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19 Decenber 2006 1 MORDEN TE ZECLI TE ALKYLATH ¢ember 2006

CATALYSTS 2 FIELD OF THE | NVENTI ON 3 The present

invention is directed to a nordenite zeolite catal yst

having a 4 controlled macropore structure. The

present invention is also directed to 5 catal yst

conposites corépri sir%nEq nordenite zeolite and a_process

for prepMORPENITEHEQRITR MIUAPINN CATARKETSr esent

invention is also directed to al kylation of 7

aromati ¢ hydrocarbons using the catal ysts and the

cat al yst conposi t EED QHTHE WNVBEWIHONon. The

catal ysts and the catal yst conposites exhibits reduced

9 deactivation rates during the al kyl ation process,
Thenprasiept inventias imdiredied (o Aanoidenite zcaliteccatalyyishavirge

h t al ' id d,.by.the |4 1
coptigyFofedObafi FBRU T TREoeaE REERRY i3 4o fRHR
ctalyal ¥srhpesitaRasdrhSasig nidrtenitd 2ebiteeiiid # pratiess #brysreparing

capabl e of being reactivated with a aromatic

theyatalysirassapositesf |ThenpresantBnvsairmusmisydiregted twaiylation of

ol RS U B SR8 b g R oo of
iGNty SThhe cdtapistahng aarestalyal conipdisites exhibits wstiiced
phosphoric 17 acid/ ki esel guhr, al um num hali des

dagstivation rates euring theakylaial Reacess, deereby inaraasing the life of

sand! ! A PR ‘
tn Bai 48 antl RS BRI ol BARILLABAL MR fongor |
alkylaﬁlén ran mgthgﬁm%j dihie cﬁtﬂ?ﬁﬂs&anﬁﬂﬂnaalymcmw)mias of 2is
. can, be carried out in the liquid or_ vapor ase, For
ingapPATE IS0 GRSl 0§ MEIng roRChy RPN § AEpmBLC Bdocarbon
ﬂl_%@fi ns, the al kylations are done in the |iquid phase,
usually in the presence of hydrogen fluoride.
Al kyl ation of benzene with 23 higher olefins is

especi al Iy di fficHEROIIN B £ SRV n fluoride
treat ment. Zgi%m—éy%-crgvn—ﬁ—umw , ‘ ' I's not :
environnental ly attractive. 25 The use of the above
g RraR S chanBE L TR SRk b § Rt e
ortBreastedcidid calalysts.i Mypitalecoimensial catawsisdhclpde iphesphoric

Anot her ﬁrobl emis that the use of these acids can -1
r, aluminum halides, boron trifluoride, antimony chioride,

stannic chloride, zinc chloride, onium poly(hydrogen fluoride), and hydrogen
fluoride. Alkylation with lower molecular weight olefins, such as propylene,
can be carried out in the liquid or vapor phase. For alkylations with higher
olefins, such as C4¢ olefins, the alkylations are done in the liquid phase,
usually in the presence of hydrogen fluoride. Alkylation of benzene with
higher olefins is especially difficuit, and requires hydrogen fluoride treatment.

However, hydrogen fluoride is not environmentally attractive.

The use of the above listed acids is extremely corrosive, thus requiring special
handling and equipment. Also, the use of these acids might involve

environmental problems. Another problem is that the use of these acids can

.
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19 Decenber 2006 1 give |less than desirabl ef9ddedendier 2006
on the precise chem cal conposition of the 2 product
produced. Thus, it would be preferable to use a safer,
sinpler 3 catalyst, preferably in solid state. This
sinmpler process would result in less 4 capital

i nvestnent, which would result in a | ess expensive
giveddss tharbdé&itablle cogtsdiadn theeprakise ohmiicalmwcz&iﬁnri o’éthe

A BT LSRRI bt S5l
cﬁﬁi)%rt | SeferdblyGh sBllé“s@atéseml’é snﬁiblét%r@b&% Wo@]fd?rééﬁﬁ% ks

Inorganic crystalline materials that possess
capitdl onvaspoest which woiuithraseitsn uadea$ exparsie psm:@@tt hat
iIs less than 9 20 angstrons. Zeolites occur naturally
and may-al so be prepared 10 synthetically. Synthetic
Sotid Ici'yséesllirhm elumiepsilicateczemiite eatalysts havesbeen kpown te bend

offgetieur the AbplRepmsPEIRafics Wi claros ZAATHS brajepirlsuich
afé H8&fulBS Bhtad)sts a?élﬁ&haﬂ@ iﬁ@fg‘éﬁic &%Iaum mtafe‘?%!@fhat pBssess

germanit um nmay al so be Used’to rep ace the al um num or
ugiforim parasrwithh diametefrs immsicseporetrenge thal.is kssthaee

I t t | abl
2 EPpphfimty Zclifes e rstlyufiany TREY Beh rpedidd | 7P ©
symﬁeﬁtéwt i ShthaticerdameSincirie; feradhanylée CzavlieneAl Xey, L eind
7 particular applications. Processes for the further

rrmdemltec alt Iaaa!soommbémtgagqraer@tﬂ memloeiummmqsmteﬁ afithe

I [ i,ne I | t t I
oo Ref ek G iR, Bih AZ bord LRl fffor
gémaasitm) andy éfIs@s'oe wseheneplitetthe alliminaht onsilicon ihihe
catalyst matrix, etc. 21 Formng the zeolite powdlers

frameosk SHEEtUBRr t i cl es may be acconplished by 22
formng a gel or paste of the catal yst powder with the
additi-on of a suitable 23 binder material such as

Tbe%@/ zeelite Icﬂtﬂ{wﬁn@teﬂ@tﬁ)@'@r@m{@pr%iycﬁ\@dﬁb@ aaifiRg ﬁ%ﬁﬂi@e
3l R e YA @SdnRinoBARF Ba@;ﬁ.cﬁgpgmrfsﬁ

padiculae bpﬁl;mttdmutPrbhess&efoﬂfheibeﬂh@d afodiftatids io @ahance
cataly particl es include extrudai)@s whose_ cross
c@,t@batlpmp%m@s of tha,crystaline zqolitesatabistsarg welhkpeyn dp the art,

s.%wgég@d Q&pﬁee%ug@ % ngﬂgégé bR e%Ebiigthg tFS

por
cations in the catalyst matrix, etc.

Forming the zeolite powders into shaped particles may be accomplished by
forming a gel or paste of the catalyst powder with the addition of a suitable

binder material such as a clay, an inorganic compound, or an organic

‘compound and then extruding the gel or paste into the desired form. Zeolite

powders may also be formed into particles without the use of a binder.
Typical catalyst particles include extrudates whose cross sections are circular
or embrace a plurality of arcuate lobes extending outwardly from the central

portion of the catalyst particles.
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-2 19 Decenber 2006 1 One problem w th cat a9Bécember 2006
particles used in fixed bed reactors is catalyst 2
deactivation. In nost hydrocarbon conversion

processes, including alkylation, 3 the primary

cat al yst deactivation is caused by coke formation.

This catal yst 4 deactivation is a serious problemin

O probiepiwidecatalyst pattislessused ipfixedibgdateastors s catalyst

BRI oS AN GRRuPR R GRER e o OBRY Bk laton,
tHe peifriarp thRilysTRiehsivRiBnGs talse® by eoRe iyrimatichat Te catalyst
the 7 olefin into | arge nolecular species that cannot

dgiactivationda egriauserTpbless instheginepfrastia ertalists fps aliyiation
. i er . oo

g, 2% (bR el VL 38y Rlp -0k i v
unylérsicad tuiishé slehythiatiohl mectenismtozae ihyoive pobaheadizdtion of the
al kyl atjon of ar(?mati c, 11 hydrocar_f?ons qut;f”l nor mal
oé@f"wat%laé@@ Aolesulgr shraietthgh spmnel diffuses oukefthe pores
cgﬂfdir‘ﬁﬂ lhef 2Rt SifRY Wthe%%ﬁﬁtid‘mé’?&fal.of patents have

I'scussed processes for the preparation of zeolite 14
catal ysts and the further shaping and form ng of the

t 1 . i . W t hOUt
AR 2 PR LRS00 pI IO IRt il
hipdicvaiisortt Baypisaigcdrituctekbyp the estalytie atlafiatiorsbBaropiatic
al kylation of aromatic 17 hydrqcarbons. 18 Pat .

hygrocarbens with ngreal alpba oleflisrdsarehadahain QJéf.lSri% éndc
Oﬁ,ﬁgllg'&h)tea é?orﬂ@fo?.” al s whi ch upon hydration yield a :
or be

controlled effective pore 20 dianmeter and
in which the sorbent and its zeolite precursor are

APERLEESF pEnf it dikeidbeifiob&ddBs Tor i), ARPEFAIFof blte
cTﬁmh ity tenb?ﬁé ftmm_shar’sir@mﬁb&trﬂuindgto?mbaidﬁéngtfmtibliesmd

e at en a (0] | SCl 0Sses S r e
eXHAAREE it P, WNOU IbeaiRe A dara: Jhess 3rei8ISace RUBgT of

PERARE UsploRHP e % BRegfld cqualsts Br SR RitoMatie

hgldchdsess. t hat t he high "heavy content" of the 27

al kyl ated aromatic product can be controlled during
Lfge Pg{ WO| %téé)zfsﬁé (ei%c%ns%s the preparation of synthetic zeolite
materials which upon hydration yield a sorbent of controiled effective pore
diameter and in which the sorbent and its zeolite precursor are provided

directly in the form of an aggregate.

U.S. Pat. No. 3,119,660 discloses a process for making massive bodies or
shapes of crystalline zeolites. The patent also discloses methods for the
identification of the catalyst materials using X-ray powder diffraction patterns

in conjunction with chemical analyses.

U.S. Pat. No. 3,288,716 discloses that the high “heavy content” of the
alkylated aromatic product can be controlled during the alkylation step and
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-3 19 Decenber 2006 1 has advant ages over di%Déddnibeg 2006
the al kyl ated aromatic product to obtain the 2 desired
nol ecul ar weight. 3 U S. Pat. Nos. 3,641,177 and
3,929,672 disclose the technique to renove 4 sodi um or
ot her alkali netal ions fromzeolite catal ysts. The
"177 patent also 5 discloses that such renopval E
haodivantagesover diglilliag theralulated aromatic PrAACT tstPmn he

A oRIERE PRt of erins by 7 1iquid phase reaction.
8'U.S. Pat. Nos. 3,764,533, 4,259,193 and 5. 112,506
Untb Eatalos i Patal dengha 200t T e B tao liads I Rgove

sdﬂiuﬁ‘n (f’ladthel‘\ﬁlkaﬁ ek} ibAS frohd Qewtéwalgétsﬁm hecala rpatent also

wel ght distribution or "heavy 11 alkylate" |ss ]
discloses$ thatistehtramoyel eithawediiraorsther alkat mataliaes F&’ates

thi}a‘rzﬁqs L%E% [yﬁgs ﬁ)nglgé %%yﬂatz lé?ﬂr@rtn%tﬁ?{‘ypﬁcgfarbéném%léﬁs by

per or mance o correspondi ng

hcﬁgﬂjbﬁaéé?eadlldd S. Pat. No. 3,764,533. In 14 U S. Pat.
259,193, a nono-al kyl ate sulfonate is preferred.

U S. Pat. 15 Nos. 3,288, 716; 3, 764,533; 4,259, 193,

L P, Wbd: 3964833, hlezw)ygaﬁnurmw@oetw@l@sem‘ theawe
for all purposes. 17 US. Pat. No. 3,777,006, di

alkplatelswntentrinfiuencesmpubiehseifenates apdovegbased Suffonates. In

I B 808 o DUBH BT Yt o eavy

alﬁ?l‘été’ hakh6ivRrtbetliencetthe Ipesﬁnrmlgbb oabdt?ebdeatrbmnd HOB
adsorptive 20 properties. %8500
syifanatesagd ttm%dpal@pslakat:w&ﬁnbns 9thij §P @F‘H%P%e fustt i ve

iR T Re s Rin@ys i Ephate iy S IEING, 3708533, In
U&S’I }U%tlc {\wmleﬁ@ A9 Hionmaib;dgi:(:mdfmai@m ;?rt:fwram; iéJhSU Féat
NPat 3.288.716: Seusin, o deead 5y £12.806 bt Ratatiig
m'ggﬁ?c{rﬁt%'a' Blgzleﬁére‘?l%%lgﬁl‘éu jo3BEr sant | ubricating oil

rves € process ther involves 27
carbonation for nmaking the products nore basi.c.

U.S. Pat. No. 3,777,006 discloses the use of nucleating centers for the
crystallization of crystalline aluminosilicate zeolites having a size in excess of
200 microns and characterized by high strength and excellent adsorptive

properties.

U.S. Pat. No. 4,185,040 discloses the preparation of highly stable and active

catalysts for the alkylation of aromatic hydrocarbons with C2-Cy4 olefins. The
catalysts are acidic crystalline aluminosilicate zeolites which exhibit much

improved deactivation rates.

U.S. Pat. No. 4,764,295 discloses a process for making non-foaming
detergent-dispersant lubricating oil additives. The process further involves

carbonation for making the products more basic.

4-
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-4 19 Decenber 2006 1 U S. Pat. No. 4,891, 448ecember 2006
di scl oses a process for al kylation of polycyclic 2
aromati ¢ conmpounds in the presence of an acidic
nordenite zeolite catalyst 3 having a silica to
alum na nolar ratio of at |least 15:1 to produce a
m xture of 4 substituted pol ycyclic aromatic

Udaripatu Mds 468,448 disdogesea peacesalftnyalkyletion of polysydic 6

US.,.Pat. No. 5 841 di
g rBRORIIS 1 DEsRPrencs Gt Raricl Belidieiie eatsyst
h&ViR§ ansikcaPlo A0nAkh AdlanRitidesTidtfeatals: 1 o ?ﬂicmcésé mixdure of
having a silica to alumna nolar ratio o | east

sutstiiuted pelvsyglie asemstic compeunds gorighed in hegparaaicdated
IS{‘?ﬁ%pgunds enriched in the linear alkylated isoners. 10
‘Pat. No. 5,118,896 discloses an aromatic
al kyl ati on process conprising 11 the st eps of

U3P At Non S s PBlesfosial BRRESS Tor ikdatén br Blyeysio

arefitlic dmgoumdd inetherResase: of ar@aé“did m@rd@ﬂ@ébllwcatbﬁist
| arge macropore, small particle size zeolite catal

havieg aailiga/ioralueing giqiarpr@tle of g4 least /el t6f proguge subs! uf&d

PG Sl ROb ot e Rebaf e e R0 BRSO REs

1/ 32 of an |nch 16 U S. Pat. No. 5,175,135 discl oses

sg.0 i di ¢, mordenite zeol 17 catalyst f or
U At oo R 858 flsioBBe s R A g i s Ping éing
thadtéps Bﬁdd)rﬁ’tﬁctrri@afdr@ﬁ?aﬁﬁ%y@ﬂfd%ﬁﬁoﬁfé&ﬁ Wwih %lngélkyléﬁli 8fent
atons to produce substitufed aromatic 19 conpounds

underiligHisbphase alkylatinasonditiopsan die pesencs of ardlicaceentaining

it SR oriorer e P sl ZeBTEUEDSE g et RS pore
vohyrieRIf rabouh 426 tod2.50. GSI ﬁ’ﬁ;bore%av&g]@ 1adids oflu50lamgetoms
the process faor paking chai n al kyl - 23
a%@§??ﬁ'¥ﬁtmrﬁ‘i'8ﬁ@m6te€&rﬂﬁﬁgHH%’GW%W tahinches, the
process conprising 24 a zeolite alkylation cat aI yst
in the presence of 0.5 to 3.0 wei ght percent water,

U5 PateNgr 2ddhcBdisqloses thause akan acidic sardenite zeglite or

AR TR RN bRtk Lo HsSwits Bn alkylating agent having
from one carbon atom to eight carbon atoms to produce substituted aromatic
compounds enriched in the linear alkylated isomers. The acidic mordenite

catalyst is characterized by its silica to alumina molar ratio, its porosity and a

Symmetry index.

