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DI SCLOSURE Field of the Disclosure [0001] Enbodi nents disclosed herein

rel ate geweraloog24966 a process for the al kyl ation or tramrsaiisgéoatnssss of
aromati c conpounds with ol efins, alcohols and/or alkyl halides. In another
aspect, enbodi nents di scl osed herein relate to a process for the production

of catalysts useful for the alkylation or transal kél ation of aromatic
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produce et hyl benzene, which may seque converted to styrene.
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non-corrosive, regenerable materials, such as zeolitic nolecul ar sieve
catalysts. U S. Patent Nos. 4,371, Backeseinds 469, 908 discl ose straight pass
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process, used to increase the octane rating of fuel and to produce valuable chemical
feedstocks. For example, alkylation of benzene with ethylene may be used to produce
ethylbenzene, which may be subsequently converted to styrene. Similarly, alkylation
of benzene with propylene may be used to produce cumene, which may be
subsequently converted to phenol and acetone.

[0003] A typical benzene alkylation reaction is shown below:

Catalyst —
TN
()} + (CH3)CH=CH, /—X—L/ CH (CHa)y

R

Benzene Olefin {Propylene) Alkylate (Cumene)

[0004] Alkylation technology, still widely employed in the petrochemical industry,
involves the use of a catalyst based on phosphoric acid. Newer technology utilizes
non-polluting, non-corrosive, regenerable materials, such as zeolitic molecular sieve
catalysts. U.S. Patent Nos. 4,371,714 and 4,469,908 disclose straight pass alkylation
of aromatic compounds using molecular sieve catalysts in fixed beds. However, there
are two main problems arising from the use of zeolitic catalysts in alkylation
reactions, namely a rapid deactivation of the zeolitic catalyst due to coking and

poisoning and a higher yield of polyalkylated by-products. Other patents discussing



Nos. 5,1 18,897, 4,083,886, and 4,891, 458, anong others. [0005] Zeolitic
materials, both natural and synthetic, have been denonstrated to have
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zeolites using strong
crystallinity are observed.

[0007] U.S. Patent No. 3,442,795 describes a process for preparing highly siliceous
zeolite-type materials from crystalline aluminosilicates by means of a solvolysis, e.g.
hydrolysis, followed by a chelation. In this process, the acid form of a zeolite is
subjected to hydrolysis, to remove aluminum from the aluminosilicate. The
aluminum can then be physically separated from the aluminosilicate by the use of
complexing or chelating agents such as ethylenediaminetetraacetic acid or carboxylic
acid, to form aluminum complexes that are readily removable from the
aluminosilicate. The examples are directed to the use of EDTA to remove alumina.

[0008] EP 0 259 526 B1 discloses the use of dealumination in producing ECR-17.
The preferred dealumination method involves a combination of steam treatment and
acid leaching, or chemical treatments with silicon halides. The acid used is preferably
a mineral acid, such as HCl, HNOj3; or H,SOy4, but may also be weaker acids such as
formic, acetic, citric, oxalic, tartaric acids and the like.

[0009] U.S. Patent No. 5,310,534 discloses the dealumination of zeolites using strong
inorganic and organic acids, such as formic acid, trichloroacetic acid, trifluoracetic

acid, hydrochloric acid, sulfuric acid, and nitric acid.



i norgani c and organic acids, such as formc acid, trichloroacetic acid,
trifluoracetic acid, hydrochloric acid, sulfuric acid, and nitric
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SUMMARY OF THE DISCLOSURE

[0014] In one aspect, embodiments disclosed herein relate to a method for improving
the activity of acidic zeolitic catalysts, the method including: contacting an acidic
zeolitic catalyst comprising surface non-framework aluminum and framework
aluminum with an organic dibasic acid at a catalyst to acid weight ratio in the range
from about 2:1 to about 20:1 and at a temperature in the range from about 50°C to
about 100°C for a duration of up to about 2 hours to selectively remove at least a
portion of the surface non-framework aluminum, thereby forming a selectively
dealuminated zeolitic catalyst. The selectively dealuminated zeolitic catalyst may
have a measured first-order rate constant, Kecum, for the alkylation of benzene with
propylene to form cumene, of at least 2.0 cm’/s g.

[0015] In another aspect, embodiments disclosed herein relate to a process for the
alkylation or transalkylation of aromatic hydrocarbons, including: contacting a) at

least one Cg+ aromatic hydrocarbon and b) at least one of an olefin, an alcohol, and an



propyl ene to formcunene, of at least 2.0 cnB/s g. [0015] In another
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about 100°C to selectively remove at least a portion of the surface non-framework

aluminum.

[0017] Other aspects and advantages will be apparent from the following description
and the appended claims.

BRIEF DESCRIPTION OF DRAWINGS

[0018] Figure 1 presents test results comparing activity of selectively dealuminated
zeolitic catalysts according to embodiments disclosed herein with untreated zeolitic

catalysts.

DETAILED DESCRIPTION

[0019] In one aspect, embodiments herein relate to a process for the alkylation or
transalkylation of aromatic compounds with olefins, alcohols and/or alkyl halides. In
another aspect, embodiments disclosed herein relate to a process for the production of
catalysts useful for the alkylation or transalkylation of aromatic compounds.

[0020] Catalysts useful in embodiments disclosed herein include acidic zeolitic
catalysts, such as silica-aluminas and aluminosilicates, that have been treated with an
organic dibasic acid to selectively remove a portion of the aluminum from the
catalyst. Aluminum-containing catalysts useful herein may be characterized as

having a crystalline framework structure composed of an assembly of silicon and



catal ysts useful for the alkylation or transal kyl ation of aromatic
conpounds. [0020] Catal ysts useful in enbodi nents disclosed herein include
aci di c zewbi2niomwsewBal ysts, such as silica-al um nas and a&Cuniseawiosi3sat es,

t hat have been treated with an organic dibasic acid to selectively renove a
portion of the alum numfromthe catalyst. A um num containing catal ysts

useful herein may be characterized as having a crystall|ine framework
structure cOHFEEER Ypmgneachswronydeds by ) teggisdemygl Ehﬁr?ﬁljﬁﬁ%ﬁeér?é?méa%ﬁ a
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zeolitic cat conprtrsing surface®no r ahewor urt num ranewor k

al um num w taBo@n3 ox¢lgit perdéhiaini 6thac ethbbdingdtsectlihesd yptiGim \edenadntd @ast ba
portion of the surface non-framework alum num The anount of organjc

di basi ¢ aci dgospinted antpdhe catalysbmatorial Briefelql SPIRCHANE eHUREIALAR 98 M shicede
detail ed coq?%ilﬁét&qal%fﬂep%@éc\{g,@ d@zﬁflhﬂffi&t%ﬁpl itic catalyst and it physical
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properties. In general, the anount organi ¢ di basic acid used during the
treatif@022]ep mayrheeseidctinelgadealunsinated catilyhtsvec@bding ab ienbodirhéres rdaegsed r om
about 1.5:1 hEn%ir? %%l;ftbe prepared by contacting an acidic zeolitic catalyst comprising surface
non-framework aluminum and framework aluminum with an organic dibasic acid to
selectively remove at least a portion of the surface non-framework aluminum. The
amount of organic dibasic acid required for the selective dealumination may depend
on the detailed composition of a given acidic zeolitic catalyst and it physical
properties. In general, the amount of organic dibasic acid used during the treating
step may be at a catalyst to acid weight ratio in the range from about 1.5:1 to about
20:1 in some embodiments. In other embodiments, the catalyst to acid ratio may be in
the range from about 2:1 to about 20:1; from about 2:1 to about 15:1 in other
embodiments; from about 2.5:1 to about 12:1 in other embodiments; from about 3.5:1
to about 10:1 in other embodiments; and from about 6:1 to about 8:1 in yet other
embodiments.
[0023] The acidic zeolitic catalyst may be contacted with the organic dibasic acid
solution for a time ranging from 5 minute to 2 hours in some embodiments; from 30

minutes to 90 minutes in other embodiments. The selective dealumination of acidic

zeolitic catalysts may be performed in a single step or multiple steps. The selective
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20:1 in sonme enbodinents. In other enbodinents, the catalyst to acid ratio
may be in the range fromabout 2:1 to about 20:1; from about 2:1 to about
15:1 in owbenioastwdi nents; from about 2.5:1 to about 12PCTius2@wioey3s3

enbodi nents; fromabout 3.5:1 to about 10:1 in other enbodinments; and from
about 6:1 to about 8:1 in yet other enbodi nents. [0023] The acidic zeolitic
catal yst may be contacted wth the organic dibasic acid solution for a tine
rangi ng frosesuminaiioe mgy2beopgriormed sainselaiydyi midt sondiiens 3ok #HuLkt to 90
m nutes in ?é;ﬁ@ér ERPRA IR 1o Sh A 5By BndRAOYET BeldRllebodifleflisCat o
zeolitic catalysts may be Srior med in a i ngl'e step or multiple steps. The
sel ecti vedeadripérmate an thieayarige Pemf aboreds5aC thedtmut WOPG i dterc embbdiments, such
as at a tenperature in the range from about 500C to about 100C in sone
enbodi nent s Duinggoperhwih the repnic @F@Wé‘ﬁ’é‘eﬂﬁrsg%mé%ﬁge 63@6%60%’6’89?5399?: in
ot her enbOdiiﬂgHﬁi%ten@Jri ng contact with the organic dibasic acid, the slurry
may be stirred continuously or intermttently. [0024] Foll ow ng contact
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di scl osed herein may inclyde Mral and synthetic zeolites. Acidic
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be obt gy by 't gl Jedii {1 E ey BESSEARRy, Ryl adbfdhardl Si O4
tetrah g‘?gﬂl i nkegﬁgé}et%?g l{s?ﬁgrgga}%tso?ﬁgxya en atons. yThe frarrewo&rlk thug;‘
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trivalent alum mions replace t aval.ent sili.con ipns .at lattice

posi i ons,  CREHERAORB SPRORS e U@ g e e s PR s DePidined
conpensat ed yfQfe B4R BE £ ired ink GRIdnENStworknESLI(H il B, t@hemRilinRe@RE May
occupy various exchange sites depending on their radius, charge or degree

of hydr at i orthe shoringodwpyeen athey. ddw feansavark thusptiaioed contaipappisaschergizes,
Eguf} ;(glhla? )ghe a\fllmﬂte%g%gsf Qreélt&gg)ﬁn%@tsed V%Ei'\ s?‘u % t(r)lfvalterrlltealﬁgl%ﬂmt’l qor?;a fe?)ia%le QG'[?A.\%FCEIIEI cal
silicon ions at lattice positions, the network bears a net negative charge, which must

be compensated for by counterions (cations). These cations are mobile and may
occupy various exchange sites depending on their radius, charge or degree of
hydration, for example. They can also be replaced, to various degrees, by exchange
with other cations. Because of the need to maintain electrical neutrality, there is a
direct 1:1 relationship between the aluminum content of the framework and the
number of positive charges provided by the exchange cations. When the exchange
cations are protons, the zeolite is acidic. The acidity of the zeolite is therefore
determined by the amount of proton exchanged for other cations with respect to the
amount of aluminum.

