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| ALKYLATED AROVATI C COWPCSI TI ONS, ZEOLI TE CATALYST 2
COVPCSI TI ONS AND PROCESSES FOR MAKING THE SAVE 3 FI ELD
OF THE | NVENTI ON 4 The present invention is directed
to novel al kylated aromatic conpositions, 5 zeolite
catal yst conpositions and processes for naking the
same. The 6 catal yst cogosnl ons conprise zeolite Y

and AKYEATRD MAT 16/ OMP QSITIONS . ZEOEH ETQ&T@OY%T

the. GoNRRsToNE 2D F&“@E?ﬁﬁ}ﬁc‘%‘mﬂ‘? TS

their use in the preparation of novel al kyl at ed

aromati c conpositi mmmosi tions of

the 10 present in : i d deactivation

rates during the al kyl ation 11 process, thereby

creasin | i.fe. of the cat St 12 BACKGROUN

FRERTING 93 i frfetefid ok Rk T SRR Fo oo,

A1 dhist %Bnﬁfd%‘ifﬁin's“a%d’brbﬁe@sé’@fdr Rhakid tHeeddrie, Fheor

Bronsted ‘acid catal ysts. conmer ci al catal ysts

¢atalyaﬂeozp1pos$nn$ |compxseaf@p Y@@él yardenitg|zgglitehaving a

SRR rAeioBes SURHEE. e PR TIMaTIBh3S SR itSingt o the
Heparatits) of tﬁ@d:a'l‘%?'ét‘lﬁﬂiposlﬂorfé aved thdgr usd inmhetprqmrmmlﬂ of

| ower nol ecul ar wei ght ol efins, such as propyl ene,
revel sékyiatediasametic compostionsqJihe extalyahesmpagitiens %ﬁhe
&Jelé ﬁ%bgﬁﬁo%ﬁmbp r @lgc%eg %é%&i %ﬁgﬂ?%teﬁ%?lpgsth%ﬂ(% tson
@@céSﬂ&hb;&abyﬁntMngﬁhemﬁ@of)fhdlyaiatygtm fluori de.

Al kyl ation of benzene with 21 higher olefins is
especially difficult, and requires hydrogen fl uoride
treatment. 22 BAGKGROUMNDIORTAE INVENTEONS not
environnental ly attractive. 23 The use of the above
listed acids is extrenely corrosive, thus requiring

I8 RewkRknowh tb BRI D IHRNGIkRatibR ok Afomalicowitth hevarety of Lewis
these acids m ght involve 25 environnental problens. -

anRiansteagscatalystst Hapioahsomwrersial catalwsts includerhipsphgric

' %éfg(]lé %?@Jﬁrhglﬂnﬂ §|‘nrl‘?a‘?¥ig§ 8(5}5513% ddé‘%n'ﬁﬁ%ﬂgicg\ loride,

hp05| fon o uct prod
sthnsic dhloride, iref ehloiide drmmgmlw(hydfcegen fhjcmdbgrand hydrogen

at al ys preferably in solj IS SI
@%@@SSAW@PG“ Mad fpwer H‘%i%%lﬂa'&‘é(ﬁlg © e?@Sr PR EREMP y'e“e
A 68 caE FonitRthd ligiddr vaper PRBSES FUF alkyRABAS with higher
olefins, such as C4¢ olefins, the alkylations are done in the fiquid phase,
usually in the presence of hydrogen fluoride. Alkylation of benzene with
higher olefins is especially difficult, 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. Ancther problem is that the use of these acids can
give less than desirable control on the precise chemical composition of the

product produced. Thus, it is preferable to use a safer, simpler catalyst,
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3 Solid crystalline alumnosilicate zeolite catal ysts
have been known to be 4 effective for the al kylation
of aromatics with olefins. Zeolitic materials which 5
are useful as catalysts are usually inorganic
crystalline materials that possess 6 uniform pores
wth diapeters in mcropore range that is |ess than

Preiarably Moralid stalet i this sieriar ProgEss HaWd esyitiayess %ap't@b
pveeghet %n%@ﬂ%ﬁ:hl b ih o RAY' Spieneiveqgbabags 1 ncl ude,

or exanple, zeol''tes onega. It is
al so possible to generat e net al oal um nophosphat es and
é%ii&%h?été’lﬁn{:é aﬁ%ﬁ8§’ﬁ£‘ﬂ&%ﬂt@ ékﬁég@@ﬁd\)e%e%n la‘rtﬁl}h f’c?‘be
oron,’ ga I Fon ger um e I'so
effectiviecfor ¢t alkelatibe ofibromatios with sidfinso rZeohtld: hmterlﬁs which
framevprk structure.

These zeolite cata
%ﬁ wsely| as salelystnaee '&qﬂ'lwn%r@amcamwawgefm%%ﬂais that possess
ancgbfeﬁsewltlgrﬂ B hiRfoddteld gﬁ? i Retid iesaithan to

r catalytic properties 15 particul ar
a@ ingstvivsn sZeditescesse natunally bed may aleo beqeieparsat i on

PRI OB Al BB Sl R Y, L ana
bRF andt fshfis@ 9@1;@5@ 16 feileyAbmbBIcuISRRRPACBINALRS 103,

exc gl ng the cations in 18 the catalyst matri x,

eedalos c@ldmﬁnﬁ@tezse oDihes matadalss such as bhgre @apim, iiineer

O S0 af SV st RE L H w BakRadh BBl & SfLG 8o
#amkwtiR stroetuesl al such as a clay, an inorganic
compound, or an organic 22 conpound and then extruding

the gel or paste into the desired form Zeolite 23

PRESE ZE0ITR ot §t rﬁ@teﬁ@(s'@@ ddﬁﬁtﬂeﬂﬁéll)ﬂ HlaAab e chidealline

use of a binder. 24 Typical catal particles include

pWeaksos furtiies seodifiealiondtecanhamnsed @r éata&mcarrmpglsle@rfor
ggﬁrc%‘? ﬁ.';é{fo%' ' gﬂ’@g%?sf‘e;ﬁ%?yge %gt?ﬁ gﬁ%&‘gféét‘?ihﬂ% enhang

utwardly FOm th e cataly

mratytnclms;aerﬁéseﬁmeoz@(hite eatdlydls asd akll khowarih itled ast, m@ﬁas
n fix bed reactors is catalyst 28 deactivation.

@inch @A‘F%Sﬁtayﬁﬁ/'@ﬁ% sbaped Bé@@?@s exehrngied Hip cat:ons in

kadt t )g td - the primary catalyst deactivation
'?Jg caég an cgke formation. This catalyst 2

deactlvat| on is a serl ous problemin the use of
REMRbzepi AT i dleptiirios R BbORRpld oy
fosmive] & 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 alsc be formed into particles without fhe use of a binder.
Typical catalyst particles include extrudates whose cross sections are circutar
or embrace a plurality of arcuate lobes extending outwardly from the central

portion of the catalyst particles.

One problem with catalyst particles used in fixed bed reactors is catalyst

deactivation. In most hydrocarbon conversion processes, including alkylation,
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4 understood that the deactivation nmechani sm can

i nvol ve pol ynerization of the 5 olefin into |arge

nol ecul ar speci es that cannot diffuse out of the pores
6 containing the active sites in the zeolitic
material. 7 The use of zeolite catalysts for
preparation of alkyl aromatics is typical

o ,
- thenpimesdcaiplyshdeadivatign isccatlsed) byt ¢ake f@fmag@nmff his catalyst

JFarRARan In g shrpire PR8I n B 31 2p Al S2iksts o alkion
téhatioky! Fheddedaivalioe problemda i oaainhie aptnef it ésiwell
into corresponding sulfonic 11 acids which can be

poderséeod thal te deadtivetiommeaphanisan 621 oive RAlYmsHaatan of the
Bieg PtdARIs oldRLA BpBoles at ALY SRfUoBIA BERRE pORS

tontdiving strapdtive sited if therzegitofmateeiatat al yst particl es
and 14 extrudates with and wi thout the use of binders.
There are also a nunber of 15 patents disclosing the

T8e Wk a%biimma%abyat preparatinkofl dikyl @rombties Brgpicali6
hydrocarbons. 17 U. S. Pat. . 3,

. S. ! 094, 383 djscl oses the
- pPadistad by the catahdicrlikylationel aromatis hygrecargpas mﬁ%crrprma'

) . en ¢ | .
U583 bl Sr et Sy SRR o ARl gl ectie
akkylgted apraatio sydroeamops @andedcorg@rigidrieiot dorrésponking sulfonic

f f. te. 21 U.S. Pat. No. 3,130,007
AR GEWigh Con b8 fukhUCuepied gt ally etk Rl SEnatess
wWth silica to alumna ratios ranging from greater

than 3 to about 3.9. 23 U S Pat. . 3,119, 660, .
i sEmbrieaf patpnts ey dignussg iw%@g?wﬁsm%%mgm of zeolite

G2RfEEs Sho g Ul bREPRR R Bt (NG ey rBtctes and
eztradstes witht and witbouttha gisk-of bindeysddheds afer aleoizonumber of

BatenThRciogtho o3y o rsolifleatblvats TR AL BR R Ao%ausy,
ppivoRBtboref the 2 alkylated aromatic product can be

controlled during the al kylation step and 3 has
advant ages over distilling the al kylated aromatic

: | | oo
D s RS e e

tredeuidlg wdhicoupembydrabios vittld m sarbentraficoatiebed effective pore
{RLBE 8ER EBbicbioR B o Tant il larg Brote
alr&&tly intRé Fbrnk 8NEN AgHIaRRES

U.S. Pat. No. 3,130,007 discloses the method of preparing sodium zeolite Y

with silica to alumina ratios ranging from greater than 3 to about 3.9.

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.
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8 the zeolite catalysts for the al kylation of aromatic

hydr ocarbons with olefins by 9 liquid phase reaction.