U.S. Pat. No. 5,191,135 discloses the process for making long-chain alkyl-
substituted aromatic compounds from naphthalenes, the process comprising
a zeolite alkylation catalyst in the presence of 0.5 {o 3.0 weight percent water.
The presence of water increases the selectivity for making mono-alkylated

products.
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19 Decenber 2006 | U S. Pat. No. 5,198, 595 19 Bedeattes 2006
a process for al kylation of benzene or 2 substituted
benzene in the presence of an acidic nordenite zeolite
catalyst 3 having a silica to alumna ratio of at

| east 160:1 and a Symmetry |Index above 4 about 1.0. A

process for the preparation of t i s _al so
U.8i. feit dNed5,1981598, diseipsena. prgcgeﬁaqu@‘vaﬁ' I

| s%gﬁ.ﬁﬁ% bgﬁﬁg&? B‘d%lt [%ggn@@{ﬂﬁﬁﬁ‘% SiddY nforabifivd 260198 catalyst

ifon’in resence of an acid
hdw §RiHca toefhinirt ra?oaﬁmn@mt 1lﬁ>ﬁvl agda Symnwﬁladex above

alumna nolar ration of at |ea 30:.1. a
al®ut y&t A progess far dbe Qf%ﬂ%t'%'? F?f f’ﬂ%c%tg’i"yipis @sg Bfseidde.
diffraction. 9 U S. Pat. Nos. 5,240,889 and 5, 324, 877
di scl ose processes for the 10 preparation of  a
U SatRatyNb. b34gok1& d@ﬁbﬁa‘a‘/mfgpﬁ?(ﬁ&ﬂt‘ﬁf‘i(g Iinipg penzenes by
rapsal kyl at.i t r rfedlits Heolit
YRR T R R LS pre 19, ottt

ifs great e
céiﬁfy@@ﬁévmgtaeém&w&ﬁ@luaﬂna helaotagibnvedial lﬂasd:%Oth@nd a specific
catal yst conposition OITB.tI c al kyl ation

crysiadinesstositug delpEmip g?%’traﬁgfj‘lﬁﬁg '?%0on and ol efins 14

contai ning 2 carbon atons to 25 carbon atorrs 15 U. S
Pat. No. 5,453,553 discloses a, pfocess for

UFB Flatc Nosn5 24 0,85%and 13, 877 gisglasedece %ﬁﬁs Rr H} bcess

rlses co t d/bi tfa@alkyldtion
?tfﬁ%"% ﬂ%ﬁgsg Cp%rp%ﬁ%;ﬁ o't]k{e\ﬁn#)gik?ﬁagég@sénce of 3 fd
étﬁf?(ly'a‘rﬁj WAy fie dRalyshtainposiion contaies greatentheal 3. 5 weight
undér al kyl ati on condition such, tha
personbatarkassddneine ot et ine ket oS Ao and the
di scl o ApbsitioRangladins 21
a@'ﬁ?‘l‘%gtﬁﬁlatﬁﬁe pg?%i%n%sgﬁ%? §ign'@;fg%||§rg?§o cgt allyst lqhaw ng a
cOMRirhgRnSirbombtaos t 222asyart alomand then use of the
i sonerized olefin to al kylate aromatic 23 hydrocarbons

in the presence of a second acidic catalyst, which can
UbS. pad NBY 5458, 583 diveldses hpndcegs forsthi praduetion efitinegr alkyl

t f at | t 40 to 1. 25 U.S. Pat
pensresasb PO AR e et AR e b
likal tal kyl
o 5 o o e e O B e e
cohitaining @ teandiiion atetatsinded atiylationygongdifiaroskghgthat the } Catalyst

is not deactnvated.

U.S. Pat. No. 5,922,022 discloses a process for isomerizing a normal alpha
olefin in the presence of an acidic catalyst having a one-dimensional pore
system, and then use of the isomerized olefin to alkylate aromatic
hydrocarbons in the presence of a second acidic catalyst, which can be

mordenite zeolite having a silica to alumina ratio of at least 40 to 1.

U.S. Pat. No. 5,939,594 discloses the preparation of a supera!kahnlzed
alkylaryt sulfonate of atkaline earth metal. The alkyl group of the alkylaryl

sulfonate contains between 14 to 40 carbon atoms and the ary! sulfonate

-B-
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19 Decenber 2006 1 radical of alkaline eart19 Dedeadber 2006
fixed in a nolar proportion conprised 2 between 0 and
13%in positions 1 or 2 of the linear alkyl chain. 3
U S. Pat. No. 6,031, 144 discloses a process for
reducing the residual olefin 4 content of an
al kyl ation reaction product % Qiqrmv ng at | east. a
raginatl obalketing ﬁ@ﬂhfsn%lﬁsafl"i@ﬂ IR NATRIPRITICASOLPIIIEL:
dr [ i
bR TP T SR T2 W hERnBar AR AR,
acidic catalyst 7 such as a nol ecul ar sieve or clay.
n
0% bRt e eilcnpip gt et

conteht ofsarf Qlkxmibh ngadtinn progiuica by deraoding iaf keasd aopmugagéane
sul fonates_having a total base urrber bet ween

navalkyiied snpigrndcsemasedvArubanaaf 3 Bradingdffg
reﬁtg@ﬂlr@ éﬁ‘ﬁ)‘(% iGh Péﬁ?:tf)ﬁt;ﬁ'bﬁﬁét lnStHé g)re?s%n%e ot arzasdiictcatalyst

aver age pore size of | east 6 angstrons.
suéh &k 8 mbletulaNsieve,d@23a®34 di scl oses a process for
al kylating aromatic using a 14 porous crystalline
material, e.g., MCM22 and in situ regenerating the

USS‘tP?ﬁ/Nb ammq OJESc}m‘sea tbglp%paggmnmoﬁdlk?lgerzgnafmm
i pol e monment of at | east owWn
prsampe 0T Aharolhha gerekaait e dand pigh
oIS ipiNes patifes btaPbantnlinber pofRtned shabo. e
picﬁ:@@g uses MR hs calakyst ar iaosolif ac%nwfymmnt ¢etalysly-sophias @
A efins over Solid Acid, 19 i_@ rnal of

zclita gying, am 3gETagE 036 57618l e ash g aBec: a1y

true 20 for nordenite zeollte 21 Two gener al

treati ses on zeolite are: Handbo?kaq%y! | ecul art Si %48%
Upg. Pat. Riss 8:d8, 235disslones @A oRss o rhABIBEY

o TSN B B MG R B ProcReplt 0o atays
blRReserwd ;ﬁ)laﬁéorﬁpmmmha?ﬁgamdmleammmt lof at_mbﬂ 05 jpebyes.

1999). -7 19 Decenber 2006 SUWARY OF THE | NVENTI ON A
first aspect of the present invention provides a

| [tG8 kAbWA thaavbsigsdlidnaid optatysts produce high 2-aryl attachment when

alkylating with alpha-olefins. See S. Sivasanker, A. Thangaraj, “Distribution of
Isomers in the Alkylation of Benzene with Long-Chain Olefins over Solid Acid
Catalysts,” Journal of Catalysis, 138, 386-390 (1992). This is especially true

for mordenite zeolite.

Two general treatises on zeolite are: Handbook of Molecular Sieves by
Rosemarie Szostak (Van Nostrand Reinhold, New York 1992) and Molecular
Sieves: Principles of Synthesis and ldentification, 2" Edition, by Rosemarie
Szostak (Chapman and Hall, London, UK 1999).




structure conprising nordenite zeolite havi ntp Besinhber 2006
to alumna nolar ratio in the range of about 50:1 to
about 105:1 and wherein the peak macropore di aneter

of the catal yst, nmeasured by ASTM Test No. D 4284-03,

is less than about 900 angstrons and the cunul ative
pore volune of the catalyst at pore dianeters |ess

than or equal { SUAMOMRYOR AIINYVERFIONEasUred by ASTM
Test No. D 4 m—l'ﬁt‘ﬁ—ﬁﬁua to about
0. 30 mII|I|ters per gram A second aspect of the

A RifsE agpect oMM PreSent ikvantigs rcﬂrlcFHsoé:€§t§ f.sf’ﬁaﬁﬁ%ﬁ% &8

al kyated aromatic conposition conp ? tacting
stiughise compriaing mardenitezanlitchavinma \mlrpa taa unua@rnodﬂfe'atlo m

th@r&HJelbriBaGE 58 ¥ LBbUCTHEPAA) whaﬂgn e b0 MEERBARE  Of

he “cat al yst conposite accordi n Second" aspect .
dl@h@@l’ obthe datalystpmedsuried by ASTM tT estbibaDy%#(m/ lsrigssathan

t I
B840 SRR NE 8 e PhEE bR el B,
diametersless .tl'famlrormqtgqaatd atput B0 aagstromss, measesd ??S\STWFTest
i.sclo ar e roces S reparation o
d Pl Siestafin O Sond LEABRRD o Fufers et Searee
conprise the alkylation in the presence of the
{ { { Al I t, Th t al t
A SR 5RhPo 38 g RisBel Ty lZR Riavivs @ Probeda Broddeing &n
by hor eaerreCT pamprank apnfelig B kRS dseRlc
[ i f

| hYGWQMW’&%6§$tt%@ olefin wRdey @i\w@aowmﬁ@gn%m&e presence
of HetAStWdnpysith 2BE5MInG th %% seddhdRiy IpbbtcUI ar, disclosed

are catal yst's having a"nmacropore structure conprising
nordenite zeolite having a silica to alum na nol ar

Dié : 1. and
g e eepome sl { Sl !
e

strgtime fiscleged fHEherarg catalyst semposites eompising mesdenile zeDlite
ang% o0cks fbP g#e?%fiﬂé H?é‘cat?lgget%%os t8s. E\P‘%Wurtﬁé}odlsclosed are

strons, cufrul ati ve "por e vol uie at
pratiesses for prapasationtod all«ylat&zmramatlo hptirooarbbas, wmq:; plrocasses

STM,, Test 4284- 0 an o
ooffiSH bR RS tae Bitsehes pTiobEeflrsty A o Eiie paRRaRlps
at pore diameters less than or equal to about 400
S n. about er gra
Thgﬁg%%?gg%&f @%&%ﬁ'?@ GO ;i?g}t%s a?'gﬁ)?a él} geduced degctlva%on p;tes
during the alkylation process, thereby increasing the life of the catalysts and the
catalyst composites, as evidenced by the longer alkylation run length times.

In particular, disclosed are catalysts having a macropore structure
comprising mordenite zeolite having a silica to alumina molar ratio in the
range of about 50:1 to about 105:1 and wherein the peak macropore




| ess than or equal to about 400 angstrons i rStlexendeg2006
of about 0.05 mlliliters per gramto about 0.18
milliliters per gram The cumul ative pore vol une of

the nordenite zeolite catalysts preferably at pore

di aneters |l ess than or equal to about 300 angstrons is

| ess than about 0.25 mlliliters per gram nore
preferably at pore dianeters |less than or equal to
about 300 angstrons | ess than about 0.20 mlliliters

offfhegr BFIn e lRL meadPef %5 Pl N b g2 oo § 188 than

oRBgEAN BEbdUt 9008angStioRRY @anth@mntuléhv@&)dfeldoldmé &f pore
per gramto about 0.16 mlliliters per gram

drnesteralssy thae opearakiaahems B0 ENgFEO ™S, me&SH@%%b%TM
TS Bifpes s 03RS el iAo A0BRERL paraah

prﬁéfalﬂwaepdnewiahmtensﬂewthm equag e alboxatm:ﬂﬂ ad@froms less
angstrons to about 6 700 angstrons, and

- thancakeulid)- 30 milllitess pergramRIEmore pi farably 2t Re diameters

: y t

53 e B gabal & 8 D0G Rl AR g Roh O SEAEAITD. 6P milliters

pentiaEny 6 aHoet:(D d8atillilitess pesigkarma to al umina nolar ratio
10 of about 50:1 to about 105:1. Preferably the

. nordenite zeolite has a silica to 11 alum na nol ar

| Tﬁ?tchﬁllﬂétl\%b \ﬁﬁ%ﬂa ) tﬁ@%rd@n?itelzeolﬁ@ cé%lﬁ@ pFe'fé@Jb}Sﬁét

: e present e iment may be in the form of

. pmmbdhameterszleastrmn o eqlial g aboub‘wﬁ amqimmam !esaﬂrﬁn aloput

' ov1 a cata st cong site mpr s

Rersrhe ram are HaELy L f ROR TS 1S Mt flaqual
| toaﬁcﬂﬁﬁtsooaéwbstﬂeﬁné Rssahin BB@ﬁt 0. t@ rmhiﬁté@s PEeGrar, Sl most

(b) of the above process for making the nordeni t e
zeolite 20 catalyst conposite is an inorganic
material, preferably the binder is alumna. 21 The
nordenite zeolite is present in the above catal yst
conposite in the range

-8a-
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22 of about 50 wei ght percent to about 99 wdBddcember 2006
percent based on the total dry 23 weight of the

catal yst conposite. Preferably the nordenite zeolite

is present 24 in the range of about 60 wei ght percent

to about 90 wei ght percent based on 25 the total dry

wei ght of the catal yst conposite. -9 19 Decenber 2006
ploférably atysoreatibmeters iesothantr quues tmabouhd} apastyems in the

s ST sR 3oE SRR b TS o 2t

provides the process for preparlng a 4 catalyst
conposite conprising the ste

Prefletﬁﬂy the pealt maérqgnmgglamg r,gj ?Ige ggq)\fez%at%gfnsgg E’ﬁtirﬁgneatgnge
of;\n?)l? it tf@t %rg%étﬂ)rﬁ; pr esﬁ@ég#&né Ghdrel Srefdramty &%péak

e of volatiles to form

" mackopdraidiambiirds n Irmangegﬁtaboat 400 angstfomisdoakiagéni t e

it f 0t bout 99 9.bas
7683@539.'“%;33 Ry prSlar ey e béek draorare HigRptér Sftne
HERRERng rifod REDSR AT ahdfotfs & 4bgh 0D Bligstroms.
percent to about 70 wei ght percent 12 (b) shap| ng the

m xture to forma conposite; 3 (c) dryln%! tar rafi
The murdenits zepiite af4h¢ eptatyst @ha@m@dﬂm achsdei 4mig rgolar ratio

bst ant b &dtitd Ras ﬁfsﬂTcBQo
ofgnt 30 LBabut 1l S HAIGRER he tokab e Rt Ads &sifed
allspfina nﬂcﬁamﬁﬁéefatdmﬁﬁhbtdﬁrmﬁﬂéﬂure is at |east 20C,
and nore preferably the 17 tenperature is at |east

27C. 18 The above process can further conprise

f éé(b@-g?' i m%g% indhe forh? of Bgablet.
Tﬁ% ﬂg&(ﬁthggﬁ eﬂﬂ)cﬁ@ehgov process preferably
conprises extruding. 20 The drying in step (c) in the
above process is typically carried out at 21

Attling asecl obthei preserd invangen grovidrsa calalyst SRR copriEsing:
-10 19 Decenber 2006

*(a) the mordenite zeolite catalyst as defined in the first aspect; and
(b) a binder.

