20 APR 2006 WD 02/32812 PCT/ US01/ 49938 | nproved Zeolites and Nb|60“|aW]ﬁP92%5
Si eves and the Use Thereof. This application clains priority based o#,~ and
is a continuati oweim2part of provisional application Serial NorCBOAR4293810
filed Cctober 20, 2000, the contents of which are incorporated herein by
reference. This invention relates to zeolites and nol ecul ar sieves, and nore
particularly to the production of zeolites and nol ecul ar sieves and the use
t hereof . Zeolites and nol ecul ar sieves are generally used in a wide variety
of catalytic procedures. In general, zeolites and nol ecul ar sieves may be
prepared by a procedure which involves formng the structure froma
reaction m xture that includes silica and alumna, and often with an
organic directing agent (often referred to as a"tenplate') such as, but not
limting to |linear am nes, |inear diam nes, and quaternary anmmoni um salts.
As an exanple, such quaternary ammonium salt may be tetraethyl amoni um

hydr oxi de. The organic directing agent can be renoved fromthe resultant
zeolite by a heat treatnent process, often referred to as "cal ci ncation",

at an elevated tenperature. The acid formof the forned zeolite structure
or nol ecul ar sieve is then produced by ion exchange, such as, but not
limted to, ammoni um exchange, followed by further calcination. In sone
processes, the anmoni um exchange. step occurs hefore %gggﬁal i natjon

t hereby sinplifying thelmgyehdgolyes ypdilolecplar Sigyigs ap s ﬁ‘léef(ea ditional)
heat treatnent, also referred to as calcination, is executed 20 APR 2005 WO
02/ 32812 PCT/ US01/ Ad83®péctivaciens priority Hagrdnimgné isepcontipuelpgnsint Rarngfngjoypional
shaping step, the zeolite or nolecular sieve is produced into a shape to

al l ow use in fappliexanpSeial iNedoWa4l, Lldt dledt Octobperdf i2600, the comwemntarafemhichr are
it has been recogni zed that the state or characteristics of the zeolite or
nol ecul ar siew@xﬁpymb@h@%ﬁﬂgh@ﬂy@M&the final heat treatnent step. However,

it has not been Trecognized that, in the heat treatnent to renove the

organi c directing agenihedihf RekdQp TBARE arl mblREuZeabldsea nithd paub@EIPkEMR
is affected significantly by changing the state or
production of zeolites and molecular sieves and the use thereof.

Zeolites and molecular sieves are generally used in a wide variety of catalytic
procedures. In general, zeolites and molecular sieves may be prepared by a procedure which
involves forming the structure from a reaction mixture that includes silica and alumnina, and
often with an organic directing 2gent (often referred to as a’template™) such as, but not
limiting to linear amines, linear diamines, and quaternary ammonium salts. As an example,
such quaternary ammonium salt may be tetraethylammonivm hydroxide. The organic
directing agent can be removed from the resultant zeolite by a heat treatment process, often
referred to as “calcincation™, at an elevated temperature. The acid form of the formed zeolite
structure or molecular sieve is then produced by ion exchange, such as, but not limited to,
ammonium exchange, followed by further calcination. In some processes, the ammonium

exchange step occurs before the calcination, thereby simplifying the sequence of steps. In

many cases, the (additional) heat treatment, also referred to as calcination, is executed



characteristics of the zeolite or nolecular sieve nmaterials. pllca h%s 05
surprisingly found that controlled heat treatnment or caIC|nat|on to !% @
the organic dirgcting agent and exposure of the zeolite or %g@ sieve
during this tregf%%ﬁgbVo average tenperatures no higher than 5%@ Up 9938
desired to create acid sites of a specific nature and strength. These

created acid $id£8iend® CAMMBG MBASHRRITRYIHL shEMERd, lﬂfeeze%q{ét(fr%d E8har sieve is
desorption of anmoni a perforne in accordance with Exanple 3 ("TPD'), are

surpri singly fﬁo‘éﬂgeoﬁgn #E?CQQ% gselﬁfi*&ae”g& fabalYts Ca E8§é¥§:ﬁ‘&? in
reactions, sué Tmte Bcar on - CORVEF S

technologies, and ronnental tenent tech i cant

that, contrary to PHENRTE AL }Ilaé Ghi ?83‘“5’?1 tﬁd] tgg St&ﬁ“ﬁﬁ%@fﬁlj‘éﬁcst € %eﬁgte
abundance of these sites, referred to as "strong acid sites"” and neasured

by the tenper & mokecelbonsicst mey baesiseist Pyabe fal aﬁ%wme@é?tmrfﬁ@ﬂe\ieﬁ Iekas aotibgrde
with Exanple-3 ("TPD'), is beneficial in aromatics al kylation technol ogi es,
such as, but mabghized tbed i the Hehetredtinghtabiranoaf thb erppendlitectifiagent, the performance
et hyl benzene. Applicant has also found, that in addition to the appearance

of such acid sfts, zeoktd St afbieahlar asdveuat bffeddel Qlfgrif@ngeoby tdBagdingrahecsdtaror
sieve occurs, as can be characterized wusing porosity neasurenents, such as

N2 physi sor pt 'cEé’}a&E'H'!tQE OTREL Y 1B B TS Yieye AGRAELI Agp pli@nt h?s G SMdly found
under st andi ng, App i cant believes that a conbination of the above- nentioned

characteri stigs, of fr‘&‘ﬁ’éd heR A0LPR! SCULRNaf eYoe§T+§\red&%' 5%?1161§adr gbé:ﬁxﬁ’é gLft! 49

performance in catarytic applicatl ons, speC| fcarty in hy
conversion applicat i

tion above tioned .inprove

Charactert st PG LPnER cetl e AT Y TILT e RaPhadES oF tn}%ﬁ (P R BEEEL no
characterized by the Acidity-Activity | ndex ). The as 1 R 005
WO (12/ 32812 ﬁt&%ﬁwﬁf/ 795?8@85@%6“# 1 ¥rﬁ%te§ﬁl§c§1ffis t3 Sfe dn’ftﬁ% #9 St'feﬁé’gr

of the total anmoni a desorbed fromthe zeolite at a tenperature above SOOC
to the total AMftEHiidBserednfieontashied¥ohe teanneretarercanpelie deRrPtiprPbiFIvoe
as nmeasured by the tenperature controlled desorption perforned in accordance
wi th Exanpl e Re(formrg i, accordenes yithoEyapple 8aTBD") iaredsumpasingly Soumrh toe prgnifjeantly

5,258,570 teaches that the catal ytic
enhance catalytic performance in reactions, such as, but not limited to, hydrocarbon

conversion technologies, and environmental abatement technologies. Applicant has found
that, contrary to what has been recognized by prior art findings, that the abundance of these
sites, referred to as “strong acid sites” and measured by the temperature controlled desorption
of ammonia performed in accordance with Example 3 ("TPD"), is beneficial in aromatics
alkylation technologies, such as, but not limited to, the ethylation of benzene to fcrm
ethylbenzene. Applicant has also found, that in addition to the appearance of such acid sites,
substantial restructuring of the zeolite or molecular sieve occurs, as can be characterized
using porosity measurements, such as N2 physisorption and/or mercury porosimetry.
According to the current understanding, Applicant believes that a combination of the above-
mentioned characteristics of zeolites and molecular sieves is desirable in optimizing
performance in catalytic applications, specifically in hydrocarbon conversion applications.
The combination of the above-mentioned improved characteristic and enhanced catalytic
performance 1s found to be characterized by the Acidity-Activity Index (AAI). The AAL as
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activity of zeolite beta can be approved by activating the forned ze&ldggh%
heating at elevated tenperatures of from about 600C to 675C in orde o~ L
reduce so-cal l eswd st/zenmg” acid sites. In accordance with US 5. BEBuSHGv93s
zeolite beta produced by conventional procedures is specifically treated to
reduce acid sites to thereby increase catalyst activity. In accordance wth
one aspect of us¢feinghesperiiiqanoe aed oieime.Hbe ool fredoiebeamaniz desarpesd em the zeolite
nol ecul ar sieve that has an increased nunber of so called "strong acid
sites”, i.e. sitemmsatumadsu 2D °Oyto theetotad aperoaik Wiesorodintram theet ol esad b permemature
performed in accordance with Exanple 3 ("TPD'). Mre particularly,

