
aromati zati on of hydrocarbons and the ormation of ‘| ower ol efins from

hydr ocalborf¥ thip Gaiahts Faokdng Precestsarfaing reeliitude of hyfgesrbensiichdg such
processes. ' 0 S

oot ui i pr ooy s SRS dofer My okl o, JBL Lot Pry
conver si on (ethylengrapd propylergl C;-C, aromatic hydrocarbansi(benaeneg bjluerte, sylengsi s

' ' | Al 3 h b ,
or opyl eno 4 BRI S itaBRE Ridpantons PEREEhgRRGH B Slalls °°

aromat i cs. market prices of the individual reaction products, it can be desirable to increase the .

20  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 lower olefins is the excessive
| production of coke during the conversion reaction. Coke formed during the zeolite =

catalyzed aromatization of hydrocarbons tends to cause catalyst deactivation. "It is.

25  desirable to improve processes fdr the aromatization of hydrocarbons and the -
formation of lower olefins from hydrbcafbons by minimizing the amount of coke
formed during sich processes. It is also"desirable .to have a zeolite catalyst that is
useful in producing significant quantities of the aromatic and olefin conversion
products. | _ R .

30 - It is an object of this invention to at least partially convert
hydrocarbons to ethylene, propylene and-—BfI:X___(bcnzene, toluene, xylene and

ethylbenzene) aromatics.
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A yet furtWO9IEect of this invention is to provide an i npftGX/Eps/07400

zeolite material which when used in the conversion of hydrocarbons results

in |ess coke formation than alternative zeolite naterials.

A still further object of this inventioh-is to provide an inproved 5
zeolite material that. gives an inprqved.yield of |ower ol efins and . BTX
aromatics  when ubivet futes ﬂbJF‘}‘ié’?élBﬁ EaRIHISJP Pﬁ%‘ﬁ%%}%ﬂ*é?da

Anot her _0bj ffichadellkiSwhig Stch 3ed 1 the cdtivRII ot hdE RGAORD FesRNitEtes ON
processes | ch ave an acceptably. | ow coke. production rate and/or which
produces  cokedformmatioarthbamaitemmative ceolite matgrialsng sui t abl e quantiti es of

ol efins and BTX aronmaji cs. . . . . -Apo furs bj ect of |
this invention is to rsﬁﬁifﬂ%geé or%et%%%lthﬁolrnvemon l%#@g{dgr?ﬂi%%?%’\?gd zeolite
mat eri als haydolige muehalltal giodd & Ripeprdtyicd ofdowsravléfitisrapd BTX afamaticower coke
production and favorabl.e production of olefins and BTX aromatics ~ when
used in thewb@mv@hzyridntbﬁcwaﬁswaé}fﬁ’dﬁ@mbmsg ne of the

I nventive processes p{xﬂé’ﬂlﬁreﬂp'éc‘?%f HIEIn R 1S O Bri¥i deBarochFbon&ofvakibe

hydr ocarbons to aromatic hy r'ocar bons and | ower ol efi'ns by contacting

under convepmicessecwhiththaonan acdeptablydawizoke producticint tatesand/orpyhignBrodBcesci d
treated zeolite c rising an.acid treate i Bl:i"’}’t’!. NShaRE O por at ed
therein zi nf CAMEFrHLT pro%gg‘l cé’&taf'g%ﬁu@ﬁ%eqrm m.eﬁloqfo?egl?'nstahg group calggg'i sting of
G oup 4F Goup 6B, GCagsiieSfuther objecBoftils fiedtivh 15t6 provide D nethod foer i odi c
tabl e of elenents. 20 oo .. Another 'quOdi nent of. the,.invention
is a novel wmukingsinimproedgolity material having suhAdssisatl PEAPCHIRS 25 PEVIIRE . The
novel conpogibi SR P ElvBrableSb&tion of olef9lahd BTN Roa@A ed Wi th -
zinc and at ?(%relggrt@r gne %ﬁ%ﬁoﬁg{lﬁ slgl gg‘?ed ngr% tohe graoup consi sting
of G oup 4Bwhéenasgl fiBhe Comversi@rof I@dmegrbons.and G oup 5A of the
periodic table of elepents., The novel conpositj .
i ncorporating 25  zi Eeé’ig’éa‘fw?%’é(gtpmc?ﬁseseo %é’gdergrg ra% Xfc ?"’éﬁg?‘ﬂ‘?g}f{%“up

consi st 159 afontatieHydfdRarbioh®ttParbRatic hydrocatbons and Aowdsradlefinsdy @mthc@ngup 5A of
the periodic table of elements into ~treated zeglti t dto

2N an acjd, .
t her eby pr Q\l}pépg CQRVIIHRR @@p@ﬁlw aalé)fdaoqaprlpgttjggp glgg!aptlgx_pregnated.am reate
Qther objectg MaRE 38 8Sid Weatel SebItY BRVihE Tobkidratl BRPEN 2RBaKENRL

fromthe det a?lﬁggm uscr%pt I on and the appended cl ai ns.

" least one other metal from the group consisting of Group 4B, Group 6B, Group 3A,

Group 4A and Group 5A of the periodic table of elements.

20 Another erﬁbodiment of the invention is a novel composition used in
the conversion of hydro'cafbon_s. The novel composition comprises an acid treated
zeolite impregnafed with zinc and at least one other metal selected from the group
consisting of Group 4B, Group 6B, Group 3A, Group 4A and Group 5A of the

 periodic table of elements. The novel composition may be made by incorporating
25 zinc and at least one other metal from the group consisting of Group 4B. Group 6B,
Group 3A, Group 4A and Group 5A of the periodic table of elements into an acid
treated zeolite to thereby provide an irtipregnated acid treated zeolite. .
. Other objects and advantages of the invention will become apparent
) frbm the detailed description and the éip’ﬁended'claims. ' o
30 - o The inventive édmpbsiﬁbﬁ includes a zeolite starting _materi'zﬂ that has -
been treated with .an acid to thereby .prm'ride an acid treated zeolite. The inventive

composition furthet ‘contains zinc and at least one other thetal or element selected -
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30 : The inventive conposition includes a zeolite starting
materi‘al "t o been treated with an acid to thereby. ' n
aci-d tr‘eat@%@%ﬁﬁ e. The inventive - conposition furthg?flgjg%d{dgfgor?g zinc '
and at |east one other netal or elenent selected ' WO 98/ 51409
PCT/ US98/ 07400 - 3. - 3- from
the group consisting of Goup 4B, Goup 6B, Goup 3A, Goup 4A and G oup

5A of the pabiPGk GréddsitfingbeORipSB, IGroirs 6B Gy PRIGRRPEIA) addGroupny
reference to the other netal in addi'tion to zinc contained in the

inventive cbApfshe periodi¢ tablepef elpments. Itds apderstosd bereinHbat@nyuplfenmce fenent s :
i ncl udi Ti,t ani Ti),. i ' 5. ' ) 6B
ol et & i e PR BacfieRch A sflabied e it Tokfobib walthpull °2 o

3A el enent s elefehtftomgh8@Group ¢B)eleniéntsninciuding Alijaniuta(Ti), Eirconium (43))andl ndi um
In), Thallium (T1).: G | ts j.nclyding S 1| (Si

Am. Thal n e Gouh 0 el SR 0 S by,

- Phosphorousmﬁéﬁtesﬁvgﬁglg%w elerfBtitd fHanMix(gSﬁamngesl, Bhusiiid (ABi Gallivgie of the

IUZ
10 foregoing nts nmay not be considered by those skilled in the
art to be a(Ga), IndrendIn)bFhalliemdd by Sneurodélelements ingludingstiligont@Hm  but, as

the termis used.withj i 7 d j.ptioncand i i s, any

ref er ences r’ﬁ%?"étf‘s(aﬁ;]’l’fmi(ﬁ@ ffﬁleL.ezafﬁ 3@%?’ 'O’fl%ggege&lgmé gq%leu(rélka s listed

above. Phosphorous (P), Arsenf\(AsypAntiaciy (Sb), 4@t Biemuth (Bi)., Saapeftheof the
invention is the 15 requirenent that the corrpositign ge ogjal nmef al

pr onot edOwi feregoing listed elrments, gy pot be consigered by thosgskilled ig thaart 18 9§ 845t one.