The binder in step (b) of the above process for making the mordenite zeolite

catalyst composite is an inorganic material, preferably the binder is alumina.

The mordenite zeolite is present in the above catalyst composite in the range
of about 50 weight percent to about 99 weight pefcent hased on the total dry
weight of the catalyst composite. Preferably the mordenite zeolite is present
in the range of about 60 weight percent to about 90 weight percent based on

the total dry weight of the catalyst composite.
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1 Calcining in step (d) in the above -processig9Becember 2006
typically carried out at 2 tenperatures in the range
of about 400C to about 1,000C in a substantially 3
dry environnment. 4 The binder in step (a) of the above
process for making the nordenite zeolite 5 conposite
is an inorganic material, preferably the binder is
A firtiverembdédiient vb teg present inventipn (sWlirectete gatalyst s
for making ,the pordenite zeolite 7-conposite conprise
C%P%?'teﬁﬁﬂa%b%gg,a MB PEeFX*-ably the acid is nitric
acid. 8 The volatiles in step (a) in the above process
for maki ng the nordenite zeolite 9 conposite can

Afairihespesbelihe peesens Bivpotior pravides the protess foo beeparieg ai n
cétn%l?sé%mﬁégﬁelli&?éﬁoﬁﬁq {@St%o&?e process for making the

enite e co Site are preferably in the
range of about 40 wei ght percent to 12 about 60 wei ght

percent of the mxture. 13 Ln s . th 0 :
P da Lo contafiNgA bikrdsBe ZRoMG Sl BV il fina
i's 14 ReRrkeamPintheahie dfamaat 50: 120aBoliA0821 lith a binder
percent to about 90 wel ght 15 of the m xture,

t
16 A fiintihe pegsencestt volaliles ggfra%t%na e wheseinthgaeight
t al t,. it . 17
ot g BT hRaBLFE 2ol Nkl SRS o9
| nvent i el iHde® A diy Weight dfthe BdiltEg aataydtydompstite,

19 aromatic comnposition conprising contacting at |east
one ar @nst whetgin the wolables indheumintuse are instheoiangs efraheut

catal y 10 ek BOritas bhBIS T M BERRE Compr i ng

nordenite zeolite having a silica to 22 al um na nol ar
ratjo in the range,of .ahout 50:1 taq, about 105:1 and
wndbEi ShaRin 1 it RdPRN A OTPAME er of ¢ he

catal yst, neasured by ASTM Test No. D 4284- 24 03, is
| ess t han about 900 angstrons and cumul ative pore
vol{Ghe dying dhe comngsige@Bd s | ess than or equal to
about -11 19 Decenber 2006 1 500 angstrons, neasured
by ASTM Test No. D 4284-03, is equal to or Jess 2

t h4d) atselaining de gpmposite dp @ sybstagitially dry environment.

In step (a) of the above process, the temperature is typically at least 15°C, |
preferably the temperature is at least 20°C, and more preferably the

temperature is at least 27°C.
The above process can further comprise addition of an shaping aid in step (a).
The shaping in step (b) in the above process preferably comprises extruding.

The drying in step (c) in the above process is typically carried out at
temperatures in the range of about 100°C to about 200°C.

-10-
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3 The above process may further conprise in 9tEEefider 2006
the reactivation of the 4 deactivated zeolite catal yst
with a suitable solvent flush, preferably the sol vent

5 is an aromatic hydrocarbon. Mre preferably, the
aromati ¢ hydrocarbon is 6 benzene. 7 The above process
can further conprise sulfonating the al kyl at ed '

ca&t&]m inCste (8P IMIRI bove prdcdseisalypically canyett odbatoon of
t he

AN UKL AT N Y

d IS benlir% el toluene. 11 The olefin in the above
'}SPBE{E% %&/ have from about 4 carbon atons to 12 about
80 carbon atons. The olefin may be an al pha olefin, an

. : ! _ e an al pha .
P s G5 o, AL iy e oot
conBeuENG! I8 efh MoRGanic Tatetial préferably v bindler i dlumiaa.ons

to about 40 carbon 15 atons, preferably from about 18
carbon atons to about 28 carbon atons, and 16 nore

THY FOIERY!N stéi TRt pRlodsRriBpmaKingTind mondenite Zdblite
carbon atons. e 17 branched-chain olefin n xﬁh‘?ve d
compusitebmampése avdtenasd enmcich asiskpreargbhOthe A IS B FnRcId-
preferably from about 8 carbon atons to about 50
carbon 19 atons, and nore preferably from about 12 _
TravSlaticatiansep ¢apindhe abdve process 20 reaking themordenite zeolite
ol efin of the present enbhodi nent, may be ‘a
copositacap fusthas GeE iR A RPIYSESChMRe | zed ol ef i n havi ng
about 6 carbon atons to about 40 carbon atonms. 23

Preferably, the partially-branched-chai.n ol efin, h .
The woleliles.in e o Sep (@) dhiha Brogsss fougaking s ordenite

L e T i i
alfRITBESVEIghE perddritef tikomixtuses the step of isonerizing

the -12 19 Decenber 2006 1 normal al pha olefin with
an isonerizing acidic catalyst before contacting the

gﬁ%' WiBdve procesfths welghitrpareent afithalrkgidenite zeolite is
m%rt%IB t'l cﬂtg‘?oduct I{)/\]h@gr e less t anpms 40 [ ggb er cent t
preferably inltkg Irapge ohabaut 6@_%&%9%@%% _ ﬁ?‘gétrlae“‘_e"

of%e lrgi%tsutre.

A fifth aspect of the present invention provides catalyst composite prepared by

the process as defined above.

A sixth aspect of the present invention provides a process for making an alkylated
aromatic composition comprising contacting at least one aromatic hydrocarbon
with at least one olefin under alkylation conditions in the presence of a catalyst
having a rhacropore structure comprising mordenite zeolite having a silica to
alumina molar ratio in the range of about 50:1 to about 105:1 and wherein the
peak macropore diameter of the catalyst, measured by ASTM Test No. D 4284-
03, is less than about 900 angstroms and cumulative pore volume at pore

diameters less than or equal to about

11-
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4 20 wei ght percent, preferably at |east 75 19®agbinber 2006
percent of the alkylated 5 aromatic hydrocarbon is a
nono- al kyl ate. 6 The isonerizing acidic catal yst of

t he above process as disclosed for making 7 an

al kyl ated aromatic conposition is preferably the a

solid catalyst having at_ 8 | east one netal oxide,

S0P iacesamsameassred by foy Bvdiest Nex. [} 4284-03ais enjuml 4o or less
y, that solid catalyst is a

“ﬁ%ﬁ%%%ﬁg$3gmggﬁkﬁ#ﬁkFg " one-di mensi onal pore system

As used herein, the average pore size of a 11 catal yst

efers only to the res within th ive rt.ion
Thi eble Plafiersimed T ostbrick (e PLlnelipalfyaoN of ihe
déARPiteE zBbMEIatAlystSMBP 8 suitdBRG NSt aNshhprefdrabliethe solvent

al kyl ati on process as descri bed above can be carried

isgut argrealic bydresarbpp. Jare psierablndie arematic bydrgcarhasdis
b%g) {ic hydrocarbon and olefin feed. It is 15
ieved that the presence of water during the
al kyl ati on process can contribute 16 to an increase

Tl A s A e

jopents are further characterized 18 by an
i ncrease of at |east 50 hours in the al kylation run
length tine conpared 19 to the nordenite zeolite
i d5ve g

TG SPOUBE Mhaicathch BaRe AL IEEEs ST R oI xydhe,
clpoere dhrambtiercs thesof 2 Prefesablyrthegramatio iSbénzergsor tolsene.

greater than 0.30 miIliliters per gram 22 preferably

the increase in the alkylation run length tinme is at
Theeakdfin7ih the absve piSceasdnap have frehe abbly4 chbonnatbhs to

al kylation run length tinme is at | east 100 hours. _ 24
abg 8@&%899@@%;1%% hayhpae AR a@gnb%ﬂ isomerized
L y : S
OS8R LR bl o ABlesnofir Tl ot s e
isdesked slef@omaly thavbdrane about 8 3afl$orDetpembier al20A@0 darbon

BRI EF SCRI PTI CF THE W NG Fi qu 1 is a graph
BSSWPIR STARLY FERGRD YUk ELPIEPN @LPme Jo abBih s SrRonaong, and
mbFEpREStabANOM SB5 a0 arbONBRhE fo 3bbst BeesihoRedod. The

Exanple 4°"and its 4 characteristics are given in
braaghed-channelefin maphiravedremuahait Bcagbor atares thabout
70 carbon atoms, preferably from about 8 carbon atoms to about 50 carbon

atoms, and more preferably from about 12 carbon atoms to about 18 carbon

atoms.

The olefin of the present embodiment may be a partially-branched-chain
isomerized olefin having about 6 carbon atoms to about 40 carbon atoms.
Preferably, the partially-branched-chain olefin has from about 20 carbon

atoms to about 40 carbon atoms.

The process of the above embodiment of the present invention for making an

alkytated aromatic composition further comprises the step of isomerizing the

-12-
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5 graph in Figure 1 'is given in Table |11 and Desgember 2006

collected in an alkylation 6 reaction conducted as

described in Exanple 7. The inlet tenperature, which

7 is the tenperature of the feed entering the reactor

before the reaction 8 exot herm has devel oped, is also

shown in the graph. 9 DETAILED DESCRI PTION OF THE
narratriphanplefio wilbramispneezing acidiecatelyst baforg icentacting the

anB 2R i, Btk oP PR B S RER R Mot R B3Fpen
4M@mb@rdédw@f tHe3 al ?Aﬁté@b@orﬁlﬁ@ h9drocarbdh BR-hhg, ahdut least

chain derived fromthe olefin enployed in_ 14 the

20weight persany) preferabpr aldeast 78 W&!Q*H@l%%ﬁftt@f the alipviatadi c
h h I
iRl iR Bot 1 ARFBG 2Bk, TRy 1 <16 chain to the
aromatic ring is at the 2-position along the al kyl
h, 17 The,t
Theraperiziboaiics alBvatit e ahous Piactat aStisdione for praking
anPfikyiated 'éférrhﬁ%é&nﬁbélﬁoﬁ Bpréfrably ﬁ.@é&éﬁ@éﬁﬁlgsmmﬁg at

nore use 19 The term "branch ain
least ehe meetaipddes Whl@‘f has an everage fore sizeios laxs than 55

h I
anBRtioe MaRs praterdbiys et sQICRARNE S ahdpoliet Hle file °"
onthGhRiriside porasgdtem. ans reliHersiotRSafa1H8 Q)oré Bide 6

about one carbon  atomto about 30 carbon atons.

catalystuneéers ehhetonthedqrares xathim thehagliver pastien thereaf,cand dees not
. | t d. 24 The t | d h
inciide Bl iy Prigteplitslior SpBomuBea By o ) “ar y

envi ronmant to about 400C to about 1,000C. -14 19
Decenber 2006 1 The term "cunul ative pore vyol u

The sikylaiion nsgceasasdsporined akpvmcanbe samiet oyt th‘a%ﬂﬁ@ed
adﬂi]ﬁfill‘? }'.)F‘wéfefr"ahﬁ sthgt dHd é’@ﬁ{atlef F&aPﬁHnaénd/&éﬁWﬁeéd‘ It is

_ Iters per gram 3 erlve fromthe graphical,
belinved|that the pp@e@ce@lf waterdlusingithe elkylationrproogse @ab_\;aonmbute

to ?ﬁ? g]ck@e{%e]lﬁ tHe g?é)({tlv%r%ﬁhé?z}w&%n c%rt%g\{l? a%gi g\}\:ﬁﬁ)}%@? di ng

ar presen ion e same
defined upper and |ower pore dianeters. V%en no 6

Th[erfgmﬁylggg? 3&{9%@'%% B‘tfhe; ghq?\g Ign odlr}lgr?ts are fu urther charactenzed

by an increase of at least 50 hours in the alkylation run length time compared
to the mordenite zeolite catalysts having a peak macropore diameter greater
than 900 angstroms and a cumulative pore volume at pore diameters less
than or equal to 300 angstroms greater than 0.30 miltiliters per gram,
preferably the increase in the alkylation run length time is at least 75 hours,
and more preferably the in the alkylation run length time is at least 100 hours.

The catalysts and catalyst composites may be reactivated in situ by use of a
suitable flush, such as an aromatic hydrocarbon flush, preferably the flush is

with benzene.

13
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7 lowest radius neasured by Section 14.1.6 of9 B&EMbBr 2006
4284- 03. 8 The terns "dry basis", "anhydrous basis",

and "volatiles-free basis" shall refer 9 to the dry

wei ght of catal yst conposite or raw nmaterials

expressed on a netal 10 OXI des baS| S such as NaZO
A12CG3 xSi 02 ised, e
contacting tReYges s e s =¥ Al cat al yst
conposites of this |nvent|on in the reactor with a

ui tap) e sol ye 13 such as _.an aromatic hdrocarbon
Qerr &4 QKP&% %I}T?VHP the reagtiyatian Q?Qﬁ@’ﬁt%%@f)s‘
I
Fi8FRRRbh R Catayif Cohfiolitc 18 ReaEnB Qi in ERmpl %"9?;‘%
chacacxtemstrc:erqnegl\tem mrTatdas mne il af hesdmtpl i=sedvibagerdnate the

oy By Eotire ) Fe oPRdR dabie e Vg saliosigddn gmalkdatom
réé’tﬁlonl &ﬁﬁu@féd %‘Uéé@ﬁbecﬁﬁ%%ﬂ@tﬁﬁ hd fiSBERRItrature, which

vol atiles. 19 The terns "macropore' mesopore"”, and
is thecteomerature of thecieedardering thel reactaz before thefreattiorons

Xgirer B Fyedied 15 BRI e, of “Prysi ca
Chenmi stry, in Manual of Synbol S and 22 Ter m nol ogy
for Physic _

23 Definit A : od
Surface Chem stry 24 Part 1 Adopt ed by t he 1 UPAC

Counci| at Washi ngt on, Sﬁgﬁﬁtﬁé&on 23 July, 25
1971. Pores with wdth INGT. rs exceedl ng -50
nanoneters 26 (500 angstrons) are called "nacropores”
Pores with. wdths or dianmeters not 27 exceedi ng - 2.0
Therdewe dkyates megnssan sHyjatad arematie hydiacarkibr es”

Pores of -15 19 Decenber 2006 1 internedi ate si ze
ng.o nanoneters < width or dianeter < 50 nanometers?l
e

gderm “Zan santantsispisfined asthepereentage péiatal glkylate (t

b 80N PR B s AT e

treaprelbgnt alkystion phdtessriy attabfﬁetﬁtdlhel%ﬁbﬁwnﬁ&tr@} thatds cury
&@re di s ri buti on was measured us Quant achr one
e@ﬁcq

RF#@th 8 ese shpnierlspesiasdp Wﬁ% entmz.f the alkyl

chain to the aromatic ring is at the 2-position along the alkyl chain.

The term “binder” means any suitable inorganic material which can serve as

matrix oy porous matrix to bind the zeolite particles into a more useful shape.

The term “branched-chain olefins” means olefins derived from the
polymerization of olefin monomers higher than ethylene and containing a
substantial number of branches wherein the branches are alkyl groups having
from about one carbon atom to about 30 carbon atoms. Mixtures of ethylene -

and higher olefins are also contemplated.