Appl i cant has beRuMNE0F°Tads hastE bakd ftenpeheurd Ubhiedlle@idesiptiterfdeded §i dcesrdance
there is provided a substantial Increase in catalyst activity. In yet

anot her aspect,;@f pLhg,P5¢8EEmI nvention, there is provided a zeolite or

nol ecul ar sieve that has an increased nesoporosity. i.e. pores of a size

| arger than 2 nma ef.. it . i | b i th. I :
nunber of so call eg’q‘ngrgg)otlﬁgx&%%llc%ﬂgi ?‘gdsfﬂé.p’ Hb%%%%gfr“??%n <'£15rﬁll@yt?el';|L %gﬁagg{ﬁ?%%ggm
found that by increasing.bqth the nmesoporqgsity of .the zeolite of, nolecular
si eve net wor k 25hg% ﬁi Zﬁ%‘ﬁﬁgjret%m%(?ec%qpﬁév&g" tg‘ﬁﬁ'ét‘%%i%lf gqr‘ing "Z,eo{“ﬁe}?yehfmgmg at
provided a substantial increase in catalyst activity. Preferably, the
zeolite or nolekvaledremspEvardsay Fon @BowHIGORC havés aninaveerdgaedseso-dlleherepng”
greater than 100 Angstrons. |In another enbodi nent, the zeolite or nol ecul ar
si eve has a pare@ viodsunelhgraeadréanct haith 10S 75,238.370g zedlite decoprhancel Wy tdonaentional
preferred enbodi nent of the present invention, the zeolites or nvolecul ar

sieve has an Agéddbitigs ACdpedbt M s 16 Aluke 8fid afteslte Bftebd ikbredE ehtalvaicyiviag,
least 1.2, 3 20 APR 2005 WO 03/32812 PCT/ US01/49938 and nore preferably at

! ea‘s_t 1.4, and nosty RE&H&REMHAnel L&k ol 1R }y?@s%ﬁﬁ-nner%h; thére i%'%?éjliééa 4 DRlite or
Specification and Clains, is the ratio of thHe total ampnia desorbed from

the zeolites eg i eV t ur e ol he :to
ammoni a desor g%ﬂe@%nﬁq %Uﬁgﬁmi}é%l iﬁ)t @gr%‘?éfm%eﬁlogrsgsﬁggé\?e/ Sélié Qg%tc grr%{ee? étlifi gﬁés o

bel ow 300C as _neasur, %g tf?é’tet he tenper.at

measured 1€

mpératute '‘controlied desorption performed in accordance with Example 3
("TPD"). More particularly, Applicant has found that by increasing the number of strong
acid sites, there 1s provided a substantial increase in catalyst activity.

In yet another aspect of the present invention, there is provided a zeolite or molecular
sieve that has an increased mesoporosity, i.e. pores of a size larger than 2 nm and smaller
than 50 nm, in combination with an increased number of so called “strong acid sites”. More
particularly, Applicant has found that by increasing both the mesoporosity of the zeclite of
molecular sieve network and the number of so called “strong acid sites”, there is provided a
substantial increase in catalyst activity.

Preferably, the zeolite or molecular sieve has pores which have an average pore
diameter greater than 100 Angstroms.

In another embodiment, the zeolite or molecular sieve has a pore volume greater than
0.7 cm’/g.

In accordance with a preferred embodiment of the present invention, the zeolites or

molecular sieve has an Acidity-Activity Index (AAI) of at least 1.0, preferably at least 1.2,
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controll ed desorption perfornmed in accordance with Exanple 3 ("TPD'). More
particularly in a preferred enbodi ment, the zeolites or nol ecul ar JiledRR 1085
one that contains silica and alumna in a silica to alumna nolar ratio of -

6:1 or higher..or 15:1 or higher that is prepared by use of a tenplating or
organi ¢ di gg)c(fzﬁﬁazagent that includes an organic nitrogeﬁcgﬂﬁﬁﬂ%péﬁ As
representative but non-limting exanples of zeolites there nay be

ment i oned; i ue andlEAx Mt 326 wNEMS - 41,
MCM 48, g%dH%s?}@%%fl\Eﬁ%lmggA&%%ﬂ gnd B fGEI,%gl%é‘M 12,212628M 22,%%@9&%
ZSM 48, 9SZ-32.. etc. referred.zeqgljte. i,s zeol.ite beta.although.the
Cvent | onbraneaps|af B of tertenf Siehs ol “wbBPhr SEsofide B2 1046 B
further aspect of the present invention, Applicant has found that a

zeol i t es THHEGRET cuqYR 3 & ftemReraiERe #RpVEr Wrfprto Ve tetak amnipopd dgserbed tomede pe
produced by increasing the strong acid sites thereof in this respect,

Appl i cantzedlies o1 mmobtculansiedeiri ademprzatursr b 300 fomeprundiuly thy teaperatee and
nol ecul ar sieves, and in particular the procedure for renoving the organic

ni t r ogen cbetrglledtdesngpagepdrforinbe ircarnokidanos vatheERahpye3l (TR ei N shoul d be
controlled to preserve strong acid sites. In this respect, strong acid sites

are mai ntai nedyy paAENLN R PreRsRE SentHRBRdnt, GRS z¥H&LrRAGIKANAr di%SisUnet hose
sites that are proven to be eneficial in catalytic conversion applications

and are t.ard | Latho.: i = : h sites
can be a?%tfi%%ﬁ%gﬂ{)c‘gégﬁ% %?nc |1rci%I?°o hQrPlé]tla %21 lgrofrag?ogﬁ'\&%qr%gﬁio%égﬁﬁﬁ t he

zeolites ,or ecul ar sieve structure. .ln this respect, in repoving the
organi c rﬁ%’%ﬁ%ﬁ ¥ SRET ?d?%uﬁeggh? tﬁ]ﬁl Pendy %g?‘mgt%s "i%‘éténsgt agegb%apﬁuéérhéof s
renoved and i.n a preferred enbodi nent essentially. all is renmpve eatin
T o™ eont r GEMI iR GO pAS PRSI GYS P O SHRES PR Mo,

about 5%C and 2 0 APR 2005 WD (12/32812 PCT/US01/49938 preferably the
heating i|%aY Geanenipaedigdette fidy-moftaditef [ iy ZpM-dteMGM =4 16 MyMiéPal ; at
| east 50%.t hereof is renoved and in a %ef erred enbodi nent essenti al iX al |
i s 1 emoveNfCM-4lpMENES., PSHA3. L 81 ERALIMERtE e AEM- e 4BMnR. LAMLEY Z5M-55,
controlled so to in a controlled nmanner increase the tenperature of the
. materi al . Z8M-#% SSZr3d, etral A preftriedzeolgmpercalite beta althoughithe invention is not limited
to the preferred zeolite.
In accordance with a further aspect of the present invention, Applicant has found that
a zeolites or molecular sieve having an improved catalytic activity may be produced by
increasing the strong 2acid sites thereof. In this respect, Applicant has found that during the
procedures for producing zeolites and molecular sieves, and in particular the procedure for
removing the organic nitrogen templating agent, the conditions employed therein should be
controlled to preserve strong acid sites. In this respect, strong acid sites are maintained by
employing process conditions which prevent loss of those sites that are proven to be
beneficial in catalytic conversion applications and are be characterized by its AAI ratio. It is
believed that those sites can be ascribed to be a specific kind of tetrahedral aluminum sites in
the zeolites or molecular sieve structure.
In this respect, in removing the organic nitrogen templating dgent (in general, at least
50% thereof is removed and in a preferred embodiment essentially all is removed), heating is

to prevent exposure to average temperatures that are above aboui 575°C and
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respect carefully neans that the tenperature increase of the materi ad n50t
so fast that |ocal overheating to tenperatures above about 575C i APR 20
prevent ed and/ owarynizized. Furthernore, the calcination to renmpgeuthesyss
tenpl ating agent is perforned in a shallow bed in order to reduce | ocal
overheating or the occurrence of hot spots. Alternatively, a deep catalyst
bed coul d be @mFEEYRUDE heptie 1ﬁ|t@\mrﬁger@a%tqnﬁaefﬁfur§mffnpcﬁ®h%r|tpalhﬁa Cs@pémeré &l
velocity such that the heat transfer rate nmintains the catal yst bed

t enper at ur e atieaanyOfothateof s nonemed eandtihan pathoted @B ddnéftersemtielly rUns trtreoved).
average bed tenperature. In yet another nethod, overheating during the

cal ci nati on caworeevd] it Hiprefdrby eatplimyEnt)Cheafifi@khmid &k eostrolfsl sd1td Biea controlled
tenperature ranp or to control hot spots by reducing/controlling oxygen flow

thereby cont rolihingcRasad ih@ge@?erﬁﬁbgé)b'fs&k ORat&al tt@%]eoﬁxgﬁ'&hl%mq{léﬁ%rﬁﬂégmﬁgel'ﬂtthns
QG her possibilities known in he art may be enpl oyed to m nim ze | ocal

over heating or %P?e%% iy GRGS Bkt BQles e%rﬁre %Lée%%ém@ Yig1 dsWok Qg s{ f?)‘al*ln]%cal

t hat st eam may e catalytic a IVI zeo |tes or mol ecu
sieve. As a result,.in a preferre \ |nc i ng .t he zeolltes or
mol ecul ar si ePETPEHINGAR AFRERIEs 2 Yegg s é?/}éreYeé] @@%gﬁﬁ‘ﬁ%ﬁ to the
final calcination tenperature. Controlled heating to tenperatures up to
300C, aimed at ni nifmrzemprexposieisatiando renprthe trradatasegent3opeiorpedyyeshallow
wat er before high tenperatures are reached so as to prevent steam ng; and
t her eby presereé isbrdenty mduat lstdl @everhbatingroe tlendyodirereatof hbi potsamipenatietlf ez teg
by applying slow ranp rates, such as, for exanple, less than I 0C m n;

preferably | eashishaed &@dba employeetif dndiohetg gahiedt swfifitiendy hight seperficiizlatedocity
stop in the ranp at NOT can be enployed to mnimze exposure to

significantly soBi @aeiheheiatinkRITRRE HaliiSs thBaMaBO0LEd &R A2 Boidt B dRRore
2005 PCT/ US01/ 49936 The current working nodel is that the so-called "strong

aci d sites" argyf geuaeshoCPBIfREIkYr@n BelRekbt VU Rl Qﬁﬁlr@fhﬁyﬁpﬁﬁdtlﬁér%ér}ﬁﬁ)@
of tetrahedral alumnum As a result, in accordance vvlth an aspect of the

present i nventd\@{h’eaﬁlﬁ Mrﬂ%%ﬁb lecﬁlaﬁgrpkdntt?esmgﬁm%b & lélrﬂ)'ioymg intermediate stops in the

temperature ramp or to control hot spots by reducing/controlling oxygen flow thereby
controlling heating by combustion of the organic directing agent. Other possibilities known in
the art may be employed to minimize local overheating or the occurrence of hot spots.