[0026] Zeolitic catalysts that may be used in some embodiments disclosed herein may
include large pore size zeolites, intermediate pore size zeolites, and small pore size
zeolites. These zeolites are described in "Atlas of Zeolite Structure Types," eds. W. H.
Meier and D. H. Olson, Butterworth-Heineman, Third Edition, 1992, which is hereby
incorporated by reference. A large pore zeolite generally has a pore size greater than
about 7 A and includes for example LTL, VFI, MAZ, MEI, FAU, EMT, OFF, BEA,
and MOR structure type zeolites (IUPAC Commission of Zeolite Nomenclature).
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direct 1:1 relationship between the al um num content of the framework and

t he nunber of positive charges provided by the exchange cations. Wen the
exchange watnoms2®Be protons, the zeolite is acidic. Thecaaisdiwwwswsst he
zeolite is therefore determ ned by the anobunt of proton exchanged for other
cations with respect to the amount of alum num [0026] Zeolitic catal ysts
that may be used in sorre enbodi nent s di scl osed herein clude_l arg

pore size zd&grmples ofjlange merdrenlides drauds, Jo el q,égazzgﬁdmg;%mte frétlt& ze
zeolites e S e\ e u

Types. «eds i e EreeRlif &7 SRS hileas Fele SRS %M%éﬁw.%ﬁ

Edi ti on, 199;SMAMM ah insrhediabpotasioe p«mim& eeheyllyr lefser pove size Ardnanbeut oh e

zeolite genera has th ut f
cxcanpl o CTL10 gkt Aand R Gy CEfmPECHEL HER, M MY 9t MEFE 165
zeolites (| QﬂmmNO%tﬁEtuZ@Ok fee 2@9%90 ﬁ?}%@) Eamnkps Aff | Addige por e

zeolites, include, for exanple ite, enlte offretite, zeolite L,
VPI -5, zeol Ncené(),clamafe] |Exam>p1esomtbgzﬁnn8énaw p(ZSNiZ@ ZGZBWSAmCESMZ_SM -5, divaMI-

about 5 A 113 Z0EEL 2 MR R2S0 b TG ZSMeP Za R iciighn el

MIT, HEU, FEfficaBied. Tg\'s&hl'l Wotdl5ife ZYMBe ZRALMIE had h YN sTze Trams sbei DA 174530| ite
Nonencl ature). Exanples of 'internedi ate pore size zeolites, include ZSM5,

ZSM 12, ZSKbew 5.0 S\ariEinclagng o1 exaspe 36 HAZ SRIKEL, [E3{4and L LAswiragure type

| | 2
e o e, A0S R Syt OB soRR. ReBfReAL A LU o
KFI, LEV, angolitdAisdlidic 7U-8, VXped, Zerl1 1t eBK 2DUPACSCOKIDE S kenlit®fA Zatdriteg

Norrencl ature Exanpl es of smal | pore zeol ites include ZK—4 ZK- 14, ZK-21,
ZK-22, ZK- 5 chaheziig, zepls| T, tgémhnlt@rﬁnéﬁiltl@tl elisbazite, zeolite T, genlinite,

and cl i ilolit 002 a anor pho
sili caIQW na an?l?} 85?1“!%%‘ su¥ Iclalicagl}faﬁturrrliOC EUdJI?%g%%? %{1)1ﬁa l?g&e g Slhca’
di scussi on Qiurﬁlhkyﬁa@rtdlﬂﬁb&@éedl YeftBerdycudsiof o ﬂlﬂiylaﬁohJcﬁalyE’@ttﬂﬁ}t bd\bﬁmd in

5,196, 574, 315, 964 and 481. Vari ous t es of zeolitic catal ysts ma
be used for I&Skyla@m ofpsas: 1\%15I74a§ dowst %fyipé A8Lat YALIQYSc LPET | e7r39%/tlc g
processes. o t t t..0 t nd
DN 5. for SYSHRICREEHES i i i fifoftes, FOF as PR bpfls (Raly iR her?

parts: the zeedesdes, FCC processes may utilize at least one of a type Y, Beta, and ZSM-5, for
example. The FCC zeolitic catalyst typically contains three parts: the zeolite,
typically about 30 to 50 wt. % of the catalyst particle, an active matrix, and a binder.
In one embodiment, the particle size of the FCC catalyst may be between 50 and 60
microns. In another embodiment, the zeolitic catalyst may initially come in
ammonium form, which may be converted to the H" form by heating at over 300°C
before being used as an alkylation catalyst. One must take care not to overheat the
catalyst prior to alkylation, because excessive temperature may dealuminate the
zeolite and shrink the ring structures, which may reduce the activity for alkylation. In
addition to zeolitic catalyst, inorganic catalyst, such as sulfated zirconia or tungstated
zirconia, may be used for alkylation as well. Other useful zeolitic catalysts may

include ZSM-22, ZSM-23, MCM-22, and MCM-49.

[0028] In some embodiments, suitable catalysts for alkylation and transalkylation
may include metal stabilized catalysts. For example, such catalysts may include a
zeolite component, a metal component, and an inorganic oxide component. The

zeolite may be a pentasil zeolite, which include the structures of MFI, MEL, MTW,



typically about 30 to 50 wt. % of the catalyst particle, an active matri X,
and a binder. In one enbodi nent, the particle size of the FCC catal yst nmay
be bet weem0201020829680 m crons. | n anot her enbodi nent, thecTamskowiossssat al yst
may initially cone in amoniumform which may be converted to the H+ form
by heating at over 3000C before being used as an al kyl ation catal yst. One
must take care not to overheat the cataly priqr to alkylatio because

excessi ve t pEranduFERMEN Rt | Gompugsion ﬁé %‘%‘5!"1’ tl‘émﬁ?i%flaé‘{*ﬁe? nMW% 7 bstp
structures, gqﬁms or Y ofdEHHE eTﬁJ\?at?Fédn‘{f)éﬂén{ﬁ iclL¥ W A melall oPHELE L, £ O

zeolitic cat’ i norganic suc zirconia or

t unlgst ated Z.h? Clﬁfba&ancé’&?tm&atiﬁ}@d nfa@rbe&bmpbed:d cﬁfranaﬁor\geﬂnb oxidelvidenssatiubhs
zeolitic catal ysts nay i ncl ude ZSM 22, ZSM 23, an 0028]
In some enbddimigat Othe sriebistschavings gealisic sgpctyre P%Hl%he 3??% 1??&?@3?’? St on

may include 4 g%lao%l:d aLRR Lllez(fegcﬁ@etdalln}’ sexaﬁ‘g)'ie &X8MPhent RHCH 26889 Yiwhigh 1Y

include a zeolite conponent, a netal conponent, and an |norgan|c oxi de
conmponent . 'ﬁlafebyemdotrp@amy)ytnefemnpent asil zeoli te whi ch include the
structures of M, MEL, MIW MIT nd F | UPAC Conmi ssion on Zealite
Norrencl[892fe) , Mmor o pefolloyupg s¢ @CUVSrCﬁ&fWPﬁQﬂ the acifig Zgrelity C%@Pfi}cm@ht

typically i %eé%gﬁlg)PLﬁed%ttﬁb Bfoul @I?a%mf'ﬁ{aﬁ%nal afieh Ebﬁuﬁﬁaﬁaa @ﬁl‘%a Qftartih! emfc%hﬁ' yst

may be conpos an i nor an| c oxid nder, such as al umi na.
cat al ysts hailicaglenmineplsilichanagnesiat uﬂma{zha@mmayﬂhe-thmad sllmcaemeldinamritos—
di scl osed herei.n are descrlbed in, .for ex 253, 331,

| .S, . ; .
which is hetd#ya oheGH S SatY FRMpsit &nén%ﬁ%ég%?al‘%ﬂ}ng%‘%gg 3?1\110?6611?18an

sel ective dealymh nﬁﬁé@ﬂum‘i&emﬁgﬁééiac aR@QllichintaghBdial h8éniABYT heenAERRAS bed
with a porous matrix material, such as alumna, silica, titania, zirconia,

si | i ca-al uniimahe Binni afz exggheJhe relafive waozitm@@ﬁfaeolgﬁ ppl@aomq%uan@h Inorganic
silica-beryl ilicatitania_ a

rnar ch.as
si lica-al uni® ﬁéc?etg?imaglx g1ayiveR. At (fﬂﬁ W&% %%O%te cor}{ il ca ’I%%%m&nﬁe%\év%%heg |t(g and
si | i ca- magnesi arozd fisu@ny 8to O.ei@int by wekdht bﬁthlemoﬁﬂpesﬁeor m of a cogel The
rel ative &;oportl ons of zeolite conponent and inorganic oxide gel matrix

may val(03fdel y @rghnie Ideba@@oﬁlqldseu&?(ﬁﬁtfémselﬁ%m@l mlm@m%epm@qﬁeqa@@r@ nor e
oot 1Y S o B oRGHHT ksl b, By SO FETBRL B ORI o0l bt
di scl osed hekRismdbiyiciude budr, valdmi¢)Suciitial flovyic] alipic) tdﬂarlcSunatlale ghthalic,
or mixtures thereof. Other useful carboxylic acids may include 1,2-cyclopentane
dicarboxylic acid, fumaric acid, itaconic acid, phthalic acid, terephthalic acid,
phenylmalonic acid, hydroxyphtalic acid, dihydroxyfumaric acid, tricarballylic acid,
and benzene-1,3,5-tricarboxylic acid. The dicarboxylic acid may be used in solution,
such as an aqueous dicarboxylic acid solution. Tricarboxylic acids such as citric acid
and higher polycarboxylic acids can also be used. More than one acid treatment step
may be used to attain the desired selective dealumination in the processes disclosed
herein.
[0031] As a result of dealumination at conditions suitable to selectively dealuminate
only non-framework aluminum, catalysts according to embodiments disclosed herein
may exhibit exceptionally high activity for alkylation and transalkylation reactions,
such as the alkylation of benzene with propylene to form cumene. For example,
selectively dealuminated catalysts according to embodiments disclosed herein may
have an activity, as measured under controlled test conditions as described in the test
procedures below (Examples), where the first-order rate constant Keun, 1s at least 2

cm’/s g. In other embodiments, the first-order rate constant keym, may be at least 2.25
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acids may include oxalic, malonic, succinic, glutaric, adipic, tartaric,
mal eic, phthalic, or mxtures thereof. Qther useful carboxylic acids nmay

i ncl ude we-0n0isegwent ane di car boxylic acid, fumaric aci @CTiUSa@oNFBSsAC d,
phthalic acid, terephthalic acid, phenyl malonic acid, hydroxyphtalic acid,
di hydroxyfumaric acid, tricarballylic acid, and benzene-

1,3,5-tricarbaxylic acid, The;dicarboxylic acid nma e used 4 n solution,
such as an &Hﬁ@o&%aﬂil%‘étr %éx?qnf/é Gén d’ﬂ?él‘ﬁ?l?‘aﬁmeqf??i %tafeﬁgx 1558 BsoUgth as

citric acid apdaithgherat RALYEH gmygiiﬁ oftfel BHp6@MhealsS Qt 108t 4SPdn MRk ofhRAN One

acid treatnent step may be used to attain the desired selective
deal umi nat i @mbiodimérgs; pndeelesed ai’scd ossbertrentmidmeft9031] As a result of

deal um natj.on at conditions, suitable tg selectivel eal um nat e onl
non- fr er k al diof nefMRiat H) yems %E%‘ﬁmeﬁﬁr th b@ﬁ‘béﬁﬁq%n‘f‘%}’ g?eséFISgté‘@}her ein

may exhi bit d%élﬁﬁf?ﬁdt?cﬂ%&ég}‘?(ig% gg.eﬁ%hyhéb s hguo@émﬁém, %kui?ti}% t aRsRbdd At i on

reactions, such as ation of benzene wth propylene to form cunene.
For exanpl e deslahniedteds etatalgstal haningatae dfisabaley stae acowtant nffcto efrbadileasht s

di scl osed herein na ave. an tivity, as nreasured under, congrolled,test
condi ti ons CIH&%@?%B s§ %'?t%aﬁst gqp %c%'a*zﬂﬂi@elbtéﬂ ei‘%{’ﬁéﬁ Hb\,ﬂg}%st he

first-order hfoRing@stANEaskOUWEm?/S gBin biBBSEmBo&iARAS; dnd k1AM em’/s ¢ in
enbodi ments, the first-order rate constant kcum nay be at |east 2.25cn8B/s

g; at | east ofheh coBdisnapts. n ot her enbodi nents; at least 3 cnB/s g in other
enbodi ; at least 3.25 cnB/s in other enbodjnents; at |east 3.5 cnB/s
g in oﬂﬁ@#ﬁe@odi%ﬁ‘%"é}?ﬂfﬁ‘a% [ agpe £ }%C‘B;qi%hggr?éffo i heEi G032,
For exanpl e mdyn tRORElAMRAAI (B NnSinated PEIBr&RS! ot @mibBYinkitsS &liRIdsed Ehdtein,

deal um nated according to enbodi nents disclosed herein, resulting in a
sel ecti vel y rexdtingninreasedeitively alegliminaied pajalast havite afigeprdesrate consatdtumk cum

of at | east / - at least 2.1 £nBls . n ot her I : .1 east
2.2 cnVs ¢ ioﬁ aﬁ[%g?‘%%lo}a ign%ﬁfegs’t%acim?se%g% Og‘.e %e%lﬁ%ﬁglelg}%?%ﬁgéﬁgi%%g iuJ}re nts;
and at | eastotidrefbodingenitd) a0tdagr3. vl gantother ERB33Imehts; andhtlesst axampd €, in

sonme enbodi nents, a hi gh performance beta zeolite may be selectively
deal um nat ednaﬁ@b?@b?@nﬁﬁ Senbodi ments di scl osed herein, resulting in a

ool <ot ok S0 WBANELGRMLIED IR0 LS SR AR o
3.5 cm /s g Hefein, may thus be produced by a process including: forming an aqueous solution of
the organic dibasic acid; admixing the acidic zeolitic catalyst with the aqueous
solution for the contacting; separating the acid-contacted zeolitic catalyst from the
aqueous solution; washing the acid-contacted catalyst to remove any excess organic
dibasic acid; and drying the washed catalyst at a temperature in the range from about
80°C to about 150°C.