The term “calcining” as used herein means heating the catalyst in a

substantially dry environment to about 400°C to about 1,000°C.

-14-
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~The terms “macropore”,
the definitions set forth by the International Union of Pure and Applied

7 software version used by the instrunment i siM2eckinber 2006
(dated 10/27/93). Surface 8 tension used in the
calculation is 473 dynes per centineter and the

contact 9 angle is 140 degrees. 10 The terns "nor nmal

al pha olefin” and "linear al pha olefin" nmean those 11
straight-chain olefins without a significant degree of
Ehel@lrmb“naﬁmlﬁiti@ perewsiiwne” obtairies lmaMmm!wdntrasborPorosimetry

o sl R ©FPabAv TR Il o€ i pilfine Bfores

| dﬁ@'ﬂ/ﬁﬂ'froah B gRigHid) Scurihélaﬁ(r@ f@ﬂi \oafhd distfibution melaered by

| ene. The term "nor m

ymeri zati on_ of et pha
%célpnrM L6RfrAS BV B #2875k or thee cemasransling talfulaopreaentation

f
o HEsER Fatd Helpets @%ﬁ?%ﬁpﬁé%ﬁ%‘f‘d By stBe SR HEF When no
Idbetndiameter Bnid isefindd, ghe lowartlinina! thelleive st gstatian limit or
(the double 18 bond.is |n4)ositions ot her than
loyeesiaadiug maasred)by %ﬁ@l%\o% 0PI ASIMBP 84-03.9 degree
of branching. 20 The term "partially-branched chai n
olefin" is defined as the ol efin product of

Thedruns zdiyi Rasint “andiverusbane’, andf velstipadres h3$lﬁe8ha" refer
89 06, iR LA LBy PR A bR b et

odlidest¥iazis' sach as dh,0er A0, PREIB,.t he peak 24 di aneter
(i.e., the dianeter within the nacropore region at

which the 25 differential plot of pore size

Tiegbin blidioms @seditéreitmebis $8AtdclAg e deatBARBE Tattilysts
26 maxi mum) in _the macropore range deterni ned by ASTM

amd satalyst copaansitgstal this iivartien i the practonuilik aj svitehle solvent,

S 3l RS 4 ESBAn  h BFG5 Bt

compgseiteggr egat es of binder 2 particles, including
hydrated al um nas, into nuch small er pri mary particles
by 3 the addition of acid. 4 The term "percent

Tkie texvinh r'IeSS—oaagumed (heneias uzednferéinameand HeperehEveRMi
the 5 actual i ght of the catal yst conposite or the

losgwf é?@lge§0mnﬂ>setﬁ@rmwgﬂ@teaﬁ! s@nples Whgrethey argrhegted to
588RS IR h&lhr. WWREK th8 BHPEHSre 18 5rdRbPIHAESr §468 18 aBbst

538°C, the “loss-on-ignition” approximates the percent volatiles.

mesopore”, and “micropore” as used herein follow

Chemistry (IUPAC), Division of Physical Chemistry, in Manuati of Symbols and
Terminology for Physicochemical Quantities and Units, Appendix ||
Definitions, Terminology and Symbols in Colloid and Surface Chemistry

Part 1, Adopted by the IUPAC Council at Washington, D.C., USA, on 23 July,
1971. Pores with widths or diameters exceeding ~50 nanometers

(500 angstroms) are called “macropores”. Pores with widths or diameters not

exceeding ~2.0 nanometers (20 angstroms) are called “micropores”. Pores of

-15-
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7 expressed as a percentage of the actual sa®dbecember 2006

weight. 8 The term "SAR' or "silica to alumna rati o"

refers to the nolar ratio of silicon 9 oxide to

al um num oxi de; nol Si02:nol A1203 10 The term

"sufficient water to shape the catal yst material "

nmeans quantit 11 water required to nake an acid
inferméediste ﬁza(éﬂmaﬁom@t@m ravididondiametar &iéopmn%tew) are

' an_extrudabl e mass. 13 The term "tabl etting" as

C'a@f‘tecg He¥H NP efers to the process of formng a

catal yst 14 aggregate fromzeolite powder or a

i f | b d
THeierh SuRhe Y TrSeR Eory ity SRS e asti Test o
W@dﬁ@-@%se@ﬁb@jdﬁ@ﬁuhé [M?é Geluynd Biststsitm (ﬁ%féiélyﬁ’@tﬁw

used herein refers to the total ore volume in

MarcnmylIntremgnﬂ%arogmmdemev@uymowﬂlsmaut weapheasured

5N St BrhBaert g ERU VA BB McBl £ 6. Fhe

s@ﬁﬁé@ﬁé’tﬁ;!e@msﬁd b theSiaBBuARINgis ¢, 1AS(dasstl 1027¢93), Sﬂrl‘ace
es are wei ght_ percent, unless otherw se

per cent
tefysian ﬂwgm the c&cui@ta@wsgt?&/@ynqaw@erweégmter Apd the §ﬁnia§t

aﬂglqutl% c}egjrgéé al ysts having a 23 controll ed macropore
structure conprising nordenite zeolite. The catal ysts

of 24 the present invention were characterized by

) ’ .
TRRFET TRl glrae St Hi el Bt ole bigedhese
sﬂkﬁi@ﬁuwauaﬁaléﬁndw&h@n doigaiicaRt A¥greedfii0d brafs lrﬂhoich

curmul ati ve pore volume (pv) versus -17 19 Dece

theoeagbon fpj@a@cm @@Hﬁiélbovﬁd?ﬂdﬁémm%ﬂ'}’ at theseagh or alpha
pé’aﬁgr? of me{ 1t %ha H‘%e etrﬂeg f;mcgg 2 510:551% gg{p; L 8firts

rom erlva

anh dediadi ﬂwm&)dlﬁhéazmd)r(éfp@thyleﬁbe graphs are used to
characterize the catal ysts of the 4 present

invention. 5 Mordenite zeolitic catal ysts and catal yst

Tﬁ@mmI‘dcﬁmam&x;tHaeolaﬁﬁs@nﬁemza\t@ﬁt mnsahmv@m bfinormal
al kyl ati on of aromatic hydrocarbons with olefin

alplapiaii inscinto BOmaRizes RIS haa 6 Twer slphacalotn gentent (the
dORAS HoRd iQbetiePas anbC 3! Kighat infémbbiefin content (the double

bond is in positions other than between Cy and C;), and optionally a higher

degree of branching.

The term “partially-branched chain olefin” is defined as the olefin product of
isomerization of normal alpha olefins wherein the degree of branching is

higher than in the starting normal alpha olefins.

The term “peak macropore diameter” as used herein means the peak
diameter (i.e., the diameter within the macropore region at which the
differential plot of pore size distribution, as defined by section 14.2, reaches a

maximum) in the macropore range determined by ASTM Test No. 4284-03 for

- the macropore peak in the catalysts of the present invention.
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8 length tines conpared to zeolitic catal ystl9 Dotember 2006

the prior art. Thi.s result 9 was unexpected, since it

had previously been believed that increasing the 10

surface area of the catalyst would increase its

activity, but was likely to also 11 increase

deactivation rates. Relative deactivation rates were

Thetterm mmhjirmg” méans Ithae d'&pahysm of airge hggmgadesof binder

in ntlon r rd al kyl ati o reatlonsl

padifia iman gy SO Gy G i SRS e aprrtictes by

tr?erﬁd ti¥§Bf hRiglabl e U. The 14 nordenite zeolite

catal'yst conposites of the present invention exhibit

15 reduction in deactivation rates evidenced by

Tﬁ&l%ltrﬁmééréew SISHRSF ab %ed?{é@% n]ngaltn ﬁgfg?%%ﬂveen the
denite zeo Ite catalysts t not ave

actaal epight of 1he satalyst compmsite ton the mave nvaterials and the weight of

di stribut f the nord lite catalyst 18
e gl o6 K pCbsianiRBLH: aMRIARUPoHT veoj%%%ér"esﬁoqml te

eX5esbb@ a5 et pertehtadtér thd A saf il Ord of the

present 20 1nvention also exhibited un xpected results
intheir ability to be reactivated 21 with a flush

Thlé éé‘r% 85 RRP b?b%' efg# %’?E’L‘Pa ?%tﬂr: r@ﬁefé‘ éj%iér(‘ratlo of silicon

rocarbon zene.
osideﬂmaﬁnmglusm nmeiegemrSaObmqija art zeoI [ te 23
al kyl ation catal ysts cannot be easily reactivated in
situ once they are 24 deactivated. Once the prior art

The tdint Ssuffidizhiawitor toahabashecalemtmméﬂalélmear%Equantuty of
deacti vated, the reactor bed must be changed tQ renove

wales raguired (o make ansagidqigplized mixiuye ot zeolte and alyminagof
p6®8en‘£%f?)eé‘h ?trﬁﬁgbl'etrﬁagé"t alysts and catal yst 27
nposites o resent invention, all that is

reqU| red is that at the end of an 28 al kylation run

TRl SR RP Sl AR BHORBE I8 AT S

ag@egamfrtbmrzemhwpbwdeeot a nAiRtunel ob 2eolite dmwlader powders by
Economj C%Ih the use,of the nordenite zeolite

CRBP®RST s e Poyvdef iB&dRber 2006 1 and cat al yst
conposites of the present invention for al kyI at| on of
aromatjc 2 hydrocarbons with olefins is hig

Tr tgrrniietal pafervelums’ ebiripad bydylescusy !;rﬁml% FgrOSImetry as
SRR e e (PP POLTFRleA R Hef ordniBRlod Fom
the graphical, camulatéive pore volume distribution (Section 14.1.6 of ASTM

D 4284-03) or the correspending tabular presentation of the same data.

As used herein, all percentages are weight percent, unless otherwise

specified.

As noted above, the present invention is directed to catalysts having a
controlled macropore structure comprising mordenite zeolite. The catalysts of
the present invention were characterized by pore volume distribution obtained
by Mercury intrusion Porosimetry, ASTM Test No. D 4284-03. Mercury

Intrusion Porosimetry provides a graph of cumulative pore volume (pv) versus
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5 to alumna ratio of 90:1. Any avail abl e sitbesember 2006
nordenite zeolite nmay be used 6 for preparing the
nordenite zeolite catal yst conposites of the present 7
invention. It is believed that nordenite zeolite

having a silica to alumna ratio 8 between about 50:1
and about 105:1 nmay be used for the preparation of the
phreuliaiertdrdpdat Meretuncloinpeint lesrosimethealsods esed to determine

thayakroBRis Btk Aoricthp o desptyd G lapV§ i by
déﬁtaﬂﬁly gﬁ? ! ﬁgh%lejlﬂghs HReuBéS &fléﬁ‘ér'a@fér&% tﬁétc‘éféﬁ?ét@%f the

req esence of a binder, such [ um na.
pragentdbventiard cat al ysts do not require 13 the

presence of a binder. The crystalline nordenite

zeolite powder may be 14 conpressed to forma tablet.
Mﬁrd“éhﬁeadeloytuacatalystseand icatalyst yoheposites ioé tha)pltesleyt iargntion

t 16 Th t .
it ued (o Aleyhine Y Broaic Vdasainabs sl pipafs sifitited o
re@h@lorsin d@éﬁ?@ﬂlé@ $ates ak hﬁeﬁtﬁé& 'E)S( ihéréass 'IrPﬂlky%tlon un

conducted in the absence of water. The aronmatic
Iength dmmwmp@r&dammltuwcata}yme koowndn ghepdor ard. Thistnesult

i SHRR i fBafardiody biRalifenad tald dhonlio e

sh)fﬂb@%@éé’@!‘ tHEWYata /st WdalEmEbidBels SANRY Soutivies likehlto also
preferably the aromatic hydrocarbon is” a single-ring.

inuease draciation majes. ddalebive deagtivetioarataskyers: deiermined for

1 BRI pLHET el BRERRA V0, ladiir RiB oS teastions

cbaditibab! Rehit8df tes Hoacthation exPbsmenba®y given ircTable 1. The
hydrocarbon used is a nono-al kylated 25 aromatic, the

nmfé&u@% zgpliterratalyrl sorppesitesaf dhe presest inventian ieyhibite d
réd 1R .ﬁ %e%gt;Jﬁ% Lefedd Qéldglz@édz"by %Hbst%hhmhﬁil hﬁ(!%ﬁ Rin 1EAGth

ar ona rocar ons na ear-c
tlb'rarmh'aﬂamldanrmhamw*@ zﬁabmm cetalystsahabdd aot haverthet macropore-

bout 0 carbo I.n addi ti on, normal _al ph
S P%@u’%@”aé €hore ¥8 a'éH'tlUBOF‘ (Hl mpgdegite-serlite o
cbrﬁ,g §‘0Pﬁféb@sleﬁt?ﬁ0§ d-chain olefins for use in
yl t

atron reaction o e 2 present invention. These
resulting partially-branched-chain olefins may be

The mordenite zeolite catalysts and catalyst composites of the present
invention also exhibited unexpected results in their ability to be reactivated
with a flush using a suitable solvent, such as an aromatic hydrocarbon,
preferably benzene. This was surprising since generally prior art zeolite
alkylation catalysts cannot be easily reactivated in situ once they are
deactivated. Once the prior art zeolite alkylation catalysts are completely
deactivated, the reactor bed must be changed to remove the deactivated
zeolite catalysts. In the case of the mordenite zeolite catalysts and catalyst
composites of the present invention, all that is required is that at the end of an
alkylation run the olefin feed stream is stopped while the aromatic |
hydrocarbon continues to be flushed through the reactor for a sufficient

number of hours. Economically, the use of the mordenite zeolite catalysts
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3 al pha-ol efins, beta-ol efins, internal-ol efitor®scember 2006
tri-substituted olefins, and 4 vinylidene olefins. 5
Procedure for I|sonerization of Normal Al pha defins ,

6 The isonerization process may be carried out in

batch or continuous node. 7 The process tenperatures

can range from50C to 250C. In the batch node, 8 a
angiptatalyshevmpdsites ofdha peeserd invardidndat alkylatien of aghraatic

fl,ask, . whic ated tq the desired reaction

ryeRera s BRI AL Eedes s most - 10

efficiently carried out in a fixed bed process Space
ran omO.1 to

t d be
i%%?)f(iﬁﬂ“@ %ﬁ'éffﬁﬁpawg{ﬁl# Go raﬁg Sﬁs}m%?v we ﬁze HSIRgfTQsignite
zésme%BV%ﬁm@tabs.lam@r@m Zéé:geﬂn@é\héwﬁél Ha%.r@@haﬁﬁnéz%mca

the reactor and 13 activatéd or dried at
to ahpeinatratie cd L0 ArspavaitebBCsiumitie rmafdeumamlltélrmy bg used

i orega g it e SR Roehls ol RS <
irflemtibad If Barieosd HRARRIBEHIE za0kte havirs Slich l&?aﬁlnfﬁhhriauo

is 16 introduced. The reactor effluent containin
betweermpboubRGiA andabaus dRBr1i may benrsesl fer the p@paratuon of the

k% Sehe Ephilos BPHEBrbaBl MehEPEn b e n

di stribution (al pha ol efin, beta olefin; internal

THb e AL 0 Pt b S eSS ot

eHﬁUéé?t@@.rdr Sthéef dHape2 Ty Pl%@%tﬁ)rf@frex‘h‘dﬁé't@ reRpires the

Aromati c rocar bons 22 A | ation of aromatic

prgaﬁr@ealf@obmdw, 1SHCim 8 @uminiap h"%he)tablettesi catalysisala pot @B;mre

B} BRRHECR S Bulindes; Toie S FtaMpbnientl edl Roipvaninoy e
compessen tekbirhedtablet.t he art. 25 The al kyl atl on
reaction is typically carried out with an aromatic and

an olefin in 26 nolar ratios from1:2 to 25:1.