ot her et al it ')ong 8EREiGHal SRAMAL I YudtPiefth, bek as the W 15184 WIBRY it

aspect of the Inveniive conposition is for the starting zeolite

nat eri al , wideschiptien bed igthediiihs cabytrefepanoes Wemethls wilvineluds zing anh 98 i on

havi ng t he ) gf(z]si rd?%bl e _properties as earlier described herein, to be

treated wit FREREAHEGPYPve an 20  acid treated zeolite. The acid treated

zeolite is further nmoginfingdriait, iffvdt icriticl paspedtiofthe inventionfis thee two met al

“pronoters of zinc and at |east .qQne, other netal. . Any

SUi t abl 43 e APAITSmeR AL te CARPHSOR beidval metaprongisd st Fipg ag the, firstor

~material w gyﬁnaﬁ'ﬁledéfana ShePAAERE bEother mbff ad 8R! selchdld senaagkaetali Ah an
acid solution . by any suitable nmeans known in the art for contacting

the zeol it e fuither impottard @ispecp 8f theduyentive pommesitiancis dors b staréng. 2rolEe t o t r eat

the zeolite can.be ol ut.i i S L E L.des for
L he 7ot naaRkl e Bl S e k8 oAl nitecos for
Preferably, defifablCprdpertios asitarhién described thefein, 30 Ibattreated iveittadroadid 1o giye an

I val en r liter. . . .
equiva 620t S agi% treatédezeolite,. The acid treated zeolite is further modified by the incorporation

~ of the two metal promoters of zinc and at least one other metal.
Any suitable means or method can be used to treat the ;eolitg starting
material with acid. It is preferred for the zeolite to be soaked with an acid solution
| by any suitable means known in the art. fqr-cqntacting fhe zeolite: with. such acid -

25  solution. The acid solution used to tfcé_t the zeolite can be a solution of any acid
that suitably provides for the .leac_hing_ of aluminum atoms from thé.z_eoli_te particles. :
Preferably, the acid concentration i’ this solution is about 1-10 equivalents per liter.
.Examples of such suitable a_cids include sulfuric, phosphoric, nitric and - - . |

_ hydrocl_llorié. The preferred acid solution is aqueous hydrochloric acid. _.__.Thg zeolite

30 is soaked in the acid solution (preferably at a temperature of abbut 50-100°C) _fpr a

o period upwardly to about, 15 hours, but, preferably from 0.1 hour to 12 hours.

After soaking, the resultant.acid treated zeolite is washed free of the acid _and then
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Exanpl es of such suitable acids include sul furic, nitric and
hydrochloric. The preferred acid soluti-on is aqueous hydrochloric acid. The
zéolite 30 W9§8’§’dﬁged in the acid solution (preferably at aP'EE/Hﬁ%W“J? re of
about 50-100[err]C) for a period upwardly to about 15 hours, but,
preferably fromO0.1 hour to 12 hours. Af ter soaking, the resultant
acid treated zeolite is washed free of “the acid and then _ WO

98/ 51409 be dried alcined. or both _ : . : -
PCT/ U898/07£66 € dried or calcined, Or boin. | 2 4- , .
‘can be dried or cal ci rgd ze#lite B@ittthg material used in the compositidh6f theGhvendost arti ng
material used in the ‘conposition of the inventjon can, be any zeolite
whi ch is ef fcae beeay izeolite avhichnis eflsstivig ipths,epnvarsionenfinoa-argmatics 10 51 opat i cs
-when cont act I ' ORElLT < W L - ic 5

hydr ocar b.onsas%éﬂ&g ??ha"gwﬁ‘é?‘]ﬁg ué%%%ﬁt@%g%@%%ﬁgtﬁ}oﬁ ﬁ?{&h{}%@e@s gi? defined in
u. S. 5 Pdtydrdcarbofi® 7Pfetablythe Reolde haco cqrotraint thdkve (asi defibed ireUdt.ence) in -
t he range of_ aboyt 0.4 to, about referabl y.about 2-9. .Generally,
the ol ar r &Gt §f09§3éf eVhirh ﬂ%mﬁ\?ff’gﬁ%lé"é%’ %y ref%reni\./ﬂ ‘Pﬁlée GRS f’g%‘quﬁe
framework ofg 4 ReaBdt@l b} frefebablf abdt@ 219, abenkrally, thetMblaf adtiol GITRIO, (P ALD,
infinity. Preferably the molar ratio of SiJerr] to Al[err](ferr] I'n the
zeol i te frariewey kryptelling framswiork of theizgolitp dviat legh ahout 3ol andyeanfrangmoy tabout

B A e e R e S I

“are al saoknaiboutas: 1 'té/about@00:1Penrapicfetatip aboutd2:1 to aboutlt(o: hr Besfertddy nore

Fur t hor 1 n 1Bl inclpds NS, 2SS FEMsL, 20612 Z5Ens BERDR: S SRR 0y

| east one Othi&eofTESdthe off (HRSEzdbhteRlafe &Y khiwn as “MFINGOMFRARSNBgkolifs0 the acid

| eached zeolite by any suitable neans or nethod known in the art for
i ncor por at i nkhenpresently gnase preferres 3ealis 18 ZSYhSt rate material. A preferred

method is the use of . [ et Di , S: g&gﬁ‘q I 0d6nt 9%id
i npregnating the : %éﬁ%ﬁggéﬂ@é&%ﬁ ﬁ?‘e’%ﬁ%@f&}é?}e W t nq{tt&he rrelt al
pronot eri$. Teschpd eéddite, ednonmtdra deasses Gber metal. | Thesel metgls sgpdei on sol uti on

. containing the desjrabl e concentrations of zinc and ot.her, netal s so
oo to Ul t P rPeATpoBiet gt ABS AP TRV B8 SORNBEeR A el dopRh”

requi red’ congend ad ifbioinceiporiih@ nfetallic elements into a substrate mafetial. SAp@efetredi|-arl y

desirable to use for the inpregnatjon, of the acid treated, zeolite

aqueous sol un¢thad issthe ge ob anygiandagsh ncipientetessytechnique, for {preenatips the

acid leached zeolite substrate with the metal promoters. The preferred method uses
20  aliquid impregnation solution containing the desirable concentrations of zinc and
other metals so ‘as to ultimately provide the final inventive composition having the
required concentration of metals. ' ' ' |
It is p.articularly' desirable to use for the impregnation of the acid
treated zeolite aqueous solutions of ‘one or more of the metal promoters that are -
25 iricorporated into the acid treated zeolite.  The acid treated zeolite may be
impregnated with the metal promoters described herein simultaneously: or
secjhenti'ally, or both, provided the acid treated zeolite ultimately contains zinc and’
the at least one other metal. The--pre’fefred impregnation solution is an aqueous
solution formed by dissolving a salt of the metal in 'question in water. However, it -
30 ' is acceptable to us_é somewhat of an acidic solution to aid in the dissolution of the =
metal salt.. Tt is most 'preferred'for the ‘acid treated zeolite to be co-impregnated

with the zinc and the at léast one other ‘metal promoter by use of a solution
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25 i.ncorporat.ed into the acid treated zeolite. The acid treated zeolite
may - be - o nated with the metal pronoters described deginfiotora00.

si nyl taheou‘gP)?g%lE&g ' sequentially, or both, provided the acl 9treat ed
zeolite ultimately contains zinc and the at | east one other netal.
The preferred inpregnation solution is ag_aqueous sol ution forned by
di ssolving a salt of the netal in question in water. However, it 30 i S
accept abl e tQuidfing At GH zimt aridCd SHc6nd SAILGE ANedsPord BthembRE pfbnfdi&! ut i on
of the metal “salt. It is nmost preferred for the acid treated zeolite
to be co-i npasedpserited herein. with the zinc and the at | east one other netal
pronoter by use of a spl ufi ' <« parlt

PCT/ US98/ 07400. Sfhe 3thglnmetal prom_oter,vg sge%,r?djaﬁpgnetal, as earlier notegis_
cont ai ni-ng aintiudes thesd inetals ot elementdsetectedichod thafioupfcondistingaftGrong 4Bt her

met al. pronoter as descri bed herein. - - The, ot her -

met al pr ohot BFMmeRss, Gy Flﬁmﬁ%t’?’a#]r,waér‘le%llFWF%tF’ ﬁ’ES’PBd}A elements gpd &58%9 t hose
metal s or el exeipdsenel RelogH thdsethi PRIGFQAURERNAH R 1T 79f CIMEPWIB, AL,

el ements, Goup 6B el ements, Goup 3A elenents, Goup 4A el enments and G oup
5A el enent s. SinGen§ns Rlesy, Ag drel Phr.eThe modt prsfesied seevmbantemdtals imudeCti, Qvb, W