[0035] Further, due to the treatment conditions and acid:catalyst dosages used herein,
additional processing steps commonly used to dealuminate zeolite catalysts may be
eliminated. = For example, many prior art dealumination processes include
hydrothermal treatment of the zeolite, or other pre-treatment steps, prior to acid
treatment. Selective dealumination according to embodiments disclosed herein may
be performed without such pre-treatment steps while resulting in a catalyst having an
exceptionally high activity. Thus, processes to manufacture catalysts according to
embodiments disclosed herein may be performed absent a hydrothermal treatment
step or other common pre-treatment steps used for the dealumination of a zeolite.

[0036] The above-described selectively dealuminated catalysts may be used for the

alkylation or transalkylation of aromatic compounds with various alkylation agents,
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ot her enbodi nents; at least 3.75 cnB/s g in other enbodi nents; and at | east
4 cnB/s g in other enbodi nents. [0034] Sel ective dealum nation of catal ysts
accor di ngvoaosmisewdnent s di scl osed herein, nmay thus be pcodseced/ omssa
process including: form ng an aqueous solution of the organic dibasic acid;
adm xing the acidic zeolitic catalyst with the aqueous sol uti on for the

contacting; .separating the acid-contacted zeglitic cat aI

aqueous sol gl @hng@,@{q @1"?}!‘%5 FEdpl agg?%dgl’}‘éh &ff‘tﬁ)}é"@tstr% yr% n%l?fyfe M cess
organi ¢ di bagi g, 8&&5 gafgﬁt&r &l&h@f ngaﬁtﬁlaréﬁns%d%ra@epag%%al in

t he range from about to a out 150 0035] Further, due to

treat ment casdi fluidreatabnid camkm@(tFﬂCQspro@smg»ehydmemchegercn:essadm t | onal

procesm&%steps commonly used to dFaI um Ie zeoI te caﬁjaqéésts ma

el i mi nd® For &%afpine, cRbedmentsopt gthe a alHﬁPﬂé‘P o iiat i 8B PO Sisﬁ%le
hydr ot her malycld: 88h fEfdin, Mettrlrg RALCH SvitiPAroRllle by oabbRALIANS BhofiR, (P! 1 Of
to acid treatnent. éctive deal um nation acco?] ding to enbodi nents

di scl osed hdomi rannail;zylbte e trhmatieythtevpt drbt. sIucém)npsr embo@atentsntolezfm[fgr\ﬁm l e
resultinginacat st hav an. excepti.onal | ctivit Th
processes t G5 H?%Sa aé‘%?s?fsaré?tr@g?oh ?iléocﬁgb éln%Sotgﬂ*?nf%n %‘Pg‘& %5806
herein may Qgrbgﬁ raftcﬁﬁémﬁl %@P%b@dlﬁﬁéﬁfsot)féﬁhg?dr thé @8dyIRIdh o?tt%seﬂkylﬁﬁ&?bf
conmon pre-treatment steps used for the deal um nation of a zeolite. [0036]
The above- desunitlveblydetarborn el t,hoel%atbluamn&t 2do carabys taommysuble anséylanss t he
al kyl ati on or trans tion ti.c unds th,v ous al kyl ation
agent s, | ncI PEG6 "ftF%es'?t 31’1%1“5 2%‘%&%" 1@2 resffi eO%P:at al ysts may
addi ti y fi ndrpdsQefild fwdoﬁﬁeﬁﬁﬁsustegrmwaﬁoﬁé Kﬂl'b@&lhiéﬂtso&séﬁ%ﬂaﬁ@élflﬂﬁaw th

ol efin /or al cohol's, as well as in fluid catalytic cracking (FCC)
pr ocesses oraIShydcvnjamacmang lprmm@ssewch[ 093k} qanesmmlnmﬂfadtm&t Qaf@fﬁltshe

al kyl ati on al .k on ces descrqi bed h 0

reacted w tﬁngfcg ﬁlg é&%rlﬂglﬁgmg (ﬁ%rhesagceb%lﬁ%eeshév o Slggurnéoa O[aﬁ% Ioate or
transal kyl atn@trd@'eﬁdé’(ﬁhpodnﬂs SwWhieh ek Heprtsent & elhd @&Hmfeddbt@claHtmhmt i@ or
transal kyl ati on of aromatic hydrocarbon are those containi ngg 2to car bon
atons. | n ot¢erapveshpraeti taehe slkylatieniand trappalkyatioqn raprtan tonprsyer F&Fﬁééﬁ ¥sht i on

of aromatic dQch VRHAG. b SR s%ﬁl% (tlaggi %o%%@ ﬁ'd‘hﬁ? an%lr%bl%atjgbﬂa N ”&mu%ﬂ&i‘ as

et hyl ene, prop {ene bute

ut ene- CI s- but ene- , or mxtures
t her eof . fashlon small amounts of Water or mtrogen compounds to optimize catalytic
properties.
[0039] In other embodiments, olefins useful in embodiments disclosed herein may

include up to 20 carbon atoms. For example, olefins having greater than 6 carbon
atoms may be used.

[0040] Alcohols useful in embodiments disclosed herein may include C; to Cg
primary and secondary alcohols. The term “alcohol” includes lower alkyl alcohols
capable of forming azeotropes with the saturated and unsaturated hydrocarbons, in
particular the C3 to C; hydrocarbons, of the hydrocarbon feedstock. Examples of
alcohols useful in embodiments disclosed herein include methanol, ethanol, n-
propanol, i-propanol, n-butanol, i-butanol and t-butanol. In some embodiments,
methanol may be used in combination with one or more of the Cy. alcohols.

[0041] Alkyl halides useful in embodiments disclosed herein may include mono- or
poly-halogenated C, to Cg hydrocarbons, such as alkyl chlorides and alkyl bromides.
For example, alkyl halides useful in embodiments disclosed herein may include

methyl, ethyl, propyl, and butyl halides, their higher homologs, and their isomers.
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[0038] The olefin feed streans used in various enbodi nents di scl osed herein
may al so contain certain inpurities, such as the corresponding C2 to 4

par af f i nswonypims2deBy, the inpurities, including dienes, PaTAISg00008853 Wat er ,
sul fur compounds or nitrogen conpounds which nmay be present in the olefin
feedstock stream are renoved prior to the al kylation and transal kyl ation
reaction to prevent rapid catal yst deactivation. In sone cases, however, it
may be [0@42]r abl e In snhodiménts af thmelkplatienl presskies Wischasgd hergib mbhydre¢arhen er or
ni trogen co ds to.optimze catal yii tj.es. 0] her.

enbodi nment Sf}&gjl%{éf;;ﬁ nPLRE) arlorﬁlaégsogséllx frlneaﬁl‘gt gén i §%I ’&% Ct%gr‘g?l]ﬁ (#gf;l/l%lt %Iﬂﬁ%e u

to 20 car boprabiof hOhllGkAoR @tal@t &b ifoen kil tgngineat which haay be wasfibas at ons
may be used. [0040] Al cohols useful in enbodi nents disclosed herein may
i ncl ude Cl tspeatdtypehemieal fagsitosks hamp Pighreass gasohnecangpopenty | gptioular,

i ncl udes | ower. _al ! m i t
st urated s shbSind) GeRAbE faRAPLeoRE: IALILDO BAS0L BRER (NI, dlErn
hydr ocar bonse f@in iMvaosikdnacpobod if ek ptesaice dbaampkydstiof cailgghdls pseibal in
enmbodi nents di scl osed herein include nethanol, ethanol, ropanol ,

i - propanol , PERISEY 8iEBY and PHSEENEMIHHES OB VA ofePeRing &Hﬁnglﬁ%S%g]ﬁ‘éﬁyﬂem

met hanol ‘may,che Ysefhd e 1] PReobtheB0E sIRfry M8y Pls 128 tCEkihieqho! s-
al |1 ul n%oél gy

[0041] Al kyl es use In e nts di sclosed herein may I nclude
mono- or polajkyhaiongemdatoed For the [@6pdsg dif dibetlobos andoethn lamitatidoydf thébacestes and

al kyl brom des. For exanpl e, alkyl hal.ides_.u ul _in.enbodi nents .di scl osed
herein may iSRERIGEPHRSEHVE Ellkpiiﬂl,xn gFHops Ogr‘i’z&fﬁﬁt Wﬂq HPEPFRE e tpﬁ%Ylaei fyher
honmol ogs, angddeir isomers.[0042] In enbodiments of the al kylation
processes discl osed herein, a hydrocarbon feedstock containing aromatics,

such as benzene, l)sthytaetidenabneh—otthylberzener t he presence of an al kyl ation
catalyst to formaal kyl .benzenes, which be useful as specialty chem cal
f eedst ocks or as ngﬁ(%lp%qnﬁct%Wéelbea?oﬁs??{ggg%ﬁ%zgﬁee Ctu.melnﬁflparti cul ar, one
errbo_dl ment descridyachitdesd P beixak Ve dutyddezénen of benzene with a Cto C
olefin to form nonoal kyl ate product in the presence of an al kyl ation

catal yst. The prégiispbubieresskenzengrs kpbptplbeesse conditi ons may vary

Sepen R SRR 8 LS BBl BRI it
other undesirable byproducts in the form of heavy hydrocarbons, including but not
limited to, polyalkylate, heavy flux oil (including components that will not
transalkylate), and polymerized feed olefins.

[0044] Transalkylation reactions may be used to produce monoalkylate product by
reacting benzene with polyalkylate. =~ When transalkylation is desired, the
transalkylating agent is a polyalkylate aromatic hydrocarbon containing two or more
alkyl groups that each may have from 2 to about 4 carbon atoms. For example,
suitable polyalkylate aromatic hydrocarbons include di-, tri- and tetra-alkyl aromatic
hydrocarbons, such as diethylbenzene, triethylbenzene, diethylmethylbenzene
(diethyltoluene),  diisopropylbenzene, triisopropylbenzene, diisopropyltoluene,
dibutylbenzene, and the like. In one particular embodiment, the polyalkylate aromatic
hydrocarbon is diisopropylbenzene, which reacts with benzene to form cumene
(isopropylbenzene).