TRe efigsatidrergetion Wache aarrieanag b chehtion2l Khd
Decenber 2006 1 100C to about 356‘?@ As t he ogefl r‘qun

Preseesa Tihieghkylation prgcges Hsingithe mwrdesite zeelite zatalysts and

. Liqui cadhn
RS BB AR BLEE dkbersniction P bePafltsi s 1 Shoegeo of
waten |Tmeoamrmmtiehydhﬁcatrbm BadegiotetDalith ofetor Phorel oldfidipcthe
presence of a catalyst of the present invention under alkylation reaction
conditions. The arornatic hydrocarbon may be single-ring or double-ring,

preferably the aromatic hydrocarbon is a single-ring. The aromatic

hydrocarbon may be an alkylated aromatic, such as a mono-alkylated
aromatic, wherein the alkyl group has from about 4 carbon atoms to about
80 carbon atoms. When the aromatic hydrocarbon used is a mono-alkylated
aromatic, the product of the alkylation reaction is a di-alkylated aromatic.

‘The olefins useful for alkylation of the aromatic hydrocarbons may be

linear-chain or branched-chain having from about 4 carbon atoms to about

80 carbon atoms. . In addition, normal alpha olefins may be isomerized to
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4 is to use a stirred autoclave or gl ass fl agkpecshibeh2006
may be heated to the 5 desired reaction tenperature. A
conti nuous process is nost efficiently carried 6 out

in a fixed bed process. Space rates in a fixed bed
process can range from 7 0.01 to 10 or nore wei ght
hourly space velocity. 8 In a fixed bed process, the
obltain Ipzitizy-hrahahed-thain cﬂéﬁﬂ@iml uke i bikytatiaatreackatioPthe
actlvated or dried at nﬁgrature of . at Iea%; 150C

PIRRIH IMERGR, meﬁ%ﬁﬁwgn IaiyrhranehsH-ghain olefing may be

aﬁ%d%l%fuhg "bethMfertsk iHtafrsp glé?ﬁ‘l%a{rbléﬁt?étﬁﬁ‘éS Ai&hst Gnd

lent 11 tenperafure an e aromatic
vhwﬂdenaobaﬁlnsconpound is introduced, 12 optionally
toluene. Pressure is increased by neans of a back
pressure valve 13 so that the pressure is above the
Frobddgre foi Isbm@rization ef NormbEAhan®lefins 14 hydr ocar bon
feed conposition at the desired reaction tenperature.
After 15 pressurizing the systemto the desired

ThedsemeAzatioreproesPs hidybe cagiedrsutdabatth diicdntintibés mode.
desired reaction tenperature. A flow of the olefinis

ThedHosesEiemper ﬂtug'%caqya%gebﬁgm 20 P@‘y@r R0 ol thadwatch mode
f: c
St BT T AT
hentegitotthd dekieéd reaatibn témmtesa Arcmﬁhuou&pchcmari@mst
o ound i.s. col] ecTL%ed QThe excess aronati C,

iy aseed ewhipa, ed REFCESSRAFeIPLas intg f"F%i begh,
p%éés@@gﬂ%n&é oAy 84 M0 ﬁfmg)ﬂ? Welqllg%aﬂl)‘rﬂlﬂ s@?c@ VelgRitPer

nmeans known"to ose S
Reacti vati on of Deact i vat ed Mordenite Zeolite

1FB TBbY el OCL IR0 Rl Rz2o RS RdiSs BRAME!D 3nd Rokib Pand

cata ysts an es are cCo
adibaated vatiddd at laeelaipleyétate ofatrleastﬁ 501 Cabrales V@OMn‘mr flowing

PN ST CUNERU TSI I
adftisR| TR [dedirb @ Ped didh t%ﬁgﬁ?étu?é %@H %ﬁﬂdWBf fi‘fe Hafif s

contai ning the active sit Zeo
intedeced) Theloeater efflueat contalniny ﬁ&mmaﬂy—bmrﬂ\adgedntemzed

ol Boleiget "SoiFREME bR SRS, PR B R i Gins

amérbhsoléﬁﬁ aignf&slﬁmwﬁw@t &Il bata ansTH; 'irﬂérri?dl 6Ieﬁ211 19
Decenb 006 1 reactivated at the end of

trasu@atwted @Ieflmn apg vinybigpne glafing apddiranchiag @ogtenéﬁ"mn the
unisomerized olefin.

Procedure for Alkylation of Aromatic Hydrocarbons

Alkytation of aromatic hydrocarbons with normal alpha olefins, partially-
branched-chain isomerized olefins, and branched-chain olefins may be

carried out by any method known by a person skilled in the art.

The alkylation reaction is typically carried out with an aromatic and an olefin in

molar ratios from 1:2 to 25:1. Process temperatures can range from about
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2 to the reactor and permtting the aromati c19 December 2006
hydr ocarbon streamto continue to 3 be flushed

through the reactor for a sufficient tine, typically
fromabout 4 16 hours to about 60 hours. 5 EXAMPLES 6
Preparation of Mordenite zeolite Al kylation Catal yst
Conposites 7 Exanple 1 8 Preparation of Conparative

106fG|tcy 2boGh2POLC.t AsAh® oMﬂh@&ravbéa gighlbdillmgogsiat, Yisé¢ process is
ites, were prepared by the fol|low. ng nethod: 10

P[Qf@ﬁ,a C?'Ej'ﬁﬁdt Qyin émﬂlgu'ﬁ@a&@t dhei Qibidaﬂ‘@? PEPCESFPIY be

t
BRSSO BB At Aokl 8 bl ppppoc
isatostiida & atitred alubodlanee m)glalss iflask ovloith 9Gaylbe bygateeﬂpl thg
dyted FEARORLPRIRE i oA SENINEGE Piocedsiaet glicionty carried
oupinaé H(&f bed préCed P Sigatd ;%m;@m a Ffecpeé@ Fo&%tsfz%{@ﬁee from

he LO of a 15 commercial sanp Cat apal
OlQﬂdtoa‘t(bdr aloneweightdaudly &m&el\@mwyfrom 16 Vista
Chem cal Conpany was determ ned by heating the sanple
to 538C for 17 1 hour and was 26.01 wei ght % Next,
Irbadized bedtprecess dhe slkylationreadalystasnchhryedlid thﬂeacﬁ&ﬁand
owder rarrs 0

o & B8 S Bk ey i SLACHSSASTE didps LahamerTiwing
inef0 dey §8%  AtePBRESIRINOhe tHERkiibfon ggtﬁ%\(‘?ﬁéocﬂ x| t&%ﬁ]bﬁent

grans of alum na powder on a vol at | aS| S
temhperature dingl pBonraf shevaremata bydrogarionesbmpoundoisdstroduced,

f h d d Per k
o lieRE, PRt UCeRe hb tirens o S ERE alye
s fitht the Pféési}ké iV Pebubbld p@m‘{\’ﬁf&'@hré)/@)( PRSfEniMc
100%nitric 24 acid) of the dry weight of the zeolite

hydracemendeadicempasitiver at tha desied meantien temperaturs Afleo

pr%rs ﬂﬁagg 9%38 tg:g e%Hég/ pgé%%déﬁ,stﬂgftgﬁ]\é%ﬁqﬁﬁeg%qﬁgreased
tovthbalesired EEadtﬁ)dlem:ré?éfu ré0@6flovt oflihe dlefitls then Lrﬁ“keefwnh the
water and 70. 7% nitric acid needed to obtain a final

anggtichvdsesarhopangdllowad gt iaw overbe satalystol The ﬂe@§tQK/as
efabRUlhGTsiAg alkdhdi8dBromatic hydrocarbon, unreacted olefin and

excess aromatic hydrocarbon compound is collected. The excess aromatic
hydrocarbon compound is then removed by distiliation, stripping, evaporation

under vacuum, or any other means known to those skilled in the art.

Reactivation of Deactivated Mordenite Zeolite Catalysts and Composites

Once the mordenite zeolite catalysts and catalyst composites are completely
deactivated, the alkylation reaction slows down or stops because access to
the active sites is restricted by large molecular species formed by olefin
polymerization that cannot diffuse out of pores containing the active sites in
the zeolitic material. However, reactor bed need not be changed to remove
the deactivated mordenite zeolite catalysts and catalyst composites. The

deactivated mordenite zeolite catalysts and catalyst composites are
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3 Volatiles in the nordenite zeolite powder f@®dethber 2006
grans (588 gramtotal 4 weight - 520 grans dry

weight). Volatiles in the alum na powder are 5 45.7
granms (175.7 grans total weight- 130 grans dry

weight). Nitric acid 6 solution is considered to be
100% vol atiles. Thus, if all the above raw 7 materials
remctyabadbi th\edand tbfean/alkalaﬁbes'ruwbul sdopiing #ie Olefindesd stfeam

i et S i FiRine R BpEtc bt A e eRinth SaBlue to
bIéQIL%hbHQﬁrOL@thhé PéadtolRIr gNéufftichEma] Pgbltraﬂ y ot absufl O

grans. Thus, an additional 49.8 of deioni zed

1%@’(8@@&30@%6%5@@@ 11 To the powders in the nixer,
50 grams of deionized water were added over a 12
period of 17 minutes using a. peristaltic punp. The

m xer was then stopped M@t the walls of the
. d as,_,t e&re%umad

A N e i

over 10 mnutes using the 15 perlstaltlc punp. At the

end of acid addition, th erature of the wet 16
m xture was 78C. M xi ng Eégmﬁ%i nued fora total tine

of 40 m nuyb@paratiohibf ComPaRvE Tiith) QPCQ& bglté‘A' OW for

scraping the sirdes o € m Xer. he
m xi ng period, the wet mxture conS|sted of Iarge

t : ' t ; .
mggehﬁe Ebﬁllﬁg%ggapgstt J&%rﬁ&&/tgﬁfg?elrﬁgfé%@d @ﬂ%?&ﬁcg&@g}’égﬁtthod.
% 21 The wet m xture was extruded through 1.27 .
L RhTEhfon (EONWER ScerMif ot S¥emete of pooinglidy. o
avkiladle aiordéﬁteliéoﬁt‘e OBV 80AGY availabike floangeolybl Ihﬁbrheﬁd)nal
tranﬁcq wer e then tfroken to give 24 extrudates

witk fytifica o duaHes BolarEtie 61’519021 Py headingdbe @aatpé% t(?/\é?’% C for
1RGEH o DA AR |90 TR, Tl B
valatiessn dre mwirdenitlr Jeddity powdeebeingusad. ThenuOf d)fea

furnace, usi ng t rature progra - 23
o BRI B I ataPat SN Plot aRE Ky albpis g
VRYE Chbmcélq;tsrﬁpa%)h%s fb@t&nﬂheé %%efaﬂhg ?hé s§m¥3fé1fo?’5§8"’@ for

next cooled to A total of gr ans
1 Botir godmas AP weight %. Next, based on the results obtained from the
LOI, 588 grams of mordenite zeolite powder and 175.7 grams of alumina
powder were weighed out to give a total of 520 gra_ms of mordenite zeolite

powder and 130 grams of alumina powder on a volatile-free basis.

The two dry powders were manually mixed in a plastic bag and then added to
a Baker Perkins mixer and dry mixed for 3 minutes. The amount of
concentrated (70.7%) nitric acid to give 0.7 weight % (based on 100% nitric
acid) of the dry weight of the zeolite and the alumina powders was calculated
to be 12.9 grams. This amount of 70.7% nitric acid was weighed out and

dissolved in 294.3 grams of deionized water.
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3 obtained. 4 Mercury Intrusion Porosinetry 1giimyesber 2006
the. extrudates to have a peak 5 nacropore dianeter of
1000 angstronms and a curul ative pore volunme at 6

di aneters |l ess than 300 angstrons of 0.1.587 m /gram

7 Exanple 2 8 Preparation of Catal yst Conposite 1 9
Mordenite zeolite catal yst conposite was: prepared

Tihsl totaliamgpurii©f pradercahe €0.726 nitde acidmdededdbebtainbmfieal

o fator SlamitbRMeRER s KoLy ommes Fingrsu flad 8 sows.
Vilatfis weihethofdenitg Z20li@ApdRianire’8s §ianRe@gs/§lar total

Corresgondi ng nordenite 13 zeolite and al um na

waighter §20sFams dnsweighthn¥olatites3iggha alyming powder are

LR b R IOl Bef L RSy ol ? ik acid
spiutidaris cossidebdytoriex e00%0roldfle sl THLE ST Ainthe ASoiDraiv
grans of water was added over 15 minutes. The acid

ngelelsoreraeombinadidbe volaties woridhe 420 &gramse hT pgivea
oA TS0 Bl (530 LT HE R0 Anid il cry bass)

dreppedet witke 487 ¥6latiRS, thd total gveiglst afdhé iniviede haust32
m xture was too

' es. At_this pojipt, th | 20 pasty,
13584 WM WERUS, Gt addiisnal 9. Sef delnnized watehmust bRiadged.
cover off. 21 Volatiles were 40.41 wei ght % at =

extrusion tinme. The m xture was then 22 extruded,
Tarthe powsiere i igdnixer.athg@msobdeigpized waten wereiagded over a

BTSRG0T, AR B

tratdhe hvalls ofitHeamixes cpaldebe sbrapedajowh. Ay walsahentrésumed

apil e R0 G B R MEar wapRgBaY 2vPHA0 Shinginssiag the
P AL A S BF A IR I gl an R U ef
mixtore whb i Gg Mixingowvaoosntinued for a total time of 40 minutes, with
occasional holds to allow for scraping the sides of the mixer. At the end of the
mixing period, the wet mixture consisted of large smooth clumps and the wet
mixture temperature was 42°C. At this point, the volatiles were

41.45 weight %.

The wet mixture was extruded through 1.27 millimeter, asymmetric quadrilobe
die inserts, in a Ram extruder. The wet long cylindrical strands were dried at
121°C for 8 hours. The long cylindrical strands were then broken to give
extrudates with length to diameter ratio of 2:3. The extrudates were sieved

and the portion larger than 1.7 millimeters was retained.