10 U.S. Pat. Nos. 3,764,533, 4,259,193 and 5,112, 506

di scl ose the "heavy 11 al kyl ate" content influences

neutral sul fonates and overbased sulfonates. In 12
Pat. No. 5,112 506, the effect of nolecu

Maﬁgﬁtat M%@r?&ﬁm%ﬁw@bseﬁéh@vhemwfv@ﬁvat@ntw 953!)%

ey SRAREC Ao 68 FRR Plied Bliing Bl BRyRA 6 and

ihat ladeactagel @VBUdBtlﬂlﬁg lee tkyiaiad ararhatid praderct &s pbiaih thee
sulfona USH’E No. 3,764,533. In 16 U S. Pat.
desirad %E@'W%.'g no-al kyl ate sulfonate is preferred.
U. S Pat 17 Nos. 3,288, 716 3, 764, 533; 4,259, 193;

and 112, 506_are herebhy ncorPorated by reference

tbp- BF' i Nose g&idds1 771@"‘@3@2%?2 digslosg the fegliuaye i reaeve
tsﬁaluH?ﬁ SlhePYikaf étﬁgloﬁg'?fc{?ﬁ Sebfb c‘a‘?ﬁ 48 The ‘177 patent also

crysta Irzatron of crystalline alumn silicate
dewlasesshétasrichgemosialk ef the sodiesorather2dkabmetaldonsn activates

gbél%ﬁg ? r ac{@@&%&gﬁ%@%ﬁlﬁf@? gﬁg%?fd%%?ﬁtl)qg;gntb Riefins by

q:}ﬂ@glﬁzh%gg rbh&idgey eparation of highly stable and active
24 catalysts for the al kylation of aromatic

hydr ocarbons with C2-C4 olefins. The 25 catalysts are
§t No‘ésﬁﬁﬁh'm al 358 195 LhHoPi . 59@'d|§c§’t§sé/"fﬁec '?'negvy

26 1 npfoveéd deacti’'vation rates
Iﬂqylate‘,\bcom‘emgﬁﬂmwl rexitiad eslferates lapd alvequmdomdmafteﬁ In

C1 8oy G B ne TRCT &t RO R WM AR O08R T ey

¥|kgm@é’1 i %h@@mb)iﬁﬂuéd&etthé R OPRBAGe @f b§tH Néntrgn anu PI@B

027 "di scl oses t he use of

sulfenates and the dialkylate contest @cﬂhmmnﬂ@@me ﬁwecmsal yst

bRligh o e o ERBaRERb S IGAR L RaPRL WP Pos3. n

cJasalPaﬂsNobacﬂsg 198, fa/ﬂfoﬁgeﬂkylé’tepéulﬁmaté)lsmfbrﬁéd nY.$ heat.
al kyl ation reacti 762, 813;
h’O%?I 2884167, fﬁ@ ‘%ﬁ@ 4a%-519 69&1@“(#521 1& %Qﬁ aecherebyg

mcgg%(rgﬁd}% ,%ffe,%npg%,ogpbq,gﬁ, nversion catal yst using

a to alumna |o zeollteYboundlnto
an extrudate and steaned to nodify the catal yst.

.8 Pl o7 disdiRed 751188 6P nicRBRSS Ranles Ak

crystalllzatlon 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 C.-C; olefins. The
catalysts are acidic crystalline aluminosilicate zeolites which exhibit much

improved deactivation rates.
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12 detergent-dispersant lubricating oil additives. The
process further involves 13 carbonation for naking
the products nore basic. 14 U S. Pat. No. 4,876, 408

di scl oses an al kyl ati on process using an anmoni um 15
exchanged and steam stabilized zeolite Y catal yst
havi ng an increased 16 selectivity

Hn% a1 No1 43083/ 2rehiscigpes @@salmaﬁmweéwﬁ% fojralkdating fenzene
hﬁ@ﬁg coﬁt%fcﬁﬁg bRhgans %nHQSRgP%rHQ d6th £ R ddriNSxchanged
SucC |

i'ent anount o car bonaceous
Xoar af zedlite catalyst drepespresence cheulfdriditxddeéon catal yst to
19 substantially suppress its al kylation activity. 20
U S. Pat. No. 4,891,448 di scloses a process for

Bl \Patt Nond 6f70;ﬁ27y@:$clb'ses ﬂie aseuhhilow coyghallinitys pemt:allye
%esen e of an a\m dtj deni tlg Izeol ite c t al ZFh

\apagd geclitecalalyst 1 BrRC "?ﬂ)ﬁ Viaremete bydigeatbons, “The
élﬁ*létléﬁ’ (@J&BH%S@M%MQ% rﬁrﬁ él‘ygf 5 w1th hydrogen
p en |che par a

ol ycyclic aromatic conpoun in t
pridnto aveducting iheoalkylatio? fedadti®n. Pat . No. 4, 916 096
di scl oses use of a zeolite Y catalyst for 26 hydro
processing. The zeolite Y catal yst conprises a
Wil iRateNosr4,362)813nd, 767 ,734514)87 9,040 landeh, ¢1 1 O dIECiUSB the

éJ{Ierég%lﬁ?ln a&xyti{gggsr one h or o[? tatl)gs?rés%% nenhﬁ % Sumina
étl@ Yboftdly BoaRl %Esarﬁeﬁhﬂfeﬁé %nﬁ%e@hb& h@hheif r%Plfne catafyst

pol ycyclic 4 aromatic conpounds i n the presenc
acidic nordenite zeolite catalyst 5 having a S|I|ca

tﬁ.%b%!'ﬂ "NH 4 '?8%?2"95 &E&iﬁl 8§ aProt&&sfor ﬁ?al&n%ﬂgﬁ QL
substituted pol ycy romatic co s enr
detetgmt-ldlspeasarﬂlilktyﬂncaitieg 0|{saﬂrbi1\sas TThe ﬁrocléas funtlmer lnvolves

5 026, 941 di th f lite Y catal yst
RGP TR ARG e ol mare Beb of 15 to 1101 or

t he al kyl ati on of napht hal ene or 9 nono-i sopr opyl

GG By B s Spacs ob ANAIILPIRESSS SinecArt BfeShum-

&lchaRGEAGhH Q‘.@eé’m fﬁé’tﬁ;ﬁﬁ% benith secatdyshhaing dfYingfd 28d
a%@ctt under I'1quid phase al kyl"ation Conditions in
g

wﬁrﬁynnenofallwlamcm chhe @m@easu ingplves the presence of at least
| ticl t
BB snut R BB Sl ndT el BBt Shlupt s
rbénadeoRe TRateAal &véehlR dé@dsmﬁ oftfthé afkyritisatdaranst to

substantially suppress its alkylation activity.

U.S. Pat. No. 4,891,448 discloses a process for alkylation of polycyclic
aromatic compounds in the presence of an acidic mordenite zeolite catalyst
having a silica to alumina molar ratio of at least 15:1 to produce a mixture of
substituted polycyclic aromatic compounds enriched in the para alkylated

isomers.

U.S. Pat. No. 4,916,096 discloses use of a zeolite Y catalyst for

hydroprocessing. The zeolite Y catalyst comprises a modified crystalline
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15 and a catalyst particle dianmeter of not nore than
1/32 of an inch. 16 U S. Pat. No. 5,175,135 discl oses
the use of an acidic nordenite zeolite 17 catal yst for
al kyl ati on of aromatic conpounds wth an al kyl ating
agent having 18 from one carbon atomto ei ght carbon

ons to roduce ubst | tute omati c 9 conpounds
%HN“&%‘&% %Z?ﬁ'éel FeBipdgf ﬂ?ﬂ?é? @@SF %?n?ry rogefi@tigh;G@mponent
n“%w of9 Gl%h?'\)’lﬁtmé&ll characterized by its silica
toau na nolar ratio, Its porosity and a 21
Symmetry Index. 22 U S. Pat. No. 5,191, 135 di scl oses
{g]@f F%ftoﬁgs? IOf()QrB 6885698951684 dYor %ﬁﬁylatlon of polycyclic

tuted arorati c ‘conpounds

map‘ratha:ioemm.;ndsha the poesenc2dhf@nmmidis imordenite aleolie catalyst
al k atlon catal st _ip the presence of 0.5 to 3.0, ..
IRihe Silies tSaupia malhsratieREabEasthed 1BiPradves Substituted
ﬂ)dlféyé% aforhBfc e8hppuhds 'e)‘mf:ﬁéd ﬂﬁlﬁ'e"lﬂnea? @:Ikylated isomers,
nono- al kyl at ed products. - , 240, 889
and 5, 324,877 di scl ose processes for the 2 preparat|on
f I t I
PTG S PRoAAS bR el HorUie KBt Rling 2
sikngplosalumima cadiot ofi ‘rfstog‘r‘dhfcnfrthe latkylgioh wfmagﬂmtha]ene or
[gercent wat er E?‘?Fd on the total weight of the

89%1'%}‘0@8%8 A and the 5 aromatic al kyl ation

process using said catal yst conp05|t|on and oleflns 6

B3P0 5 14 sdoTafloRrs an arampioalaie R PRy SO ik

tAE SRy @Fk%rﬁéct%g%‘h%idc‘é?@éh ﬁ%ﬂzﬁﬂ?ah %Hﬁ{;@rﬁj 5% il c 4

an acidic nordenite zeolite cataly
I[qulchphmﬁeqalkylaittou oohd&pnseraﬂle pmemcaoﬁ aasiligammtawng large

PRESReRY el PR e Zpde Celhigstc it fhst Baving 2 ppre
VBRime Y9 abdufd 25156 80 %@lchh%rég Ralihg A RldieH oPA50 angstroms

al kyl at ed benzenes by 1 | ati on and/ or

andem salakyst partiste ﬂﬁamwer of nglﬁ‘@ée Branah3gaf@ncingbyr deni t e
zeolite 13 catalyst having a silica to alum na nol ar
ration of at_least 30:1 and a specific 14 crystalline

W5 Fet.Ne 217 8r135ndiaclogextheaysaiof an aeidiomordsnitg Bolite

BBy o Bupiafi SpRbosRgRYBAER aliatindasnt beving

frmmehesesbew at@ads Righa carbdrialnef togsrodase subsietdd afbfmatic
ol efi ns and nol ecul ar hy droqen in the presence of a

cpamqunasaitrighedtin the linear alkylated isomers.” The acidic mordenite

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

Symmetry Index.

U.8. 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 to 3.0 weight
percent water. The presence of water increases the selectivity for making

mono-alkylated products.
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1.8 containing a transition netal under al kyl ation
condition such that the catalyst 19 is not
deactivated. 20 U. S. Pat. No. 5,506,182 discloses the

“preparation of a. catalyst conposition 21 conprising

10 to 90 percent of a nodified zeolite Y catalyst
formed froma 22 nodified zeolite Y and 10 to 90
bbb cBat. Nuis §c24889 @nd15.8324,867 disclase progessesifor e

Bithsstion of Bitalaey toiiioh il stB Bk irnsgliagion
spavaty A whefeiahg catlsh compdeRidnReintginbigreatee than 25 weight
The patent al so di scl oses the substitution of iron for

PrECant waterbased o thestolal yveight of thecatalystecompesiion pag the
fomac dyfon ) SFe e g oiREA3 Tl Qomb SRR i ot
ceh@ining 2hearbog atoragde dbmarsoroa@imeore 3 system and
then using the isonmerized olefin to al kylate aromatic

4 hydrocarbons in the presence of a second acidic

Chs APyt No. \#)1 et 508 liddtoses &2 prRiceks fof Airylatign af behz@se bo

alumina ratio of, at least 40 to 1.. 6 U.S. Pat. No.
subgiguteslbenzepeda dae prrsepee 9h ARt agidic sporlenite zeolite catalyst
0 . |
RV S T 4REdn Fot Pt aaSt AT R O Pyt itiox above
abb@bhét A prodess Hor thetpreparatiéntad tHE catalystiis alsordiscloskd.
the aryl sulfonate 9 radical of alkaline earth netal
is fixed in a nolar proportion conprised 10 between 0O
angl. R3IN 5243, 1 16 discloses tRe prodirgioni ofedkylaledbertdeaes by
11 U.S. Pat. No. 6,031,144 discloses a process fé)r g .
?Q‘éﬂ?éipﬁg“’t%‘ér rarsaiudation isrtha prasenceneiednt agidiggpordenite zeolite
r 13 .
Bl ST habfhol 3ty 35 il phoral RRTYA ldodte S0P FBhaR snecifi
brystadlire Siounctareddetesminesknyt Xirgytdiférattionemai ni ng
al kyl ation reaction product in the presence of an
acidic catalyst 15 such as a nol ecul ar sieve or clay.
UGS LP&. Neats,458)558 datihsesG piogeks sarsthelproduetiar aof linear alkyl
f al kyl benzene from 17 prei songrized. nornmgl al pha .
Beesends Waich RIRpets PomPhws tRdert Ana MJHe barepnasingar
' i The
BleThS eRuTgleHin yBra ihfinp PRos Rl roote ol
edmtaining artransitignymetal sndar alkyktizaaianditiorogudiathiahthe eafalyst
averag%%cplore size of at least 6 angstrons. 21 U. S.