[0045] Reaction products that may be obtained from the transalkylation process of
benzene include, but are not limited to, ethylbenzene from the reaction of benzene
with either ethylene or polyethylbenzenes; cumene from the reaction of benzene with

propylene or polyisopropylbenzenes; ethyltoluene from the reaction of toluene with
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al kyl ation reaction. For the purpose of illustration and not a limtation
of the process, several representative al kylation reactions of olefins with
benzene awe 2promsewaed as follows: 1) ethyl ene + benzene eChyisbennsssss 2)
propyl ene + benzene -isopropyl benzene (cunene) 3) n-butylene + benzene ->
but yl benzene 4) isobutyl ene + benzene isobutyl benzene [0043] In addition to
t he nonoal kyl ate product, al kylation reactiaqgns typicall i el.d other
undesirableeﬁy@ﬁ@dﬂbW%Y¢¥VQQH?nP6ﬁﬁmﬁﬁeﬁ@@VyﬂﬁVHW3§§ﬂ§%ﬁé?%?HET ORYeBYt not

limted to, I f LUK Of ' [ Al
ot 1 ransal K PEPa PRl BLoEE S sty Qlten oA RO R O B o
reacti ons nimtfiencusgiblybutyibatueaes. Fontel gfuyp@t ef plhwdtaton byd neaztimgtibenf ene
with polyalké%ate. When tiansalkylation [ esired, .the {raps Iﬁ%latjng
agent is a pBYf PAPIEST ot JRBICPEIHY G ’6%%?@@%( UOBNTCeAF MM g0t WS y@ﬁw £ VIt Kyl
groups that each. IRy, QeNed bt RiTlodyst © about 4 carbon atoms. For exanpl e,

sui tabl e pol yal kyl at'e aromati ¢ hydrocarbons include di-, tri- and

'élet ra-al kyl ar ondf)idetlpibenzens bbaszens ue B calsylokingeiey| benzene, tri et hyl benzene,
i et hyl met hyl ben e.(diethyltoluene), diisopro benzene

triisopropyl benzéﬁg,“l%ﬂ(’% BWt%I’%%ﬁée, _*d? Eﬁ?@f’ﬁgk’ﬁ%ﬁ?@?"‘gﬂﬂle? he like. In
one particul ar emyQeiuREBinzehdI® bR LK Y RkAb&izeA@t i ¢ hydrocarbon is

di i sopropyl benzene, which reacts with benzene to form cunene

(i sopr df04@lenzene)Var[odd 4Fjes RE acictarn cpr belusadsintthapravass dfeallgdatiomasawell e t he
transal kyl ati on process, of benzene include ut are t.limted _

et hyl benz enéraPF%%If‘tﬁ%n' A8 r?%gtfe BN LITACR {)oﬁ uay {nhaé]?ﬁgtﬂ%?ré[ﬁegls%li&auon

pol yet hyl beRzQmgs maUEBBR] b 8 Wufiber 66t MdidiReheRSirdl MBdP6OeE&RR, O
pol yi sopropyl benzeneés; et hyltoluene fromthe reacti on of toluene

wi t het hyl endhronghmit yelime.t andisepstion coprizpk patamstars. heichesfc t9stdenes ting gbthe
w th propyl ene o‘[:‘ lpi)d yi sopropyl t ol uenes; and sec-butyl benzene fromthe
reaction of pﬁ%c}% W& and nbut yl ene or pol ybutyl benzenes. For the purpose of

i1 ustepgpn and NokedsdaidThli@tiflbrédesich @yREARARS cos@MPdUR flohaRi@ERNEitHek Ve

transal kyl ati on reac%l ons of polyal kylate with benzene are_provided as

foll ows: as fixed bed or as moving bed reactors. Moving bed reactors typically operate either
with concurrent or countercurrent catalyst, olefin, and hydrocarbon flows. These
reactors may contain a single catalyst bed or multiple beds and may be equipped for
the interstage addition of olefins and interstage cooling. Interstage olefin addition and
more nearly isothermal operation enhance product quality and catalyst life. A moving
bed reactor makes possible the continuous removal of spent catalyst for regeneration
and replacement by fresh or regenerated catalysts.

[0048] In a moving bed reactor, alkylation is completed in a relatively short reaction
zone following the introduction of olefin. Ten to thirty percent of the reacting
aromatic molecules may be alkylated more than once. Transalkylation is a slower
reaction which occurs both in the transalkylation and the alkylation reaction zones. If
transalkylation proceeds to equilibrium, better than 90 wt % selectivity to
monoalkylated product is generally achieved. Thus, transalkylation increases the yield
of monoalkylated product by reacting the polyalkylated products with benzene.

[0049] In the selective monoalkylation of aromatics by olefins as catalyzed by the
selectively dealuminated catalysts according to embodiments disclosed herein, the
olefins, alcohols, and alkyl halides may contain from 2 up to at least 20 carbon atoms,

and may be branched or linear, either terminal or internal. Thus, the specific nature of

the alkylating agent is not particularly important.
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1) diethyl benzene + benzene 2 ethyl benzene 2) di-isopropyl benzene + benzene
2 i sopropyl benzene (cunene) 3) di butyl benzene + benzene 2 butyl benzene

[ 0046] Vawoaow/asywaes of reactors can be used in the proeesasedooabdsys ati on
as well as transal kyl ation. Selection of the type of reactor for use in

al kyl ati on or transal kyl ati on reacti on may depend on a nunber of factors,

i ncluding_the desired node of operation, throughput volunme, and reaction
cont rollo&ﬂlamet er Benzanehisaby rfasithe eestt IRoriaRt TenrewnEtive o the pliglerble ar ge
scal e industrial. pr ' I ont i f i S, vald her
as fixed bed" oﬁatgsco%ﬁﬁoﬁ%gé l%%%air g% t%er g%%v%% Agg%ﬁtrse%g%y%%egat%%hb aM%%/é
operate eit eherwily fhe aftenuticetimsyundo undye be eleetetl fahadhy sgrouplcehsistinganfl
hydr ocarbon fl ows. These reactors may contain a_ single %t al yst bed Otf

mul ti pl e bedsnzene maphthsienequithiseenss phenanghrens, opd sy m&a@ i‘lb’cﬁlVSF theredt; ns

and i nterst gge Iﬁ(%ﬁﬂrhﬂ&taﬁllt elassréfts%gsmaéﬁ@ -T(flmﬂqui th%l%fbnﬁ’aﬂ lRIhs B afidylarable

i sot hermal operation enhance product quality and catalyst life. novi ng
bed react or armak#ik Eossiunde atrd alkyb mhoistiksusontanimgafrorof 1 spetot alwaut 20y sarbéror

regeneration and replacenment by fresh or _regenerated catal ysts. 48] |
movi ng bed PEERY oANCURKYTBRTHH SW%Stlé‘Eﬁ‘i‘bFﬁhéggidﬁo’%’?F%qlﬁtﬁ’i eV QE&% gl%%’é’%:ti gna
zone foll Ownﬁkget?'h?hds@ta'i %&d&@ls@fcoﬂﬂlafzfs'f?om-ﬁeﬁp £© 20 Rafdoyy AEMELTWh&t thére

reacting aromatic nol ecul €s may be al kyl ated nore than once.
Tr ansal kyl atsilostitient & ai abkyd ror ey igooupaaipbbnyd oxeiety absst danibe suhsfituted on the

transal kyl ati on.and the al kyl atign reactjon zones. |If tra | kyl.ation
proceeds t o PAGUITF briEiy betAch‘PuélhaHn@g’sb\Pﬂq%zs%q ecmo\l?f)?lips{}%@ergon Al RyT°at ed
product is gapehabhdk, ashiRYRY, add Phenahihéifedlaky hidhi offerl ddeiashs piditicy bel d of
ni onoal kyl at ed product by reacting the polyal kyl ated products w th bhenzene.

[0049] |n t tlkis desteation.\polysobsidiirg peamasiss gfso apayntka sraplopsd. dixemples odsuidahlal yzed

by the sel ect,ivel,y deal um nated t.al C i t I

di scl osed h&iké’;("ﬁ?m? ﬁéonéﬁll{lecf TheP Ougﬁgé oaﬁéﬁ%gﬂtg tgp%yﬁ%aﬁogggg%gg@%egylh from
2 up to at helaste, 2&ytskboBthgiteAEenean grofiibehgedel abatdistnaend, i peatylbeaizérteer
termnal or internal. Thus, the specific nature of the arlféyl ating agent is
not parti culhgkylpenzener heptylberyene) omelhsrasee andyyo rigrthi phe sf’r@??ll’pé‘ﬁlfsg}%!

LB Seont eSS 0Ok oo ey e used i

[0051] Alkylation conditions may include pressures in the range between about 200
and about 1,000 psig (1379-6985 kPa) but usually is in a range between about 300-
600 psig (2069-4137 kPa). Representative alkylation temperatures include a range of
between 200-250°C for alkylation of benzene with ethylene and temperatures of 90-
200°C for the alkylation of benzene by propylene. The temperature range appropriate
for alkylation of the alkylatable aromatic compounds of our invention with the olefins
in the C2-C20 range is between about 60 and about 400°C, with the most usual
temperature range being between about 90 and 250°C.

[0052] The ratio of alkylatable aromatic compound to alkylating agent used in the
process may depend upon the degree of selective monoalkylation desired as well as
the relative costs of the aromatic and olefinic components of the reaction mixture.
For alkylation of benzene by propylene, benzene-to-olefin ratios may be as low as
about 1 and as high as about 10, with a ratio of 2.5-8 being preferred. Where benzene
is alkylated with ethylene a benzene-to-olefin ratio between about 1:1 and 8:1 is
preferred. For detergent range olefins of C6-C20, a benzene-to-olefin ratio of between
5:1 up to as high as 30:1 is generally sufficient to ensure the desired monoalkylation

selectivity, with a range between about 8:1 and about 20:1 even more highly desired.
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generally the aromati c conpounds nmay be sel ected fromthe group consisting
of benzene, naphthal ene, anthracene, phenanthrene, and substituted
derivati wee 20tveisewwB. The nost inportant class of substi raenissombosesds on t he
aromati ¢ nucl eus of al kyl atabl e aromatic conpounds are al kyl noieties
containing from1 up to about 20 carbon atons. Another inportant

substituent is the hydroxyl noiety as well as the al koxy noiety whose_ al kyl
group 40@33lcont ai rss Prayinusluprengonsl, cestdpTis Acerrdingwie cabofimenth disclasedht | s
an al kyl or al kox r.oup ny | e n t] o] he
paraffinic @ﬁ%ﬁlrh .ngi?taﬁgua%%ﬁgiﬁ%s‘lﬁt%%eetg%%%h rrat}?\()gls 3%3’@?3? ez%l£ %%tﬁ‘g’én;%%

napht hal enestragatifylapanasmeandhfpeaant heres dkg gros owbhe Broustid nudletihe
practice of this invention, g@)j}ysubsti tuted aromatics al so nay. be enpl oyed.
Exanpl es of isifteramlecularyytransisred Qraotaepne arwmasisumtsieusn lagdransygkylpton Rbse

cited above | I | . I , I e zene,
but yl benzenéjflﬂgg%??fl%kee%{z]g%, Ish%%y#]gé&%z%ﬁr%%neﬁg%% éi@é%?@ﬂé&g% yF}%Mzﬁe%ﬁ(g, and
ﬁ o for I[3 h; phesnitic coapoind &niransferred tth ax yonalpylafedxyromakiut axypounpe phdxy - |,
exoxybenzene, an o forth. 051] Al kyl ation conditions. may inc|ude
pressures i ﬁxﬁlﬁﬁllgﬁi_@ér%&‘%égg%%mpymz%dwﬁ}bgﬁ?z@?@bé&%@i t5]"0( @3%&8%5
kPa) but US%?'chaﬁeté Tms?tr&?éa%glé%ﬁhwﬁ 18bQ 43694 ﬁ%e@éllfe&ix(i%ﬂ&% dekRda kPa) .