The extrudates were then calcined in a substantially dry environment in a

muffle furnace using the following temperature program:
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5 Volatiles of the zeolite powder and al um n® Psvetder 2006
were 11.63 weight %and 6 27.54 weight %

.respectively. Correspondi ng anounts of zeolite and

alumna 7 powders were 1176.9 grans and 358.8 grans,
respectively. The acid 8 solution was made from 25. 8
grans of 70.7%nitric acid and 600 grans of 9

Tihei extiudatesarecheatedde $938€ aventwo BOus, thambeldAittsO3°Cdor

10 BROBR] nctbhool i 207 BEoBPHATEd) olbRophRiudiiEgere
oPihed. O M nutes, whi ch point the tenperature of the

12 m xture was 48C. M xing was continued for 30
mnutes. At this time, the 13 m xture was too pasty,

M&cliIhsidAP GBBInh &P dhdwed Hb BxtiiiA8s Yh hB/vétB%éﬁ'kxer

kt
14 cover off. Volatiles were 40.41 weight % a
maarepeshamietar. of AQCEy argatiomt and a cubativenporesvalinme, at

nd .cal cini,ng i subst antd dry_environnent,
d%@?%tﬁ%y'%f% ﬂl'%i ?QB%&QS 8%3‘?#@#‘#%/7 E}I@@H t he peak
macr opore dianeter to be 17 768 angstrons and the
cumul ative pore volune at dia ers less than 18 300
angstroms to be 0.1617 n&@-ﬂ@ﬁ—lg Exanpl e 4 20
Preparation of frabhaktiin SOCRARSE Eompdkitddr deni te
zeolite catal yst conposite was prepare ol l owi ng the
procedure 22 used in Exanple 1 above, with the
I - . v

Ay oMt vl pepancR) D ity
usedindEzampe ivabghe, With thesfodlowingedxceplionsespondi ng
nordenite 25 zeolite and al um na powders were 582.91

granms and 175.03 grans, 26 respectively. Concentrated

Volatitasocofahe thordi2nRe gealite, povederdinsistiiniith powdér wefe gr ans
[ oni.zedo wat The ers were dry mxed for 10 .
1R e d é%-%weﬁgﬁgﬁgéﬁsmselm Gorgesponghing-gogdenite
on was
2 B BARASOMES vidr I F Brani S SnBY8. S Brdihe 20 og
respehiivaty.| Contenitatedl nitrieranjd, 25.8 gohrm$ewas dissobiedrie  of

o0 S R BT e WP Y e B 1 e ane
80.8i a8 bf wHter Whe dddedsier 15 minutes. The acid solution was
added over 10 minutes at which point the temperature of the mixture was
23°C. The steam/water mixer was adjusted to give a jacket temperature of
48°C. Mixing was continued fdr 30 minutes. At this point, the mixture was too
pasty, so mixing was continued for 20 minutes with the mixer cover off.
Volatiles were 40.41 weight % at extrusion time. The mixture was then
extruded, dried, sized and calcined in a substantially dry environment.

Mercury Intrusion Porosimetry showed the peak macropore diameter tb be
574 angstroms and the cumulative pore volume at diameters less than
300 angstroms to be 0.1661 ml/gram.
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5 chanmber to dry the m xture. After m xing fi@rDe&d@mber 2006
m nut es under these 6 conditions, the volatiles were
42.55% and the m xture | ooked rubbery. Mxing 7 was
continued for 10 mnutes w thout added heat or air. At
this point, the 8 mxture | ooked rubbery and wet.
M xi ng was continued for 25 mnutes with a 9 stream
of air at which tine the Bxa0ples was still rubbery and
the tenperature rQir‘iB]eCm R élzc Vol ati | es
were 41. 34 wei gmmvﬁ—‘%med for an
additional 20 mnutes with application of heat The 12

r r f
THETBRaB L5 Bosl l® b Brdfe ofdee e deRbnd) flkedifvtes 1
aptl@yabokewithihié $oiRWiNg eXbeptionst ure was then 14
extruded through a 1/16 of an inch, asymetric
quadrilobe die inserts, in a 15 Ram extruder, dri ed,

VolRes antheCAldlitd pewder and ARFhinBigodder viling £Na3 wgm% and
16 Mercury Intrusion Porosinetry showed the peak

2ﬁt5érwpl§]hé¥/dl reapeetivelys Berregpomslisg amsnts ptzeride and alumina

oGHEEICHRLE 18750 SR o8 BB, PespER Ty 402 i e
sGUEDAMWES Padefidn LS.y giarfo BPPOITEE nitric il A B80gkams of

zeolite catal yst conposite was prepared foll ow ng the
EWW@ €p2 watepagsile3 gramsy Aftegi1Ornintes of dry

it 8 BWREEE AP Has 2Rl G BBl oNERY it

al'umn owder

sSlution wfs @c&j@wO@én 1(%mmﬁes,enmch ¢lojht the ltémeemtdne“rg‘ the

m)rdenlte §6 Iéeohte and na powders were 1182.
mirtyrswas 356 . MIhwas copt 'm%cg@ﬁ%me%ﬁ&m Pra'eethe
ipAbES 28366 pagh. Sp A Wi oMUt 187 90 ik les lh Bidier
colexsiff. chta@Ie‘saNeraﬂ) ZH rweighte% eﬂrml:truhlen ting. wifbee exfruding,
dthe Baker - kins.m xer for tes - 26 13 @ecen‘oer

Yt S AT CABRING N s tatal A xR0 AREDh MEEH 5
lﬂFﬂu@iﬂrﬁPoro'Q'}ﬂeﬁf? isHoeliuhé ?Ba? n*{%?o potdeslametsr thbe

mnutes. At this point, the mxture had a consi stency
768 angstBomisiatid uhecpmmulam pove aduperaddiansetsis {ess than

3 an&st?om%%%l &1611_!?%/9"‘@,%_ applied to

Example 4
Preparation of Catalyst Composite 3

Mordenite zeolite catalyst composite was prepared following the procedure

used in Example 1 above, with the following exceptions:

Volatiles of the mordenite zeolite powder and alumina powder were
10.79 weight % and 25.72 weight %, respectively. Corresponding mordenife
zeolite and alumina powders were 582.91 grams and 175.03 grams,
respectively. Concentrated nitric acid, 12.9 grams, we\s dissolved in

300 grams deionized water. The powders were dry mixed for 10 minutes and
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4 the mxer to raise the jacket tenperature 18@etefbeA2006
streamof air was 5 injected into the m xi ng chanber

to dry the mxture. After mxing for 6 40 m nutes

under these conditions, the volatiles were 44.73% and
the 7 tenperature was 36C. M xing was continued for 10
m nutes at which point 8 the tenperature of the
1TDMUGRIEST waterang dddediovdrur ‘EnismﬁbsdThekEhm yolufion was

Aftef an additional m xing for 25 m nute yre
afigedwer Argiutgsy n‘btsthweplatga dhembdiyrebpd at En%lwg%%nsmency

a@? ?@%m oﬂeéq‘fﬂr]re ttﬁ? %:&iu‘?@ %31522:%“0; uﬁ@ﬁt Wh '& ﬁe@ ﬂ'ﬁe mixer

poi N mper at
toraiel tiee temsperhfuraro 46h@ Al Strearnadf ldirasaawm}@ctéﬂ |r§19%lamixmg

h Th k
chambes By heTRBFex ATIel T o REAOGRIM BRIt besh
canal?loﬁé | thi RAfiSs weﬂé4§%5%r§gﬂ It AMRERS |db%d %Ebery Mixing

S, In a Ram extruder ried, sized and
wasl ccnmreded fioral G oisutes withiouy addgd beat ooaineAt thig eomt the

migers ket bbb and Wep it uis LRiobed (8 Zninyigs with a
sEEaM éftauwst RRicA tiﬁ‘i’é HEmMtud WES AN ﬁJHb‘é?%thQﬁe 18npRiture

angstrons to be 1711 m /gram rcur
of thter mbitane Wwas d47 @veMoJatr!@fsweﬁs% &4 weightri. dwxlm@was

B R P e P S e

teTAp SRl dNthEnTiRENé Wes 4m éﬂd’ﬁﬁe vislhiilbs Réte BY. G339 (it this
angstronms** Macropore peak Conposite

timel. / Gheawpt mighes bad e ik ansidenphr Jgpmxwre wag, then

o1 3 oy B e 9 48 i 3

 Raeserbeder?df6d, sized and calcined in a substantially dry environment.

Mercury Intrusion Porosimetry showed the peak macropore diameter to be

645 angstroms and the cumulative pore volume at diameters less than

300 angstroms to be 0.1617 ml/gram.

Example 5
Preparation of Catalyst Composife 4

Mordenite zeolite catalyst composite was prepared following the procedure

used in Example 1 above, with the following exceptions:

Volatiles of the mordenite zeolite powder and alumina powder were

12.04 weight % and 26.98 weight %, respectively. Corresponding mordenite
zeolite and alumina powders were 1182.2 grams and 356.1 grams,
respectively. Concentrated nitric acid, 25.8 grams, was dissoived in

600 grams deionized water. The powders were dry mixed in a plastic bag for

2 minutes and then dry mixed in the Baker-Perkins mixer for 10 minutes
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1 * Total pore volunme. 2 ** Total pore vol un® Bdcember 2006
di aneters | ess than or equal to 300 angstrons. 3 ***

Cat al yst Conposite A was used as a conparative

catal yst conposite for 4 obtaining deactivation rates
of Catalysts Conposites 3 and 4. The 5 tenperature
during binding and m xi ng of the nordenite zeolite and

befge l2|8l8diefgra rfis VR watertwasl; Bdﬂé@ dvéﬁt Serdnutés C Thietadid Solirtion
the eparatlon of the 7 Co tive Ca

St @/ea, 10rmintes ¢ s PEINk ﬁd@'xmrﬁﬁia%ﬁga sonpistgney of a
; I
i e

thdmiXaattalrzise tlﬁ?eqamcelt terapdrafurelio 4[526an. stréarblof air was
Preparation of neri zed r mal a efins 12
e é) is

injgeied zmtwhe.r@*asmq befiosky the ﬁﬂ%‘u IJNE{Rg, Lo
46?‘%@[1?% Lgﬁer‘"’tﬁegf Eﬁﬁéjlﬂ?ﬁ’s the VBRIt wéﬂe £293%24nd ﬂ’fém|

n wt |'owi ng conposition was used
téroperatire was$ 36¥amMising Masrtqritinusiddbr 0 8gnatesat whickepaint

| ef 0, 5% | nt | 4% 1
e fErahreiure f dop BIRRT wgs 255 GPhol i MO Tars Ybhemes
Aﬁ@?bﬁrdadﬁﬁﬁmabmlﬁﬁgb@m@ Hh@RE, IRAARNEE forded RFGEBNFRDS
spect roscop ranched-chain ol efin 11% (determ ned

abgi nnmed weile o\ﬂmwaw@abwed frg apvadditionsb 2ainuigsowihout a

SBoShL N PTES At b Liabak Rl i i Beg 4 £EckR ne
velhatifds: v@er@ 34 .Do% a1 this tHAeC Ahcavel Mkioe t@rdaa:ralaqfnkeol i d
ol efin isonerization. The reactor was operated 27

CDBS}ﬁilﬁ!éﬁVr-alTlh? aixtureoasthen extiided thpugha ll;27srﬁtﬂueefers
aﬁfrgﬂl t:f;é( q8£§@o§e%¢é inQHs A RA etfuddrBREN il and

calcined in a substantially dry environment.

Mercury Intrusion Porosimetry showed the peak macropore diameter to be
570 angstroms and the cumulative pore volume at diameters less than

300 angstroms to be 0.1711 ml/gram.

The Mercury Intrusion Porosimetry resuits for the mordenite zeolite catalyst

composites of Examples 1-5 are given below in Table .

Table }
Mercury Intrusion Porosimetry Properties
Catalyst Total PV* | PV <300 angstroms** Macropore peak
Composite (ml/gram) (ml/gram) diameter (angstroms)

Comparative A*™** 0.462 0.1587 1000
1 0.344 0.1661 574

2 0.346 0.1617 768

3 0.329 0.1617 _ 645

4 0.318 0.1711 570
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19 Decenber 2006 1 The reactor effluent conadéverder 2006
the partially branched, isonerized olefinis 2

coll ected. The resulting partially-branched,

i sonerized olefin contains a 3 different olefin

di stribution (al pha-ol efin, beta-olefin;

internal -olefin, 4 tri-substituted-olefin and

*Jlotallpotle vetohef i n) and branching content than the 5

|3 d ol efi le 7.7 P
AP B KB eetds g o or gqupl E0ME bhGHedths
*’ar(%iﬁws@ damﬁ@mwm Wiedhad@ coRIparhtercabighl esmpdsite for

ihglde4c {’zét'itﬁ’ﬂ §BREAtd Wdrﬁ&%u@b%ﬁmame

biA t thiteDeoffe and the bind
faile e e i
s e 6 @03';3? i teipergiy! %@ find g
AR LR IO Zavlte B aﬁ bingleg ¥as séfa tyeFh 45°C
and &0 et te areparatianepld a&aéalet‘éh@t)m@ﬁ so t hat
adi abatic tenperature control could be naintained

during the course of 16 al kylation runs. A bed of 170
grams of 850 microneter Exaniig 6| j neters 17 Al undum

parti cl es A3 pRRAIR%GL I&%Q&ﬁﬁ@h@ﬂ_’a%igﬁﬁ%lémt or to
provi de a

Cat al yst Conposite 3 was charged to the f| xed 19 bed

TYBERLE oprkhaatcnyel Sthd Siialfing RRoBbabless HRth RS

bBRyw:i cl es interstitial packing. The 21 reactor was
gently vibrated while charging catal yst and al undumto
ensure a 22 high packed bul k density. After charging,
Chi€,f ﬁ@ﬁhQIVa}gﬁé ofdimsgith thecliesingadtnpdsitidrh&ap uead foicthis
was tested 4 25 The al kyl ati on catal yst was then
Exaenpdel t o 200C under a 20 liters per hour 26 flow of
nitrogen neasured at anbient tenperature and pressure
and 27 dehydrated for 23 hours at 200C. The catal yst
bed fpha olefin@1%d to 100C 28 under nitrogen.
Sﬁnzﬁeaoe?‘ntdlg% introduced into the catalytic bed in

Internal olefin 1.4%

Tri-substituted olefin 0.2%

Vinylidene olefin 9.5% (determined by carbon nuclear magnetic
resonance spectroscopy)

Branched-chain olefin 11% (determined by infra red spectroscopy)

The normal alpha olefin was pumped up-flow through a fixed-bed reactor
(570 millimeters high and with an inside diameter of 22.3 millimeters)

- containing 65 grams of solid olefin isomerization. The reactor was operated

isothermally at 160°C at a liquid to hourly space velocity of 0.5 per hour and at

atmospheric pressure.
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29 up-flow manner at a flow rate of 200 grans [rEember 2006
hour. Tenperature (under 30 adiabatic tenperature
control) was increased to a start-of-run inlet -29 19
Decenber 2006 1 tenperature of 154C (neasured just
before the catal yst bed) and the 2 pressure was
increased to 12. 66 atnospheres. 3 4 \Wen tenperature

TREefEteR @ﬂmenhe@htbinn@tr@pamauwmnbadd asamtenaéd olefirbis
condi tions of 154C an r(&S\ﬁ}g@nospheres eed,
coleated.c The 6p2lItRg Ag y-bsa iRomigTiTed e cm*@"s&aa
dmlré')r'it cfléﬁﬁ 8|sﬂ' buzhén gal?ﬂg cﬂéf 7 q)e‘?é(-%hfﬁuc ttd@beEiefin,

a, up-tlow manner at 200
trgsmﬁtltmed dleﬁrr and\mrlyhden@ofaﬁaaiand dchrechind eontend thest thien
t he reactqo) , reaction began to occur and-internal 9
upAsngdzedsRigfibenper at ures i ncreased above the inl et
tenperature. After about 10 8 hours on-stream the

reactor exothermwas 20C_ In the first 57 hours 11
on-stream the olefin co@@ﬂ@!‘—hﬁ decreased from 100%

to 98.8% (Ru i ' i t he
cat al yst éed'?)re rpfich of Qikberblnk Som t@h%s 200 grans

per hour during 18 hours. Follow ng the benzene fl ush,

4 e f et
TRl AR RE YA Rls i FRmAEaRRELioh,
patiatly-eenchedt chaie sonrdrized3Aéfinsuand brareheBRwhalid ofeding ahs

2 from 57 to 351 run hours). defin conversion was
cafiediQutiag descdbed IOy i ng’ Run Period 2 but decl i ned
to 98.1 %at 321 run hours and further to 18 95.3% at
351 run hours. A second benzene flush was performed at
A3bédrbed reh8tdneasscahstrustedifforhols 54 milfimetersi&chssdn d60

RITIERFIPBLPIEO: EBBEPUIES LSRR s,

aig;S?l‘dvF)ﬁateq)z?tfH PreSQUrES/ah e NTHE Fed dlb &t h¥fatdfs W& dbnstructed
eclined to 98.3% at 519 run 22 hours and to 97. 0% at

sﬁﬂmtraduabaﬂurtempmatmer@orﬁmi pould e maintained chningdheiaayrse of

3 k ) I d t
RS eREAT b oT ) Sro LA Gmeler .2 ffirhBierd
ARSAuRNpAGIcRS v&m HHdIH the beltei of the Puadtel me&jéﬁ pPgh
25 and at 942 run hours the ol efin conversion

hest. zoye. THext: 100 gesns pbiptadyst Composite 3 was charged to the fixed
bed reactor. Finally, void spaces in the catalyst bed were filled with

309 grams of 150 micrometers Alundum particles interstitial packing. The
reactor was gently vibrated while charging catalyst and alundum to ensure a
high packed bulk density. After charging, the reactor was closed, sealed, and

the pressure was tested.