\§:ﬂ°.t %‘?@95,,234 di scl oses a process for al kyl ating
aromatic using a

U.S. Pat. No. 5,506,182 discio_ses the preparation of a cétalyst composition
comprising _10- to 90 percent of a. modified zeolite Y cataiyst formed from a
modified zeolite Y and 10 to 90 percent binder using slurries of the modified
zeolite Y and the binder to form the catalyst composition having a clear
absorption peak in an IR specfrum of a wavelength of 3602 per centimeter.
The patent also discloses the substitution of iron for the alumina in the |

Zeolite Y structure.
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22 porous crystalline material, e.g., MCM22 and in
situ regenerating the catalyst 23 by use of a polar
conmpound having a di pole nonent of at |east 0.05
Debyes. 24 It is known that nost solid acid catal ysts
produce high 2-aryl attachnent vvhen 25 al kyI ating

U ot R B2t 2 disciosesa mobass f iegmexizing oyl alpha

@%ﬂﬁ Wg}:éé\blté%\?‘ggg %;QH %‘cﬂhéjcﬁ’fd ))fé? h‘é\éﬁ\gsas@g%—gm@ggﬁoﬁal gre

:Tyatsml. anddper uaingythe namnerjze‘d)oieﬁn talaliiylate zae@matI@ 3

l.
R efaitans an W BHsphae RB admiont BiE ralf kb der s
RGO Y Kavilgy siitfakto dPRinandio\dTl /42140 tb 151 eves:

Princi ples of Synthesis and ldentification, 2"d
Edition, by Rosemarie 6 Szostak (Chaprman and Hal |,

U@ do4, NHK51.W394 dissiNMNe Prep Eﬁgtiérﬂ\wfé@hwﬂltbﬂlmzed

present invention is directed to novel al kyl at ed
dkﬂﬁwi istllfonatecsfialkaline eartmanetalo ddwsalkylfgseup oé e alkylary!

SRR BRRT pESRRCEAd il FoR A ko Rbitonats

flifc P oE aRafife @farthhﬁeﬂahsqme@ W momAspbrIdDNoniPrised

i nvention, and further sulfonation and carbonati on,
hetweesrhand 1§ % pemtionsy 0a2:ef the ngar alkylshaimi c
acids. 13 The present invention is also directed to
zeolite catal yst conpositions having 14 a controlled

et rRafoNe. §103Uct44 discloaps iaspragese frireduaing dae il olefin

bhtSan PRy HIPRBEFRRE wirBUECOLRubing st ol SR dh EPrhe

rde-al@iéy sirgléndg @a@mbﬂshyammbm aAd thex reah:tmg the
reduced 17 deactivation rates during the al kyl ation

r@%@@w a'l‘ﬂ@?@b?‘*ﬁ%‘@ﬂ@&@@‘#@ in e presenge of a8 qaidic catalyst
&ﬁ,ll'f’all t t con‘p05|t| ons. 19 In

par %él@?@eglﬁpg%\’ese%ﬁ invention is directed to an

al kyl ated aromatic 20 conposition conprising a

0 PN 6 30 ) oBRGBL LRGSR Suishocathon,

ylat 1 oh produ erern
pmumﬂmﬁd&abmm!@rﬂwmleﬂmﬁa robking Ia\lvlqoiedbasmd ar&Bhigh

Gespried sangls baviaer BN inibe Sende ka0 Bhbe Theprepess
L?gest HE f28ahst or #88RYEERIC alkylation catalyst, such as a zeolite

having an average pore size of at least 6 angstroms.

U.S. Pat. No. 6,525,234 discloses a process for alkylating aromatic using a
porous crystalline material, e.g., MCM-22 and in situ regenerating the catalyst
by use of a polar compound having a dipole moment of at least 0.05 Debyes.

It is known that most solid acid catalysts 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
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25 by ASTM Test No. D 4284-03, is |less than or equal

to about 26 2000 angstrons and the cunul ati ve pore
vol unme of the catalyst -9 1 at pore dianeters |ess
than or equal to about 500 angstrons, 2 neasured by
ASTM Test No. D 4284-03, is less than or equal to 3

about 0.30 mlliliters per gra and 4 5 (b) an
Qpkalysls SdourmRher Catalyele otad be-29% (1982) o i Bppecially true
ﬂﬂqﬁgk%nhggeoﬁealkylation reaction is conducted in the
presence of an al kylation 7 catalyst having a

macr opore structure conprising nordenite 8 zeolite

i@%{é&%a@b%ét%%gto&h%%% Q?&E nﬁgﬁtﬁgécﬂé 6ﬂ\ll8fecﬁf?a?| %ie% ¢J§’
Rbsthariesd alsysi (VanlRoskansd RethHold ASSWIYERk t198@) ald Molecular
,. 18 less than or equal to. 11 about 900 .
2leyes; Brgciples afiynéiesis 3 ificationy, 4 mE-don; py Resemarie
gg%ﬁ%gs(hhaéﬂﬁwﬁodiqgmﬁ nlbﬁg%n or equal to about

angStrons, neasure Test No. D 4284-03,

is less than 14 or equal to about 0.30 miIliliters
per gram 15 16 chhenned F RS eQridRe ai kyl ated
aromati ¢ hydroca ' e 17 may be

in the range of about 40 percent to about 99 percent

R G Nt R R 4 SRR b ons
SR PRGdessby dorgsrapheionfof calboratédcovisastdalkglated ahwmatic

range of about 20 50 percent to _about 90 percent
sdfangtes, whieh ppcassas kpmirisa the aiiwlationin the pprsancedi the

GRREaRPRELEL e EpHa: 3k RRhEPRlHatbA Sng carbonation,
averbasiagi of the atkylmtedagemaefic ablfariic aidser cent t o about

23 80 percent based on the total al kylated aronmatic
conmposition. 24 25 The al kyl groups of the al kyl at ed
The peésent dosantioh tis aisondisedted ttereolitel chtabyst cafhpalsitivns having
ol efins, isonerized ol efins, branched-chaip olefins,
epomr9§%ﬂ gsaqm@&ﬁwcmrgﬁomwsm%%ﬁ%@ Sranbrgydents zeoite.
TR Prédft thvingbh i alie\Sird t@MPR Prdcdis38F PripafihgThe Btalyst
compositions. The catalysts and catalyst compositions exhibits reduced
deactivation rates during the alkylation process, thereby increasing the life of

the catalysts and the catalyst compositions.

In particutar, the present invention is directed to an alkylated aromatic

composition comprising a mixture of:

(a) an alkylated aromatic hydrocarbon alkylation product wherein the
alkylation reaction is conducted in the presence of an alkylation
catalyst having 2 macropore structure comprising zeolite Y, and
wherein the peak macropore diameter of the catalyst, measured
by ASTM Test No. D 4284-03, is less than or equal to about
2000 angstrbms and the cumulative pore volume of the catalyst

9-
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28 about 40 carbon atons. Preferably, the al pha
olefins or the isonerized olefins 29 have from about
20 carbon atonms to about 40 carbon atoms. The
branched- 30 chain ol efins have from about 6 carbon
atons to about 70 carbon atons. 31 Preferably, the

br anched- chaln ol efins have from about 8 carbon atons

L 0 -12 :j ahoore Q@%%IPE%'#S’&{[MO; feval toabopt aBp pnaskems,
oo ro_ dgurdy BYASTIRNE No. ' AT A0 Is IbEe tRAPARequal to

of the al lgboat emwhdmnensqae:rcyranslahdon may be

partially- 5 branched-chain isonerized ol efi ns wherein
the ol efins have from about 6 6 carbon atons to about

40 car n ﬂ&ﬂﬁgteﬁ'&r"oﬁﬁﬁm dnt.) bBA K oﬂéﬁdﬁ Bftﬁf‘u%t‘%ergn the

chai n omerl ze efins rom ab carb
at ons t o atiolatictOresationis cmdmba@m the nxesrm@e af arrmdkydﬁthﬂ

DY e D0 Bl X oA SRF S R

thereof. Begfiermblivg atshﬁ:a bk lamitRfriofar 46 of abbansd o about
t ol uene or benzene.” 13 4 The zeolite Y in ste

and the noh08eand wheesin ‘tlnee peak Saopye drame&mféﬁﬂ oa%alys’f

15 bi nder._ Pref bl

step (2 APRETIE By AP Fostnls T a2Ba it i Es shh  uat o
in step (ks)boUSQ@Olalﬂilg@ﬁon%@ndl@leTaﬁnm@mie baré(vcblnrr% elothe
(a) and the nordenite zeolite in step (b) may be . in

the 19 fsaialwst at posgdiameters less tmﬁbpﬁ@ﬂueh@@o@n%rﬁpﬂof
the present, & ﬂpgﬁt g@%(fug?%hg?\féﬁﬂ Tt NP EPASEA- 089/ le€2than

preparing A I'c conposition
conpri si n@r e@al R)élaléca)t (30 raillititeng pat glamast one

aromati ¢ hydrocarbon with at |east one 25 olefin
under al kyl ation conditions in the presence of a

RO Wdight percent of the alkylated aromatic hydrocarbon of (a) in the mixture
may be in the range of about 40 percent to about 99 percent based on the
total alkylated aromatic composition. Preferably the weight percent of the
alkylated aromatic hydrocarbon of (a) in the mixture is in the range of about
50 percent to about 90 percent based on the total alkylated aromatic
composition, and more preferably the weight percent of the alkylated aromatic
hydrocarbon of (a) in the mixture is in the range of about 70 percent to about

80 percent based on the total alkylated aromatic composition.

The alkyl groups of the alkylated aromatic composition may be derived from
alpha ofefins, isomerized olefins, branched-chain olefins, or mixtures thereof.
The alpha olefins or the isomerized olefins have from about 6 carbon atoms to

about 40 carbon atoms. Preferably, the alpha olefins or the isomerized olefins

‘have from about 20 carbon atoms to about 40 carbon atoms. The branched-

chain olefins have from about 6 carbon atoms to about 70 carbon atoms.