Representative al kylation tenperatures i1 nclude a range of between 200-2500C
for al kyl at iselectdfe nempelhglatiph hbyetréactiegethangblyakyleteatinvakably fo@med2dOOGE f or

for al kyl at PR on REA aroeg KB, Blesidfinior oA orndsbtd ERaBi v ¢
atl | ‘W
the ol efins HoR hdQusbL Bt MR GRcHich BRL PRIk afthadit dodihd#ARCthost t h

the nost usual tenperature range being bétween about 90 and 2500C. [0052]
The rati o offomhddyinghe blkelagion wéelkylasaip etmpticogipeynds Wil olafieaws deweibed t he

d h f I i ' '
el | as tno Para: rob” BB reTIRAHRE" sl ShinkSuffo AR fonBie, oRaRTRUGRS T2

reaction m xhthrg&enE,0hndlphithatati@enedf Dienzemtohycopdiionk efde, rdeilkeladot erel ef i n
rati os may be as |low as about 1 and as high as about 10, with a ratio of

2.5-8 bei ng spriddreprtbepe fonalkalationy with teapeiyesbapg W the rangr Pkl fp about

benzene-t 0- 0l:gé4n ' e b : =4 4 ferr E

detergent r f?r?geé’oplreegﬁ% 0 Eﬁ?@g,&gi%%ﬁégﬁggtt 25%#}3% %Braat?l{éolﬁgl ! 6%??/\/8&
unalkylated aromatic to polyalkylated aromatic being in the range from about 1 to
about 10. Examples of polyalkylated aromatics which may be reacted with, e.g.,
benzene as the nonalkylated aromatic include diethylbenzene, diisopropylbenzene,

dibutylbenzene, triethylbenzene, triisopropylbenzene, and so forth.

[0054] EXAMPLES
[0055] Testing Procedures for Cumene Application
[0056] The catalytic activity of the zeolite beta catalysts was evaluated in the reaction

of benzene alkylation with propylene to form cumene. The test reactor was a
recirculating differential fixed bed reactor (7/8 inch ID SS tube) and the test
conditions were a pressure of 350 psig, a temperature of 170°C, and a recirculation
rate of 200 grams/min. The test feed contained 0.35-0.45 wt. % propylene dissolved
in benzene with a feed rate of 6.0 grams/min. The catalyst charge was 0.7 gram with
a particle size of 12-20 mesh derived from 1.6 mm extrudates containing 80 wt%
zeolite and 20 wit% binders. The catalyst was dried two hours at 350°C before
loading the reactor. The test was carried out for 7 to 8 hours with samples taken every

30 minutes for analysis by gas chromatography (GC). The first-order reaction rate
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5:1 up to as high as 30:1 is generally sufficient to ensure the desired
nonoal kyl ati on selectivity, with a range between about 8:1 and about 20:1
even nor ewbigtiog2eesi red. [ 0053] As previously mnenti onedpPCtatsaéwasss3
according to enbodi nents disclosed herein may al so be used to catal yze
transal kyl ation as well as al kylation. By "transal kyl ati on" is nmeant that
process where an al kyl group on one aromatic nucleus is internolecularly

t r ansf er r ed corstant ke 5\8p galgrlotash togeprgsens gatalyshactivity fer theyalkylateon of bsieRs cul ar

i nterest here,l nore al kyl groups of a polyal kyl at ed
aromatic conv‘g%lﬁagﬂgn%gég?gﬁg%to a nonal kyl ated aromati ¢ conpound, and

i s exenpds7]i ed by ak2ngPraparadiondi | sopropyl benzene with benzene to afford two
nol ecul es of cunene. Thus, transal kylation often is utilized to add to the

sel ect i[0038] of aCdswarasivedidampld I CommerdialyBesdi on by reacting the

pol yal es i nyariably for uri l kyl ation wi.th nonalkyl at,ed

ar onmat ﬁdﬁ for m@ﬁ(ﬁlef’ilfv?r%?a %ﬂ%gl%%g’t@&f’ %?WE%?@%WP %g'7p‘¥u?sp%b§%‘§e%f
this secti 0@rohhge&?étm%}iehaﬁkiahﬁcm_rocfr%m%y FOIED PUNABhetdatal {0 @S RecbRed®si 16 t he
al kyl ati on of al kylatable aromatic conpounds with ol efins as described

above, and the entnddtés,dontaining 88 vebs ceobithpsuvarsreaized ehl-ét aesh apticlesl éne,
ant hracene, _and phenanathrene. ..The reagct. conditions. forstr tion
are simlar p{))?glolnhgtgg‘ief g X?tk’;)/‘frgflleﬁ)rw asvmgetﬁﬁg?f 8%3%&% fl?r %"?Vbtgi frﬁ% a:ﬁ%}ﬁ?tkéy%gnge

of 100 to a@@hﬁen@ﬁﬁ%roﬁﬂ@ﬁéw ®8ndnd ukihg theparedire §104tribed aboutandihe pthiey, and
the nolar ratio of unalkylated aromatic to, polyal kyl ated aromatic being in

¢ 1 . y : €1 Ng
the range fpericamiithe satalyshipastieles was dixsiybisstedito tf 9eid kigptmeati andessibee s
whi ch may be r d,wi zgne a ti
el ude. di othyrauhEeky oft (gL SIS Rt BERAICAE I APH FLOER W
t ri et hyl beniigweateldrin iFigipe dopyl benzene, and so forth. [0054] EXAMPLES [ 0055]
Test i ng Procedures for Cunene Application [0056] The catalytic activity of
the zed99¢W betaFé(&ml%/%ts was evaluated in the reaction of benzene

al kyl at;} with propylene t0.fo ; t y\gﬁ :
recir cﬁr?‘gﬂ]ng di %ner%ur?ﬁl%fd ﬁl&ned)rggggﬁg?e%gsc:sfﬂoqﬁ?% é}?g glrgnr%?i)?}o%gl S t%gé dgart\%l t he
test condit ;9RO WHL of deiphsd (DP WiteBHAs hsitgd t@70¥IP&head G10egrafns b CaG]ysand a

recircul ation rate of 200 grans/mn. The test feed cocgt ai ned Q.35-Q..45 wt.
% pr opy| ene Partisles| fjem Gomprespvenkxamply laveiseided e thyy s@uigpyp i i 215

catal yst chafge wa5sGeld & AP Mdrbne hour with stirring. After cooling this mixture to
25°C, the solid materials were collected by vacuum filtration. The solids thus
obtained were added to 500 mL of DI water and the resulting mixture was heated to
70°C and held at this temperature for one hour with stirring. Finally, the solids were
collected by vacuum filtration and oven dried overnight at 120°C.
[0062] Example 2
[0063] An aqueous solution formed by dissolving 1.0 gram of oxalic acid dihydrate in
200 mL of DI water was heated to 70°C. Then 5.0 grams of catalyst particles from
Comparative Example 1 were added to the solution and the resulting mixture was held
at 70°C for one hour with stirring. After cooling this mixture to 25°C, the solid
materials were collected by vacuum filtration. The solids thus obtained were added to
500 mL of DI water and the resulting mixture was heated to 70°C and held at this
temperature for one hour with stirring. Finally, the solids were collected by vacuum

filtration and oven dried overnight at 120°C.
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a particle size of 12-20 nesh derived from 1.6 nm extrudates containing 80
wt % zeolite and 20 wt % bi nders. The catal yst was dried two hours at 3500C
bef ore | oadiznp/iskes3r eact or. The test was carried out foPCT/USe008/0b385Ss Wi th
sanpl es taken every 30 minutes for analysis by gas chromatography (GC). The
first-order reaction rateconstant k, was calculated to represent catal yst
activity for the al kylation of benzene with propylene to form cunene.

[ 0057] [éﬁﬁ‘ﬂl yst Pixep@leati on [0058] Conparative Exanple 1 (Conmercial Beta)

[ 0059] Zeolite beta catal yst us i,h this anpl e- and Exanpl.es..l-7 was
obt ai n«@&ﬁ]om Ze VY A4UCP @ﬁ%&% %ﬁ&?f%%ﬁlsﬁcf”‘%}%ﬁ%é%m ?%‘&agﬁﬂ?la%ey d%%? al yst
as recei ved 20psnil-dF DAk widaeatdCoNtoBh ihed B0 orddls sLehthlyst patcleasionesi zed
to 12-20 nmesh particles. A portion of the catalyst particles was tested for

catal ytic adiomparativiedixagipks | serolded ththssehdioniand tharepiltiemmixtarectippeiedd usi ng
th d i bed .ab £ h ' | .
bar 1l s vl PTG bt 36 R0P S5 St 4t YorlBE thBlork 18 SRR WO bolid 1

1-7 and t hemfyadlsderdoollebed besubingn GiltraMvine Thaselidsi thisesbtained abtecadticd na
illustrated in Figure 1. [0060] Exanple 1 [0061] An aquequs solgéi orlgf or med
by di ssol vi 3§0anEetPlawrist apdhg resaking rapgiramasaeated2oo/ht B kedd 6hi

(D) water %%pgﬁ@}eeegorto%e%%ﬁr a@@@{tgﬁ?g AN R4 sa&fs%afﬁtcoﬁéaé' 6Y Sacdun®m

Conparative were ad e solution and the resulting mxture
was hel d at fil@&idnoandaven dead owerhighsat 120PGg. After cooling this mxture to
250C, the solid materials were collected by vacuumfiltration. The solids
t hus od086Gled welxagdled to 500 mL of DI water and the resulting mixture

was he to 700C h t ' r - W Lrring.
Fimal T 008 sor otk Ao 7 ctn bolne b URESRIEH bk RN Eig b ! 10
over ni ght atobd20C.of [H0GR}Er sahipdted 2o FOWE3Thén 5Aqgramy of watalitst partitles fipan by
dissolving 1.0 gram of oxalic acid dihydrate in ﬁOO mL of DI, water Wﬁ
heated to 76@mpAsvedxample havest addsd 49 {hersoprioniand dhe resy BTV e

oL, L st ogn 0 0 ) M3, SRk s iR 1 2.1 i
solid materials were collected by vacuum filtration. The solids thus obtained were added to
500 mL of DI water and the resulting mixture was heated to 70°C and held at this
temperature for one hour with stirring. Finally, the solids were collected by vacuum
filtration and oven dried overnight at 120°C.
[0068] Example 5
[0069] An aqueous solution formed by dissolving 10.0 gram of oxalic acid dihydrate
in 200 mL of DI water was heated to 70°C. Then 5.0 grams of catalyst particles from
Comparative Example 1 were added to the solution and the resulting mixture was held
at 70°C for one hour with stirring. After cooling this mixture to 25°C, the solid
materials were collected by vacuum filtration. The solids thus obtained were added to
500 mL of DI water and the resulting mixture was heated to 70°C and held at this
temperature for one hour with stirring. Finally, the solids were collected by vacuum
filtration and oven dried overnight at 120°C.
[0070] Example 6
[0071] An aqueous solution formed by dissolving 25.0 gram of oxalic acid dihydrate
in 200 mL of DI water was heated to 70°C. Then 5.0 grams of catalyst particles from
Comparative Example 1 were added to the solution and the resulting mixture was held

at 70°C for one hour with stirring. After cooling this mixture to 25°C, the solid
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materials were collected by vacuumfiltration. The solids thus obtained
were added to 500 nL of DI water and the resulting m xture was heated to
70Q0C and Wwel2dioas246hi s t enperature for one hour with stiPpcirnag2o008iossks y, the
solids were collected by vacuumfiltration and oven dried overni ght at
1200C. [ 0064] Exanple 3 [0065] An aqueous solution forned by dissolving 2.0

gram of oxalic acid dihydrate in 200 nL of DI water was heated to ég%Then
5.0 grams ommaeriady yete qotleeted by yaeyusniiltsionr hhe slidshysnbiamed et addedtp ¢ o

the solutio t r i ] 0, i th
stirring. A? 9 g?‘g%Sgﬁ?In‘ggtt%%f%@?h“ﬂ%u@ng %%?%ageﬁétgﬁﬁg ﬁr?a?eaggagrf{lp\%{etrh\g

col | ected byenvgeature foir lohe douo withTstierisg | Hinkdlyt hessobidt avane doletel byddamiubo 500
m. of DI water and the resulting mxture was heated to 70C and held at this
t enper at ur e @Rt RRdRYER dipd pvaright #tlg0°Ei nal 1y, the solids were col | ect ed
by vaCt[%gﬁi I tratE'X ?enfi oven dried overnight at 120C. [0066] Exanple 4