Applicants have further found that steam may affect the catalytic activity of the
zeolites or molecular sieve. As aresult, in a preferred embodiment, in calcining the zeolites
or molecular sieve, the zeolites or molecular sieve is slowly heated to the final calcination
temperature. Controlled heating to temperatures up to 300°C, aimed at mimimizing exposure
to temperatures ab_ove 300°C, removes water before hgh temperatures are reached so as to
prevent steaming, and thereby preserve strong acid sites. In one embodiment this can be
effected by applying slow ramp rates, such as, for example, less than 10°C/min, preferably
less than 5°C/min.

In yet another embodiment, an intermediate stop in the ramp at 300°C can be

employed to minimize exposure to significantly more elevated temperatures than 300°C.



si eve, processing conditions that reduce the anount of tie specific type of
tetrahedral al umi num and thereby reduce the nunber of strong acid sitle&PR 2005

shoul d be m ni m;zgeh,QL;,avoided in order to provide for inprovegcgatalysk
activity. As hereinabove indicated, in order to mnimze the | oss of the

specific tetrahedral alum num and thereby maintain a certain m ni num anount
of strong acid sit@&se quirentconditg onslehis Wit dhe shrealla@npitamigngridgent” s reduced
renoved shoul d be controlled so as to reduce and/or elimnate exposure to

tenperat ures pakeMB abautsudSOC iess o PEAEcIOSHe PERéttiedial hiviBnuhnAaddickhlgnin
in a preferred enbodi nent steam ng should be avoi ded; for exanple, but not

limted to, bycpt@wcheatd A9 bRt be u{el Pabent QWeﬁﬂlmtm%oamﬁ%Hﬁ@s oM S8BT,
processing of the zeolites or nolecular sieve affer ‘the renoval of the

tenpl ating ag?l@{’e &%Htlisgm Qldnl%ng qg&trl%hg dﬂ%eoarfl&glltm(ﬁ" ?’@déﬁ%&ﬁ%l rg%r@{t%ﬁahedra

exposure to ftenperatire ove about For exanple, “the exchange steps

and final calcjnation on .exch zeol i.te. or cul ar

shoul d occur & ng’ef%’ﬁﬁ% L}?ee@m Psn@?%ﬁ%{hdgeﬁ WSF@&@?IW“&I Hgpded
limted to, exchan e of Na with NHANO3 to produce the NH4- formof th

zeol ite her mdl GEIH af PEQ ke TOT| P PARINFL Gty st EoE 6 JuFiBe Ry B REcHF. In ‘order o
procedures for extruding the zeolites or nol ecular sieve into a_desired
shape or for mishourd tet 3es o thei srepide datraeden) cilwreigumTRed sherely ranieinga fetain
recogni ze that strong acid sites in zeolites and nol ecul ar sieves increase
catal yti c act munimumarghduhatof ptrosg ssidngtesotici tardi®nf oat whot ube rigmplebng tagsntarsd
mol ecul ar  sieves should be controlled to prevent |oss of strong acid sites.
In the prior arhovedr hoekishagontslllepsoadst ier refiodenaid/@nelahinkteeexpealre tte Seraperatures
nol ecul ar sieve reduced the nunber of strong acid sites to values bel ow

those of the pr&geMout BYROL 1P, r@eﬂge%gs‘e o @FtGlel OR Jd@fIbnt §a bFef@rdiedusddiMbnt
in catalytic activity. 6 WO ( /32’81 2 0 APR 2005 PCT/ US01/ 49938 The

zeolites and gRLEGY Al 6 %oxé?éa;tfgleeﬁ&?p?&%tut LBV RRILE %0 MBY <136 FATRE B8 hdvshh)

calcination temperature.

Moreover, processing of the zeolites or molecular sieve after the removal of the
templating agent should also be controlled to reduce and/or eliminate exposure to
temperatures above about 550°C. For example, the exchange steps and final calcination of
the ion exchanged zeolite or meolecular sieve should occur at moderate temperatures. lon
exchange mcludes, but i1s not limited to, exchange of Na with NH,NO; to produce the NHy-
form of the zeolite bor molecular sieve. In addition, use of organic agents in procedures for
extruding the zeolites or molecular sieve intc a desired shape or form should aiso be
minimized or avoided.

The prior art did not recognize that strong acid sites in zeolites and molecular sieves
Increase catalytic activity and that processing conditions for producing zeolites and molecular
sieves should be controiled to prevent loss of strong acid sites. In the prior art, processing
steps after formation of the zeolites or molecular sieve reduced the number of strong acid
sites to values below those of the present invention, and such reduction resulted in a reduction

in catalytic activiry.



other materials, as known in the art. For exanple, zeolites and nol ecul ar
sieves may optionally be netal cation exchanged foll ow ng the hydrd@ﬁﬁph2m5
form ng cation exohange2 If the zeolites and nol ecul ar sieves ara/uret/alys
cation exchanged after the hydrogen form ng cation exchange, the zeolites
or nol ecul ar si eve gonponent t.hereof pr.efer includes a nunmber of .acgid
sites as herei nabov eggeé)illﬁsbaél&m Splghr! %eén(faig‘#‘%!fé%sea? TYERTI" @ﬁggSncé)fnbﬂ?ér‘gth
may be mentioned cations of group ILA group II1A groups I11Btq VIIB. The
use of such mebhfr MakRlsNES FEORAOWRNDEERAT he CAr PX2ER- t37811ER EFF B 4FY BnSiBYeS Sidh
addi tional netal cations, and the anmount thereof is deenmed to be within the
skill of the aeRtiohplbyrbe et catbi syePangadefolowgignihe dwdipgen foranine ehtiqneaxchsoge. 1f
nol ecul ar sieve may be enployed with one or nore inorganic oxide matriXx
conponent s, whihetvebliteg @enémadlbqulayandien ek wietdh ztod iekesmnget afiwl the tydrogsi dorgsng
during the - exchange with a netal cation if used. Such matrix conmponents are
general i nor gagtion AX%tckiRge, §dCitoBRes 9rlhélacMrugiiveasomsdnays thefdod FrefasblySintiuéasa
etc. The matrix nmay be in the formof a soh, hydrogel or gel and is

general Iy an abumddsagh kh&as Yereflabb cAdRLABIN A GOPRAUMEAY e S Re@BcaBons, there may
conventional silica-alumna catalyst. The matrix may be catalytically active

or inert. In a,.pr ﬁoﬁ{ea %Qﬁo‘?ﬂ'%g%p%fm EF&‘EQ Igﬂmo%ggl%f?tt&‘ VBB e d8en meta]

zeolites or nolecular sieve ent “ha hinb strong acid sites, a

her ei nabove descri bed. As herei nabove described, jn order.t i in str
acid sites, t h%ﬁlﬁ DHESE Y 5 HY| %nﬁoﬁg RorER DeOIt:Sc‘)uncg r%ﬁ}tlé)aglt Tg]gtﬁ%%ﬁms’ 40 A
exposing the zeolit ecul.ar _si e‘él a{ged tenperatures for

e or nol ecl e to eley a . .o
pr ol onged peri?)‘BOIH’Ii%W‘?ﬂ;.]S Beddp PF % Da‘ﬁ?a YOI B4R 4 frepehe seagipngsher g Sumillys
invention may be enployed for catalytically converting a feedstock wherein
the zeolites ofhemspEetiPapoticalas skens maydie erpployed pyP1angPr groTy RIEHPS §¥Idp magx
reaction zone. A feedstock is introduced into the reaction zone for contact
wi th the cat al ygpparater whishdist ¢aasllefdoaditedewith 2cohigerand tthelefldads evss kdunpg dhe
desired product. 2 0 APR 2005 WO 02132812 PCT/ US01/49938 Substantially
any feedstock erchemgebiittat imetel chtifreddsed ckschrmyinbeconpohoyedrei generhkinorganic oxides
such as silica-aluminas, clays, aluminas, silicas, etc. The matrix may be in the form of a sol,
hydrogel or gel and is generally an alumuina, silica or silica-alumina component such as a
conventional silica-alumina catalyst. The matnix may be catalytically active or inert. In a
preferred embodiment, when combined with a matrix, the zeolites or molecular sieve
component has a number of strong acid sites, as hereinabove described.