Preferably, the branched-chain olefins have from about 8 carbon atoms to

-40-
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26 catal yst having a macropore structure conpri sing
zeolite Y, and 27 wherein the peak macropore dianeter
of the catalyst, nmeasured by 28 ASTM Test No. D
4284-03, is less than or equal to about 29 2000
angstrons and the cumul ative pore vol une of the

cat al yst at pore dia s | ess than or equal. t
S5 S onban alemb oSS hve ey RGras-Paal Hefinghave
ﬂgﬁu“atﬁﬁﬂ 105drBS1 atdinb t@'é 8078 c%%on%o%sabom 0.30

ters per gramto orma irst alkylated
aromatic 2 hydrocarbon product; 3 4 (b) contacting

| ' d b h. 5
The T bredee RS BltFased Siiidlic ShabobtioRmay Be sy,
Branepbdichafh :@éﬁn@r&étj df@fer\QhéréWﬂfeO&@f@s RAVe! okt 8bout

conpr|3|ng nordenite zeolite havi n asilicato
@ camamatenisio amutéocﬁarb@o@ttorss Poeferhly, thepartially-br@nched-

SR b SPATAR g5 e S0 SR corvon

Stongual to about 10 900 angstronms and the cunul ative
pore vol une of the catalyst at 11 pore dianmeters |ess
than or equal to about 500 angstrons, 12 neasured by

T 4-
1 ol MuroPaftidifoftie diRyasrbfBilc Bonfifiilor fhay bé
e rkadnet &ﬂumamﬂer&a clifndng] oo teixiooss thepsic tPreferdbllS thel 6
é{) co g.the first al Eyl ated aronmatic hydrocar bon

Veliecathen 1a tolyghe A aME§Nat ed aromati c
hydrocar bon product to formthe 18 al kyl ated aronatic
conmposition; 19 20 wherein steps (a) and (b) can be
Thedeclited innstapyapanid the mdtdemiterheolid trvetepr(b&masj ennfain a

f. th t t.h tio
biHAt cereTooby e il T e st ), Fiep Li4rEhre bindér in the
mokdiie doiiehin stegf(By BRImMiMe sol vent

The zeolite Y in step (a) and the mordenite zeolite in step (b) may be in the

form of a tablet.

Another embodiment of the present invention is directed to a process for

preparing an alkylated aromatic composition comprising:

(a) contacting at least one aromatic hydrocarbon with at least one
olefin under alkylation conditions in the presence of a zeolite
catalyst having a. macropore structure comprising zeolite Y, and
wherein the peak macropore diameter of the catalyst, measured by
ASTM Test No. D 4284-03, is less than or equal to about
2000 angstroms and the cumulative pore volume of the catalyst at
pore diameters less than or equal fo about 500 angsfroms,
measured by ASTM Test No. D 4284-03, is less than or equal to

-11-
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24 is an aromati c hydrocarbon. More preferably, the
aromati ¢ hydrocarbon is 25 benzene. 26 27 The above
process may further conprise sulfonating the al kyl at ed
aromatic 28 conposition to forman al kylated aromatic
sul fonic acid. The al kylated 29 aromatic sulfonic acid
may be reacted with an al kaline earth netal and carbon

30 di oxi aboub0gbduiltiters perorun & farm a fiestialidated aromatic
al kyl ate [ [.C fanate. 31 -12 1 The first

al kyl at egy(grroggﬁﬁrtpioy&?gcar bon product in the

al kyl ated aromatic 2 conposition nay be in the range

of about 40 percent to about 99 percent 3 bas on
the (X aronlaclingakieast sra@remabspydiocrten Wﬁ'&@gﬂ%?élt gne

the 111 shyehndldidr it LRdiforl A 1R Broihcd! ddidold

the al kyl'ated aronmat’i c conposition s in the range
of about chtalystheeing 4 mazopdre $rupture eombisirgimondertite zeolite

total 6 al kyl ated aronpti.c conposi.tiqn,,
pref er abﬁ?}"){‘ﬂrﬁss it §R admpne Qf(g% @'Bﬁ)gtqbemj%s to about 105, and
hydr ocar R &hads %ﬁk%é&@p@t‘%‘d’lb@i&% (ﬁrtﬁggzbteﬁyst, measured by

conposition is in'the range o about 7 ercent to
about 80AZIM dietst blas B4 24-0B.ds tersdhaalang to ab@itat i c

9 WhRon. 10 11 T lefip in_ st

(b oy BRbhisshemsednd . qirkiinfiué Boft Viluvdlorthg calaiPst at
i somer i zgdroRhdterslebs aaeteq it itd abbef 500 apgstroms,

m xtures thereof. The alpha 13 olefin or isonerized

ol efi nbwﬁ}eaﬁawi by &R HY lﬁlst bloe By efif-88 ddesothapdrtequal to
40 _ ; _
sonor i - BOBF AP0 STS M brarh 16 30 435 R0Ry lhoPited aromatc

to about hﬂ*@rdb@ﬂhtﬂﬂgﬂid@m.anﬂhe branched-chain ol efin

16 may have from about 6 carbon atons to about 70
carbon atons. Preferably, 17 the branched-chain

olefiq h : - t
car bl SR g Btst ANGRIEPRIGHAR ok dRiin BfPguct and the
ol ef i n hascémabaligtaded afdmatic bydrocahont producidodbontthd 8

car bon at he olefin in step (a) or step

. 20 21. T
(b) nay s@%ﬁa@&&w&@m POMROBIPR; 4 | y- br anched-

wherein steps (a) and (b) can be conducted in any order.

The above process may further comprise in step (b) the reactivation of the

~ deactivated zeolite catalyst with a suitable solvent flush, preferably the solvent

is an aromatic hydrocarbon. More preferably, the aromatic hydrocarbon is

benzene.

The above process may further comprise sulfonating the alkylated aromatic
composition to form an alkylated aromatic sulfonic acid. The alkylated
aromatic sulfonic acid may be reacted with an alkaline earth metal and carbon

dioxide to produce a carbonated, overbased alkylated aromatic sulfonate.

A2
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22 chain isonerized olefin, and the olefin my have
from about 6 carbon atons 23 to about 40 carbon
atons. Preferably, the partially-branched-chain 24

i somerized olefin has from about 20 carbon atons to
about 40 carbon atoms. 25 26 The aromatic hydrocarbon
of the al kylated aromatic conposition may be

B‘bﬁz‘@ﬁealkylameaf@matmwd@ca@m pegdust imthet alkﬂgtqd@paaﬂtic

FfbBhiongeey 85 it ARHRBolt ARRER I Tnaboh PoyRRectt

bggédi bA tﬁ@'t@tbvalkylatembmaiicmhmﬁttéresEréfbmbly,?.ﬁe first
ual to about 400 angstrons in st %ﬁw&ﬁ and step (b)

a yladed aforaatiohydgaarbongyodyctipdie ed@rompli¢ pdpositon
Rt e g AR o SUROTIAR POl enChattB o o
atlwmltedi ararhatid c8MPositigst More préferablg; thpdirtatkgated Momatic
by gt il srosEt B iopgpit Hierahoe o
rantaﬁ-]mf Tc? @Qm@ag&x L0850 sospé.géﬁt bésécha? tiPRI HkAlted aromatic

ers per gram nost preferably at” pore
domapes#dios. 5 | ess than or equal to about 300 angstrons
is in the range of about 6 0.08 mlliliters per gram
to about 0.16 mlliliters per gram 7 The cunul ative

Wﬁé%lé'fm i Repla) AR 2epl(b) mayBeindebendéntBoas affha@Emn San
|l ess 8 than or equal to about 400 angstrons in_steps

(semerized(algfin,a bianched-chaljeolefin, @ mixturesghersof. The alpha

GlesinorarEdntsl oRnEdhapnavebrterda baboblsbeBianey
40@3!‘5@1 GRined. yStéfe@blwm@aﬁihar@bﬁﬁ or lsesserizbl dlsmmn has from
equal to about 300 angstronms in steps _[,a) and (b)

howh@ Farga apmsto aaeeht’ro gagwpmatoms.j Tae §r%ihe&rqrﬁ'm glefin
ﬁ-FéS}H V& fiémmddut b 63‘?6%1 B?dm&fc? odtF0 &é‘rbEHgatéﬁlg'. iB&fefably,
catal yst as laneter 1n

I'n step nacropore
tHecbramebed- chalmcﬁleﬁxbbas frmabugsas carhs:nt aioa‘mdntabtﬁmcio carbon

SRS Preferapit dba Pranthol iaip il hat i sl aagfarbon

Qfoméyo A5AH1 8784 bBR RGeS to about 1600 angstroms
More preferably, the peak 18 macropore di aneter of

the zeolite Y catalyst in step (a) is in the range of
The olefin in step (a) or step (b) may be independently a partially-branched-
chain isomerized olefin, and the olefin may have from about 6 carbon atoms
to about 40 carbon atoms. Preferably, the partially-branched-chain

isomerized olefin has from about 20 carbon atoms to about 40 carbon atoms.

The aromatic hydrocarbon of the alkylated aromatic composition may be
benzene, toluene, xylene, cumene, or mixtures thereof. Preferably, the

aromatic hydrocarbon is toluene or benzene.

The cumulative pore volume of the zeolite catalyst at pore diameters less than
or equal to about 400 angstroms in step (a) and step (b) is less than or equal

to about 0.30 milliliters per gram. Preferably, cumulative pore volume of the

13-
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19 about 900 angstrons to about 1400 angstrons. 20 21
In step (b), the peak macropore di aneter of the
nordenite zeolite catalyst is in 22 the range of

about 400 angstrons to about 800 angstrons. Preferably
in 23 step (b), the peak macropore di anmeter of the
nordenite zeolite catalyst is in 24 the range of

abolite chddlysts gd pordianueteisolets Titdh anegual dormboivbB@0 angstroms

G Sieepae) gnd fds TrssdBinibois bl BTGk dnr e, mpre 26
E‘i‘ﬁel‘eﬂﬂy@ Gt Bére&hg%téﬁ%@eﬁ‘%ﬁr&'ﬁ] U= trReMit #angstroms is less

ngstromns. 27 In steps (a) t he above protcess,
mm“- alalti Q.20 willilitess per gieam, andsinaist preferablyati pare digmeters

0 5.1 bout , 100:.1.. referabl step
1855 Reft o A6 ool BBt roRs §in M laap el
@Iwimmté@tmér drhmpiecaiowt @. 16 iillieaybeXgtam. More
preferably in -14 step (a), the zeolite Y catal yst has
a silicato alumna ratio of about 60:1 to about

We%unﬁﬂaﬁ&@ﬁor@@oluﬂﬁetdﬁhé‘QédlﬂeRfa@él?f%?; at poRd Gfaﬂ%tﬁrst 188s

nordenite zeolite cat al y a silicato alum na
than or equaiite aboeiao aag@trmus :raste:os (Fhand o)l is i the range of

bf0 RS 1Miteim BeP St 5.1l e P i, Frérerabiy

#eotirhalaYive posd eslub ofiihe AdufitdeatelRkts 4t fdre disrmeissidss
zeolite in step m is alumna. The zeolite Y in step
than eneaual éo abeule3 i anggimms & piepst@pandibliayn H@ famge of
th
5B5ut 6,68 hftitcts b&Phfm ' 2L Ot MRS R brgh. | "
prepari ng an al kyl ated aromati c conposition conpri Si ng

nt ac |l east. o aromati c hydrocarbon with a
TBa<Eouen? sPiatyst T stapri@) beasuhrak BrCEoPAs digraeter in tHe range

Bﬁéﬁéa‘tsﬁod“&‘@ s @éﬁmw&@éﬁg&w@ BRIBIEL, Mo poak

zeolite Y an nDrdenlte zeol 1't® having a sili
masndpererdiametesfof i aeolie \chatalyab vustepds) is,in atm@ range of

h K h
AT PG R0 BB S G3RT olore PresBBici e e
AfeRipdre dRhAter A ABeIRb NOBRaBALiH dtep (SRS e YangUer

- volunme of the catal yst at-pore |arreters | ess than or

agowl 9Qangstroms to about 1400 angstroms.