B, A, @é’ GPSi SB’P Pb, P, As and Sb. The nost preferred secondary
metals inclu "Pi’, {6 gl Mb, B, Si, and P. C The
-amounts of the pri mar yTheamburs oMk @iineiry fietsl pastlotehef Zific asedendary net al
~pronoter incorporated or inpregnated into the acid treat QS zeol,i tﬁ'

shoul d b0 sugssordary Segal \PEOTROIRE BGPTPATAISSH igpregnated dntp the, acid tigpisd zeotite

desirabl e  shoul BPSIcH' B %ivef ednRlions Al fSpraVidiny BE iRy er sion’
yields with fow coke roduction when the 1 nventive conposition is

enpl oyed i n piopextion o faviorableodromatics andtplefioeenvewiont yields withrlewalokg - t he
atom c ratio_of, the secondary pet 71 Ln.the. ' d acid
treated zeol PROSUFHY ‘Hﬁ?%@'er“é‘)r:e @%@@é@ﬁﬁgﬁ%&ﬁ&yiﬁ&@g éé)ggurg g{f%rf% : A
preferred atRydr6cdrbdn feedf Geneliglahy atvatialraticoofzthe edonddri endtalfto enyreaingble aci d
treated .zeolite is in the range of fromabout 0.2:1 to gbout 5:1 and,
most pr el er aBnEregated acid t‘e%ff‘é)ﬁ?ﬂlt"r_ 1p ??“ﬂﬁ°??‘@fnr%h?g‘boéf1 ffor‘gi‘h“b.i%?l to

3. 1. A preferred atomic tifo WE5@bAdaPL el ko inc 24 e iRfpRésaiediaBid! théated

i npregnated acid treated 20 zeolite is generally in the range upwardly to

. about 10 wei geelitpisrindhe rapge of from about f2:letnehouttSdcind. mostapreferablbitht e. The
preferred copeent Loty Q’}n‘&_{e #hBE of BotF5:1 to 3:1.

The weight percent of zinc present in the impregnated acid treated

20  zeolite is generally in the range upwardly to about 10 weight percent of the
. impregnated acid treated zeolite. The preferred concentration of zinc in the
impregnated acid treated zeolite is in the range of from about 0.05 to about 8
weight percent and, most preferably, fro,m 0.1 to 6 weight percent. The secohdary
- metal should generally be present in the impregnated acid treated zeolite in the -

25 range upwardly to about 15 weight percent. Preferably, the concentration of
secondary metal is in the range of from_aboﬁt 0.1 to about 12 weight percent and;
most preférably, from 0.2 to 10 weight percent.--~ - '

- It is theorized that the unique properties of the inventive composition -
- described herein result from the zmc componént of the double metal .ﬁro_moted,acid _

30 treated zeolite pfoviding an increased activi'ty toward the producti'on of ‘aromatics

and olefins in the conversion of a hydrocarbon .fe.éd.'.--quever,_ this increased

activity toward the production of '_arqmatics and olefin conversion products also
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| mpr egnat ed acid treated zeolite is in the rande of from about 0.05 to

about 8 . ht  percent and, nost preferably, fromO0.1 to 6 weight
per ¢ent . Th@’°s9é£5g t8ar y metal should general Iy be presemCT/¥SIBME00
i npregnated acid treated zeolite in the 25 range upwardly to about 15
wei ght percent. Preferably, the concentration of secondary netal is
in the range of fromabout 0.1 to about” “12 wei ght percent and, nost

preferably, {u?t?]uQ af uhges%rgbl@@ﬁcggh% glgéogcgrﬁrﬂducnon To. offset_this SPE{nlsié% £

theorized tHat the oni que proper nventi vé co

descri bed hdnereased eskd proﬂnmmntdaasealu;rahe prqsameruf zitic, theaechnidadyemenat Bl
pronoted aci d g,cgﬁstreat ed zeolit prov I ng an i ncreased actshlawty t owar d

the product idgd %FB‘FF&?‘%PE?SS*M W?ﬂh?"f%ér’éﬁ?ﬁ/%‘?‘ ¥haof a
hydr ocar bonosﬁﬁﬁﬁlcanﬁﬁ YRMOE impdit 8 & %S&Q:onversmn @dcgﬂsta}f %Wv@nt he

producti on aromat1cs an olefln conversion pr ts a
98/ 514095 promote the production of such conversion products. Thus, the dual metal

/ /
Tooulte i doRASACiLEraed 2ot Rravides fop B IPYEL PlefR 245 Le 1 i

propensity foaversion prattcefSRICwIP i dow cakkipiodagtichadeed by the presence of
zinc, the secondary netal, is . added as a_coke suppressant ‘The

secondary met al , hovve\ﬂa}e inypntize pempesHions gdescribed Bergis qan@lser %@@h?ﬁ‘ve | mpact
th i el
on the yie q?&fgaﬁig Wrfdes | 8&) &iired %%ﬁx%ﬁeﬁﬂz gf,%‘f%ﬁbe gele?tpcf %H‘t@xeté? pr orot ed.

productlon o) uch conv rsion products _
aci d tr eidt econsisting d‘ Pumirad sificd, ahunzina-sitipa, cheinomeghosphated clys (mich @s -

conver si on oduct ld with, a I coke* o ct.i

e nvent R 808 sty dudeath olperopieR SEHR npEegn b pcit regied
i norgani ¢ biZgkte o(oﬂip%ﬁerﬁaiflﬂwlmimﬁremf nlﬁpieghated hci@ehrd abdlite a8d ﬁm&wucf romthe

group 10 <cansisting of alumpa, silica, alumna-silica, al ug%)

phosphat e, iBdes iy abpu 129 (preferaply abaw 3-89) weight-% 2rd thecopieat ebthe The
- content of thgylRRES Wgﬁﬁjc Binticks & ﬁﬁtrﬁﬁture gf gf\xgﬁ?ﬁz{t@d m&@&%e&i‘te e

m xture of inpregnated acid treated zeol it nor gani c bi nder is
about 1-199 (iponghuic diinder asoahwt 5-580yeighti % hGendraliyn the: impregpated acidotreatdde

ool Ti6 and iR FRTbGRIR R kel it Mgl CARRLRRNAC el o7 00

| npr egnat ed (aﬁtimasttryEpélEdmng, extiéing | dr aalsdetihg).N Gegeonaile, the sﬂﬁce@oﬁmfrtbat s are

conpounded and subseguent|y. shaped such as by pelletjz t rudi ng
or tabl eti ndPmReERdsd-fompositign i< Hhop 5279 iﬁ&a@ng e particle %nlﬁ@bw%e'a%
conposi tion gy about 50-700 nferr]/g, and its particle size is about 1-10

20 - ' " The impregnated acid treated zeolite can be subjected to a first heat
tfeating step whereby it is exposed by any suitable method known in the art to an
atmosphere of a first gas under temperature aﬁd pressure conditions and for a period
of time that suitably provide a first heat treated material. The first gas used in the

" first heat treatment of the impregnated acid treated zeolite can be selected from the.
25  group consisting of inert gases (for example, nitrogen, helium and argon gases),
reducing gases (for example, carbon monoxide and hydrogen gases), air, oxygenand . -
" ‘steam. The preferred first gas is selected from the ‘group consisting of"air, oxygen, |
nitrogen, steam and mixtures thereof. Most preférébly, the first gas is selected from. -
the group consisting of air, oxygen, nitrogen and mixtures of one or two thereof.-
30 " The first heat treatmient may ‘be conducted at any pressure and
" temperature conditions that ‘suitably pr(_)v1de the first heat treated material.