As hereinabove described, in order to maintain strong acid sites, the processing
conditions should be controlled to avoid exposing the zeolite or molecular sieve 1o elevated
temperatures for a prolonged period of time.

The zeolites and molecular sieves of the present invention may be emploved for
catalytically converting a feedstock wherein the zeolites or molecular sieve forms all or a
portion of a catalyst in a reaction zone. A feedstock is introduced into the reaction zone for

contact with the catalyst under conditions effective to convert the feedstock into a desired

product.



present invention. Such feedstock, i.e., reactant conponent or conponeqtﬁ -
may be gaseous, solid or liquid at anbient conditions, i.e., 20C and APR 2005
at nospheri c presgygriess]he feedstock nay be organic or a conbi nagtdnsi@fivysg

i norgani c and organi c conponents. The present reaction systemis

particularly applicable to organic feedstocks, preferably having nol ecul es
conpri sing carbon a¥bstaydalbyen, feedelodpei ewabtnyn@nef fredpiptls Dende wldnyadt o, the
This other elenent is preferably selected fromthe group consisting of

oxygen, sul f urpredeat myemjonniStctofredstoclp hes pérorans canpbmenxduccasponkets emfy b lgeseous,
product or products obtained fromthe feedstock/ zeolite or nol ecul ar sieve

cat al yst cont atiting lidhiblat agbieapedr@fiondaReMI Cl08 agn@phé, proutd dht éadsiodicknay
catal yst and conditions enployed. As with the feedstock, the product or

products can bg grgani& é)rcoﬁ’xbm%gep'o@%érg%ugfanhn&‘?%@'c@mﬁaegen@sr ORR Gresent reaction
conponents. Preferably, the desired product is ofganic However, it should

be noted that stn%cessa ceul%Pf' thgéa%fore fr%%hr eﬁe dsﬁ@&% ‘?&er%ryprh%%{‘ét nflfetules

be inor ganl C e en produc “sou

exenplified by the conver si of netha ht oI ef| n

organi c pr oduc“ton?ﬁmﬁ‘rgo‘é?ﬂ%ctnsa‘h‘g\;‘édroﬁfﬁq %loﬁ‘ﬂlil] n?noéf“e?rﬁ ?}EFD %W\éﬁéa@af l?(@?fz
and hydrogen. The desired product or products preferably have kjnetic .

di amet ers whi cqteratrrtwret?éttlwee%q frgm the SHRUE €8NY FINBT BN Pe I oo &0 BECSHR
fromthe pores of the zeolite or nolecular sieve catal yst conmposition. The
anount of zcol phosplsrusrsiderirhaes B9k catal yst in the reacti on zone may vary
over a W de range depending, for exanple, on the specific processing

appl i cation invol veéthe prodaddort pomutte dbivendde Eust tiek feedstaél/ rentitenmy niodecube didva
conjunction with the feedstock if desired and/or beneficial to the overall
process. Such ditdluendontmayndevill) x€doorse,coefendie tbrwestatnpld, hen fhee fietigosk, pratadyst tand
the feedstock zeolite or nolecular sieve catalyst contacting or it may be

i ntroduced i nt@nifiRnt edpldyed. AONngits eRafeadLdck, itopioiba dregdatia@ckan S8@hganic or a
di luent preferably acts to noderate the rate, and possibly also the extent

of feedstock chgmigRion&®MERESEOBnENYaATBYomBbkPi20teflrabldl e iBsitAMREhAT W R ganic,
control. In certain enbodinments, the diluent is preferably S WD 02/ 3281772 0

APR 2005 Bowever, it should be noted that a necessary, and therefore desired, reaction by-product may

be inorganic even when the primary product sought 1s organic. This is exemplified by the
conversion of methano! to light olefins plus water. The organic product or products have
molecules which preferably include carbon and hydrogen. The desired product or products
preferably have kinetic diameters which allow such product or products to be removed from
or escape from the pores of the zeolite or molecular sieve catalyst composition.

The amount of zeolite or molecular sieve catalyst in the reaction zone may vary over a
wide range depending, for example, on the specific processing application involved.

In addition to the feedstock, a diluent may be used in conjunction with the feedstock if
desired and/or beneficial to the overall process. Such diluent may be mixed or combined with
the feedstock prior to the feedstock zeolite or molecular sieve catalyst contacting or it may be
mtroduced into the reaction zone separately from the feedstock. Such diluent preferably acts
to moderate the rate, and possibly also the extent, of feedstock chemical conversion and may

also act to aid in temperature control. In certain embodiments, the diluent is preferably

g



PCT/ US01/ 44) 938 substantially continuously fed to the reaction zone during

t he process. Typical of the diluents which may be enployed in the ingtlaner 2005
process are hel iwoe@arsgon, nitrogen. carbon nonoxi de, carbon diroxiude 49938
hydrogen, hydrocarbons and m xtures thereof The amount of diluent enployed,

if any, may vary over. a w.de range dependlng on the articul ar catj on

i nvol ved. For %‘%ﬁﬁ’ﬁﬂa&’ cORErugRE AEd 1 thEFFagEoR 2PE P UBRS B‘r‘? R’;{ﬁceé?rgl)’ﬁicafﬁ’f] the diluents
range of about 0.1% O less to about 100 tines or nore of the noles of

f eedst ock. - Thevbishway desmpboredin therisstent pagriessare hellump, GEgss NOPER- atan Imcmawe
wi dely depending, for exanple, on the specific feedstock and catal yst

enpl oyed and osarttdre dgpekei fhiydrogemdhgdro@rborpr aductistudssihesdf. The gmesent diluent
process is particularly applicable with feedstock zeolite or nolecul ar

si eve cat al ystergglbiictif agy,! @aperat bhesaiwidexaassdgfendibguin 82 fartiomireapplication
preferably in excess of about | OO C, and with pressures of from about

at mospheri c tqn@mea FOPOGnRRE Ghe RGNt 6?@1'11%% bé {ﬁedn%auaemftﬁ@%g@skauom@ he,
reacti on zone nay be independently sel ected d%pen di ng, for exanple, on the

specific feedségggsIs 9@“§?§?1¥§ Ofgﬂyé%%%%”P&@gop@&%ﬂgkspeC|f|c product or

products desire era e organi c feedstoc |s a hydrocar bon
f eedst ock and the

tic-_con erS| Process 1S drocarbo n
process. Substantia ‘Vméhvmﬂ9896 dAPBSh “mg%qﬁ 'SF6 OﬁFgcgggm ?beb“ﬂm (ﬁﬁﬁ?&
of being catal yzed by a ZEO|I%€ or. nol ecyl ar. sj eve ta%yst co it on_can
be conduct ed | HeTBLLIHANESPR P IEHFECK RORERbAL PPIosed A 7 ﬂ‘Sngg‘iﬁﬁ“h prodiet 6
hydrocarbon conversion processes include, for example, craCkiT
hydi oci - ael dnePTORPRS K&ETESn The Pre5ERthPIORESS df @ﬁ‘ﬁ]tCP]c‘ﬂ&r?d’P]’%@ﬂfar’“é@f feﬁd%%e%eo ite or
i somenzation including noTnal -paraffm or xylene isornerization,
pol ymeri zat i orinoleghler sevegakalit egfeacitnigdemperetied i gederae ] apqut 5{@°§n§@|rq<1yne&:mb@nm
deal kyl ati on, hydrodecyclization and dehydrocyclization. Using zeolite or
mol ecul ar si evexcesstadlaysit 1001 @sd witbnsesshies bf Tontabow agmbsplerog@redtnidi00 psig. The
pronoter such as platinumor palladium heavy petrol eumresidual stocks,
cyclic stocks mpdendet hiee by dicodeaicloabl i@ dharsgeticst acks mwan bbeindyehnoanac keettak
tenperatures in the range of 200'- 1 1 450" C using nolar ratios of hydrogen
t o hydrocar bondépenting foasgenp, opehyeenifit fagddioBR and catalyst employed, and on the specific

product or products desired.

Preferably the organic feedstock is a hydrocarbon feedstock and the catalytic-
conversion process 1s a hydrocarbon-conversion process. Substantially any hydrocarbon-
conversion process which is capable of being catalyzed by a zeolite or molecular sieve
catalyst cornposition can be conducted in accordance with this invention. INustrative of such
hydrocarbon conversion processes include, for example, cracking, hydrocracking, alkylation
for both the aromatic and isoparaffin types, isomerization including normal-paraffin or xylene
1somerization, polymerization, reforming, hydrogenation, dehydrogenation, transalkylation,
dealkylation, hydrodecyclization and dehydrocyclization.