In step (b), the peak macropore diameter of the mordenite zeolite catalyst is in
the range of about 400 angstroms to about 800 angstroms. Preferably in

step (b), the peak macropore diameter of the mordenite zeolite catalyst is in
the range of about 400 angstroms to about 700 angstroms. More preferably
in step {b), the peak macropore diameter of the mordenite zeolite catalyst is in
the range of about 450 angstroms to about 600 angstroms.

In steps (a) in the above process, the zeolite Y catalyst has a silica to alumina

ratio of about 5:1 to about 100:1. Preferably in step (a), the zeolite Y catalyst
has a silica to alumina ratio of about 30:1 to about 90:1. More preferably in

-14-
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about 500 angstrons, neasured by ASTM Test No. D
4284-03, is less than or equal to about 0.30
milliliters per gram The cumul ative pore vol une of
the zeolite catalyst at pore dianmeters |ess than or
equal to about 400 angstrorrs is less than or equal to

about 0.30 mlliliters ram Preferably
stapladtthe@eplitecY vatalyss hes@ siliea tonelamya ratio ﬁ@fcﬁl@ut 60:1 to
g&r}pé(ﬁ hs | ess than or equal to about 300 angstroms is
e ian or equal to about 0.25 mlliliters per

gram More preferably, the cunul ative pore vol une

zeoI|te cat al yst at ore di aneters | ess than

fieStendhi Pabe dhoye robess, orefEat Memosieni aoite it has
ﬁ%%a%'ap ri;‘mr;aerraﬁoQﬁrab%U?@@) 1"tbbuf §6:1Cunul ative pore

e zeollte catalyst at porée dianeters |ess
than 2 or equal to about 400 angstronms nay be in the

f .abou I 1l
ahegaafie Y i tlepdayapd e morpsitersafts in X bl fudbicottiaina
BRidRr.A PYSLHBlY Ghe Ditder8R kid Sedité & Msstteﬁga)péﬁcﬁthe binder in the

di aneters | ess than or equal to about 300 angstroms
Moridenitehzeoli@ iesiep (Bbmualuoims nilliliters per gramto
about 6 0.16 mlliliters per gram 7 8 The peak

macr opore di aneter of the zeolite catalyst is in the

TRe%eohte VRPsiep (8) 4RA the Bfrienite £60IRE ﬁﬂétei;f(ﬁgmay be in the
angstrons. Preferably, the peak macropore di anet er

e ofea tabdeti t e catalyst is in the range of about 500
angstrons to 11 about 1300 angstrons. More preferably
t he peak macropore dianeter of the 12 zeolite
pauhgsémbadinmeritiof thapossent ineation GOirestgd to arprotess for

about, 13 0 an strorrs, and mpst preferably the peak
RERRESREAD éi(‘) rogpatioeomposihen £ 'i”é‘”%'&ﬁzﬂ%@?cq @pﬁ‘ﬂew
bhE aFémdfic Hf/du%%gkﬂo Ywith af Pfa%\’t BH& o‘ié?"naiHQH{s %ésé%% of a zeolite

angstrons. e zeolite Y has ica
abtahyish hawnga maatopmrefstrabtume cbnprisimgadenlite Ymdlmomemte

it lite h | t 0, al Uy
288le REuPRLA Sihed o APuihA TG Of Sedunaekf td Se8ut 10813, and
whefah and geé[’@ %a%@@d)érb%é(m@%ﬁ' ot thé ba@ws& Qnehsumeﬂaawnsarm
ratio of 20 about 30:1 to about 90:1,” and

pesliNe B 428dHEs, i% lﬂasﬂbawoaﬁauahe ahsud 2R09 @ngstroms and the

cumulative pore volume of the catalyst at pore diameters less than or equal to
about 500 angstroms, measured by ASTM Test No. D 4284-03, is less than or
equal to about 0.30 milliliters per gram.

The cumulative pore volume of the zeolite catalyst at pore diameters less than
or equal to about 400 angstroms is less than or equal o about 0.30 milliliters
per gram. Preferably, the cumulative pore volume zeolite catatyst at pore
diameters less than or equal to about 300 angstroms is less than or equal to
about 0.25 milliiters per gram. More preferably, the cumulative pore volume
zeolite catalyst at pore diameters less than or equal to about 300 angstfoms is

less than or equal to about 0.20 milliliters per gram.

-15-
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21 zeolite independently has a silica to alum na nol ar
rati o of about 60:1 to about 22 80:1. 23 24 The

zeolite catalyst may contain a binder. Preferably, the
binder is alumna. 25 26 The zeolite catal yst may be
inthe formof a tablet. 27 28 Yet another enbodi nment

of the present invention is directed to a zeolite 29
cﬁleadwmlatwmpom valomerfithe gealitewatalpsirat pareutiameters less than

gaq?gg%pp@r\gég?)ﬁée'ﬁa¥ %l"géh‘?gg’}ﬁ%ﬁf ﬂ%&ﬁljﬂ §$ }nllllilters
Eﬂv\g%m o bB@ut @.18anmkiters F@b@bﬁmfs@?référgb?bmg 9G] alwe%ore

erein eak macropore diameter of the catal yst

@@m pf th@nze satabyst abperg digmetersdesathanouegal ¢@ about
3% a% rb%qs?r??ﬁ%r cg]t% T le Wmﬂngentsgﬁ?rggr‘éw ghde

pore oms 18 yst a por e S | ess

Ohwnmrhtempérgmmj about 500 angstrons, neasured by
ASTM Test No. D 4284-03, is less than or 8 equal to

about'O 30 miIliliters per gram 9 10 The cumnul ative
I
TREUR ot LRyAtot b e hly GipbRTRAR i g of bout

400 sngstremnissiol abxait t1HAO angstrousal Rrefer&ﬁlyaﬁwpe@k 8@acropore
Sharuster ot Fepin'sBlvek i orihe drnl bl PoAVERDG Bpgsirdins fo
%bamei ﬁ@ﬁh&ﬁﬁoﬁyéam&é p%@fé%bag %@geyk ﬁécréasr@mgﬁ{et% the
I's less than or equal 0. liters per

gealite cattalyst i4 §n tiefangenfyabouh0@ angs’ra@metomhwtvol ume
1360 shgsfiBisR. Hit arestrataiy vBop 8k Sractedr IRRELS:, of the
©Eokte tb@ltalyﬁ is I tHRDRiIngebf 2Bolt Y50 bhgetrémeab icun

900 angstroms.

The zeolite Y has a silica to alumina molar ratio of about 5:1 to about 100:1
and the mordenite zeolite has a silica to alumina motar ratio of about 50:1 to
about 105:1. Preferably the zeolite Y has a silica to alumina molar ratio of
about 30:1 to about 90:1, and more preferably the zeolite Y and the mordenite
zeolite independently has a silica to alumina molar ratio of about 60:1 to about
80:1.

The zeolite catalyst may contain a binder. Preferably, the binder is alumina.

The zeolite catalyst may be in the form of a tablet.

Yet another embodiment of the present invention is directed to a zeolite

catalyst composition having a macropore structure comprising:

(a) zeolite Y; and

-16-
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18 19 The cumul ative pore volune of the zeolite

catal yst conposition at pore 20 dianeters | ess than or
equal to about 400 angstronms nmay be in the range of

21 about 0.05 milliliters per gramto about 0.18
mlliliters per gram Preferably, 22 the cunulative
pore volume of the zeolite catal yst conposition at

por e 23 (B) anerdanditel zeslitet having e silinaato aleminr olagoatio in the

angstroms is in the r f .424 0.08
millili terggﬂg? OSPER%I?%@iﬁﬁ&b%@??@%q liliters per
gram 25 26 The peak nacropore dianeter of the

zeolite catal yst conposition is in the 27 range of
whetain Aoe Paak stagsapoierliameler aidbe catajystrasmaposition, measured

fl h 2 [
Aot Ny 928078 RE RISl o
atoutatve pore gelumesf the edtalyst 48POreadigatetersdessvinam or equal to

b2 edasiryeb. BeApURHIBUASTE! TSI PA5H-7. 5 fess than or

t 1100 angstrons, and nost
%5‘2?’&?%3‘/’@9?3@361 e{s(i%é]rtlg}ﬁfanéropore di aneter of the

zeolite catal yst conposition is in the range of 2

750, b 00 .3 4 Th
RS LmaraE BTy A fgoleaafava (M Bpsilonat pAR o

Qlnadtery 1035 harP o8I to 2b60P480 APGSIr8RRNL YeddManeRldqual to
Y has a f 30:1 6

silica to alumna nmolar ratio of about : .
abouifba0 naibiliters per grasne Rseterablybihe eursulagve ippee yolume geolite

BT sboBsiBngR ke el 3 fipn PR eHhalB b

BoGhAHakbnshtess thahiot 2qual @ aH6UID. 2B hdilliliters per gidin OMore
about 60:1 to about 80:1. 11 12 The zeolite cat.al yst
prefprabiyt ithe chmylatiyeirara velume deplitesgalplypgppposifign at pore
. oy t |
el rs 1b3s h?raa@wgléﬁﬁl to t]a%guféoa_ %%19.%{28{'45’6? é(%é%t ANYr equal to

§ia
conpositi on e

"~ about 0.20 milliliters per gram.

The cumulative pore volume of the zeolite catalyst composition at pore
diameters less than or equal to about 400 angstroms may be in the range of
about 0.05 milliliters per gram to about 0.18 milliliters per gram. Preferably,
the cumulative pore volume of the zeolite catalyst composition 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 mitliliters per gram.

. The peak macropore diameter of the zeolite catalyst composition is in the

range of about 400 angstroms to about 1500 angstroms. Preferably, the peak
macropore diameter of the zeolite catalyst composition is in the range of
about 500 angstroms to about 1300 angstroms. More preferably the peak
macropore diameter of the zeolite catalyst composition is in the range of
about 600 angstroms to about 1100 angstroms, and most preferably the peak
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16 17 DETAI LED DESCRI PTI ON OF THE | NVENTI ON 18
DEFI NI TIONS 19 The term "al kyl ate" neans an al kyl at ed
aromati ¢ hydrocarbon. 20 The term"2-aryl content” is
defined as the percentage of total alkylate (the 21

al kyl ate species in which the al kyl chain derived from
the olefin enployed. in 22 the present al kyl ati on

mestepreidiametal oh e zeolitacatalysaorepesitey) istin dae rangesof
; . e i ina
SO 1S SR aF AR GRS ' 1 0 et e i ng

is at the 2-position along the al kyl chain. 25 The

erm "phi nder" meaps any sui.tabl e inorganic naterial
?&ﬁc’ﬁt&n %?\‘PB'@Eﬁa‘é'éér?a?’h?@(t%i’"'“ﬂ?ﬂ%%&' f #bouli T e alrout

{06 12 BRibEDIPRIE 1i8S Y i La RiIFBNE aUfRind mekR P&t &f dhSut 30:1

term "branched-chain olefins” nmeans ol efins derived

for alpouti9d): 2, arel ;noee praferably tie pedite Y hashasiica thialivsina molar

t han ethyl ene and c ajning a 3 substantial nunber of
'Qn%fﬁféb?\(qﬁ r1e€:’na%q‘rg%t9rgnches are al kyl groups having

4 from about one carbon atomto about 30 carbon atons.