'Generally,-the'-ﬁtst‘h’eai treatment may be conducted at a pressure from below
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mm 20 The inpregnated acid treated zeolite can .be

su'bJ ected ot heat treating step whereby it is %ﬁ any
suit.abl e netv?%ag ]lknovvn in the art -to an at mosphere of asﬁl&ggﬁ éo under

tenperature and pressure conditions and for a period of tinme that
suitably provide a first heat treated ogterial. The first gas used in the
first heat treatment of the inpregnated acid treated zeolite can be

sel ected fr atindspherRoupwagdl9up abourslio80 ipbendsfpet S@ate Hiak absdlite (pLa)AMbL:,
nitrogen, heliumand ar gases) red cin gasesééh or exanpl e, carbon
monoxi de an&/PiSAd P&ﬁ%ﬁeﬁgggﬂg‘}“ %’Frm ‘éFna out afmaspheritiie B?‘Efl«gpred
first gas i elwgat |

nitrogen, s sélgm]g% %iet%ﬁ?giﬂ'? eregﬁaﬁl %tg%%ér’%?}éragﬁyé’nﬁz&(y?l rs 'gas S

sel ected fr3MC to abauhd0@fiCh uPrefealdy,shisrtgmpératie rang;eqsg&mn anboutrttnjértoand

m xt ures.of on o/ WO thereof rst. heat
treatnent naye Lﬁe"%@ %ﬁ%f@?ﬁ‘ e %fﬁéy’pﬁhgé-gffr}ga%ﬁ?ftmem te‘[“B?fﬂ'é‘f%{sdPéﬁ%ondi tions

t hat sui t abkangpraf\fioke 504t 2009C. heat treated material . General ly, the
first heat treatnment nmmy be conducted at a tﬁr essure from bel ow WO
98/ 51409 . - The time period for conducting the first heat treatment step must be

PCT/ US98/ 07

at mospheri cé‘gf%ﬁ%%‘h yprf)‘éldgt?osuP TB@B}/ do’(inl(fs ff)eeerOfs“éﬁgr énalierl{lc ngerfﬁ ?p5| a)
Mor e t pmmiaforpexpmng the 1mpmgaa¢ed acidteeaied zedléte ncaﬂgeatmbsﬁhemﬂheut

at nosph ' first heat_treatnen erature is

? I c .t about psi a. hde }

gener al Ié/ first gas P%?‘Rféowfat? FHH’F?BBEF"“ itionsgn aanee Erqry, abep, fi- H@W rr]C.
Preferably, abdlitSotIRURET Prefbifbly,ARE Brst hedt tRARMAGR Wlep 49 Eodubfed 6y a §enodabput
300[err]Cand nost preferably, the first heat treatnment tenperature is in

t he aifigm aout 0% Imwr & pYant 25 hoprsasdy mest preferably, from 0.5 hour to 2§he ¢ ne
peri od for agaducting the first heat treatnent step must. be sufficient
to provide a substantially dry, i.e., free of water, material. Cenerally,

t he period for ei‘be)ﬁmgxeaﬂteeatadpnagnﬁdtoad uadérgo arseaindcheaetbdtinentt 0 t he

at nosphere of t.he first a opr| ture conditions can
range fﬁ%m 68 4¢ Vﬂ“‘% ’III&J?XP[OB anyaﬂ'@t%{’ tﬁ%ﬁ q&“e‘ﬁgra&btp the first

heat treat mafthosphé® of 2 s@@diﬂtg“a% RldéraEmperiitd Akl ﬂ%ssure conlditivs ab@mr .25 hour .
to about 25 hours _and, nost preferably, from0.5 hour to 20 hour s.

The first h&stiod P%Bméé“%ib& aa?coeéheﬂﬁeréwgdnﬁers«éé@wag Keadesirablst nent 15
step in whi %Fbﬂehxés%s?é‘fgﬂéc?ﬂ) Qé{.ﬂﬂqyoﬁwngabl e nethod known in the art to an

The second gas used in the second heat treatment of the first heat
20  treated material can be selected from the group consisting of inert gases (for
example, nitrogen, helium and argon gases), reducing gases (for example, carbon
monoxide ﬁnd hydrogen gases), air, oxygen and steam. The preferred second gas is
selected from the group consisting of air, oxygen, nitrogen, steam and mixtures
thereof. Most preferably, the second gas is steam,:- . -
25 ~ The second heat treatment may be conducted.at any pressure and.
temperature conditions that suitably provide the second heat treated material. -
. Generally, the second heat t_reatment:may be conducted at a pressur_e. from below
atmospheric upwardly to about 3000 p_sia._ More typical pressures, however, afe,in '
the range of from about atm_.ospher_i_c to ébout_Z_SOQ psia. The. scc_ont_:l_'he_at treatment .
- 30 temperature is generally.in the range 6f ..from_,about"-l.00°C .;o- about 1500°C.. - -
Preferably, this temperature range is from about 200°C to about -'1300°_C__Lénd_, most -

preferably, the second heat treatment tgmpe:é.ture is in the range of .from'_- 400°C to
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atnosphere of a second gas under tenperature and pressure condltlons and
for . eriod of tinme such that a second heat treated material having
the" de5| rab‘§998’514°9propert|es as referred to herein is obt aPREWSISNO7400 -

The second gas used in the second heat treatnment of the first heat 20
treated material can be selected fromthle group consisting of inert gases
(for exanpl e, ni-trogen, helium and argon gases), reducing gases (for
exanpl e, can st eam
The pref erreg seco“@eggg%k%@mqhbhgﬁgg%t?%rﬁn tesg o‘bbso‘sééﬁg‘.@%?ﬁ&ﬁ‘é of
ai r, oxygento be tsumgmatedsand ot satdratedxt ures - t hereof. Most preferably,

th d I t 25 . : .. . Th d heat t t t :
be. conduct ed at any. pibe daRePesit for condugting iy atGRd B RARROh SR RAET cui t abl y

provi de t he peeaARsnd eRprovidead @dotPhet trédted material @megﬁahlcnésudbt&: second heat-
treat rrent may be conducted at a pressure from bel ow at nospherijc

‘upwar dl ySt o pmessv@(w%§etalytrﬁ/@¢tewb'yq§ridamsm§g Gelssformatipn, cBenesally, ithe

t he range of heat
troat mont 35S RsAAHng MANRIaL et AR G0 aiRlsPherd UFRREENA (OR. )
t o about 15@@a$ et thk @ppropriate ténpdratnrbing, préssine coadifiensdanrte ihahegeangs of r om about

200[err] C tq abo C and ferably, e second. heat,
treatment t %ﬁ’ﬂe g‘?"ﬁ %)el Qurty ap‘l’l‘g%gf?é‘és o?re?effgﬁlﬂ 48?) %;P’t“i 4t freatment Step 15 \yp,
98/ 51409 conducted for a period of from about 0.25 hour to about 18 hours and, most:

PCT/ US98/ 07400 - 8-
1200C. \Men prefershlyi foms@4d hour tntS bewsnd heat -treatment step, it is

preferred for it 8%?901? 'ﬂ?ﬁ{)&?%n &k@{ucﬁ @%ﬁéﬂ'{e@?ﬁrafﬁns

The tine period for conducting the Second eat rea must be
sufficient t(aikmes)/a:diéozaols&ﬁ(laﬂ:em;mndmxemmmemt (eyclodlkdnay), ngeteheeanthsdf rabl e

5 properti f cat al Vlt r ance to coke formation.
General |y, tﬁf’é By c?f ?%%P"f%? %}(g F’é"jecl"f a‘fanﬁ?"e‘ﬁf"gas ﬁﬁt erial to
the atmosphesd @fbet diRtaeRAEh the mveﬂﬁse aém G3RicHB Rh&R suRdle Pﬁﬁ@ﬁf ature and
pressure conditions can be in the range o fromabout 0.1 hour _to

about 2dShomde¢Seﬁ°é obigining @ Feactien: pioduetcamprisiag tlonsen alkaney cpngaining 2-5
duct ed f t
conduct e n{%‘%@ol&&ﬁ%&?&’f@ ﬁ% ﬁ?gﬁ%ﬁoﬁsp ﬁ@%ﬁtli&h&@%&gﬁsﬁk most

10 pr ef era our to
"suitable hydﬂmmnamwdsm&ocwhbmh Iﬁmnﬁmitingse:qamph:sfoif weitable, av{ilableanes)

and/ or ol efi al ken naph nes cI oal k wherei n each of
t hese hydroctg?dﬁ 8 ﬁ'ﬁg esl%-orgac}a ‘oéﬁ? f.géé aeldcan be used as

the - hydrocracking) processes, pyrolysis gasolines from thermal hydrocarbon (e.g.,

20 ethane, propane, and naphtha)" cracking processes, naphthas, gas oils, reformates,
* straight-run gasoline and the like. The preferred feed is a gasoline-boiling range
~ hydrocarbon feedstock suitable for use as at least a gasoline blend stock generally
having a boiling range of about 30-210°C. Generally, the content of paraffins
exceeds the combir;ed-' content of olefins, naphthenes and aromatics. (if present).
25 . The hydrocarbon feed stream can be contacted by any suitable
manner with the: iniventive comﬁoéitions described herein contained within a reaction
-zone. The contacting step can be operated as a batch process step or, preferably, as
a contihuous 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- operatlonal
30 " modes have advantages and dlsadvantages and those skilled in the art can select the
" one most suitable for a particular feed' and catalyst.