Using zeolite or molecular sieve catalyst compositions which contain a hydrogenation
promoter such as platinum or palladium, heavy petroleum residual stocks, cyclic stocks and

other hydrocrackable charge stocks can be hydrocracked at temperatures in the range of 200°-

450°C using molar ratios of hydrogen to hydrocarbon in the range of between 2 and 80,

9



Q 20 APR 2005 WO 02/32812 PCT/ US01/ 49938 hydrogen partial pressures 2?5\,\‘?’?29
at nospheric and 200 bar, and a liquid hourly space velocity (LHSV) 464900
0.1 to 20, prefemnaplys:9.5 to 10. The zeolite or nol ecul ar si eve@aiakysbs
conpositions enployed in hydrocracking are also suitable for use in

reform ng processes in which the hydrocarbon feedstocks contact the

catal yst at tlkyfseseat paBal plesfuresnbatenst ABHEPIBO0AEN s sgére paridi keurly space
pressures of froml to 35 bar. LHSV values in the range of 0.1 to 10 and
hydr ogen to hydeootyaiLbi®V)rablhaim §.ate D& praferablyd.5@mnde of 1 to 20, preferably
between 4 and 12. OQther isonerization reactions are carried out under

condi tions simlarThoz4dKas6r mdrRSEkt et aboye cbRbositdrempgyedGhafdrsrakihg are
preferably isonerized at tenperatures of 200- 500C, while heavy paraffins,

napht henes angsallouh) AP T8 iy _fo%ﬁaghﬁ%?sre'k zednfth tﬁ@ﬁ'ﬁ%@a%’({jne%eds%ck@%ﬁééqge

Particularly desirable 1sonerizati reactions contenplated herein in

addi 1.0n €0t B0 TTR BRI AL L0 BONBL AL B3 BRP LI DB AR o NEhudRe A,

r
. 1018' a
conversion of n--he Oor nN-octene to I so 00Ct enes,

met hyl cycl opent.ane t cl phexane, neta-x ne, and/ or .ortho-xylene to . .
par a2yt ener P pufrerc Y SRR CRE ranabrb L o B herosth ke T el dxinar
cycl ohexene to net hyl cycl opentene, etc. The preferred cation formis a

combi nati on offeFFREEAEIItP £ Meterebly RV EBI447dI lént netal conpounds (such as

sul fides) of netals of Goup IIA Goup |IB and rare earth netals. At
somewhat hi gher t eRBEr asupezatipn geactiprsogrealseuied 380-BROT, copdisprs ghnyer4&0those
500C and usually at sonewhat |ower pressures within the range of about | to
5 bar, the sadésescribat aloystfocoiposig.i Odinare pretdaty isopdrio¢d aentempzeifreedS EGEk s
contai ning heavier normal paraffins. Preferably, the heavy paraffin

f eedst ock conpdi°Sesvhilehnaly gpaafahd, nashtivaes agl dkylcasbaits atmniben e zdge tafperatifes
Contact tine between the feedstock and the catalyst is generally relatively
short in ordesf 300a$80°C. Unpigstulaly elesidR: [Rathzafns seehions cotiefplited herein in

pol yneri zation and paraffin cracking. LHSV values in the range of 0.1 to 10,

preferably O.&ditiéh & BeH®maUpdMEhGsomerization described above include the conversion of n-
heptene and/or n-octene to isoheptenes, and isooctenes, methylcyclopentane to cyclobhexane,
meta-xylene and/or ortho-xylene to para-xylene, 1-butene to 2-butene and/or isobutene, n-
hexene to isohexene, cyclohexene to methylcyclopentene, etc. The preferred cation form is a
combination of the zeolite beta with polyvalent metal compounds (such as sulfides) of metals
of Group 1A, Group IIB and rare earth metals.

At somewhat higher temperatures, i.e.. from about 350°-550°C, preferably 450°-
500°C and usually at somewhat Jower pressures within the range of about 1 to 5 bar, the same
catalyst compositions are used to hydroisomerize feedstocks containing heavier normal
paraffins. Preferably, the heavy paraffin feedstock comprises normal paraffins having a
carbon number range of 7-20. Contact time between the feedstock and the catalyst is
generally relatively short in order to avoid undesirable side reactions such as olefin

polymenzation and paraffin cracking. LHSV values in the range of 0.1 to 10, preferably 0.5

to 6.0 are suitable.

10



10 WD 02/32812 2 0 "PR 2005 PCT/ US01/ 49938 The crystal structure of J;Be -

activated zeolite or nol ecular sieve catalysts and their availability i AR Q005
formtotally voiwooetisamhkali netal content favor their use in thedomession
of al kyl aromati c conpounds, particularly the catalytic disproportionation of
toluene, xylene, trinethyl benzen tetramet hyl benzenes and the |like., In
t he di sproportionat bc?ncrbg%lc%@s?}q”e iogcss}?ree?ﬁ?é‘tege O]itﬁamtrpgﬁ Ak It iC%tﬁbéténa“gltg%r

occur. Group VII] noble netal adjuvants _alone or in con% unction with G.oup
V1B metal s sucad@iiyigtienn iy peidmh ek do s sricohizapethep st & s gpuversion of
included in the catal yst conposition in anmounts of fromabout 3 to 15 w. io
of the over aldkydoepest tcompourBst pamicvlgsy Hye caigkic chspropationsdied qfotoluebe xylene,
present in the reaction zone which is maintained at a tenperature of from

about 200- 400Grinfeties deneses, netrirecthgingenzoeiesSertiothe 18@. harthardptddSiionatiore pracass,
the range of 0.1 to 15. Catal ytic cracking processes are preferably carried

out with zeol iit@n&elafor e esiskikINSion Wsh Aigo Be@ﬁ.%%ﬁ&’lf’gllﬁdbla&xe&a%dﬂivbﬁé afogavy
napht has, deasphalted crude oil residua, etc., wt gasol i ne being the

prinei pal - desiihednRinedlie b TERRGI IR A0 0 ORS ey, 45050006, bitbVmokatiies.

of 0.5 to 10 and pressure conditions of from abouf atnospheric to 4 bar are

itable. Deh e . . o >
ebotocis - RO RERULON e SALL B RN LT B A oA R RO o
form benzene, Xx ne and

| enes, t.oluer tgelike re c rieg out usi )

essent i al |yt Ll osUeT o ERaTT POREBET P 7k BTy by Bl dR g agtpp zome
these reactions it is preferred to use the acti v@gd zeolite beta catal yit
in conj unct i onHCY B BIAREER A8 F9RRSEITE OB FemRLE) 2Q0at408 - duiesiuuss e BB Afee Rhd 10
nickel. In catalytic deal kylation wherein it is desired to cleave paraffinic
si de chai ns friofbaapehaEPY \aiker &t thgirangsof Odupdbantial Iy hydrogenating the
ring structure, relatively high tenperatures in the range of about 450-600C
are enpl oyed at noderiayvec ppaengerPcpises angresferably cabyorst o Ovithozephtehzata capprsitions
conditions being simlar to those described above for catalytic -
hydr ocr acki ng.usPreefeedsiedts cattaby gtssoits beofy rtapbthsgmeaipnpkedemide iobledsidbm eec.i with
connection with

gasoline being the principal desired product. Temperature conditions of 450°-600°C, LHSV

values of 0.5 to 10 and pressure conditions of from about armospheric to 4 bar are suitable.

Dehvdrocyclization reactions employing paraffinic hvdrocarbon feedstocks,
preferably normeal paraffins having more than 6 carbon atoms, to form benzene, xylenes,
toluene and the like are carried out using essentially the same reaction conditions as for
catalytic cracking. For these reactions it i1s preferred to use the activated zeolite beta catalyst
in conjunction with a Group VIII non-noble metal cation such as cobalt and nickel.