M xtures of ethylene 5 and higher olefins are also .
thamerdeatedcodenstapettmpretarablyingg a sifca kralurdpaimpelar ratio

[ talyst to about 7 400C to about
qﬁ%&i“&%ﬁlhgggéggﬁﬁﬁally dry environnment. 8 The term
“carbonated, overbased" is used to describe those
al kaline earth 9 netal al kyl aromatic sul fonates in .
Whe ggoliteecatalystrampesiiom miesoriring hingsr -« Rreferally.ghe binder
&Qﬁuﬁﬁ line earth netal noiety to the nunber of
equivaleénts of the aromatic 11 sulfonic acid noiety
is greater than one, and is usually greater than 10

d 12 may be as high.as 20 or _greater. .13 The term
T REPUR Aot oroPalie i B rEtherp Al &b &t £ usi on
Porosinetry 14 as used herein refers to that part of
the total volunme in mlliliters per gram 15 derived
fromthe grRBRAHHD RESURNCTIER MENTION
di stribution, neasured by 16 Section 14.1.6 of ASTM D
4284-03, or the correspondi ng tabul ar presentation 17
of the sane data bet weerDAEMNIAEANGpper and | ower pore
di aneters. Wien no 18 |lower dianeter [imt is
defined, the lower limt is the |owest detection limt
Dhe tarén falkate” nestinssamabglated abymStc hydmcaddn. 6 of
ASTM D 4284- 03.

The term "2-aryl content” is defined as the percentage of total aikylate (the
alkylate species in which the alkyl chain derived from the olefin employed in
the present akkylation process is a{tached to the aromatic ring) that is
comprised of those chemical species in which the attachment of the alkyi
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 or porous matrix to bind the zeolite particles into a more useful shape.
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20 The terns "dry basis", "anhydrous basis", and

"vol atil es-free basis" shall refer 21 to the dry

wei ght of catal yst conposite or raw nmaterials
expressed on a netal 22 oxides basis such as Na20
Al2G3 xSi 02. 23 The term "flush" as used herein nmeans
contacting the deactivated nordenite 24 catal ysts and
e ten thravehed-gbaincdefinsirmeanselefing deriveé fronvihe n t he

arsmsraidy of biefirBodrbB Gaftt ER nighe 1 Ehgaining 2

saBglgntdl euniiet| of Brandiud wné:@antﬁeeb:eataés/ ate alkybgrivpsshaving
-19 1 The term"loss-on-ignition (L41)" as used herej

ﬁem@bqui@neeqaébﬂm af@m daabopt B arbem atems; Jixtures of ethsﬂene
| es which vol ati |
SR IR Y bR B T o "1 hour . when” the.

terrperature i s great er 4 than or equal about 538C,
$0F toif S fingR 8y sPRh SRR RS T Bt P EHERA! toabout

400 apabeut WDICHH guisstantiailyldswenvirdiraedef i ni tions
set forth by the International Union of Pure and

Applied 8 Chem stry (1 UPAC), Division of Physical

The térd rdarbbmatdBNoRrbabedyisluakd teridscibd diovanakaliye éarth
Physi cochem cal ant ities and Units, Appendix 11 10

wetal iyl erematie skiferateg jn whishdheratie of ihecavumbes ohrguivalents

f em
SRR el ogh® (RABSH Siilit Gify aromac
dutfdrie asidwhbietyisdireatepithah ane] avic iscxsiedigigrgatebthan 10 and
nangneters (500 angstrorrs) 13 are called
Mgy eop bigkras PR PEYMGReR wi dths or di aneters not
exceeding 14 -2.0 nanoneters (20 angstrons) are caIIed
'm cropores”. Pores of 15 i ntermedl ate size

g term cqumulatiyelpareyolumgrabiained by déerchyy bnt@%n Pegpsimetry

FousTE RGN fefers 1 inH Baft e MibEVE MmNt RSty por gram

derbobd tbomahergmmcabcamzﬂ:d;tumquesﬂurba@sinbuﬁon measured by

t@{]{ y/& Iaé‘%) éf %ég_(\}}vﬁo{ég% gént r Sﬁ%n{ﬁ@%% ] et b?j{% péesentatlon

%ﬁ% RO LAY pEr Fa’?lﬁQéW@?BSfe B@%ters When no

21 software version used
lower duﬂmatenhsnlt\,is deim(sdattedower limitdg the @N&%@i@teczt@n limit or

itggl%% % @es %U{%BX%CE P B ofsAéll7 I\ﬁ [9&553 g%

‘The terms “dry basis”, "anhydrous basis”, and “volatiles-free basis” shall refer

to the dry weight of catalyst composite or raw materials expressed on a metal

oxides basis such as NaO « Al>O3 * xSiOa,.

The term “flush” as used herein means contacting the deactivated mordenite
catalysts and mordenite catalyst composites of this invention in the reactor
with a suitable solvent, such as an aromatic hydrocarbon for reactivation of

the mordenite catalysts and mordenite catalyst composites.
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23 angle is 140 degrees. 24 The terns "normal al pha
olefin" and "linear al pha olefin" nean those 25
straight-chain olefins without a significant degree of
al kyl branching in which 26 the carbon to carbon
doubl e bond resides primarily at the end or "al pha" 27
Egsition of the carbon chain, i.e., between Cl and C2.
e term dppirandpeition{LODB agrusedhargisdneansthe percent weight
I . . I ) _ . -
BRLTS: 2050 8ot e e Bl iRl o
ovaparhte Whah bleata ©f 53650 fard hapmiwvhee thoterhparstures geater
a lower alpha olefin content (the 3 double boqg is
anweanuel abadt 2358°C. theHepsonrigniian” aproximalss:tag percent
%%Qﬁe ouble 4 bond is in positions other than between
and C2), and optionally a higher 5 degree of
branching. 6 The term"partially-branched chain
in" i i.Ned« olefidq. ;
Thé ers, dladiRPbR, afitadSUie i FiltoBOH aloed herein ollow
theodefmittdnsheat ioith bg the Iitehgioaal Uhiom ofrPureearst Applieth

Garirior 1CBACs Builan of FhigisnlChRaT oA SR Sl sypols and

| mr@iﬁo{o}?gef?gbgggg&ehmcai Qg:égﬁtié?éﬁd’ PRVitS, Aggémxw

erenti a of pore Ssiz

‘Definitiobsit Taminalegd ehdrBymbgls Se Colloid drd Surface &esniatry Part |,

HEORRASY B alBAC Folmeh SPasHisitig r G HasRrpn 20, Yo7 1.
Pakc Wth Widths oh idth8&es bxéERdiRg ~80 nakdnidierd @0M angstroms)

"peptizing” means the dispersion of |arge aggregates
afe talledemarsoperes].cPeres witle Midtha @r icNamatess naf exeerding

AR fAn R B et oty PRt o s
nEathdtRate| sivaEad frahbmetédst € Width eobdibwraer £ 150 nrbBare called
actual wei ght of the catal yst conposite or the raw

WEEKANEPE- and the weight of 19 the material on a dry,
anhydrous, or volatiles-free basis, expressed as a 20
J'Qercentg e of the actual sanple weight. 21 The term

lwaternp iMergury thirusioraParasimerrdt iedersitetee ASTMtTast nol ar

(G- Resls BP0 TS dofe P CUBRLR oTtalysts by
Meecuratstrysion Paresingitry. Mensing pard ditiribotion was measured
using a Quantachrome Scanning Mercury Porosimeter Model SP-100. The
software version used by the instrument is V2.11 (dated 10/27/93). Surface
tension used in the calculation is 473 dynes per centimeter and the contact

angle is 140 degrees.

The terms “normal alpha olefin” and "linear alpha olefin® mean those
straight-chain olefins without a significant degree of alkyl branching in which
the carbon to carbon double bond resides primarily at the end or “alpha” -
position of the carbon chain, i.e., between C; and C.. Normal alpha olefins

are derived from polymerization of ethylene.
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24 water required to make an acid peptized m xture of
zeolite and alum na 25 powders into an extrudabl e

mass. -21 | The term"tabletting" as used herein

refers to the process of formng a catalyst 2

aggregate fromzeolite powder or a mxture of zeolite

and bi nder powders by 3 conpreSS|ng the powder in a

dhe term Thermal alphia olesih igwmerizagionmpeasisithewoavession of normal

MG S PR BRCRRAT i ol A Ak BV EHE tne

geubleasbrid ieMetRetn @&a’rﬁpﬁ)ﬁ)c Righet iHtbim) biefinintent ¢ihedouble
distribution (Section 14.1.6 of ASTM 7 D 4284-03) or

baed inin-rasiinns elger Hian %@Meeeﬁn@%d Coh apd Qm@ngum higher

herein, all percentages are wei ght
ggécen‘?f P@Eg ot hervvi se 9 specified. 10 As noted

above the present invention is directed to novel

S G SARBHL St B B o
$ekgnatoatoiy g e it s

igbep thareithefiaming sIommal AlR§aL!iM r ol | ed macropor e
structure 14 conprising zeolite Y and nordenite
zeolite. The catalysts of the present 15 invention
hBe derom spesit macreneredigipeler\as used heeain mransdthe peak

ﬁl& tﬁgﬂ egytgggﬂgﬂgugt’er'\yéﬁ}ﬁ ?@é Hﬁc?c&d?%ﬁégﬂ%r 08} e r y
giffevertes plot@f poke sizedligtribation, easpdefimeddiyBect{iav) 4 2ereaches a |
e @?uﬁtr?e”%%émcté?s%m&%%%@mm E%ragéb”féil 03 for
gty TEERipdr Bk 7 LAl 6 th@ﬁirta%@wﬂ\gé?g}@n. i vide

characterize the cat al ysts of the pr esent
T

SR S Peptn el febg gy aftafRy '?@eéh%f““‘t"‘ﬁ
Badiclgse inchading imydrited beurieak] into machadnsallericmarpipaetitles by

0 4.8 8 ﬁ‘g zeolite catal yst conpositions of the
Q\Ee%@tt* RUBHEI on. When the 25 zeolite catal yst

conposi tions cont a| n both zeolite Y and nordenite

eolite, the eolite catal yst conp
E be it PeGem \ﬂéﬁﬁ@‘:}%Ie%? P?%‘? hegéﬁramﬁﬁ etcﬁﬁerfv%stww the
§§o F_\{Vél@?ﬁ?ﬂ'ﬁa EASIRE BSnPBsid Br AR FhatdRA1S andlie weight of

the material on a dry, anhydrous, or volatiles-free basis, expressed as a

percentage of the actual sample weight.

The term “SAR” or “silica to alumina ratio” refers to the molar ratio of silicon

oxide to aluminum oxide; mol SiO2:mol AlOs;.

The term “sufficient water to shape the catalyst material” means quantity of
water required to make an acid peptized mixture of zeolite and alumina

powders into an extrudable mass.