[ 0067] zlqueous sotution fornmed by dissolving 3.0 gramof oxalic acid

di hydr 0@73]n 200 AH adifeotd solafiet fored padiadlting 0B Grathhefmaloficgicidrin 260
catal yst particles from Conparative Exanple 1 were added to the solution

e
and the resul jofidhivetenrwasibentetotel 78tC.700E0f &P Famsiusatalystrpagtisles fiog

After cooli .S r 5, 1 | : l.ect by
vacuum filt ;&g) [ oﬁaﬁl‘g‘k%%}ég g %jgle%heh%sd G%E(f gl?%é%lﬁaegr%}é&gﬂggg%lg@ @lgg&l ﬁtﬁ%f}%%}
wat er and t e 708G ubi bng holux iithestiveisg h eaft@dcdoding GBS mixduteetod2 HC, tthe solid
tenperature for one hour with stirring. Finally, the solids were collected
by vacuum f iaterials WareHeHceed RY JAFHED g&@ﬁlﬁpgﬁpe é?l“%égﬁtgbtf“@%g’]er%ggﬁ‘ﬂﬁ% 5
[0069] An a ' ingdl ¥ivig hkGtell 18" AFT ndoReAd e tasi d
di hydrate i%Bg%ﬁg%%g@?%@gg%@ﬁgéﬁgghm 7OOC.e Then 5.0 grans of
cat al yst pardrmpdratare foomnEhopawithistieriigx aliphky, theveolelsavete dotlectechby yatuwm on
and the res:ijti n n‘ixturﬁ.v?s hel att 6Q§C for one hour with stirring.
After cool i Atraty Ve fded gverBeht ¢i@VsGi i d naterial's were collected by
vacuum filtration. The solids thus ogipg ned were added to 500 nL of DI

wat er and e Tesurting mxture was ReptEdahRRay 00C and [hel dyat™ this
Lerr\}:l)ggzjblrjnr e for bxamplour wi trh STGETTIT Rl Weid (Fows |(&&15C\3Ne/rsgg)col | ected
y Comparative Example 1 -- -- 1.1
1 Oxalic Acid 14.0 2.1
2 Oxalic Acid 7.0 3.3
3 Oxalic Acid 3.5 2.8
4 Oxalic Acid 2.3 2.5
5 Oxalic Acid 0.7 1.2
6 Oxalic Acid 0.3 0.9
7 Malonic Acid 5.7 2.0
[0074] Comparative Example 2 (High Performance Beta)
[0075] The high performance beta ("HP" Beta) used in this example and Examples 8-

19 was prepared in accordance with the method set forth in U.S. Patent 6,809,055 in a
form of 1.6 mm extrudates with 80 wt% zeolite and 20 wt% binder. The extrudates
were resized to 12-20 mesh for reactor evaluation and for the acid treatment described
in Examples 8-19. The testing results of this sample along with the acid-treated
samples are summarized in Table 2.

[0076] Example 8

[0077] An aqueous solution formed by dissolving 0.50 gram of oxalic acid dihydrate
in 200 mL of DI water was heated to 70°C. Then 5.0 grams of catalyst particles from

Comparative Example 2 were added to the solution and the resulting mixture was held
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filtration and oven dried overnight at 1200C. [0070] Exanple 6 [0071] An
aqueous solution forned by dissolving 25.0 gram of oxalic acid dihydrate in
200 nmL ofwDlowaBsess3was heated to 700C. Then 5.0 grans ofPCTAtSa00p®s93parti cl es
from Conparative Exanple 1 were added to the solution and the resulting
m xture was held at 700C for one hour with stirring. After cooling this

mxture to 25C the solidmaterials were collected by vacuumfiltration. The
sol i ds t hus a0 ned onerhouayaiy stigingoarfipr coplipg thigtBxtERdot e G dagiselidhg

m xt ure was s | S . ith
stirring. Finbnag%ﬁ%g“{e%egos%ﬁegg 9\/@?%%%??%@#‘ éghgg& \%gﬁﬁgm%ti;@ﬁ glt:@f%oir?gg%gw oven

dri ed over nisgbtmBtof T20Watef Q0d Zhe Eosanipk aniktr® GVas] hebtedaqUSUsansiohald iapthi§ or med
by di ssolving 0.87 gram of nmalonic, acid_in 200 r% of DI ter was heated to

700C. Then deropgrtyrsfagrong Joyr yath stigrng-diigally, tgs aeplesied Byppgium yer e
added to th%lﬁ&kdﬁinﬂ’bv@ﬂﬁri&@@v&ﬁ%ﬂ{I%t!l%°@]- xture was held at 700C for one
t

hour with stirring. After coolin is mxture to 25C, the solid materials
were cqOOZ8Jt ed byExaaplgn filtration. The solids thus obtained were added to
500 nL of DI water and the resulti n(gbm' xture was heated to 700C and held at

this td@@&at ur e Aorqusaes sedutongormed by dispolying haramyof qyalic seididiy dygte

&
Fo074] - CompaX8 b STLL B a8 bl (B 1BRCTThGLS Bl OF badlod GG TRl © 1
per f or mance CualipardtividExaBgla) weseatided té theSohxianahé tiendsdiagmliaare8vaslldvas

prepared in accordance with the nethod set forth in U S  Patent 6,809, 055
in a form oftt VOBC #AT ere Moyamdd §itriRegoAiens i this @Hﬁ“rfotovéf/or&{’)ith‘?jé?hd The

extrudat es en&ilieskitdikted By 29cilhs Ritfflon” 9RESOdAUR Htbined weRCadarli 1§ he
dé bed1 In E%a '?'% 1@ th

acid treatnent descri npl es 8-19. e testing results of is
sanpl e al ong00ihh ofHel eaied-ahd elxt edukimgphixsurarveassheatedrto ZEACi andTizddd @t this

[0076] Exa ¢ 80071, o0, Soucpus, scl Wion. \or . by 4 sholl 19,0, oram
grams of catidn fArdves dged by@Mght at 120°C.
[0080] Example 10
[0081] An aqueous solution formed by dissolving 2.0 grams of oxalic acid dihydrate
in 200 mL of DI water was heated to 70°C. Then 5.0 grams of catalyst particles from
Comparative Example 2 were added to the solution and the resulting mixture was held
at 70°C for one hour with stirring. After cooling this mixture to 25°C, the solid
materials were collected by vacuum filtration. The solids thus obtained were added to
500 mL of DI water and the resulting mixture was heated to 70°C and held at this
temperature for one hour with stirring. Finally, the solids were collected by vacuum
filtration and oven dried overnight at 120°C.
[0082] Example 11
[0083] An aqueous solution formed by dissolving 25.0 grams of oxalic acid dihydrate
in 200 mL of DI water was heated to 70°C. Then 5.0 grams of catalyst particles from
Comparative Example 2 were added to the solution and the resulting mixture was held
at 70°C for one hour with stirring. After cooling this mixture to 25°C, the solid
materials were collected by vacuum filtration. The solids thus obtained were added to
500 mL of DI water and the resulting mixture was heated to 70°C and held at this
temperature for one hour with stirring. Finally, the solids were collected by vacuum

filtration and oven dried overnight at 120°C.

18



Conparative Exanple 2 were added to the solution and the resulting m xture
was hel dat 70C for one hour with stirring. After cooling this mxture to
25C, the wolonh/asedeari al s were col |l ected by vacuum filtr Cirars2009893s®! i ds

t hus obtained were added to 500 nL of DI water and the resulting m xture
was heated to 70C and held at this tenperature for one hour with stirring.
Finally, the solids were collected by vacuumfiltration and oven dried
over ni ¢844t 120d@ampBOlB] Exanpl e 9 [0079] An aqueous solution formed by

di ssol yj 1.0 gram of oxal.ic agid dihydrate in.200 nL.of .Di ter S
nea od 08SIoc. Tiinadiog s souiiord foriogd b isBlying Rordemy oo fialfalf aivolt
Exanpl e 2 wef eo@afest bPwafte wallhdhte@fo 85, tTHen 565 bilakisnd clakistip&tivRs flogl d at
700C for one hour with stirring. After cooling this mxture to 250C, the

sol i d mat er iGonzpayasive Fxamipde? sgrandded tuthmsplution and dhe resteng vyt wasdsld

bt ai ned 00 f . | £ ]
heated Lo 700 andohane Her (HAE vlnge ot ort Batidir G fCent flkEs

Finally, thenfieidlgdeemeioticcll bgaheshnhYiltyauuThé sdlidsakisubined aegrndded ad
overni ght at 1200C. [0080] Exanple 10 [0081] An aqueous solution fornmed by
di ssol vi ng 200 rgloaa&dglowa@k and dheypasultiae Hyifue avasrheasd ta850€ and Redd et thias
heated to 7 . . of I L rafl

Beanpl o 2 ver P ohp BBt g MR (et SRR 20 ¢ o
700C for ondilfastion andtdves tiried bvgnighf 4te208@ol i ng this m xture to 250C, the
solid materials were collected by vacuumfiltration. The solids thus

obt ai nd@08Mr e addxémple B0 nlL of DI water and the resulti ng m xture was

me 1008710 2 AL S feclt Soiefont AP SEAYE By lsaPfifiy M Terilbd el Ay

Fi nal | e soli fe collect by “vacuum i and oven dried

over ni ght atdibhdeAE. in[ 00B2hL Examl evalet. [TBE833.0 Araaguedestabgt Wattivlest Gioned by
di ssolving 25.0 grans_of oxalic acid dihydrate in 200 nL of DI ~water was
heated to 760@PAAHES BXample Znwers a@&fiépyé@ sphtien Andgthe eyl tng iy vas

Exanpl e 2 W%ﬁﬁe@%qg GohP af BEEOTHYE E\@ﬂi %@er}thewreFes h’(%llseicfég 59 ¥hitugn Wgafanl d at