* The contacting step is preferably carried out within a conversion .
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feed to be contacted with the i nventive conpositions under suitable .process

- condi twl %. obtaining a reaction product conprising 11(32%&:@]{‘{@ gnes

' cont ai ni-ng carbon atons-per nol ecule and aromatic 'ons.
Fr equently, t hese feedstocks al so contain aromati c hydrocarbons.
Non-limting exanpl es of suitable, avaidable f eedst ocks incl ude
gasolines fromcatalytic oil cracking (e.g., FCC and ~ " hydrocracki ng)

processes, p'emtio;tsaone owisndin e sorftainetl ﬁlhenvmhvdﬂydnmsardno and endpr red2fion et hane,

OB L RARALT e SHEED Ao TR e L ik ™ o>

gasol i ne- bO'dnH%oxh&dﬂerreferably BTk, Qﬁﬁﬁ H@I&ait%eﬁb?ﬁ&%f &Hlﬂgﬁﬁtcﬁrbfoﬁs ofi§e as at
| east a gasoline bl end stock genera y - having a boiling range of

about 30- 210fygrecabondesrer The reactidvetempenatie Of)thepa)nuﬂﬁmmsep 1s moreexceeds the

The. hyar doarBii R Rk e SRR MERTROREIONERE, bletatiioBEh) - O

Wi th the i nvsbatt #50°CapRbeut 750PC afdsmostprefehblygifionc500°a; teemow:t Mhe a

reaction zqne. The contacting s ep c n be operated s a bat;@ process
'step or, pr eqoataaBng/preaslre can range frgpy §uqH Gd€§3§“'§t‘§’b"af Iy 19 peoytaPer
operati on, lpt&eﬁ gatrxsﬁxt adeﬁfiatafosﬁm?te% raaout o mﬁattse' AlaSthodl 2
fluidized C yst bed can be enpl oyed. Any o ese operati onal 30 nodes

have advant age&ramd fiting 20 paiatta J68 psiand t hose sk| lled in the art can sel ect
t he one nost sui..a t ed a d at al yst
The contating st ep | SRraTerah ol BRPHE N BheabiH 8 AR AP e,

WO 98/'51409 conversion reaction zone is such as to prowdc a we1ght hourly space veloc1ty
PCT/ US98/ 0740

" reaction zorfe%’%\é Depths tange qf Fomeercepding AORK Wﬁf@)‘bfﬁ%ﬂ’?‘i‘towooiwdr under
_reaction TheC@RRH “Wefh® hbktd) sp%Hé Vélgeﬁﬁ'”P 59{1}&@1&;&? shaul ﬁﬁ:tah% Aim&i@f i ns,

preferably |ight olefins, aromatics, preferably BTX,  from at |east
a portion ofratihef tﬂmatpcatrvldudsachydton@bon feedhydha;gect t@dhe femnersiameeactiaret i on .

tenperate ta AR t he range
of from 1;%It)ou nﬁ%?e&?#@egéb%%ag%ﬁ%‘{ﬁ@fi S gF 8?&@ 08&1“%90‘%1%& about
450% er r} C t cconbersion tbdttion zbhe wnwthichtist hyddredagtiombiks yharfged) mrﬁé)gb)feﬁrre]dcht 0
700[err]C T, c ressure can range from subat npsp I‘IC
preseur b upWNFY of BrecBol o e Goniersion Fartion e ABRYnE £ cab FE D

at nospheri ¢ ﬁaﬁg@@@ff&mtéboﬁp@ﬂs hwd tB%b@utaZHd) hd#¥P8 hnd, most fé"ﬂﬁ'ﬁﬁs'aﬁbh‘x 08r om 20
psi.a to 400 psT a. The flow rate at WhICh

hydr ocar bon Hasedite éOQ:h@HTged to the conver si on reaction zone i s such

as to prﬂ)\” de a wei ghtTﬂeoi*dﬁme&%piég la?ec-£)}e¥ented to further illustrate this .
‘invention and are not to be construed as unduly limiting its scope.
EXAMPLEI
~ This example illustrates the preparatlon of several
catalysts wh1ch were subsequently tested as catalysts in the conversmn of a gasoline-
25  sample, which had been produced ina commerc1a1 ﬂu1dlzed catalytlc cracking umt
(FCC), t_o aromatics.
. ACID LEACHED ZEOLITE L L o
. A commerc1ally avallable ZSM-S catalyst (prov1ded by Umted
- Catalysts Inc., Loulsvﬂlc, KY, under product designation “T- 4480" was treated by
. -. 30 acid leaching. To acid leach the catalyst, it was soaked in an aqueous HCl solutton,
having a concentration of 38 weight p_er_cent_HC_l_.(approx1mat_ely_ 6N), for two hours
at a constant temperature of _ __abo__tit 90°C . After soak_in.g,_th"3 -¢5talyst Wes se;té._rate_,d .
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("VHSV') in the range of fron1exceeding 0 hourJerr] upmardly to about 1000
hour[err]. The term "wei ght hourly space velocity", as used herein,
shalil -mean WOS/FdM:r i cal - ratio of the raté at which aPﬁ?@$ﬁ%ﬁﬂEon-,
feed is charged to the conversion reaction 15 zone in pounds per hour

di vi ded by the pounds of catal yst contaﬂped in the conver si on
reaction zone to which the hydrocarbon i's charged The preferred VWHSV

of the feed [ an be in
" the rgﬁgle&\g?c@(ryg#ﬁg’goag ﬂgﬁg‘%hw ri er ?T out%%% ?’)ﬂ grr] and,
nost pr ef er sdakyd, washed Bndsdried catalyshovap ealcined at a(ﬁﬂnﬂamtux[ee:fra})oumTC for

The fol | ow Efgn_glparrpl es are presented to further illustrate this
i'nvention a BShot to be construed as unduly l'imting its scope.

EXAMPLE | . CATALYST A - This exanple illustrates the ..
preparatlon of several ' cat aI sts which were subse uently tested as -
catal yst§ in the convar¥).&hewem ¢uaghtyHfiahevedescribaghasidlea &W# ‘been

produced.in (FCO, to
aromati cs. cﬁﬂ?&%@pﬁ@%ﬂé}éﬁﬁ:@%ﬁ%&k& tg&ﬁﬁ{% et B kg\ B mercial | y
avai | abl e Z@ﬁ&rﬁxt}caf als(ylatlox( pdinlmnﬂgd tartsUyi weight zinc chléiddea{An€l 3, 1§parts. o
eachi ng, T Hisiai ogaeh SR e Y Sras vpsysies (TROSh Teove e
solution, jmy re&ﬁh’@bh%@luﬁoﬁ%ﬁﬂh{‘oﬁhé edtio0df sAfonab Gc 919y, eMhisHC

(approxi mately for two hours at a constant tenperature of about

90[ err] & Aimmegmlanrgl leached genlitg yas thip sirisé pm pistab @ temperature of 186°G8/ 51409

PCT/ US98/ 07 b8 - .
fromthe ac?%folﬁ U £°r%‘°§”r?8 bly ht{)eragﬁe tqu/av?/taes e }{hﬁre fof Srh%d"‘ tc?rsl ed. The acid

soaked, wasTad sean toatesldmatatial wsstthmexposddcﬂoraehblnml gast atmpspheteata of about
525[err]Cfor AlO 83. gram:

quantity of ! Wﬁé&gzﬁbégora%Pﬂ‘nF eggA -él:’galz‘gﬂp%"t containgd, 1,65 Jyei

i pr egnat ed pbteibind sidod. 20 el Paentisaidoal que with an 8.3 gr am
quantity of a sol ution containing 2 parts by weight zinc chloride

(Znd [ed?]) CARALYSTS by wei ght ethanol and 20 parts by wei ght
tetraet hoxysilane (TEGS) O(?_ E%%QUWW {56 38VeCdksrtet taiNe A 3BolftE OM C

ratlo of silicon to zinc
material was impregnated with a 12.50 gram quantity of a solution containing -1.50

parts by weight hydrated zinc nitrate (Zn(NO,),6H,0), 4.10 parts by weight
hydrated chromium nitrate (Cr(N 0,);°9H,0), and 6.90 parts by weight water. The

20  impregnation solution had an atomic ratio .of chromium to zinc of 2. This
impregnated,' acid leached zeolite was then dried in air at 125°C for 16 hours
followed by treatment in a steam atmosphere for 6 hours at 650°C. The steam
treated material was then eXposed to a helium gas atmosphere at a temperature of
538°C for 2 hours. - The final product contamed 3.0 weight percent zinc and 4.8

25 . weight percent chromium.