-21-



~N O 0 A

0

10
11
12
13
14
15
16
17

18

19
20
21

22
23
24
25
26
27
28

28 CBV 760(r) and CBV 600(r) avail able from Zeol yst
International having a -22 1 nomnal silica to alum na
ratio of 60 and 6.7, respectively, may be used for 2
preparing the zeolite catalyst conpositions of this

i nvention. However, 3 zeolite Y having a silica to
alumna ratio between 5 and 110 may be used for 4 the
Pphepamatiabletting tdseusaddhérein wefers|ty $he pranesssif forompg ¢ catalyst

h ' ion. 5 Th ' N
RGO IR BPPREROF S MRS RAZPUIE ShEbiatsT Ry by
@Mmdr@égi,@g fHeopow@sd it dibnt ernati onal , nay be used for
preparing the 7 zeolite catalyst conpositions of this

i nvention. Mrdenite zeolite having a 8 silica to

Fheena “fo?éliﬂbfré’?o@%é"%b%&ﬁem I\lilllérdi!lﬁy3 FhttugidrhPorosimetry as

preparation of the zeolite catalyst conpositions of
ubed hersinmefeohio the toteb pors wlysiesingnilljitess pes gsam derived from

Lhvent ion,may _ he.shaped or for j: I

Gt BimdRg oRE Vs IEP O RedBirt s s v
Pneae4-08) bhthelidrdspahding tABulbh pravesidtiont dfdhe dame data.
extrudates requires the presence of a binder, such as

13 alum na. The tabletted catal ysts do not require the

PE]ERAGRrein, all Pefdidftagdiare Wéight Peiteat, uiidsshstheresent
in a tabletted zeolite catalyst. The crystalline

spetified 15 powder may be conpressed to forma tablet.
The tabletted catalysts of the 16 present invention
provi de exceptionally | ow deactivation rates in ]
Aslngted abave, the gaesand invention T diratted|tanioval akylatasharaneatic

hyd b i th ' .
E4FPPatoa e e G AP el §iae rPR . TR lktion of
iHeaeRatid Bydraéabyas & caAfed UM Asitd fresente bhtheprasiita tatalyst
i nvention conprising only zeolite Y, only 21 nordenite

gemppsiions of Hig Presedl inventorhaving edemtiolied sppgroporerpigucture

pog _ . ; )
S S Y B3GR CRAME e BalalRte of 88 present
Wéhﬂ@@wtm? chathotdrifedrbyf pexk vdlﬂmies::iﬂd}ahﬁmdbtdiw&d biadercury

resence of .water [ 4 i on i.ncreases
Iiasimneeraey ASHM BisuNe o A2alydl<Rlsrdim BFLSRA

. : i

POKARER prodiey arabR ! ELANAE YU ToRne i) ok BOfe
Hiadneterpd)r sMetcury inthydion Bdresimettyiatshisdiseddoiaterming the
RcrdorS A B A far A e HBRVAIRR, b8fla BURRRY) QlidBuR delta
pd (apd). The graphs are used to characterize the catalysts of the present

invention.

The zeolite catalyst compositions were prepared using zeolite Y and
mordenite zeolite. Zeolite Y and mordenite zeolite may also be combined to
prepare zeolite catalyst compositions of the present invention. When the
zeolite catalyst compositions contain both zeolite Y and mordenite zeolite, the
zeolite catalyst composite may be prepared by mixing zeolite Y and mordenite
zeolite powders before the binding and shaping steps. The zeolite Y

CBV 760® and CBV 600® available from Zeolyst International having a
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28 chain olefins. Alkylation reactions using nornal

al pha ol efins and zeolite 29 catal ysts conpositions
conprising only nordenite zeolite give predom nantly
30 al kyl ated aromati c hydrocarbons wherein the
attachnment of the of the aIkyI -23 1 chain to the
aromatic ring is at the 2-position along the alkyl
paminal siina thelunzinetratie oh&A@ndd. Ryresprotivelsapay bedsed for

I I
SRR b G M TR 43RG, S SR EF,
Fedlité FCHAERG 8 shicadbhfiminzamitibhfiwesn S dridn1@inengbé Iaeed for-
al kyl chain. 5 The al kyl ati on reactjon ma%/ebe carried

the: prepaeatipnes ﬁkv% replinsatslyits sammsiansafdhe present invention.
DGR 0BT b3 pAhtint o B7 oo of o0,

alsesaatiabie fioomt Eeolysn teternatibpbla maynbe aaedi fampréparing the
condi tions. The aboveégl Kgl ation process.is cr@mted
#relife GriayR capmosiigns iRvgrdiona Mordenig zgefitehaving a
THETR popfiid FAGAORIITI00 By BEULES T e piepaPid e
pedlite eatalyst compesitions ofihjsamaﬂtnomatl on rate of the
catal ysts of this invention. 12 The aromatic

hydr ocarbon nay be single-ring or double-ring,
Ehefcat&ljtﬂtsl of ‘rize preSent iovatiian magriecshdped osfoamed into tablets,

le-rin mat hyd b Th ti
ot A R GBS e A o
‘me ?)ré’ﬁaré @ét5¥ ?%@%ﬁh@'ﬁéé&w@@ﬁé’ﬁﬁ{d%nsuch as
el'n t group from about 16 4 carbon

aluorisat @ haktalniette@ catalysis datrmisequiiree the presanoeref adinder, but

ﬁﬁ)gbq%ar bo&? F?é7 li"ﬁsﬁj gltt?@ﬁttgg ggprtgké/qt%l fj '%é)g%}skaclhné ngllte
sbwaékn‘.la%%dc@ﬁ@ﬁ&tse@ thYoHPS datsien - THS tathettad ehiahsts of the

useful for alkylation of the aromatic hydrocarbons may
BeseDt invaption pravide Beantiesally Iy dnarlb@lienriesInaiaton
&% 'Bgsfron1about 4 carbon 21 atons to about 80

onatoms. In addition, nornal alpha olefins may be
22 i sonmerized to obtain partlally branched- chain

Eh& 2l fatioRnt it Ryl wif e ThorebiehiR may be

earicdalut ¥ Bired ibed-rebsion in e pleebhos ofithe kevlite catalysts
al pha-ol efins, beta-olefins, internal-olefins

compasifiens elihecpressnigneention comprising pIizeRiteYoranhs
ﬁﬁ)r&éﬂ(@ ?écﬁ ith, Yr O, ?goﬁﬁédf 9RER0enits LaBiie. A SIKPhtion

ed aroma
process is conducted without the addition of water and using dried aromatlc

hydrocarbon and olefin feed. It is believed that the presence of water during
the alkylation increases the deactivation rate of the catalysts of this invention.
When the alkylation using zeotite Y and mordenite zeolite is carried out in
separate fixed bed reactors, the alkylated aromatic hydrocarbons may be
combined to obtain the desired amount of alpha olefins versus branched-
chain olefins. Alkylation reactions uéing normal alpha olefins and zeolite
catalysts compositions comprising only mordenite zeolite give predominantly

alkylated aromatic hydrocarbons wherein the attachment of the of the alkyl
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27 hydrocarbons of the present invention may be
prepared by any known 28 sul fonation reaction. The

al kyl ated aromatic sulfonic acids may be further -24 1
reacted with an al kaline earth nmetal and carbon

di oxi de to obtain carbonated, 2 overbased al kyl at ed
aromati c sul fonates useful as detergents in

Ehdinito sité agprdatid fisg isCalr therRapositiommalorigetheaalkyl ebasut Obhe

e Basinallonetard Ao FESED e ralhurds OREPAED o0

rér%[t?'gpg'g%’ éﬂﬂg z@&ﬁe gh§né‘ﬁ8Hﬂél éﬂbhé Rfefiskald BRedhiBntly

rbon oxide 6 used in the carbonatlon
pttaciupentszt Tikertban lthe Rkyadsitiaroalong e alkyl ohginef t he
present invention may be obtained 8 by conducting the
al kyl ati on reactions as descri bed above in the

Phe squMnomf reagtiom ma;}em cagiedatut| bysanycoomuesitionaihs kndwn
IeSP od e ar BTy CRaCHER sl Tactyith S fetriogsd Gging i the
E%aabe/alf Batsh ef dfithe preddift inviiiBhi mﬁiér@mymtmcﬂ@y

carried out "in batch or conti nuous node. he

p@wh@@s t Ehp @bave aliglalian prasgss sresndscted wﬂlz%w!idhemﬁid'tlon of

bat {
efer ol 08 g oM erRgh 10U teuliRh it ol gt Bepotioved
trmitmsi fezehBe of esitercdurirpttiel AkylILBow pradess dncrbases the
contlnuous rocess is nost 16 efficiently carried out

fractivetion datecef the satlysts ghlus invendenin a fixed bed 17
process can range fromO0.1 to 10 or nore vvel ght hourly

Bace velocity. 18 In a fixed bed process,
Tee mspmatic hydrasarkoryaayi ke singlegin pbd@wélerréws tpcsefea@hjy the

e e N G
hgdrozatbommalyibe dreatkglaaéd nrométid hpdrosarkmn, Bath @s a

cat al yst is 21 adjusted to the desired reacti
t’f@rﬂﬁ’eﬁ‘ IKylated! aimalicSiPEADOReWBEE e SIkybOTOMP G feerm about

par foénfﬁtohg%‘ﬁ{)é?ﬁoutﬁiﬁcé 1BBR REmS! Iy\@?@?hé%rﬁéﬁ& R¢drbB&rbon

ranched, 1sonerize ins i s
oséd esca edanoTblkylla@ilbtamgﬂmme peddugt bf thecélegatioa 4eaction is a

d olefins,contain a different olefin

9\ %ﬁ?tﬁf@@ﬁnﬁ% BYAOGROONN beta 25 olefin, internal
olefin, tri- substltuted olefin and vinylidene ol ef i n)

6 bran n ontent _than the, u oner.i zed ol efin.
The cllimsuetelgp akepian o voprogainprd R tatdray be
linear-chain olef ins or branched-chain olefins having from about 4 carbon
atoms to about 80 carbon atoms. In addition, normal alpha olefins may be
isomerized to obtain partially-branched-chain olefins for use in alkylation
process of the present invention. These resulting partially-branched-chain
olefins may be alpha-olefins, beta-olefins, internal-olefins, tri-substituted

olefins, and vinylidene olefins.