700C for one hour with stirring. ter cooling t m xture to 250C, the
sol i d mat er ivadskedweitk 560 hilecf ©HOwhter,\ead wwen fliied owtrnight atTRE°G.0l | ds t hus
obt ai ne[808v§]r e ad%exgmtptl)e ”
[0089] An aqueous solution was formed by dissolving 2.0 grams of oxalic acid
dihydrate in 200 mL of DI water. Then 5.0 grams of catalyst particles from
Comparative Example 2 were added to the solution and the resulting mixture was
stirred six hours at 22°C. The solid materials were collected by vacuum filtration,
washed with 500 mL of DI water, and oven dried overnight at 120°C.
[0090] Example 15
[0091] An aqueous solution (200 mL) containing 3.5 wt% HNO; was heated to 70°C.
Then 5.0 gram of catalyst particles from Comparative Example 2 were added to the
solution and the resulting mixture was stirred at 70°C for one hour. After cooling this
mixture to 25°C, the solid materials were collected by vacuum filtration. The solids
thus obtained were added to 500 mL of DI water and the resulting mixture was heated
to 70°C and held at this temperature for one hour with stirring. Finally, the solids
were collected by vacuum filtration and oven dried overnight at 120°C.
[0092] Example 16
[0093] An aqueous solution (200 mL) containing 0.7 wt% HNO3; was heated to 70°C.
Then 5.0 gram of catalyst particles from Comparative Example 2 were added to the
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500 nL of DI water and the resulting m xture was heated to 700C and hel d at
this tenperature for one hour with stirring. Finally, the solids were

col | ect edwbyowensessm fil trati on and oven dri ed over ni ght par/uk2@005936984]
Exanpl e 12 [ 0085] An aqueous solution formed by dissolving 2.0 grans of
oxalic acid dihydrate in 200 nL of DI water was heated to 85C. Then 5.0

grans of catalyst particles from Conparative Exanple 2 were added to.the
sol uti on andolufien aad thefesiyting MuxipEe Wassthdat 10°@5e¢r qsrhogheAfigsfooiing His

stirring. Aft. i i ~m']f§%:|iq{ i i

col l ected b;?tl lgéléﬁgér)nbﬁt%tdrlglts ?%n. gfss%v?rlegc?@l% %tﬁas rﬂ’?b‘?ﬁ%“%ﬂf@é‘?@' ?é%esgﬁgg 500
mL of DI wattlkus abmainécheereasided tong)Onmktof TH water dnedathe cestibing miixamel washehted t hi s
tenperature for gne hour with stirring, Finally, the.solids re col.lected
by vacuum f i O3 ia&ﬁmﬁé ab {hih tampesRfEsy By rﬂngﬂlouﬁtwlﬂlzéte?lngog%ﬁ?=5§§nﬁlé§ 13
[0087] An a%@@&l&@dmﬁg?m%lﬁﬁd%d%gﬁ'd%%&’lﬁérﬁ%hgatouﬂb@.ms of oxalic

acid di hydrate 1n 200 DI water. .0 grams of catal yst particles
from Cjapdjat i ve Hxaaipd 7 2 were added to the solution and the resulting
m xture was stirred one hour at 220C. The solid nmaterials were collected by

vacuumi®993r at i orf-atales eaticlps K0-800 ﬁemoﬁompawatf%rﬁxm SveRregrdded Qveh ni ght
at 1200C. | %ﬁg&lus %%Sﬁ%'iﬁBlg ?26&1:{@%%8@% i N6 %%B%LM%@E?%%%QM at

di ssol vi ng grans of ‘oxa acl ydrate in wat er. Then
5.0 grans of22e@tfat ya¢ hpar tTiheh ébe tatalystCpartialestweve cibtangl by Faoweme fdiddad, t o

the solution apd the result] m xture was .stirred si oyurs at 220C. The
solid materivs e%fﬁﬁ 58§mlie%¢’§gwavfa\ﬁélé&dﬁ?aﬂ?<{ PYRRIgHt a%@h(g'd with 500 ni of
DI wat gggo@nd ov 8@5% overni ght at 1200C. [0090] Exanple 15 [0091] An

aqueous soluti on% containing 3.5 wt % HNO3 was heated to 700C. Then

5.0 gr d0097] cat alAsshquant iselu€sn ffommedOoyrdaséliingel . Ex amphe of aveiceacidlled0® o t he
solution and the resulting mxture was stirred at 700C for one hour. After

cool i ng t hi 2kiofih evaley '2’5%)@?‘“?%{50 s em 3 2samuediccat gy stelar Befeh Topk c uum
filtration. r%&hﬁqa?ﬁwe%( 2 %‘f%ﬁ&ﬁg YIS0 ARERAnt ther@8uifke Rixtle WAL R4 and

the resulti xture was heate
at 70°C for one hour with stirring. After cooling the mixture to 25°C, the solid

materials were collected by vacuum filtration. The solids thus obtained were added to
500 mL of DI water and the resulting mixture was heated to 70°C and held at this
temperature for one hour with stirring. Finally, the solids were collected by vacuum
filtration and oven dried overnight at 120°C.

[0098] Example 19

[0099] An aqueous solution formed by dissolving 0.87 gram of malonic acid in 200
mL of DI water was heated to 70°C. Then 5.0 gram of catalyst particles from
Comparative Example 2 were added to the solution and the resulting mixture was held
at 70°C for one hour with stirring. After cooling the mixture to 25°C, the solid
materials were collected by vacuum filtration. The solids thus obtained were added to
500 mL of DI water and the resulting mixture was heated to 70°C and held at this
temperature for one hour with stirring. Finally, the solids were collected by vacuum

filtration and oven dried overnight at 120°C.
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to 700C and held at this tenperature for one hour with stirring. Finally,
the solids were collected by vacuumfiltrati on and oven dried overni ght at

1200C.

[ OWO2p10s29vpl e 16 [ 0093] An aqueous sol ution (20@cws2aonsssni ng 0.7

wt % HNO3 was heated to 70Q0C. Then 5.0 gram of catalyst particles from
Conparative Exanple 2 were added to thesolution and the resulting m xture

was stirred at 70C for
solid materials were collected by vacuumfiltration.

one hour.
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added to the solution and the resulting m xture was held at 700C Tor one
hour Wi t 08160 T i ngrho%:tt ProctdiRé biDrcbNQ 67 AlkylaRint o 1264 alkylik itk dhedTRE el | Al S

were coll ected b¥m beow r’En,

filtration.
“atalytic activity

of

T ommeda

t hu
beta

same sample as used

obt ai ned wer.e added to

in

Comparative Example 1) and acid treated beta (same sample as used in Example 2)

was cvaluated. All the runs were carried out with a 1-liter autoclave equipped with a

stirrer. For the alkylation of benzene with 1-dodecene, the reaction was carried out

at 140°C with 1.25 g of catalyst, 112 g of benzene, and 12 g of 1-dodecene. For the

alkylation of benzene with pacolale, the reaction was also carricd out al 140°C, but

with 0.625 g catalyst, 60 g of benzene, and 60 g of pacolate which contains 50 g of

parafting (C10-C14) and 6 g of olefins (C10-C14). The reaction mixtures were

analyzed at 2.5, 4.0, and 6.0 hr reaction tim¢c by GC and the conversions arc

summarized in Table 3.

Table 3.
Reaction Reaction Commercial Beta Acid-Treated Beta
Time (hr) | % Olefin Conversion | % Olefin Conversion |
Alkylation of 2.5 63.8 77.0
benzene with 1- 4.0 74.6 94.0
dodecene 6.0 82.6 95.3
Alkylation of 2.5 54.0 69.4
benzene with 4.0 67.9 86.6
pacolate 6.0 15 914 _
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500 nL of DI water and the resulting m xture was heated to 700C and hel d at
this tenperature for one hour with stirring. Finally, the solids were

col | ect edwbyowensensmn fil trati on and oven dried over ni ght patr/ub2@0059Babl e 2
100] The test procedure and results for al kylation of |inear

al kyl al kyl benzenes are shown bel ow. Catal ytic activity of the comerci al
beta (sane sanple as used in Conparative Exanple 1) and aci,d treated beta

(sane 480HId as dsedesasibestaghove. Zmbpdinens| dislesgd hgreing eovidsh fonerceliiar ri ed
out with a 1-Jiter (@ I ] J . e .Lon of
benzene wit %a{fwg%dsel@%%%, 1*0? ﬁ%e ﬁfg;&f(l: |%gon%%c{]é%rlsr%§1&3fé£ tg{ljlt plg)? ésfég](‘l)g% \%\nk%éhﬁ{ié 25 g
of cat al yst cath@tsgareidediemiens] ataspdcifizd geidf to leathbyhe cativa. anBareadtioa cahdiyiloas i on
of benzene with pacol ate, the reactiagn v&s al so carried i)ut. at 1400C but
with 0 625 ¢ saleasely remaeycgatoeash anprian of the sen-dragtevosk Jfupiauihi BhsBht ai ns
50 g of par i . B s J

m Xt ures vve%gﬂgﬁg?é;lz%gie% é%n%ﬂ)qﬁ& 8,ges§§18d9%®%dlﬂ$ té %&éﬂﬁ%ﬁ%%tis -rge%%)({/sg@%%geﬁfg t he
conver si ons naycadvantapeduslydemovd afertidly didp lserfae[0diffdhewerkddeumubedhdbove,

enbodi nent s _di scl gsed, her ei rovide for zeglitic catal ysts suitable for
use in al ky 1eviRgn ﬂ%grafrf%]gl *BS}‘P‘&%Hnﬁftocegesl%‘fgl."eT&eeatl%ﬁﬁaﬁ?? A€ éﬂgyé(f s are
deal um nat edpfodfRGfd biseRbsat herel® nf§t dHiMade FRL tRhe2Add SRES LoBine@NAithe ONS
to selectively renove at | east a poftion of the non-framework alum num In

sone enbodi metlyst. ddhusniselattiiely pleabtesivetsd acaalydis ngewodiagbtad amehpdsments

di scl osed hefein advant ageously remve essenti.al | n face.

non- f r amewo %kscyﬂ Sﬁ@%ﬁﬂﬁ Ry Ithég'? é‘gtb‘feynadmﬁﬁ &%y %W?Qﬁl‘é F%Cﬁ ?111%%1 f?ﬁ Ehéec eglred

Sel ective degdhsicakylgiorr&Riordisagylafoeiaedonent s di scl osed herein may
enhance the strong acid sites contained in the catalyst. Thus, selectively

deal umi[A@1@] cat dVihide thealisdostinipctudes atbioutedamnmbed io§ embedignentss Hiose gaifledhave
active acidi.c sites. nore,readil.y. acgcessi bl e f.or the Ir [ I

al kyl ati on éﬂ&ﬁet nERIRE P 9 frtglgc(ﬁfci??ge’ [Vb‘@l %??@attcﬁ}ger% 5C E)Ig%r%t%
includes a lhgy becdisvisebenhich @hodidepat Srorh s escepéd ldfedle i predene didclosuteavi ng
benefit of this disclosure, wll appreciate that other enbodi nents may be

devi sed whi ckecgrstingly, the peape shewhbe himitedpdy bY therpdlaghed <dHmsgi scl osur e.
Accordi ngly, the scope should be limted only by the attached cl ai ms. CLAI M5
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What is clainmed: 1. A nethod for inproving the activity of acidic zeolitic
catal ysts, the nethod conprising: contacting an acidic zeolitic catalyst
conpri si nyoarmew3non- f ramewor k al um num and fr anewor k palrarseonansasss h an
organic dibasic acid at a catalyst to acid weight ratio in the range from
about 2:1 to about 20:1 and at a tenperature in the range from about 500C
to about 100C for a duration of up to about 2 hours to selectively renove
at |east a portion of the surface cdoAINREWOr K al uni num thereby formng a
selectively c%e,al um nated zeolitic catalyst; wherein the selectively

deal umiMbateycla@diti ¢ catal yst has a neasured first-order rate constant,

kcum forythe glkyh afok Oﬁhe@f)viﬁg NERNGcWiky ob’ ANb e Ikie EALIHEUTRN anethbd at
least 2.0 cnB/s g. 2. The nethod of claim1, further conprising: fornming an
aqueous sol ebmpnsiog: t he organi ¢ di basic acid; adm xing the acidic zeolitic

catalyst with the aqueous sglution.for the contacting; separati.n h

aci d- cont act edccﬁ’g%ﬁ“ggi @‘ncéf@f‘ﬂ/s%eoﬂp‘émc?tﬁg'sﬁq?f’é%@%l Wfafig; n(\?\r/elig}??ﬂr?éwﬁﬂe

aci d-cont act ed calghihGin 4nd FRABVEKANMBNEEHRh Qh @2gHnic dibhds heidae adatadye
drying the washed catal yst at a tenperature in the range from about 800C to

about 1500C. 3. Thecitewetght oftie|iai the rangsh&ioal mbewe2dotet abqut P h apdoati 2 ¢