In catalytic dealkylation wherein it is desired to cleave paraffinic side chains from
aromatic nuclei without substantially hydrogenating the ring structure, relatively high
temperatures in the range of about 450°-600°C are employed at moderate hydrogen pressures
of about 20 to 70 bar, other conditions being similar to thiose described above for catalytic
hydrocracking. Preferred catalysts are of the same type described above in connection with

catalytic dehydrocyclization. Particularly desirable dealkylation reactions contemplated

herein include the conversion of methylnaphthalene to naphthalene and toluene and/or

11



catal ytic dehydrocyclization. Particularly desirable deal kylation reactions
contenpl ated herein include the conversion of methyl naphthalene to 20 ApPr 2005
napht hal ene and,tp} %gﬂ and/or 11 WO 02/32&12 70 APR 2005 PCT/H§9%€A%9§§

xyl enes to benzene en enpl oyed for deal kyl ati on of al kyl aromatics
tenperature is wusually at least 175C. and ranges up to a tenperature at

whi ch subst antylahesctedekiang. dWVhérhempibpetiftr deikyinticon elksl anmphesd dot smpereirs)s
generally up to about 370C. The tenperature is preferably at |east 230C

and not great génallpan 1dabel °Ct k@ kanigedPe i@k uérgpaﬁnﬁeha WhiFP GUhantidneleElgnd 0f the
deal kyl ati on. Pressure conditions are applied to retain at |east the

aromatics feegeaiieit BE cbhMich gkf@bag oEQfrs, aﬁfelﬁ&laﬁ? 'u%ntot DRut eNPET. At BmpaRReis
as low as 120C. but is preferably at least 175C "In al kylati on of benzene,

Lol uene and xyl.efigw 1 QRS 8Ll LV aLLNG AURDoLSy SRLECLE raILOLELi S
such as ethyl ene and propyléne.” I'n cat i ning prim

bj t t t tl t ul f
and or ' i tr 0B BEBBURIS T REPEbao" ?%86?35 ke lvsgﬁfeamaﬁgs fed

hydr ocar bon npl ecul es, therein, For this purpose it is refer to

the same genetaibedui fterer dlodstionder PR ATIH LTI owi a8 Wﬁg&? M{Fﬁgab?%ﬁtd
catal ysts of the sane general nature described in connection with _
dehydr ocycl i z¥esloh75°6phr aliylsrisn of derpspedRivenrnatddenads prederfadadkylefing agent is
ker osenes, jet fuel fractions, diesel fractions, |light and heavy gas oils,
deasphal t ed creldgedfbmradsimsactancethiend ankderopepeof which may contain up to
about 5 wt. % of sulfur and up to about 3 wt. % of nitrogen. The

hydr ocar bon- conver $i omtfiytic epsiesiinimy, e gantargdoigettiven i foatpedmotserie selective
continuous, or continuous fashion. The processes can be conducted in a

single reacti ﬁza@aé@nq;osﬂoﬂ%mefoam‘c £9RE Lin@br ZARESerRIcbAPEGdsi i 8RS FRS, Sthbik
parallel, or they may be conducted intermttently or continuously in an

el ongat ed t ubeu@s&anzlw aBlectth o BB L Xin SHAERuRe nﬁéremwmp thifUhdpdak &t fiseﬁfétféf%a to
zones are enpl oyed, may be advant ageous to enpl oy one or nore of suc

zeol ite beta caf Hﬁl&fﬁe QBHP%%HE:'aPQ:%n&HoE GE&SibLP BHOYIAE LRfyR ﬂﬁﬁb&é‘ﬁung, and

product m xture

catalysts of the same general nature described in connection with dehydrocyclization
operations. Feedstocks include gasoline fractions, kerosenes, jet fuel fractions, diesel
fractions, light and heavy gas oils, deasphalted crude oil residua and the like, any of which
may contain up to about 5 wt. % of sulfur and up to about 3 wt. % of nitrogen.

The hydrocarbon-conversion processes may be carmed out in a batch, semu-
continuous, or continuous fashion. The processes can be conducted in a single reaction zone
or a number of reaction zones aﬁanged in series or in parallel, or they may be conducted
intermittently or continuously in an elongated tubular zone or a number of such zones. When
multiple reaction zones are employed, it may be advantageous to employ one or more of such
zeolite beta catalyst compositions in series to provide for a desired product mixture. Owing to
the nature of the hydrocarbon conversion process, it may be desirous to carry out the certain
processes by use of the zeolite beta catalyst compositions in a dynamic (e.g., fluidized or
moving) bed system or any system of a variety of transport beds rather than in a fixed bed

system. Such systems would readily provide for any regeneration (if required) of the zeolite

12



the nature of the hydrocarbon conversion process, it may be desirous tQ()‘P??%S
carry out the certain processes by use of the zeolite beta catal yst e s
conpositions inwodypmmic (e.g., fluidized or noving) bed syst @QTAISOBESY3S
system of a variety of transport beds rather than in a fixed bed system

Such systens | d.readil .QVi for any.r neration (if required),of the
reolite 15 200 GEE S BT b B Bt SOGTEL ALt Foab i ST ABRRLS esebe
after a -given period of tine. .If regeneratiaon.is required, th eolite beta
catal yst conpdsi? F%ﬂ%ﬂ&85“‘%%“8’6%1%“&%&8&?%}10? Vﬁ%‘ﬁ‘iﬁé’égju%%a ?oﬁ’é’@ﬁ’ﬁé pagegepergiion
regeneration zone where they can be regenerated, such as for exanple by
removi ng car bottaéesige thet eah abs rearngRiedasidnas d0a8XuRpIgel cHRLUNR | Gagponaceous
at nosphere. In the preferred practice of sone hydrocarbon conversion
processes, themzaignils bp oberbor at al gpyer orposintiabnesphete] Ingbe preffreest preatice of some
regeneration step by burning off carbonaceous deposits accunul ated during
reactions. |n lydpseftenretdve it gratestes afie dolitqiiees entlyttruosepbiidons WHEbzebldct ® a
or nol ecul ar sieve of the present invention is enployed as a catalyst in an

al kyl ation progeswrfds @te@%ytﬂﬁ?xﬁﬁ% K¥tlcatob fdteo@f deB6HE @BImT1Akd B¥IEI eBetios,
produce et hyl benzene. In particular, a small increase in acid sites results

in alarge increasemianprfe%%hxé%boeﬁfénvbfﬁee Splr&eyt%vaﬁ%hhﬁg z@&ﬁ@@% %F@cuféf' sie0€of

present invention, the zeolite enployed as a catalyst in an al kylation
process such l ' 0 t e Tt
ethylbenzene,q§§$gg?gléﬁ%ﬁ§%gyaﬁﬂggﬁgégﬁgpgk &%ﬁ{ﬁgggﬁﬁ}ﬁﬁg%g esé?f%%ﬂka?$P
respect to the follow exanpl es: . however thq scaope, of th jnvention.i§
not 1imited t & EBYTCURY SSE R EPRCEE SURAPSREE ariPEpLr e © S IBSesnip dgdaTes
are by wei ght. Eﬁaqglﬁ | Zeolite behﬁ was. made according to the patent by
Mirrel | et al .TSFUS IpAtBRT IREESC B GHASEFRVITN999) . Spray-dried silica (486
grans, Davison 948, 60 um average particle size) was inpregnated with a
m xture of 202 g Al PNOByRiwrEmbaAEeabofl e aresent phEa Na et zeolfe eplared 28 2getahst
2 hours and cal cined at 500C for 2 hours with a heating rate of 5 mn. The
in an alkylation process such as the alkylation of benzene, for example to produce
ethylbenzene, is beta zeolite.
The invention will be further described with respect to the following examples;

however, the scope of the invention is not limited thereby. Unless otherwise indicaie all parts

and percentages are by weight.

Example 1

Zeolite beta was made according to the patent by Murrell et al. (US Patent no.
6,004,527, 1999). Spray-dried silica (486 grams, Davison 948, 60 um average pariicle size)
was 1mmpregnated with a mixture of 202 g AI(NO;);.9H-0 and 800 g distilled water, dried at
120°C for 2 hours and calcined at 500°C for 2 hours with a heating rate of 5°C/min. The
calculated silica-alumina ratio of the material was 30.

Of the resulting silica-alumina, 162 g was impregnated with 162 g of 35 wi% TEAOH
(Aldrich) and subsequently with 80 g of 3.76 wt% aqueous NaNOjs solution. The liquids were

added slowly while stirring in a glass beaker. The impregnated solids were transferred to a 2-



calculated silica-alumna ratio of the material was 30. O the resulting
silica-alumina, 162 g was inpregnated with 162 g of 35 w t% TEACH (Al(dERFCHSH

and subsequent | y, Wi 80 g of 3.76 wt% aqueous NaNO3 sol ution. Fheld,AHid
were added sl ovwvy()\%\lﬁzlsl'g stirring in a glass beaker. The inpr eg-rgéﬁlel‘é)go):)lgﬁs

were transferred to a 2 13 20 APR 2005 WD 02/3287 2 PCT/USO1/49938 liter
Parr aut ocl avéiterizerr avesclaattatt way rofatisg omi motwhdrivemraller bet. The dhix e was xdatadeor
was heated for 36 hours at 157Cin a circulating air furnace. The autocl ave
was cool ed to 36aerd 2MPer@id EirculAind alrfemse THS avetievavashedlednd rdor teafitature,
wi th anpl e amounts of water. The product was dried at 120C in air. X-ray

di ffraction shewese i) vdewRERduel fGeRE ahhethAehbhsts BelateW Tt Roddcelval bN&l
crystallinity of 113% As a reference, a conercial zeolite beta powder was
used. Next, 20,09 -hey | : ch b I - b j k
Wih the. fol lba ae aronr e bo o o sbeERara orey iRarel Ry vep, Wit -
650C, hold for .hours, ..and N, to_roomtenperature, ,Anpther portion of
20 gramof 1 na RS yRauBtY rrhe sk R el FABSREe R YRR BRttesthe®
followi ng program 5C/ mn to 200C, hold for hour , C mn to 500C hold
for 12 hours and 16%’% ﬁot%amoﬁfggiee%%ﬂ"a‘td&i?te%abrﬁémélﬂ i) Nag calsfdei’s 2hetE? it
exchanged in 0.1 MNL-L NGB solution for 5 days at roomtenperature. O the
i on exchanged 6B@yIng rRrpgrammAasCeninde AeRfCahold5oC! hpab SSampndo $50°C ol fy rjpours
was mxed with 3.0 grans of Nyacol alumna so] (20 wt% and 2.0 grans of