- CATALYSTC o o _

- A 10. 00 gram quantity of the above described ac1d leached zeolite - -
- material was impregnated with an 8._43 gram quantity of a solu’uon containing 10 .
- parts by wei‘ght hydrated zinc nitrate (Zn(NO,),6H,0), 6 parts by weight hydrated

'~ 30 ammonium molybdate -'((NH4)6Mo,oz4 6H,0); and 84 parts by weight water. The .

1mpregnat10n solutlon had an atomlc ratio .of molybdenum to. zinc .of 1 .011. The

impregnated, acid leached zeolite was then dried in air at 125°C for 16 hours .
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10 inpregnated, acid |leached zeolite was then dried in air at a
.t énperat ur err]C for 16 hours followed by trea ' st eam
at nospher e%¥§r58/%1%ﬁ%ur s at 650[err]C. The steamtreat ed&’ﬁgwg?é/&“&{/vas T

t hen exposed to a helium gas atnosphere at a tenperature of 525[err]C
for 2 hours. The final product containeg 1.653 weight percent zinc and
4.72 wei ght percent silicon. 15 CATALYST B A 10.00

gram quant i folloWed tyarcafpett ifleSteambdashosphiert fop FCHREs HBFOPCE The finalBt eri al was
i npregnated with a 12. 50 gram quanti t¥ of a solution containing 1.50

“parts by wePgductfpgtained d.-$32nweight peaseat rinp @rb2ei08] weightriemapemelybfienum.1 0 .
parts by wep@hiar ysT gydrated chromumnitrate (C(NO[err])[err]9Herr] O,
and 6. 90 par'&s%—m'ght wat er. The 20 inpregnation solution had an atomc
ratio. of chrom umto Ail000ograty quhiity of the abovepdesgitet edid leadhdd edlitbed .
zeolite s then dried in ai err]C for 16 hours- .. followed by
treatmem imaeriel E’Mrﬁ%‘éaﬁﬁ’rewgﬁﬁg?f&b% pantity 0%%6‘98??'] Ef?ntﬁtﬂ’é‘gssréam
treated matgitdby Waikht B8 PRRGHrdtd (Zn(NR),) UIOY23 28 1IRS BP Hefgtt . @ o

t enper at ur eﬁ%’}t y Weig SQ%I‘I‘] C for 2(h0(:1}$?5;_52 Thé 1 n?lappr‘gdueg% cont ained 3.0
wei ght per chydrogémboraindHygB@;)2and 47,23 garts heweteit weter.o fhhe impregnationCATALYST C
A 10.00 gr aEBl&‘f'oan”BAdta’q aémﬁé“faﬁiébo%@roj@t%%ﬁ%f’zﬁﬁé.drhgﬂﬁﬁ%&a%& labAE

mat eri al waS I npréegnhated W an 8.43"gram guiant'i ty of- a-solruatron -

cont ai ni ng Iedched zeoliteawdssthéry driel hdir ftyIDsaCefdr 16 hoursifélidied by treatment in

(Zn(Ng err])[err]6Herr]Q., .6 parts i hydr.at ed 30 ni ym

mol ybdat® ( £ RiSpey ﬂ“}’f@l"'llﬂ %95 ooy S()Tt@ch-\gﬁ'[hg :}l’r'?kj@daﬂdwmqss rlt welﬁgﬁ ght

wat er. The percent Zid@P4rAIGH4 RBigAOh&tdr® Mdlfliediinat oM c ratio of nol ybdenum to
zinc .of 1. Olil. The | npregnated, acid I eached zeolite was then dried

in air at 1CATALYST#or 16 hours WD 98/ 51409
PCT/ US98/ 07400 A 10.00

followed by treatnent in a %%ea%lag{l%%fp 3 te’m"fe(-)dr‘a's‘gi.e(c)luarc lsd'lg?Chgg(fr%lgt%] C. The
final pracediat was impregmatel ¥ith 224vgramhduaptityosfrit solutionccoatathiflg 4Gartsei ght
per cent | ybdenym , ., CATALY.ST . ) . A 10 0 m
quant i t y° of %;-Y ﬁ?‘é’éé\’@“&@éﬁﬁc%ﬁ‘gﬁéﬁgw&é hags ?&Q’Yﬁ‘ﬁlﬁ' g Cthé’FégflgL was
| npr egnat edayd H%28afks By Gheight bf AR taghsoudsoRutisR bE HEP Ros@MimY NUO gve‘ﬁ%m
parts by weight hydrated zinc nitrate (Zn(NJerr])[err [err]0), 2.25
parts by wepepgent HCL. The impregnation solution had an atomic ratio of titanium. to zinc of

'1.026. The impregnated, acid-leached zeolite was then dried in air at 125°C for 16
hours followed by treatment in a steam atmosphere for 6 hours at 650°C. The
20  steam treated material is then ¢xposed to a helium gas atmosphere at a temperature
of 538°C for 2 hours. The final product contained 1.224 weight percent zinc and
0.920 weight percent titanium. |
CATALYSTF _
A 10.00 gram quantity of the above-des_cribed.acid-leachéd zeolite
25  material was impregnated with an 898 gram quantity of a solut'io'x.'l__ containing 6.00
parts by weight hydrated zinc nitrate (Zn(N_O3}2;6HZO), 200 _p_arts_-_by. weight of an .
85 weight percent 'aqueo'us' phosphoi'ic acid (H;PO,) solﬁt'ion, and 32.00 pérts by
weight water.. The impregnation solution had -an atomic ratio of phq_spho:ous to
zinc of 0.86. The impregnated, _acid—leéqhed zeolite was then dried followed by
.30 treatment with steam for 6 hours at 650°C and then Wi_th _.helium.for 2 :}._m.urs'at. | »
525°_C. The final product:,cpr;'tained 2.823 we_ight percent zinc and 1.151 weight

percent phosphorous. -
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hydrogen borate (H err] Bg err]) and 42.35 parts by weight water. The
|rrpregnat|on solution had an atomc ratio of boron to zinc .of 2.005.
The' i npr egrWOSE/51488 d- | eached zeolite was then dried POTAISHS/ATH00
125[err]C for 16 hours followed by treatnent in 10 a steam at nosphere for
2 hours at 650[err]C. The final product hfont ai ned 1.851 wei ght percent .
zinc and 0.614 wei ght percent nol ybdenu CATALYST E - ' '
A 10. 00 gra@_@#@%of t he above-described acid-1eached zeolite

materi al wa ed with 9.24 gram quantity of a solution.containing 4
parts 15 by weight @ lamgmﬁqﬁmqhthedBo\(ere@wara]cMAe&lﬁd padlite by

wei ght zinc.chloride. (Znd [erW#] and 93. 2 arts %éwel ght of an_
‘agueous sol d@arﬁiﬁld‘fasll@rq%ﬁ?‘& ﬁglhsﬁyaﬂbﬂ‘b’m‘t}'o a 15 we erCERtl . The

I mpregnatio u -

0" e hgBct shof Bt i il (PR, AN T e, et
'125[ err] € f deachéd zeolite whordnied incdit avi2d°® fort t&ah@umfullowedd:ystteaamratwrﬂspher e
for 6 hours t 6p0[err]C. te reated material is then exposed
to a heli um33® Lt 6-55 q?’sﬁf?%‘?“a‘ﬁ? ed material wgs thepgexpopsd o, 5 hoyr s,
The final preiatgasafth@phad ala eiing@lih tﬁ@faﬁ@é‘bf&ﬂ’@ 18838°C for a Perfodl0 -
wei ght percent titanjum CATALYST F A 10. 00 gram
quantity of ofifeheisbyEbeifnelmredist sentainedb2 PR weighbpereent Zine. nmaterial
i mpregnat-ed MA+Rr 9818398 gram quantity of a solution cont ai ni ng 6. 00_'

parts by wei Tated zinc nitrate (Zn(NO[err])[err] 6H.err]O, 2.00
parts bylOwei ght of anA 20.00 gim ealtiged sqmleeﬁthealpuwdescplmbﬁ&MFS eatahystd