The alkylation catalyst was then heated to 200°C under a 20 liters per hour
flow of nitrogen measured at ambient temperature and pressure and
dehydrated for 23 hours at 200°C. The catalyst bed was then cooled to 100°C
under nitrogen. Benzene was then introduced ihto the catalytic bed in an
up-flow manner at a flow rate of 200 grams per hour. Temperature (under

adiabatic temperature control) was increased tc a start-of-run inlet
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26 after 942 hours on-stream but coul d have 1@ddembed 2006
| onger. 27 28 Al kylated aromati c hydrocarbon products
cont ai ni ng excess benzene were 29 collected during
the course of the run. After distillation to renove
excess 30 aromatic hydrocarbon, analysis showed that
greater than 97% conversion of 31 olefin was achieved
télpéengurensit] 5a Ct (reeasumed fust befdie thel oataBist bad) 4Ad the
Decenber 2006 | Exanple 8 2 Procedure for Measuring
pressure wasilerepaeddo 42-GaimesPirRY s 3 in Al kyl ation
Reactions 4 5 Deactivation rates of the nordenite
zeolite alkylation catal ysts were neasured 6 during

' When tiirmyératdrerandqaesisme hﬂ'dﬁinm omtoattdmiratilsmmbfwn

t 7, ab | k ti
PEdBPRDAT BT AR B At ries.A fhed M. oRsiEig of
b@hm@éh@ €05 NARFAL @M@.Sraﬁesqifh%%ﬁd dRelUVRe hativted

exot herm was™ neasured by neans of O appropriately
almmaaewvas Irrﬁrodmw@dpham umflowenarier gtsaﬂoo@'amamrdgaur As the

fi d f t
SLRACBRT be camnRi i INeSrerttot  Seatiin neBhf 1 brlr fignica
cQ{aWs‘t ®ddasmpefatledd ﬁﬁréﬁseﬂ'dﬂ%ve'tﬁe hﬂéf &mpeisture. After about
deactivation rate of 13t ecatala/ |sthe sl ope of

8tnqu<ss phradream, dbﬁtrea@toeesotb@fmmﬂﬂ | bt thedirgts57 hours

o3y P SRR Y Dgg Bt
PeYial U3t ad tiss p%irﬁnﬂﬁ@btélwﬂbéd was flokhée Midr sdndeae at
pressure, and 16 space velocity and the al k¥ll ati on -

2P0 graes genbouedunng 8 hasis.i Foleing the pepaapaflash.ta

T L

16186210 W57 aum hesits. Viesed-was ecohthtuatlontil B5| doyl Faduire (Ror

benzene with an B 20 jsonerized C20 tqQ C24, |ow. a
PesRt rftons &t tord ok rup Risky Glefincamversiorwas intially b8 %%

during Run Period 2 but declined to 98.1% at 321 run hours and further to
95.3% at 351 run hours. A second benzene flush was performed at 351 run
hours during 17 hours. After the second benzene flush, feed flow was
resumed again to start Run Period 3. Feed was continued until 550 run
hours. Olefin conversion was initially 98.5% but declined to 98.3% at 519 run
hours and to 97.0% at 550 ruri hours. A third benzene flush was done during
a weekend. Feed flow was resumed after the third benzene flush to begin
Run Period 4. At the beginning of Run Period 4, olefin conversion was 98.8%
and at 942 run hours the olefin conversion was 98.4%. The run was stopped

after 942 hours on-stream but could have continued longer.

Alkylated aromatic hydrocarbon products containing excess benzene were
collected during the course of the run. After distillation to remove excess
aromatic hydrocarbon, analysis showed that greater than 97% conversion of

olefin was achieved during most of the course of the run.
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21 The nolar ratio of benzene to ol efin was f9rDddamber 2006
range of 10:1 to 15:1. 22 Alkylation run | engths of

Cat al yst Conposites 3 and 4 prepared as described 23

in Exanples 4 and 5 and in Table | are shown relative

to the alkylation run 24 |length of Conparative

Cat al yst Conposite A and are given in Table. Il bel ow
-31 19 Decerrber 2006 1 Eabinplel8 Catal yst Tenperature

=z I’I . * 1
y SN :
Tot al P\f PV <300 Aj ﬁg@éié{ﬁﬁgﬁaa&ﬁﬂr{sgram (rﬂ/grarr)
Macropore (hours) - 90 80 0.329 0.166
645 293 4 166 90 80 0.318 0.162 570 200 A 170 90 80
0.361.,0.159 1 Exa 4 Proc refor t he
DraclbiatoRi Al Srihedavdenl caolBalatar cHERRlA Rersiired
durﬁﬁﬁie%lﬁyl@tzoﬂ ré@étﬁirﬁéihilgpt@m%' AIRyIStidH RRRYI6A in Bxample 7
Exanpl e 4 was used for conducting the 8 reactivation
alkoyser i nents. Conparative Catal yst Conposite A prepared
in 9 Exanple | was used for conparison in the

reactivation experinments. 10 Characteristics obtained.
Ttngaw}atimnyreanﬂmmwaemalnzi:ecbeum dgsctﬂbedaatbovehrl’@thelalkyfatron

h Xﬂﬁts are shown, above q?% db £
reE o YEisch BT o TP B U S T MagF esaired by means o
apisephiatel ReafddtheAhbesuMas M ¥l catalydt BeW O8indl téRiperature

conposit'es of this invention were conducted as
prafiscdatbdbralsosaialystirum tex pegitien of thistemperaiire exotherm in
cor.ded t the . start

thg%r %% léifﬁ}egg%q ?anCtI-PH of ttime, In hours. Tﬁe deace:tlvatlon rate of

the cataiyst is the slope of this line in centimeters per hour. Relative

deactivation rates are determined from the relative alkylation run lengths. All
catalysts were evaluated at standard conditions of temperature, pressure, and

space velocity and the alkylation run lengths were measured in hours.

Comparative Catalyst Composite A was prepared as described above in

Example 1 and shown in Table .

The deactivation test was conducted during alkylation of benzene with an
isomerized Cog to Cas, low alpha content olefin at a temperature of 170°C.

The molar ratio of benzene to olefin was in the range of 10:1 to 15:1.

Alkylation run lengths of Catalyst Composites 3 and 4 prepared as described
in Examples 4 and 5 and in Table | are shown relative to the alkylation run

length of Comparative Catalyst Composite A and are given in Table |l below.
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16 inlet tenperature is the tenperature of tieeDddceatber 2006

entering the reactor

before the

17 reacti on exot herm

has devel oped. Deactivation of Catalyst Conposite 3

and

18 Conparative Catal yst Conposite A was observed

when the position of the 19 exotherm noved away from

the inlet zone, of the react

or.

Once the Catal yst

20

- 20

4 Conposites were conpl et el Tabkalit i vated, the al kyl ati on
‘reaction was stopped 21 by stopping the flow of the
olefin feed to the reactor and the reactor was 22

Catalyk! Usf‘&ﬁpe‘ﬁét&@ bengRge blyz&hmiat|i nU'M&cMﬁtrJé;&Wo?Jsurﬁé%@ Alkylation

Compo zengedeed |f opumb@ut| 1@) 23 -hours to about Run

9 Decenber 20Q6lar Hatibt | t he enﬂotdﬂDVerD\be&ﬂZ}én, fIPae!h, Length
thel al kyl atidn reaction was |a@grem3t afmligtenhy| Macrapore | (hours)
bedi nning thd flow of fthe ollefin fedd and t hpDiameter, A

3 al Kyl at4gan rgact | wais ghl qweglabg |3 gregeed urgqs 293
the positiont of the exotherim agaln y from

4 the inl@6 4 Zone 9if the 8@agt d0.318wg redéRi vpti &70 200
EXPETTIT e e m Wt} tal 5 SiTe

A while vﬁr redct i vat ed fog? andé'%sai) tl] .I:@‘g.gg 1000 30

2 respectlvely, with a 6 benzene flush. Conparative
Catal yst A was flushed once wth benzene for 7 43
hours, a much | onger perj in the case of

3 Cat al yst Conposite 3, 8 %ﬁﬁh@bei ng reactivated. 9

4  Table | IProb@iimf@ﬂﬂmeERemmahoﬁmwaahﬁvatedcﬂam%tson
data colTected during the 10 al kyl ation reactions

5 conducted as in Exa Kelatian r S| || Experinent

6 Catal yst Run Inlet Alkylation Benzene Fl ush Conposite
N e ure Ri Run hours),.

7 PR GoraPaSE s Hioddl i EXBrriip 4w il J8HG8dng the,

8 reﬁ%véﬁﬁﬁkémemﬁdnt? ‘Compardtide TElalRSBCAMmpodits AprépdretDin

9 Example 1 was used for comparison in the reactivation experiments.

10  Characteristics obtained by Mercury Intrusion Porosimetry for alil three

11 catalysts are shown above in Table II.

12  The alkylation reactions for reactivation of the deactivated alkylation catalysts

13  and catalyst composites of this invention were conducted as described above

14 in Example 7.

15  The inlet temperature was recorded at the start of the alkylation reaction. The

16 inlet temperature is the temperature of the feed entering the reactor before the

17  reaction exotherm has developed. Deactivation of Catalyst Composite 3 and

18 Comparative Catalyst Composite A was observed when the position of the

19  exotherm moved away from the inlet zone, of the reactor. Once the Catalyst
Composites were completely deactivated, the alkylation reaction was stopped

21 by stopping the flow of the olefin feed to the reactor and the reactor was
22  flushed with benzene by continuing the flow of the benzene feed for about 16
23  hours to about 60. .
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10

11

12

13
14
15

2 31154 184 25 2 3 2 174 96 *** 43 2 3 3919&€:edibér 2006
3 Conparative 1 176 44 43 A 3 Conparative 2 159 24 --

A 12 13 * The concentration of the unreacted ol efin

was observed to increase rapidly 14 which was

presuned to indicate deactivation of Catalyst

Conposite 3. A 15 benzene flush was conducted to

Atem@ ehidf th&Bbazarsd fIGSHTRRE iali§/lation reddtid? wae GRjEne statiedthby

** The experinent was conducted to determ ne whet her
b@ggmg the firaw iobtheoplefin feed pad dhe alkylatloneeﬁ@mrswawpwed to

t
oRicl A6 b Boh 1AL KRAoER ATl RRLIof et
zbﬁebﬁkh@ve’ai:toﬂ T\h@lreéthﬁraﬁbkbb(ﬁémmemsme@ﬂjmkmim%m?ﬁn
al | owed to run for a | onger period of time * ok *

Gosnprsite 3. wehich was reachivaigd fewsand vp ¥’6‘e§e’é@tﬁﬁ905‘(%!y MR,
SR Y GERSPARRE CHlTd Ol R BrbhPponone for
483 hahs vmmwmaongek peride thaayin elve vasw obCatdlygilorgpodite 3,

| ow 9the?§f|nfeedtothereactor and al | owed
W'%‘O&’BE?'inﬂdgaEWQ? he fol |l owing 10 Monday norning, at
which tinme the flow of the ol efin feed was again

st arted -34 - oo Decenber 2006

1
Takgerll l&?l@m@’!@%@ 1ghew tﬂedg@gp%@nm sallectad @'PHBB the
aflyldfoh HeBchoHPErlUMed S HPBKAMpRFS! 1t ©

Table |l
Experiment | Catalyst Run Inlet Alkylation Benzene Flush
Composite | Number | Temperature | Run Time After Run
(°C) (hours) (hours)
1 3 1 154 57 * 18
1 3 2 162 294 17
1 3 3 170 198 | weekend end ****
1 3 4 172 363 16
1 3 5 172 30 ** --
2 3 1 154 184 25
2 3 2 174 0 *** 43
2 3 3 190 217 -
3 Comparative 1 176 44 43
A
3 Comp:rative 2 159 24 —

* The concentration of the unreacted olefin was observed to increase rapidly
which was presumed to indicate deactivation of Catalyst Composite 3. A
benzene flush was conducted to reactivate Catalyst Composite 3.

-33-




Gl WN -

-~ D

4 having a silica to alumna nolar ratio in fOM&eceahge2006
of about 50:1 to about 5 105:1 and wherein the peak
macropore dianeter of the catalyst, 6 neasured by ASTM
Test No. D 4284-03, is |less than about 7 900 angstrons
and the cunul ative pore volunme of the catalyst at pore
8 di ameters Iess than or equal to about 500 angstrons,

g/&ﬂ_ Mo dBietritde Ahettet d Qﬁﬁtér'}i‘éﬁg@rof

bg%% ﬁ%‘ %?i k on %gggi%g agf;ﬁ% 0%&3@;«% g Believed

t%@m alky tigﬁg’yﬂ ave Besnallawed to ryn forf lonape patied, of
timedao milliliters per gram 15 16 3. The catal yst of
claim2 wherein the cumul ative pore volune at pore 17

sl
PRI a\@@qﬁ Nas St 190950 V?wg%tpiﬂ‘fxgi#\' >
bgnzane flesh okt hoursadid ok Feagtivate ComRATativtEALYSth

cumnul atlve pore voI ume at pore 21 diameters |ess than

@ :Qgt %vlaﬁl?l t gﬂow of
.thﬁn“tﬂ eafr f*’eeP %e g&@\%

M?&ﬂaww r\gaq» @g 'nt aited.
or equal to about 400 angstrons |s 26 in the range of
about 0.05 mlliliters per gramto about 0.18
mlliliters per 27 gram 28 29 6. The catal yst of
claim5 wherein the cunmul ati ve pore vol une of the 30
catal yst at pore dianeters |less than or equal to about
300 angstronms is 31 in the range of about 0.08
mlliliters per gran1to about 0.16 mlliliters per 32
gram
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-35 19 Decenber 2006 1 7. The catal yst of cllodbgveinber 2006
wherein the peak nmacropore dianeter is in the 2 range
of about 400 angstrons to about 800 angstrons. 3 4 8.
The catal yst of claim7 wherein the peak macropore
dianeter is in the 5 range of about 400 angstrons to
about 700 angstrons. 6 7 9. The catalyst of claim8
wherei n the peak nacropore dianeter of the 8 catal yst

VEHAT ISHELAKRAE®D 189f about 450 angstronms to about 600
angstrons. 9 10 10. The catal yst of any one of the
precedi ng clainms, wherein the nordenite .11 zeolite

has & cathlysbhdwnglunadtepor stfudtatd comprising! moraémie Feolite
about 95:1. 12 13 11. The catalyst of claim1l

wher SRKINGIfLSifieR tealuming mglan ratiada the mngecd qb@ut 90:1 to about
I
2 Uy 3B RS o0 PldrdSord. B 1A0:chan AP

16 he catal ys any on precedi n
cl ai measwhext by AT Teat HbyBt4284-03,7s lesstthanfabont of a

5 ot G SR S8t o
bi ndg@fametéfs I%@s #an a_lhéqlﬁéltt@'aléﬁht SMTBﬁéétP&anmééé’uf@H by

wherein the binder is suitable 26 Tnorganic

mat eASdIM Tegt is, D'F}Q@%Qﬁ as lass tbanposqual tofabouk 0B01milliliters
V\hersgpg}{ﬂﬁ_ bi nder is al um na.