dei oni zed wat eénd 5°Thenitp 4& reorpasmgerawee. mog@C pboron2ohadlirgaramd thhdretac ptodipefedab
at 550C for 6 hours with a heating rate of 5C mn. The resulting product
cont ai ned 80 wkaipkedlwisecaldteal. in Bhvevigahpiodlowdrs: oo otand S&0ithis te¥EFC, bold QY  hdur,
mesh size, of which 1.0 gramwas | oaded into the al kylation reactor. The -
sanpl e had a fliaChirotden0wWhskEs1d €or 1 athewe oSt AIPC/mih tdi@odh Kyhpdrature. Ofhebedlziear
to ethyl henzene of 0.31 cnB/g/s in accordance with Exanple 2. O the dried
sanpl e that wasveRlChaeGorndxhaled(h ab 18 AMNS- 2)1utidn 225 BF/AB 108 tBhN&dhreM th
4.06 grans of Nyacol alumna so] (20 wt% and 3 grans of distilled water.

The paste was driedf afe 8Rextheds DS AN AL RYBERLEEERE Wir furk € 15,0 S@ W00

program 5C/ mn to
was mixed with 3.0 grams of Nyacol alumina sol (20 wt%) and 2.0 grams of deionized water.
The paste was dnied at 80°C for 2 hours and then calcined at 550°C for 6 hours with a heating
rate of 5°C/min. The resulting product contained SO wt% zeolite beta. The sample was
ground and sieved to +20/-12 mesh size, of which 1.0 gram was loaded into the alkylation
reactor. The sample had a first-order observed rate constant in the alkylation of benzene to
ethylbenzene of 0.31 cin’/g/s in accordance with Example 2.

Of the dried sample that was calcined at 500°C (lab sample 2), 3.225 gram was mixed
with 4.06 grams of Nyacol alumina sol (20 wt%) and 3 grams of distilled water. The paste
was dried at 80°C for 2 hours and then calcined with the following program: 5°C/min to
200°C, hold for 1 hour, 5°C/min to 500°C, hold for 6 hours. The resulting product contained
80 wt% zeolite beta. The sample was ground and sieved to +20/-12 mesh size, of which 0.76
gram was loaded into the alkylation reactor. The sample had a first order observed rate

constant in the alkylation of benzene to ethylbenzene of 0.95 cm’/g/s in accordance with

Example 2.
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200C, hold for | hour, 5C/inin to 500C, hold for 6 hours. The resul L,e[gg
product contained 80 wt% zeolite beta. The sanple was ground and si

+20/ - 12 mesh si 280 opB28ahi ch 0. 76 gram was | oaded into the al kyl a’tCTdrS“W‘)"J‘%
reactor. The sanple had a first order observed rate constant in the

al kyl ation of b nzgna to ethyl benzene of 0.95 cnB/g/s in accordance with
Exanple 2. 14 12/ 32812 PCT/ US01/ 19938 Exanpl e 2 The foll ow ng

descri bes the alkyl rocedure yse st the catalytic activit
zeoli e catalyst 1 B D B iiten Ao b ahteP o ety vt et ary Ry pla
Exampl e 1), zeolite catal yst cal cined by conventional techni ques (lab
sanple | of Bgﬁﬁbneecarqustag aﬁfé}rﬂar&é withe e sesb HYEREqrafl 2B ot A R)& s of ﬁ’ﬁéﬂple 1), a
catalytic activity of zeolite catal yst was evaluated in the nodel reaction
of benzene al kagbhteicatrlyst chicioedpy enrvengofad tephpighsd Genstereg ERY ExTmglet Bses well as
reactor is a recirculating differential fixed-bed reactor. The test

condi ti ons areert3dCopshgcal cadOOstC. the recirculating rate is -
200grans/ m nute. The feed contains 0.35 w ethyl ene dissolved in benzene
with feed rate at 6.0 grains per mnute. The catal yst charge is 1.0000 gram

at 13 to 20 nesh pardd ehiflyft ZRuvikNQf GRbIAL Y&kaly$ wROEVERIakds DOt enaen ecav@shed
for about seven hours (to renove noisture) prior to regular feed

i ntroduction %ngemq%étrﬁmn\pl%yfgggmtfgﬁ {h@ﬁieﬁzean(EfBK to S hours with

sanpl es taken every analysi's . The first order rate constant
is calculated to represent the catalyst activity. Exarrpl e 3 The Tenperature

Programmed Desor pt Iﬂine {e;rPPQactx\a at %f‘{r&ﬁgtmo ﬁtepenElQeﬁ\ed% ac?glrg}r rue[a{ggtsésonditions

spectroneter unit, a coup | m Ccro- reac

quadrupol e maasrg 3 %gltgra?qsz)% t}geHrleccilerpul;'aAt\lrlllagl xyi%e %bOgrams/mlgute. The feed contains 0.35 wt

ethylene dissolved in benzene with feed rate at 6.0 grams per minute.

The catalyst charge is 1.0000 gram at 12 to 20 mesh particle size. The catalyst is
normally hot-benzene washed for about seven hours (to remove moisture) prior to regular
feed introduction by a metering pump. The test lasts for 7 to 8 hours with samples taken
every 30 min. for GC analysis . The first order raie constant is calcniated to represent the
catalyst activity.

Example 3

The Temperature Programmed Desorption (TPD) was carried out in the micro-
reactor/mass spectrometer unit, 2 coupling between a quartz micro-reactor and a quadrupole
mass spectrometer (Hiden Analytical HPR-20).

An amount of 40-44 mg of sample in powder form was loaded into a quariz micro-
reactor.

The sample was first oxidized in a gas mixture containing 5.2% oxygen in helium
flowing at 30 cc/min from 30°C to 550°C and held at 550°C (TPD) for 30 minutes. After the

oxidation treatment, the sample was purged in helium at 550°C for 20 minutes before cooling

down to 100°C.
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An anount of 40-44 ng of sanple in powder formwas | oaded into a quartz

m cro- reactor. The sanple was first oxidized in a gas m xture contai rimng» 2005
5. 2% oxygen in j flowng at 30 cc/mn from30C to 550C and: 1t 550C
(TPD) for 30 m %ng&{&fter the oxidation treatnent, the sanpl é)g\%/gg(']g}gr)ged
in heliumat 550C for 20 m nutes before cooling down to 100C. 15 WO

02/ 32812 NV O 02/ 322812n:PCHAIS0MH 489 38rikdnmnias 18 Shripta gas masureatontaBinO @S %t
100C, in a gas mxture containing 4-5 % anmonia in helium flow ng at
27-30cc/ m n f emndudiinhgties, 1degaaradi3i0ec/nieft 8d nsanpd.e was purged in helium
(30 cc/mn) at 100C for 45 mnutes (enough to have the ammoni a mass spec

signal returning tghbagkasaunekat@dvahsle Wl Rk &dt RNRANA YB@ d@say RE 100°C for 45
started. Amoni a TPA was conducted at 30C/ min from 100C to 600C. There are

two distinct fesel plian, 15X nid® BB s 5200624 4O HacRRA0E: 1evel
Desor pti on bel ow 38(5{8 gs cl assirq)ipe as weak %%Qd g’?{]ega%ggeas a(%Ie“sor pt ie?)%s)
at >300C is clbéa%§éfi e%ra%]sre%tsrontgon Sqlacr{e(a sites. Both mass 16 and nmass 17 were
used for ammAra © THE g gnaf? r nmass 17 was used for quantifying amoni a.

Quantification of anmonia desorption was basged on calibration of SS
spectrometer usi n%@?%@%ﬂaﬁﬁ? .Cﬁgaﬁﬁétia ml%Wn%dﬂ'Prgi’%gggfﬁArﬂfeé%ﬁrlet%ﬁo

AAl ratio and catalytic activity. Table I Catalyst *Strong Acidity .
(mol' g) **we&lUaEl ¢sepren rr{a@:ﬁma@/;g:)aksmpe < 200°C and the other >300°C. Desoiption below

300°C is classified as weak acid sites whereas desorption at >300°C is classified as strong
acid sites.

Both mass 16 and mass 17 were used for ammonia. The signal for mass 17 was used
for quantifying ammonia.

Quantification of ammonia desorption was based on calibration of mass spectrometer
using 4-5% ammonia.
Example 4

Table 1 sumimarizes TPD results, AA] ratio and catalytic activity.