(H err] PO[er S and 32. rts te The

i npr egnat i orf é%*}ctff JeS?t’eﬁg&'aiﬁ“%fF%’fﬁ ‘19':5 18%3 ﬁﬁ?ﬂﬂﬁ%‘f‘ﬁﬂé?% weight zi nc of
0.86. The i riefREN&fuebus s’@@ﬂtﬁnhﬂ'&@ﬁﬁ&dzﬂﬂﬂ hitr@te\\aFhi$ gfeghiatedd cAleinb@ved by 30
treatment with_steamfor, hours at 650[ errlC and ‘then with heliumfor 2

hours at  zeolitgovasdhen qr dff?ﬁsfqmﬁ’&ﬁ by tesatiant iba skamdar § hoyrs ahd24it: per cent
zinc and 1. / 51409

T/ US98/ 07 411%% &hPhlated materiBPWEEMER BIRREI R 2HStium gas aunospheyg?at_gfi o

' CATALYST5G  temperature of 538°C for 6 hours5 THe fgrah proguetriontained 1. 89 9eweiglaty e - descri bed
aci d- | eached zeoé i.te mat-eri al . was i npregnated with a 13.86 gram
quantity of F§°f5 ﬁ@‘l’ght per cent '

 EXAMPLE 1I |
_This example illustrates the use of the zeolite materials 'de_scx_‘ibed in
Example | as catalysts in the conversion of a gasoline feed to beniene, toluene and
20  xylenes (BTX) and lower olefins (ethylene, propylene). |
For each of the test runs, a 5.0 g sample of the catalyst materxals
described in Example I was placed into a stainless steel tube reactor (length: about
18 inches; _inner diameter: about 0.5 inch). Gasoline boiling range feedstock from a
| ‘catalytic cracking unit of 2 reﬁnery was passed -.thre'ugh the reactor at a flow rate of
25 about 14 ml/hour at a temperature of about 600°C and at atmospheric pressure '
(about 0 psig). The formed react:on product exited the reactor tube and passed
through sever_al ice-cooled traps. The-hqmd__portlon remained in these traps and . ’
was weighed, whereas the \-/'olume of the gasébﬁs éortion which exited the traps was
“measured in a “wet test meter”. Liquid and gaseous 'product samples (collected at |
: 30 - hourly intervals) were analyzed by means of a gas chromatograph Results of exght
~ test runs for Catalysts A through Hare summanzed in Table 1. All test data were

obtamed after 8 houts on stream.
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aqueous sol ution of hydrated zinc nitrate (Zn(NdJerr]).6H err] 0. The

-i.nmpr-egnat ec\wogﬁjsﬂfo? _'5 | eached zeolite was driced in air at 1 .Srgyf‘,mi,@r 16
owed by tr

hour's fol eatment *with- - steamfor 6 hours at - err]C. The
steamtreated material was tthen exposed to a - +helium gas at nosphere at
a tenperature in the range of 625[err]Ll13e 538[err]C for a period - of 6
hours. The fi atpropuct—qomtaryed 2T 700 Wer gift—pgrcemt 21 nc. CATALYST
"H 10 A42Q. 0Q, gy amycal _c,janec&:sarﬁl af t>Qe above-descri bed
ZSM 5 cat al yst " (nogdci &b ag%;g) gad Gnyr-8gnaged B fh an 11.83 gram
quantity of all5jwei g o-2| . P 0 agledug qobutlien|dl hydrated zinc
nitrate. This im)r§g1a8§' 80| &8y S Ended) ift & fhdnfair dried
fol | oned by trjeaf n@n X &am E O REMT 3. gt [t ier-r];c. The steam
treated materijal | Ws e%’ _,s_egE‘Eg g‘%igm gESlatnpsghere at a 15
t enperature of| 5B8[ efrPg d|oP DehUg & =if Ondl gy dBugt Seont ai hed 1. 899
wei ght pdrcent riBEE| 5% 556 565 3| 54| 35 2w EXAMPLE
| g | 2FP|s—axahpl @9 I OR|r e Hs—rjetigeR & the zeolite
materials desqribed {n Exbnpl e}l as |catdl yst[s 1 the conversion of a
gasol i ne feed |t o|bB®rque, |tal uehe andl 0 | xyllered &BP¥. and | ower ol-efins
(et hyl ene, prcpyLe§§ o - |- S For| @aqhcoff ®hg test runs, a 5.0
g sanple of tHe ¢&ralyst nmateripls .~ descrifi bed in|Exangpl e | was pl aced
into a stainlgss[steggl tude reaftor (Il engtjh: gbout 18 inches; inner
di anmeter: about ).éﬁ nch) .| Gaso}ine boiling rgnge |f eedstogk from a
catal ytic. cradki pg°ohi.L of] & refidery Mqas jpasses tihioygh tthe reactor at a
flowrate of 25 | -BSpuR 14 W /hpE, 2t3a tlefbardt yr® qf2ajout 600[err] C and
at atnospherid p eRelr e (pbout {0 psifg). |The |[formned reaction product
exited the regct¢r Shbe arld pasped: tihr ough deverfal ijce-cool ed traps.
The |iquid porjti ¢pa—¢Hret+rge—+r—heserTtraps—at was—ei ghed, whereas
t he vol une of |th ggeous porti pn whilch exjited thg trgdps was - measured
in a "wet test tem. Li jui d ahd gageous pr__oc#uct sangl es|(col |l ected at 30
hourly interval s 9@ angl yzed| &y - nmgans A lggs fchr angt qgr aph. Resul ts of
ei ght t sk, rﬁrﬁ or R alys ARBhrouFh |[Hearle>sUn'rar|li zed in Table |.
Al test data 254 orbtai-nad af fer 8 |hour{s or} strleam| - WO
98/ 51409 | . . |
PCT/ US98/ 0740(Q] " -113. -
' g
S e le |a |e
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The 't est dWQ%FWe®nted in Table | showthat the inventive BPET/ABISA7400

exhi bited considerably | ess coking (which results in excessive catal yst
deacti vati on) than Control Catalyst H and yielded nore BTX and ol efin
and a greater ratio of ol efin to BM-than Control Catal yst G The

i mprovenent in cataly e r manc 5 s beliey to be, due to, the dual
metal |ic pronoted aci Z}"? geg{c%%ﬁpfé?ﬂ%ﬂ -'él.,TaPﬁeeldg%‘ﬁha%%‘e Wﬁ?’&}"eﬁfa@%{ser i s
zi nc i n comekhibitédeonsiderabBless ki filich results in excessive catalyst dehdtivafio®) SO
noted that the pon-acid | eached zeolite containing only zinc produces

a signifi caMtanriRiiol Catalsbileand yielded morrotih andclefimans! @ggeal@r gtigf ofTX )
107 br oguc o B RO ER o OF T Okt Sl sBlBlRebE "o

10 production rate, I't al so undesir 0 BTX
rati o anfl yisbelieyéd to be dBTH therdual imedtallic Fromotedeacif leadhed xelned Thy domlt al s, in

conmbi.nation W th zinc,. . .suppresses.coke formation while also enhancing
the yield ofnegltfr%fﬁ%e{)}sezﬁ?%@ cgﬁj.gnq:ﬁon With ?‘P(S’g’(eré"%%aés i nproving the ratio of
olefin to BTX in the Rri9did6tnoted that the non-acid leached zeBRRSRBIMife YAl Add ONS,
- nmodi fications, and adaptati ons .can be nmade 15 within the scopé of the

di scl osur e BFRuEese Hppidinent amonal ofscolp trithua sameqyehat reagorieblsriiield of BIRE scope of

foglr/s U'Sg\é/eg';&gcg olefin. The acid MRh28/22AA0 ontaining only zinc lowers the coke

10 * production rate, but it also undesirably reduces the olefin to BTX ratio and yield of