2.  The catalyst of claim 1 wherein the cumulative pore volume at pore
diameters less than or equal to about 400 angstroms is less than or

equal to about 0.30 milliliters per gram.

3.  The catalyst of claim 2 wherein the cumulative pore volume at pore
diameters less than or equal to about 300 angstroms is less than or

equal to about 0.25 milliliters per gram.

4.  The catalyst of claim 3 wherein the cumulative pore volume at pore
diameters less than or equal to about 300 angstroms is less than to

equal to about 0.20 milliliters per gram.

5.  The catalyst of claim 1 wherein the cumulative pore volume of the
catalyst at pore diameters less than or equal to about 400 angstroms is
in the range of about 0.05 milliliters per gram fo about 0.18 milliliters per

gram.

6. The catalyst of claim 5 wherein the cumulative pore volume of the
catalyst at pore diameters less than or equal to about 300 angstroms is
in the range of about 0.08 milliliters per gram to about 0.16 milliliters per

gram.
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28 16. The catal yst conposite of any one of 18 EeowenbkB2006
to 15, wherein the 29 nordenite zeolite is present in

t he range of about 50 weight percent to -36 19

Decenber 2006 1 about 99 wei ght percent based on the
total dry weight of the catalyst 2 conposite. 3 17.

Tiie cThelgatalystaofistaint ¢ wierelnathen pedkhaeebBrd BRimeter is in the
nordenite zeolite is 4 present in the range of about

60 vefide pabaft00angiamety abewi00 angsiickesit based

on the total dry weight of the catalyst conposite. 6

18. A catal yst conposite prepared by the process of

ciBai niTh8.catalystOf chaipr D eersseincthe peaRanacioparediamotst is in the

conposite ¢ ri.sing: 8 (a) contacting a nordenite
Jool | FRNGRh PP 400 Sngstiomaia Abol 701 2p0SRmS  © i n

the range of about 50:1 to about 105:1 with a binder
in the 10 presence of volatiles to forma m xture
whler eilThetdatalystiaficlaipes edmreinlhe peakwnalropbe dienidtéeof the

in the range of, about 5 0 a t 99 based .12 on the
| ot ol CatelARE Biine 33 37 bSur e nestiolns & abait/oR pagstroms.
and 13 wherein the volatiles in the m xture are in the

range of about 14 30 wei ght percent to about 70
wdDghtheeatalyst of anytemendfdthempreceditg claims haheran theemordenite

' f . i.te; 16 (c. i
Compotse N e B 0RiEe ol ik ahpUEsbd torabput 95:1.
substantially dry environnment. 18 20. The process of

claim 19 wherein in step (b) shaping conprises 19
el r ulihe gatalyst 21 claimel hwheeain the mdrdenitel 2edlite diagiansiliey to

ror doropia BiR: b bR 28 Lo R EEET: B0 1o apout
90 22 based on the total weight of the m xture. -37

19 Decenber 2006 1 22. The process of any one of _
cl3i nkhea gatalyst of ak enei of theeresedtieg claims.wherged the catalyst is

in the form of a tablet.

_1_3._ A catalys_t composite comprising:
(a) the catalyst of claim 1; and
(b) a binder.

14. The catalyst composite of claim 13 wherein the binder is a suitable

inorganic material.
15. The catalyst composite of claim 14 wherein the binder is alumina.

16. The catalyst composite of any one of claims 13 to 15, wherein the

mordenite zeolite is present in the range of about 50 weight percent to

-36-




10
1
12
13
14

15

16

17

18
19

20
21
22

2 is a suitable inorganic material. 3 23. Th® Dssatss 2006
of claim 22 wherein the binder is alumna. 4 24. The
process of any one of clains 19 to 23, wherein in step
(a) the 5 volatiles in the mxture are present in the
range of about 35 weight 6 percent to about 50 wei ght
per ceabof 99 Reightpertent based onihe Bt SveRihtof Bdtadlyst
wherein the volatiles conprise water and an s acid. Sy
26. AceEW®siiet conposite prepared by the process of
claim19. 10 11 27. A process for producing an

al kyl ated aromatic conposition conprising 12

cdit adherptalyst exrspositecofaniainat 6 evHeydindbarrbomenite zealite is

o csc RS el SBou e oS R o3
16 28perdenit baeE D% tAE tetaPtP Weight!bt 1Y cRERBI EGhpSsife.

step wherein the catalyst "17 Conposite i$ reactlivated
with an aromatic hydrocarbon flush. 18 19 29. The

prgce ' ' tl
oo GRAR: SpLNTpEpIRTby iy bRGSRR A ckin 13, 51
22 30. A process for preparing an al kyl ated aromatic

oo OB R RBAT o AR BLRINE SmpfiR: "
under al kyl ation conditions in the presence of a

t al y.st j ; i Si .
ror detiDt cCaERnd aRofRENG P86 eSS Ui Rl Einkingjer rati
ratio in ihberrange chtababiosn: 138 abotib168aukitd @Fidder in the

wherein 27 the peak nmacropore di aneter, measured b%/-
ASTM Test PIgsense 03 galattes toderm & mixdure; whereim e weigbt percent

angst r ons o ARM 4 A5t BRI iY & d Pérfq?vB* H5%,t%0 {o'lfoé)ug %gut{ased

catal yst at pore dianeters |ess an or equa
500 angst ooniise totdBdry weight of the resulting catalyst composite, and

wherein the volatiles in the mixture are in the range of about

30 weight percent to about 70 weight percent of the mixture;
(b) | shaping the mixture to form a composite;
(c) drying the composite; and
(d) calcining the corhposite in a substantially dry environment.

20. The process of claim 19 wherein in step (b) shaping comprises

extruding.

21. The process of claim 19 or claim 20, wherein in step (a) the weight
percent of mordenite zeolite is in the range of about 60 to about 90
based on the total weight of the mixture.
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19 Decenber 2006 1 neasured by ASTM Test No.19Mecember 2006
4284-03, is less than or equal to about 2 0.30
milliliters per gram 3 4 31. The process of claim 30
further conprising a step wherein the catalyst 5
conposite is reactivated with an aromati c hydrocarbon

f pEShThe précess ofAre, G BESIBIAS 8D 18721C Whicfein 12@’6@{@ ih step (a)
a

the catalyst conposite is 8 reactivated wt

benzeifed sliialple igorggnicTRatgsigbcess of any one of clains
30 to 32, wherein the aromatic 10 hydrocarbon is
benzene or toluene. 11 34. The process of claim 33
whér eThetpecesseof clains 22 wherginthe| bdnder, is ahimina.

i somerized olefin, a branched-chain olefin or mxtures
thereof. 13 14 35. The process of claim 34 wherein

t B4. olfbkimobtess éfrany aimat cldinesd Bda 23| wheteimin siepghbd the

80 b t, . 16, 36. Th f claim34 .
wher oVABRIES 1 1% EGER pre BlesERE B fanqs ohebe w35 weiot
has T peraeheelbboutcst weighk beftert 81 BROMHGR. car bon

atons. 18 19 37. The process of claim36 wherein

al pha olefin or the isonerized olefin 20 has from

380 TS AR RANPE MR g Ao R b A waeh aran

ol efi acidas from 23 about 6 carbon atons to about 70
carbon atons. 24 25 39. The process of claim 38
wherein the branched-chain olefin has from 26 about 8

c26boA ctalyst compdsitet preParsy by theap@ieess 8F clai#® 140. The
process of claim39 wherein the branched-chain olefin

has from
27. A process for producing an alkylated aromatic composition comprising

contacting at least one aromatic hydrocarbon with at least one olefin
under alkylation conditions in the presence of the catalyst composite of

claim 13.

28. The process of claim 27 further comprising a step wherein the catalyst

composite is reactivated with an aromatic hydrocarbon flush.

29. The process step of claim 28 wherein the catalyst composite is

reactivated with a benzene flush.

30. A process for preparing an alkylated aromatic composition comprising:
contacting at least one aromatic hydrocarbon with at least one olefin
under alkylation conditions in the presence of a catalyst having a
macropore structure comprising mordenite zeolite having a silica to
alumina molar ratio in the range of about 50:1 o about 105:1 wherein
the peak macropore diameter, measured by ASTM Test No. D 4284-03,
is less than about 900 angstrorhs and the cumulative pore volume of the

catalyst at pore diameters less than or equal to about 500-angstroms,

-38-




[ T - VS ]

e -1

- 10

11
12
13
14
15

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

29 about 12 carbon atons to about 18 car bon 1®t©msEmbaP 2006
-39 19 Decenber 2006 1 41. The process of claim 34
wherein the olefin is a partially-branched-chain 2

i sonerized olefin wherein the olefin has from about 6
carbon atons to 3 about 40 carbon atoms. 4 5 42. The

pr ocesfedduréd ByMIMMER NG O l4"1284—03, is less than or equal to about

partial |l y-branChed-chain i someri ze

olefin ha rom

about 0280 millillers peog@m.o about 40 carbon atons. 7 8

43. The process of claim 27 further characterized by

an increase of at least 9 50 hours in the alkylation
r@. | et frobés@ofalBPABOduiRe @S HBINIAG aldle MiRlnYRliRe catalyst
havi ng a peak macropore di ameter greater than 900

angst COMPosite inrracivaiasLvith ao @rpmatic hytwearton flushe

di aneters | ess than or equal to 12 300 angstrons is
greater than 0.30 milliliters per gram 13 44. The

P3ac e Fheqirocésd StepDRWNES NwhBkeih fite BaRR/st BohfpPsite is

al kyl ati on run | engt

14 time conpared to nordenite

h
cat al yerdivated with a2 kenzeps flushal uni na nol ar 15 ratio
| ess than 50:1 and greater than 105:1 and having a
peak 16 macropore diameter greater than 900 angstrons
ard. a Therpipegss/ef uf ene efclatng 38 taB2pwheralh dneamrsatic

o am PYeRtbaiHorkBod o AU LaTT 95 Fours. io 45,

The process of claim44 wherein the increase in the

al,ky
cat'a

| o Brolai o Qb B3 Sberg A EAIA oAb ol ah

| ess idomierRRdlbolans DbRRMcAEIIRAM éJ@ﬁr? %r ARUREY IHMeGF,

peak 22 macropore di aneter greater an 900 angstrons
and a cunul ative pore 23 volune at pore dianeters

98, TR R B o B hg B el on

36.

37.

38.

39.

40.

atoms to about 80 carbon atoms.

The process of claim 34 wherein the alpha olefin or the isomerized olefin

has from about 6 carbon atoms to about 80 carbon atoms.

The process of claim 36 wherein alpha olefin or the isomerized olefin

has from about 20 car__bon atoms to about 40 carbon atoms.

The process of claim 34 wherein the branched-chain olefin has from

about 6 carbon atoms to about 70 carbon atoms.

The process of claim 38 wherein the branched-chain olefin has from

about 8 carbon atoms to about 50 carbon atoms.

The process of claim 39 wherein the branched-chain olefin has from

about 12 carbon atoms to about 18 carbon atoms.
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26 46. The process of claim 30 further char atBsdentddr 2006
by an increase of at least 27 50 hours in the

al kylation run length time conpared to nordenite 28

catal ysts having a silica to alumna nolar ratio |ess

than 50:1 and 29 greater than 105:1 and having .a peak
By, O PRHeEp FHcREE 0P tlaith & Wherdiifthe oléfin 19a BapRIIYYrarQf&i-chain

1 900 angstrons and a cunul ative pore volume at pore
di anetieermerized olefintwherety theqlefin has 800 abouttt canbon atoms to

gr eat . i]liliters per gram 3 4 47. The
proces Oﬁ)“l\?ﬂglc%rﬁ?'ﬂ%{%%rei n the increase in the

al kylation run length 5 tine conpared to nordenite

cat al ylgts having a silica to alumna nolar 6 ratio _
| s tHEnPogess ahalalp ddrwherehnihelpstialabenehed-eain isomerized

nd o CATRERAE RO A0 ICEerBbfiRoihs I BPani RABEH PR,

than or equal to 300 angstrons greater 9 than 0.3

mlliliters per gramis at |east 75 hours. to 48. The

pAde e ddiegproseas ﬁ? alaimged further charagieriead dyian inprease of at least
| kyl & i r deni

ot al SO B AR Broh ruf IR AR Hpa B TR i REhfe

| ess ichtaly$t6 hhvimch gealkhercrofere didbeterajrdateptiarg96@0 angstroms
peak 13 ,macro &’ré_e di anmeter greater than 900 angstrons

and a %GR PUMHALIVE foke Velymeat prrediamsters lessigae os equal to

2 less FSPPP:TI Stroidls dr@al%?@aaﬁﬁ@.%b{rﬂfggi%&ﬁ%?ﬁgam.ls than

13

14

15
16
17
18

19
20
21
22
23
24
25
26
27
28

29

0.3 m ers per gramis at le urs. -41

44, The process of claim 43 wherein the increase in the alkylation run length
time compared to mordenite catalysts having a silica to alumina molar
ratio less than 50:1 and greater than 105:1 and having a peak
macropore diameter greater than 200 angstroms and a cumulative pore
volume at pore diameters less than or equai to 300 angstroms greater

than 0.3milliliters per gram is at least 75 hours.

45. The process of claim 44 wherein the increase in the alkylation run length
time compared to mordenite catalysts having a silica to alumina molar
ratio less than 50:1 and greater than 105:1 and having a peak
macropore diameter greater than 900 angstroms and a cumulative pore
volume at pore diameters less than or equal to 300 angstroms greater

than 0.3 milliliters per gram is at least 100 hours.

46. The process of claim 30 further characterized by an increase of at least
50 hours in the alkylation run length time compared to mordenite
catalysts having a silica to alumina molar ratio less than 50:1 and

greater than 105:1 and having a peak macropore diameter greater than
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19 December 2006

900 angstroms and a cumulative pore volume at pore diameters less

than or equal to 300 angstroms greater than 0.3 milliliters per gram.

The process of claim 46 wherein the increase in the alkylation run length
time compared to mordenite catalysts having a silica to alumina molar
ratio less than 50:1 and greater than 105:1 and having a peak
macropore diameter greater than 900 angstroms and a cumulative pore
volume at pore diameters less than or equal to 300 angstroms greater
than 0.3 milliliters per gram is at least 75 hours.

The process of claim 47 wherein the increase in the alkylation run length
time compared to mordenite catalysts having a silica to alumina molar
ratio less than 50:1 and greater than 105:1 and having a peak
macropore diameter greater than 900 angstroms and a cumulative pore
volume at pore diameters less than or equal to 300 angstroms greater
than 0.3 milliliters per gram is at ieast 100 hours.
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