Table ]
Catalyst *Strong Acidity (mmoVg) **weak acidity Keb (cm/gls)  AAl
For

Allcvlation

Sample 1 from Ex.1° 0.586 0.886 0.31 0.661

Sample 2 from Ex.] 0.844 0.386 0.95 2.19
Commercial beta I 0.538 0.618 0.34 0.871
Commercial beta I1-A 0.626 0.578 0.38 1.08
Comimercial beta I-B 0.501 0.463 0.28 1.08
Commercial beta [I-C 0.519 0.533 0.36 0.973

*. Total amount of ammonia desorbed at temperatures higher than 300°C during TPD.
** Total amount of ammonia desorbed at temperatures below 300°C during TPD

Example 5

16



For Allcvlatlon Sanple 1 from Ex. 10. 5860 S860. 310. 661 Sanple 2 from -
Ex. 10. 84409860. 952. 19 Cormmerci al beta |10.5380. 6180940. 871 Conmerci al del 47% 2005
|1 -AO. 6260. 5780.V8892/¢#812Cormer ci al beta |1 - B0. 5010. 4630. 281. 08 CBRHHE;4138
beta 11-C0.5190.5330. 360. 973 Total anobunt of anmoni a desorbed at

tenper at ures hi gherat Nale3 Q85 AHE RRELLRIR: spedira WL m AR For Af s AOT@B s prepared
desorbed at tenperatures bel ow 300C during TPD Exanple 5 16 20 APR 2005° WD

or o set of SIAATR hranss odn Y B & AREPORRY EatRPSLIRELS, SoRRny g

for a set of sanples are e peaks at

and 0 ppm can be ascrjbed to.tetrahedral and _octahedra - respectively.
The 55ppn1pea?cﬁwgigléngpgﬁgﬁﬁhl p?%ﬂm%hgegﬁh%?gmg?Léﬁiggtg%5§@888ﬁp¥6d
prior art and the sanple based on this invention are 25.3 and 48. 4. X
respect i vel y. baggdngn prqryart gabths sspmicokaskd aF dus HPGREGhelf aPy 8 S hacBsapiel-
prepared based on the prior and the sanple prepared based on this invention
are 41.9 and Fomnilarly.dkpeppinvesaly arefhéoqtaiedrabdas thgrsemplearreparehbaseé oalthe/praariaaf
for the former sanple is 0.23 cnB/gmsec and The rate constant for the

| att er sanpl e thesainpldprepBtdhasséon tEx arvphteonGrdél.6 asd 2@ 1 diespeaciibely.i Bre rate constant
measurenents for the sanples in Exanple 5 are also determined wth nercury

porosi netry. Theadaant elkohtiah dechbdsettr amplees Prbam a- strasmditile ratangstaof for
pore size distribution, i.e. from50 to 50,000 Angstronms in pore dianeter.

The sanpl e ob@ahn&@aagﬁgglqn(hﬁgﬁygayention has very narrow pore size
distribution, i.e. greater than 90 % of the pores are in the range of 200
to 500 Angstrons.

Example 6

Pore size distribution measurements for the samples in Example 5 are also determined
with mercury porosimetry. The sample obtained based on the prior art has wide range of
pore size distribution, i.e. from 50 to 50,000 Angstroms in pore diameter. The sample
obtained based on this invention has very nartow pore size distribution, i.e. greater than 90 %
of the pores are in the range of 200 to 800 Angstroms.

Example 7

As descnbed in Example 1 above, 3.10 grams of Davison Sylopol. 948 silica gel 50
microns spheres are impregnated with a mixture of 0.63 gram AL(NO)3.9H,0 and 11.5 grams
of water to obtain a Si/Al ratio of 30, and dried in air at 120 degree C. to a constant weight.
Two and one-half grams (2.50 grams) of these spheres are impregnated with 1.25 grams of an
aqueous 35 weight % tetrapropylammonium hydroxide solution and 1.25 grams of an
aqueous 3.68 weight % NaNO; solution, giving a molar oxide ratio of:

33.6 S107:0.56 Al>03:1 TPA, 0:0.22 Na»0:108 H20

The mixture 1s placed in a 35 ml stainless steel autoclave with a 10 ml Teflon insert.

After 25 hours at 158 degrée C. The ZSM-5 crystallinity of the product is 25.1% as

measured by XRD versus the reference sample. The particle shape and size of the parent

17



Exanple 7 As described in Exanple 1 above. 3.10 grans of Davison Syl ogol.
948 silica gel 50 mcrons spheres are inpregnated with a m xture of D0&FR 2005
gram AL(NO) 3. 9HZ@ @ndy;41. 5 grans of water to obtain a Si/A rajip,Qf.308

and dried in air at 120 degree C. to a constant weight. Two and one- hal?
grans (2.50 grans) of these spheres are inpregnated with 1.25 grans of an
‘aqueous 35 weRghrhoys BemapedpiHusindsihgres hytaxddde tBopipdpen BisdedpRB (gr argsnic
an aqueous 3.68 weight % NaN O3 solution, giving a nolar oxide ratio of:

33. 6 Si 02: 0. 56ir&1in@3gdntIRAcmOVY. 2izh Nee2fpeld8e bradld heovm wtlnaenples].dlaacedplier?. a

35 mM stainless steel autoclave with a 10 m] Teflon insert. After 25 hours
at 158 degreeEfamphes ZSM S5 crystallinity of the product is 25.1% as

measur ed by versus the reference sanple. The particle shape and size of

the parent 17 20 ARR.#0079 106k Q?okééﬁé%fﬁéaﬁe)ﬁ%/ AR38eAR0E RRGHTed with a solution

framewor k- structure spheres is'retained in e product. The tenplate (or

organic diregti ) 3d-S,: ved wwth a tenperature Profile shown in
Exanmpl e 1, Lag&ggrg}pn?cgggbgdeé%gérgﬁg 8 According to the procedure of Exanple 7,

a MOldenite is prepared.w,th-a.sql utio Lven |l.ar..oxide ratio of 5.94
S 02:0.43.A.J203:o-ogTEAi-glf‘%l‘Rg-%S AOTB R A %aﬁrﬁé%i}?%pl aced in a 35
stainless steel autoclave with 1Q.m Teflon insert. After 4 ou t 182
degree C. The nord ?PE"‘Eﬁ/’étlg?‘ie ﬁPt“y’so"f“! ?‘55/??‘?5% S6t AtAdaVe P’Hﬁmlg%ﬁﬁﬁ% psert.
retaining the ori gi nal m)rghol ogy. The tenplate is rerrovedovw th a
t enperat ure pAdEr Fe howsehi 87 Heged fpl Ehermordspits erpirBingty g fres uedtained from XRD
modi fications and variations of the present invention are possible in |ight
of the above wadektrigse the regatloperphologhi Fhe lhwpitopaenpvedeithp penpreeiute] pap g
the'invention may be practiced otherwi se than a particularly described. 18
shown in Example I, Lab sample 2.
Numerous modifications and variations of the present invention are possible in light

of the above teachings; therefore, within the scope of the appended claims the invention may

be practiced otherwise than a particularly described.
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20 APR 2005 What is clainmed is: 1. A zeolite having an AAl of at |east 1.2,
said zeolite having been prepared by a process including renoval off (aAPR 205
tetraet hyl ammoni um tenpl ati ng agent wherein said process conprises renoving
said tenplating agent at a tenperature of no greater than 550 C. and under
conditions wherein after renoval of the tenplating agent, said zeolite has
an AAl of What gadhinled®is: Wherein said zeolite is selected fromthe group
consisting of zeolite Beta, TEA- nordenite, and TEA-ZSM 12. 2. The zeolite
of claim1l wherein said zeolite is zeolite Beta. 3. The zeolite of claim1l

wh [ jd I - d | | wh

i d 260l ke | ATERIHSNAIE S ARE Sodl £t of 2 1l 20 o PBPINES BEEP peol | 1 o
h j t .
o The. sediepHrALF ffes S RERIME Rafia PR Pl RaEMAAiANIaR) HhIARRT. O

than 0.7 ciRhg. wHerelThgalae?{dckgs %nyﬂrgbgnrénmﬁ{gelsalds 'térh?l%tlﬂ%da%én‘ﬂ ntha are
present ina silica um na nolar ratio of at least 6:1. 8. The zeolite

of cl ai m fteniperatiure vhiecsighdater thanabfidi 4 amal andemacondit®natwheest after 1. 19
removal of the templating agent, said zeolite has an AAI of at least 1.2,

wherein said zeolite is selected from the group consisting of zeolite Beta, TEA-

mordenite, and TEA-ZSM-12.

2. The zeolite of claim 1 wherein said zeolite is zeolite Beta.
3. The zeolite of claim 1 wherein said zeolite is TEA-mordenite.
4. The zeolite of claim 1 wherein said zeolite is TEA-ZSM-12.

5. The zeolite of claim 1 wherein said zeolite has pores which have an

average pore diameter greater than 100 Angstroms.

6. The zeolite of claim 1 wherein said zeolite has a pore volume greater
than 0.7 cm’ /g.
7. The zeolite of claim 1 wherein silica and alumina are present in a silica

to alumina molar ratio of at least 6:1.

8. The zeolite of claim 7 wherein the silica to alumina molar ratio is at

least 15:1.
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