BTX and qleﬁn. The use of the secondary metals, in combination with zinc,
suppresses coke formation while also enhancing the yield of BTX and olefins and in .
- most cases improving the ratio of olefin to BTX in the product.
Reasonable variations, mociiﬁcati_ons, and adaptationsl can be made
15 - within the scope of the disclosure and the appended claims without departing from

the scope of this invention.
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- 15 - ‘ ' CLAI \%S : A
catal yst C(‘)‘g?osi tion conprising an acid treated zeolite and ‘H@M“"é’
4B B,

conpri sing _?F(‘,Sl d at |east one-other elenent from Goup 4

Group 3A, Goup 4A or Group 5A of the periodic table of elenents. 5

2. ' A conmposition according tQ glaim1, wherein the zinc is present
in. the range upwardly to about 10 wei ght percent and said at |east one
other elenent is - present in thelrandgd Sipwardly to about 15 wei ght

per cent. 3. A conposition, accordi to, cl erein the
atonic rat ib of the A catafst F%E‘tm@ﬁé%tﬂﬁ’émgéﬂé%ﬂgeaﬁﬁi %‘i° ‘i"g‘l @#ﬂflhe range
of .from abo &)\%\,}é} el% L%xﬁaﬂ@gtufeasjtgnéoﬂépeleﬂ‘xent from Group 4@ @98{&95!3'[ Gegupaccor di ng

to claim2, € zinc I's present range from about 0.05
to about 8 3] Gk'dupp@k@emromﬁiAsﬁlthb p:tnddaatablemfeelmdm el enent. pr esent

kncgggor '? |g nf ;g(r:n 033?5&0?‘@08@? %ﬁl’)ci’r&'%éf éﬁw?? %‘rﬁﬂs Zjng, is gre‘ée nti g
ZLOLtea; t 1°2§l€%ﬁ§\er g;ﬁitzﬁglgttg eaﬁ?htzlmnﬁexgﬁt pefcenbénd metAmﬁséfr?gg ?.“??3‘:‘“2’3; (i)kr é. tn 3
to clai m 4, piebentén the fangey ipwardly tgrabawink> weight percanhe range from 0.1 to 6
\rlftlnggt ¢ Pg:nc nt2 ?gdlgaﬁe eoﬂiﬁokﬂgﬁ tac&?xﬂng tt@@lralﬁ he WRBkir the %cﬁﬁtgg%%% gf j[:hleljﬂ the
according t g lehdione othoeiRtRinte s atmmm:range iob frofn zsbuutiOZOl to attout é&dt one

ot her el enment tozmcmmtherageof 5051{Slﬁ
A conpod®tibn accor di Agcompositgn grsordifg, t?:ﬁaH% whersiy &‘%‘E 1Flpr"isfml'ﬂélat

treat ment V"fb%&%@ e fBnthbo8NP.0S it hEJht'stéigﬁtt&?éeﬁﬂaﬂﬂ idid @t fehdt Bhe @ltferunder hi gh
tenperature condlftions to thereby provi a first heat treated material.

9. elemantprepest iin therrangechemiatgut b1 do aboutd?2 wm&htéterpegfau d first heat
treated 25 . material ,h h Soelydsai d
first heat ?‘r eat ed &%rﬁé)gglﬁhq?&%ﬂ 3?1? 46%%%?5:4 1?]; \gﬁsecon gas
under high hemr@bwtt&retmanttmmctsom the rangbtmérfmlnyalpnuwmuqaam&rid heat

treated matert | . 10. A conposition according to claim9,
wher ei n13ai g8 Wcﬁ%ts and sajd second gas are individually an inert
~gas, a reduging gas, a éom;ﬂ?&ﬁﬁﬁ&cc&&iﬂg% Qlaird 43 Whereif tHeltife isfprese;tttm\o or -

nore of said gases. A conposi tion accordi ng to claim9,
wher ei n sai thef range figewl.1tte éa‘t"ﬁﬁhftpefcem anq spid anlgast OBE OHeT SIeMERHERIERE i n
t he range of h RBgut 400[err]C and
THI S SHEET I%E{eégh%bﬁ% 024810 gt BortR __ REPLACED

7. A composition according to claim 6, wherein the atomic ratio of said

20  at least one other element to zinc is in the range of from 0.5:1 to 3:1.
8. - A composition according to claim 1, which has undergohe a first heat

treatment whereby said composition is contacted with a first gas under high
temperature conditions to thereby provide a first heat treated material. |
- 9. ' A composmon according to claim 8, wherein said first heat treated
25  material has undergone a second heat treatment whereby said first heat treated

material is further contacted with a second gas under htgh temperature condmons to

thereby provide a second heat treated material. .

1_0. ' A composition according to claim 9, wherein said f'.rst gas and said

second gas are mdtvxdually an inert gas, a re_ducmg gas, air, oxygen, steam or a
30 mixture of any two or more of said gases. | | '

11. A composmon accordmg to claim 9, wherem said first heat treatment

is conducted ata temperature in the range of from about 30°C. to about 400°C. and

.THIS SHEET HAS BEEN.
REPLACED
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A conposition according to claim9; wherein said second heat t r eat ment
is conducted at a tenperature in the range of from about 400[err]C to
about ~1200[err]C. .and-for "a ti me'p‘ér‘i od of fromabout 0.1 hour to

about. 12 hoyrs. .5 13 - osi ti o cording to claim1, wherein .
the. aci d- t r BEAiMS pefied of from abﬂ‘é‘ﬁ“‘gggﬁ‘ o Pgﬁ%@ﬁ% Swith said zinc and-said

at | east ongother el gM@fkposition acchfing to claim 9, wheréiarsaidsdetorhaaccording to
claim 13, wnherein the inpregnation of | sald acid tre%&g%zeo I te
i ncl udes cotreatmentrig condugtedcat @ temperatee ingbe range Wil dypmy abagyt GPY"Sn to about

CON i NG Saddeb>ha PRk ke BRI & H6m 3G PEAS BBt 1 Dbl 0 at | east one.

other netal. I'tion according to claim1l, wherein
sai d at §eass. one ot hArcompositieh ecrenting to ¢laimahj whereinithe acidriveated| splifenum
boron, silicon or phospho ocess for the

L. . 16,0 A
conversi on B#s bReAABPEREBYR l‘ﬁ'ﬂhl‘ﬂﬁl Ahd said at least °B%ﬂﬁ'r§¥;?}1€w§nhnder conversi on

condi tions g4 _hydrOca_rR%n{p%ﬁﬁoﬂ"ia&&r&in@m@ﬁﬁtlB,O\FJherein th@ ffipreghationtof any one
of the preceding clains, wherein a conversion product includes 15,

aromati cs asaid abidftreated zeolite indlgdes contacting saidnaqiq reated; zeplite PAth AgSOlWIoR) ai m 16,
wherein said hydrocarbon feed., . ' : ifdtg 2- 16
carbon at onEPRM e éf,sgfaé{ §FSid zing gn & 8 TBdohd Sae %g\gépgggreegg%ggggﬁl ng to claim
16, whengi n1sai d conv@r &ngpositiondedarding to claim 1i whenethesaid atelgast iooe othsmper at ur e
in the range of from about, 400 err%C t o _about 8@0 erréhc. 20 ~and a - -
contacting Mlegistisditapiumy ghrp 1BpLy Peesms GRLOrn LR PY | °[§P}é°§g‘°_0re upwar dl y
to abqyt 500 psipprocess for the conversion of hydfodaftens wWhickCévmiphseg to claim
18, wherein said conversion conditions further include a charge rate
of said hydcontastingrmriderconyersiontaenditionsa hrdrgparberfeed yith a compesiial vel oci'ty
e F; [‘]e " a09CaRk «f hRYTbh GERE PIseRind UHHLE WlerdiR YoV atsibR pRRtRidt intfASs 25

- 15 aromatics and olefins.

17. - A process according to claim 16, whefein said hydrocarbon feed

comprises hydrocarbon containing 2-16 carbon atoms per molecule.

1.8. A process according to claim 16, wherein said conversion conditions

include a reaction temperature in the range of from about 400°C. to about 800°C.
20 anda contacﬁng pressure in the range of from subatmospheric pressure upwardly to

about 500 psia. '

19. A procéss according to claim 18, wherein said conversion conditions

further include a charge rate of said hydrocarbon feed such that the weight hourly

space velocity is in -the range of from exceeding 0 hour™ upwai'dly to about 1000

25 hour.

REPLACED
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