catal yst with an _organi ¢ dibasic i d Lisvel Y e -] onl
surface non-fr ané%ﬁ?a%i‘ﬁlrﬁ tﬁﬁ ﬁ?ngﬁ%% 33%?5&) og\{gfa X%qtgm q?“\/\ié%%ﬁ%%p g
catal yst to aci d yebaltt2 hatsQoisslettivdln@erhavgst feaira prduih of:tHe bwfabaton- 8: 1.
5. The method of claim4, wherein the selectively deal um nated zeolj.tic
catal yst has a nétasagvekfalyrinugy, dbereby OraBies & asstectikelyi ndeatupingtie 2ePllf at i on
of benzene with %5%\%5&3% to formcunene, of at least 3 cnB/s g. 6. The

met hod of claim1, €rein the organic dibasic acid conprises at |east one
of wherein the selectively dealuminated zeolitic catalyst has a measured first-order

rate constant, kcum, for the alkylation of benzene with propylene to form
cumene, of at least 2.0 cm’/s g.
2. The method of claim 1, further comprising:
forming an aqueous solution of the organic dibasic acid;
admixing the acidic zeolitic catalyst with the aqueous solution for the contacting;
separating the acid-contacted zeolitic catalyst from the aqueous solution;
washing the acid-contacted catalyst to remove any excess organic dibasic acid;
and
drying the washed catalyst at a temperature in the range from about 80°C to about
150°C.
3. The method of claim 1, wherein the contacting a zeolitic catalyst with an organic
dibasic acid selectively removes essentially only surface non-framework aluminum.
4. The method of claim 1, wherein the catalyst to acid weight ratio is in the range from
about 6:1 to about 8:1.
5. The method of claim 4, wherein the selectively dealuminated zeolitic catalyst has a
measured first-order rate constant, keym, for the alkylation of benzene with propylene
to form cumene, of at least 3 cm’/s g.
6. The method of claim 1, wherein the organic dibasic acid comprises at least one of
oxalic acid, malonic acid, glutaric acid, adipic acid, maleic acid, fumaric acid, tartaric

acid, ethylene diamine tetra-acetic acid, and mixtures thereof.
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oxalic acid, malonic acid, glutaric acid, adipic acid, maleic acid, fumaric
acid, tartaric acid, ethylene diamne tetra-acetic acid, and m xtures

t her eof . AWOTBhw/asedeBod of claim 1, wherein the zeolitic earalSgey/0sBapri ses
at |l east one of a silicaalumna and an aluninosilicate. 8. The met hod of
claim1l1, wherein the contacting is at a tenperature is in the range from
about 650C to about 90C and is perfornmed for a duration of between 0.5 and
1.5 hour s7- Fhepeshobehelainni, whereim the zggidicsptalysh sompiases af leagang|of gtsilica-
conpri ses at . .i.te Beta, ZSM 5, ZSM 22, ZSM 23, MCM 22, and
MCM 49. 10. riin %glga@ Hf:r: gllur#el, wherein the acidic zeolitic catalyst

go r’rF ri sesg.h ggia rﬂefih(ﬁcbbﬁﬂﬁi@ell ,bs@héiﬁiil&bé térea@ing iwhier eipetdngre Seinatbé rangk from

eal um nated zeolitic catal yst has a neasured first-order rate constant,
kcum for t[REOW! &3/ Catg ShoubPUE FHdrie mxfpﬂnffsi §w} dretion 0? gpme@arﬁéﬁétpgdf at

|l east 4 cnBig,Q 11. A process for the alkylation or transalkyl ation of
aromati ¢ hydrocarbons, conprising: contacting a) at |east one C6+ aromatic
hydr ocar ban Taedné&thodbdf tleastl, ehereaf tharzeolitd catalystrcoaipeboht, least dnanf atdite

halide with ¢) i d- t olitic. cat t der conditions of
tenperature %mgsgﬁggg %%é&@@v%gg?m%l - an al kyl ate product and
a transal kylake nRERRUGE: e’ B! vHeREn a@ledaaar%atzs&itfcg%ﬂawspl@@zﬁiswhi' 15

produced by a process conprising: contacting an acidic Zeolitic catalyst
conpri si ng gerfbacamcadretd renidevend vdleoein riberseladivieha dealominagdduzrohitionoatal st an

organic dibasic acid a catalyst to acid weipght rati.o.in the range.from
Sbout 21 t oM onEeIne T s ahputh: e 1 PrethuRin ol HrdBBT b o0
to about 10Qopyderzab 6t Mehdhe! 6MMVEashl chfast a portion of the surface
non-framework al um num 12. The process of claim 11, wherein the contacting

a zeol i ti tl.dapecysstfonihe mlleationga iiapsadk Hatiorcolasomatiehykogayeans, eamgpising:
essentially only. surfage -fr wor k al.um . r SS. 0 aim
11, wherein t hceé/né%#lgfg%;atﬂg%t a n%eng@uérrglal%#l? %?H) (r)g?r (II%)Ir?i arn-é?@ %ofr%gﬁa(ﬁ}e, &i%{ljm
for the al kyl at i efefirf, aheicoBOE and tah apiyd pilidén evitha) fagratidcuemead zedditicahtalgast 2

cnéls g - under conditions of temperature and pressure to produce at least one of an
alkylate product and a transalkylate product;
wherein the acid-treated zeolitic catalyst is produced by a process comprising:
contacting an acidic zeolitic catalyst comprising surface non-framework
aluminum and framework aluminum with an organic dibasic acid at a
catalyst to acid weight ratio in the range from about 2:1 to about 20:1
and at a temperature in the range from about 50°C to about 100°C to
selectively remove at least a portion of the surface non-framework
aluminum.
12. The process of claim 11, wherein the contacting a zeolitic catalyst with an organic
dibasic acid selectively removes essentially only surface non-framework aluminum.
13. The process of claim 11, wherein the catalyst has a measured first-order rate constant,
Keum, for the alkylation of benzene with propylene to form cumene, of at least 2 cm’/s
g.
14. The process of claim 11, wherein the catalyst to acid weight ratio is in the range from
about 6:1 to about 8:1.
15. The process of claim 14, wherein the catalyst has a measured first-order rate constant,
keum, for the alkylation of benzene with propylene to form cumene, of at least

3em’/s g
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14. The process of claim1l, wherein the catalyst to acid weight ratio is
in the range fromabout 6:1 to about 8:1. 15. The process of claim 14,
wher ei n twe 208tmby63t has a neasured first-order rate comstramstgooksesss for the
al kyl ati on of benzene with propylene to formcunene, of at least 3 cm/s
g.16. The process of claim1l1l, wherein the organic dibasic acid conprises
at | east one of oxalic acid, malonic acid, glutaric acid, adipic acid

mal ei ¢ acl@ Theurraedss ohelaim tlamherdie theprganistdiasinecidicamprsest dtleast gaeef ¢

id, and ni f.17 i , i .
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al uni nosi | i eaideethiRne Thagnipe atasRetdd add aindnlikturshthedf the contacting is at
a tenperature is In the r,an?e from about 65C to about 900C and is perforned
for a durbf-ilde Bpcessiakedainp 15 wheren thepgrphitic catplystigamprisgsedsleatt reaping 11,

wherein the |t . pses at | east one of zeolite Beta,

ZSM 5, ZSM fgfcgféﬁ%%ﬂwg‘%}rﬁgﬂgéﬁww. 20. The process of claim 11,
wher ei n t g Theguesss fobrelgimotiy ciiegeih the acmntdetimgemt e ch wepetdhire isan dleysinge
further conprises: forning an ous. sol uti on of the organic dibasic acid,
i i ng- ¢ ndtoss eavet b1 P A LE ST i bR e BLOR OF BRI ADS “idhe
contacting; 1Sepaiating the acid-contacted zeolitic catalyst fromthe

aqueous sol ution; washing the acid-contacted catalyst to renmve any excess
or gani ¢ didddieproesissiof claigh dt ywingeinhbke waditiedatebishtysprises ablengiopeohzenlde i n

the range frpom t t 0 2 rocess of claiml11l,
wherein the %&?’%ﬁ;ezg%gé%ﬂﬁ%ﬁ%#p@é%&%ﬁ% performance beta
zeol i te apg ™REHEERs LRRlaRA! BICWHeRNY tileplodsistet prbduebithé Gcidatcatadsieolfs a
measured first-order rate constant, kcum for the alkylation of benzene

wi t h propyl epelysbiurdenrempteses; of at |east 4 cnB/s g. 22. A catal yst useful
o, Ll L SELIH 1 e BB Gy, e catalvo
admixing the acidic zeolitic catalyst with the aqueous solution for the contacting;
separating the acid-contacted zeolitic catalyst from the aqueous solution;
washing the acid-contacted catalyst to remove any excess organic dibasic acid;
and
drying the washed catalyst at a temperature in the range from about 80°C to about
150°C.

21. The process of claim 11, wherein the acidic zeolitic catalyst comprises high
performance beta zeolite and wherein the selectively dealuminated zeolitic catalyst
has a measured first-order rate constant, keum, for the alkylation of benzene with
propylene to form cumene, of at least 4 cm’/s g.

22. A catalyst useful for the alkylation or transalkylation of aromatic compounds, the
catalyst comprising an acid-treated zeolitic catalyst produced by a process
comprising:

contacting an acidic zeolitic catalyst comprising surface non-framework
aluminum and framework aluminum with an organic dibasic acid at a catalyst
to acid weight ratio in the range from about 2:1 to about 20:1 and at a
temperature in the range from about 50°C to about 100°C to selectively

remove at least a portion of the surface non-framework aluminum.
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conprising: contacting an acidic zeolitic catalyst conprising surface
non-framewor k al um num and franmework al um num w th an organi c di basic acid
at a cat avpoims2®ei d wei ght ratio in the range from abeatr/td2dss3about
20:1 and at a tenperature in the range from about 500C to about 1000C to
selectively renobve at |least a portion of the surface non-framework

al um num 23. _The catalyst of claim?22, th progless orgﬁ{oduci n(% .t he

cat al yst furheatabshpl ¢laihgd. thePiecesy arnprag%fé% e<aialist BRS COMRIBRGani ¢

di basi ¢ aci d, ﬁ’qm j hBich AR bdehfic Afadlcwsiq: W th the aqueous
solution for the c@n%}g% Fﬁ%%glg%gr ati n%llg?hg acl g-cor’\t acted zeolitic

cat al yst fr om admixagube asideolentitiocgtalystshitntpetaheecs isdlution fachedondatiagy st t o

renmove any excess argani c.di basic acid;, and dryi t he washed catal yst at a
tenperature i nsetpﬁ@tlpgﬂbeeacf‘%?ﬂt%‘ﬁ%?e%éatﬁg'sbﬁéﬁtqgi%‘@ﬁ@s PAUU%he cat al yst
of claim 22, whghmhd dsigRbALYSYE HRdyst BanLthy bx@ks ofdaic diBhgc Gomast ant,
kcum for the al kylation of benzene with propylené to form cunene, of at

| east 2 cnB/s g. aB8. The catal yst of claim 22, wherein the acidic zeolitic
catal yst conpri,ses high performnce beta zeolite and.wher.ein

sel ectively deSiViH Stgvé]ag?%%ﬁ?ql??@%Eéﬁ%ﬁ’?gtflreﬂgéﬁ%r%g&?%@%t B é{t?{bor POt at e
constant, kcum figpe¢he al kyl ati on of benzene with propylene to form

cumene, of at least 4 cm/s g. )
24. The catalyst of claim 22, wherein the catalyst has a measured first-order rate constant,

Keum, for the alkylation of benzene with propylene to form cumene, of at least
2 em’/s g.

25. The catalyst of claim 22, wherein the acidic zeolitic catalyst comprises high
performance beta zeolite and wherein the selectively dealuminated zeolitic catalyst
has a measured first-order rate constant, keum, for the alkylation of benzene with

propylene to form cumene, of at least 4 em’/s g.

26