~ Alkylated aromatic hydrocarbon suifonic acids of the alkylated aromatic

hydrocarbons of the present invention may be prepared by any known
sulfonation reaction. The alkylated aromatic sulfonic acids may be further
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2 Al kylation of aromatic hydrocarbons wth normal

al pha ol efins, partially 3 branched-chain isonerized
ol efins, and branched-chain olefins nay be carried 4
out by any nethod known by a person skilled in the
art. 5 The al kylation reaction is typically carried
out with an aromati c hydrocarbon 6 and an olefin in

resicked withiassaltkaline earts metab®d cabosaliedde dorpbiain gadwnated,

g bated AISTare AR Sufoies BsBRf HE ERiGeKIR yybricating
Bt eCarbishatiog rﬁh?bbﬁ%rﬂi’éﬂ@uﬂaﬁhg@ coavérntimmaltp kndbwntprecess.
rocess is 9 referablﬁgcarrle out in the liquid

heslegramel ayapraingdnay pe coslolied by €hapgingrthe sgaglian i n
Bé‘ﬁcﬁh%ﬁ’é Tq& B ?Hﬂ)‘t’ﬁlt BPAR: alkSi garlﬂ‘?‘f'rﬁ?al' NP carBoh bG8t
net ho i's To use a stirred autoclave or glass
bbed In thehdarbonatjorbprdeeas.ed to the 12 desired reaction
tenperature. A continuous process is nost efficiently
carried 13 out in a fixed bed process. Space rates in
Théinoedl aiRflafion cerpositions B dee prevent indedtion niay BO obtained

nore wei ght hourly space velocity. 15 IB a fixed bed
by seaductingbealkylatien mactianspy siescabed apgug in e presence of

' ' : rg of
PRt oyl Salfio B e okl hehgbAmasR
describid iarExarhpleatiF-dbetavhe al kyl ation catal yst is
cooled to anmbient 18 tenperature and a flow of the
aromati ¢ hydrocarbon conpound is introduced, 19

Pridediueé for itomesinatioPoENsmal Alpha@efased by neans of
a back pressure valve 20 so that the pressure is

above the bubble point pressure of the aromatic 21

e istraehationgidcessmeryi id earriatl dutén Bahrerctongiaadbu®mode.

temperature. After 22 pressurizing the systemto the

feeprecessriennaraturemean é&ﬂ@rfé@r@r@%ﬁ%tq 2 Lasladhe Paterymode,
. r: |

S ST ERLISR 148 MBESaLUESe o il LiRckEy

hédteddd the debiped ovartioniempetatbyest A ciméinueas pooceds is most

S R o B A S AR R
g%@g dn %ﬁ%é foleoalel 1078ENRYE Right” Ispacé Velocity.

ydrocar bon Tonpound Is then renoved by distillation,
stripping, evaporation 28 under vacuum or any other

€ ispi ' e th t t
B R BEMDrL 050 o B35 brtly e rctor e
abtivatediobdried 2t SueMmpesaturmobat lebstyt &0°€duyemacanboosflowing
{ﬁg}lt’ g?y é’é"sr.r Jﬂ\ﬁgr ggttlvak{%n?% tré?r%pré?'gture of the isomerization catalyst is

adjusted to the desired reaction temperature and a flow of the olefin is
introduced into the reactor. The reactor effluent containing the partially-
branched, isomerized olefins is collected. The resuiting partially-branched,
isomerized olefins contain a different olefin distribution (alpha olefin, beta
olefin, internal olefin, tri-substituted olefin, and vinylidene olefin) and

'branching content than the unisomerized olefin.

-25-



© 0 ~N Oy W

10
11
12
13
14

15
16
17
18
19
20
21
22
23
24
25
26
27
28

3 known by a person skilled in the art. 4 The
sul fonation reaction is typically carried out in a
failing filmtubular reactor 5 nmaintained at about
65C. The al kyl ated aromati c hydrocarbon is placed in
6 the tube and sulfur trioxide diluted with nitrogen
.S added to qe,alk ated.7 aromatic hydrocarbon. The
Fpcedure forflkylation of 4 ¢ BREQGAMBENGE ocarbon to 8
sul fur trioxide is maintained at about 1.05:1. The
resulting al kyl ated aromatic, 9 sulfonic ?cid naé_Qe
6ivylatea fiaramalie hydrmsssas WithneEMabalipha slefige #apialYo

o 1 . X P
bRBicHBl) e sBRitkizbb plerpls; B ERaRt el i Blefg ik ! carried
oul by ang nvéihbe knewn thyi anpagonhekilleehipehatdr e at about

12 85C until the desired residual sulfuric acid

content is obtained (maxi nrumof 13 about 0.5%. 14

Phe alidlatior ﬁacﬁhﬂ Bogpicalivn cammiﬂgambrdﬁ\hgd: atyd:bcafrbon
Aromatic_ Sulfonic Acids 1 rbonat Lon, overbasing o
QP‘E?PQ%“H&H molgy rating fgoracﬁag?ﬁﬁﬁrﬁe rogess demperatyies gap
o k i . .
AHogTRARhotR IO o Bode 202 \The BroceBsta Eaicd 8t without
thecadditidroobwaten, Asvibe definsghaveaa higinboiting pointcliheqprocess is

i, 20.th th | kyl at ed
Brelisahelaribe st in e BT Bhase . The Mlofioly S6Eess maybe

58 Hut irBEcArabhBhGbus HiRie. 9Adhé PAtdR rbEEaitypical method
agitated and al kaline earth 22 netal and carbon

igitoxiseen sliredadtegiave artglaseliask, avhiolhmay beahaatgidrtioribe

Srest L BB P Bhviauar A ROR TR Bl ERymaR erEient Baried

s@threofixerpbéyy Btdm%sﬁl.u Spicka¥fs in2bftdiebed [sRldede canrthge from

netal and carbon, di oxi de added to the reaction
B0dttartd) or mere weight hevdy spaepyelosly.r eact i on condi ti ons
used during the carbonation process. -27 1

Reactivati on of Deactivated Mordenite Zeolite

oA Hixgd bed arecassniissatkation catalystrie charogeripttbe reastpr and
GRNRISE L AP af A Sl FRTBARILER, RIC°CABHRFEELm S owing
ihbet, gl yaer Atat activatibn the aldylatied catalyst & tavlgd to ambient

nol ecu] ar specj es at cannopt diffuse out of the .
rg*ure an?i atlow o ’B‘ne aromat?c hydrocarbon compouncp is introduced,

optionally toluene. Pressure is increased by means of a back pressure valve
so that the pressure is above the bubble point pressure of the aromatic
hydrocarbon feed composition at the desired reaction temperature. After
pressurizing the system to the desired pressure, the temperature is increased
to the desired reaction temperature. . A flow of the olefin is then mixed with the
aromatic hydrocarbon and allowed to flow over the catalyst. The reactor
effluent comprising alkylated aromatic hydrocarbon, unreacted olefin and
excess aromatic hydrocarbbn compound are collected. The excess aromatic
hydrocarbon compound is then removed by distillation, stripping, evéporation

under vacuum, or any other means known to those skilled in the art.
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5 mcropores containing the active sites in the
zeolitic material. However, 6 reactor bed need not be
changed to renove the deactivated nordenite zeolite 7
catal ysts and catal yst conposites. The deacti vated
nordenite zeolite 8 catalysts and catal yst conposites
are reactlvated at the end of an al k Iatlon 9 run by
Y e w1fg jad 1= EIrec: A% and
permtting the 10 aromatic hydrocarbon stream to

continue to be flushed through the reactor for 11 a
Sulfenatioamnf alyhetedthysirecarbons may beatriedow yranyt wethod

BRI pEA AeaT o A 2 “conposi 110n 1 15

Zeolite Catal yst Conposition |I is prepared by m xing

EsblralioRrSREsablS ypreAny BrfE & if SpinG M Bfar poactor

ﬁi@iﬁ’@héd@i’t about 65°C.TiTAezMoliated afomatic mdﬁtﬁiﬁrb@n #eplacéd in
powders are mxed 18 in an%t proportion based on the

f@estube@naiauifuatrmﬂcéﬁ dited withy irogen isiadded it 't%ihﬂﬁted
ST lsGHrBbI> THRIERE s Bt diated SrdfasChydiBoarbon to
Sffut Brioxadd embimainedextlaboet COGx1 .y The r@éulﬁhg]aﬂqdated mromatic

FaereLa v b WETEGH TR
cheibarieat - o

kilogrameof (Dtm!u(ﬂ @Adrs)tb‘rtng'z While analataneng thetetapeiature at about

0 U S Bepirg rekidlua HUUE a6 TardonuR abigd (eiradm of

abbutlesggol ite Y and -28 | nordenite zeolite batches
bei ng used. The LA of a commercial sanple of 2
Versal (r) hydrated al um num oxi de avail able from Sasol

PRcabare @?@rﬁ@ﬁatmhﬁ)\i@rﬁhéiﬂg df %%@%'ﬁ%rﬁeﬂuféﬁ%rf ©RAcids
our . ase & resu aine rom

the LA of the zeoI|te Y, rmrdenlte zeolite and the
éﬁ' doutb
CattirafoR Wiekbasihy o alyRiBiRicuiBhiAdds RIS chied out by
am_,om'Ietre:ctiomvemby@‘ persen cattriipdsn the adrieiprodues amsiaromatlc
%}—ﬁ FeYand 15% nordenite 7 zeolite on a
CREI4S:- f r ee basi s.

Generally, the carbonation, overbasing reaction is carried out in a reactor in
the presence of the alkylated aromatic sulfonic acid, diluent oil, an aromatic
solvent, and an alcohol. The reaction mixture is agitated and alkaline earth
metal and carbon dioxide are added to the reaction while maintaining the

temperature between about 20°C and 80°C.
The degree of carbonation, overbasing may be controlled by the quantity of

the alkaline earth metal and carbon dioxide added to the reaction mixture, the

reactants and the reaction conditions used during the carbonation process.
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8 The three dry powders are added to a Baker Perkins
m xer and dry mnmixed for 9 4 minutes. The anount of
concentrated (70.7% nitric acid to give 10 0.7 wei ght
% (based on 100% nitric acid) of the dry weight of the
zeolite and 11 the alum na powders is calcul ated.
This amount of 70.7%nitric acid was 12 wei ghed out
Reactivation ofddeadiivatediordeniieaf eglite Catglystst anchComnansie
of water and 70. 7%n|tr|c acid needed to obtain a
final 14 concentration of approximately 50%t ot al
Qoicatthé mondenttalzeolltatcaﬂalastsfand eatelyst a@nposites awscampletely

t.he Y d t [t d al

HESath S b SRt Aciod Shapsci s HEE BRNERAERLAN of the
brfiRentb08Pge’ Rlofd duifSspetidtsthat Banndt difiisdiBlt §fthe crystal

dei oni zed wat er that szt be added is the difference

bucraperes eentaiting theadctyerrdlestn the aeoldic watesial.| Howsver,

0%, i I e :
encieh B ok R BE PERYEA L Ranble el RRRdd RO Szeolite
b@tatﬁ@s pAddatalydtieontsositbs MTherdesitingted merdatitel 2ddlite

rgs) The m xer is then stopped so t(L]at t he Cil\,a{ﬁf'l ?(
Qét and eptalyst aoanpasites de deagiivalg ejen alkylation
FEFHES oG 0B e Brlam 6 %*%%é‘?g?ﬁﬁ‘ penmitii fle,
tftomatithpddcafbarcstread do tootmuertode @uslse(ttmbughdatmb fesctor for
atotal tinme of 4 nutes, with occa hol ds
b s Blchen 6. eioally HgM REou; UHA0E ToRBoT ZAMOURE ¢ he
end of the 26 m xing period, the percent volatiles
are measured. Additional of 27 deioni zed wat er

is added until the mxtur% extrudabl e and the
percent 28 volatiles are again nmeasured. -29 1 The

wet m xture is extruded through 1.27 mllineters,
asynmmetric quadrilobe 2 EXampldrts, in a Bonnot

extruder. Th : i j : dried
ot 3101 ¢ ﬁéﬁ%(a#ﬁﬂ%f %%;,lfeﬁél%glst %@gﬁsﬁtl&ﬁ qst s

are then broken to give 4 extrudates with length to

gb?ﬁgt(%ta VAt b%l OS%IOQ} %lg‘nﬁrle‘f%?é#ﬂ?ﬁ% grfeo?l'te?‘?%@dg%_and

por rger I'sS retal
ﬁmofdim:aa(mcudamwm avhitahle d@nt iZeelyst mternatrbhhborf anymher

using the follo g erat ure program
SRS SOwce. It €eolits U denife.s q’leﬁrpgwdcerﬁ%ﬁfe mixed
(heAisl BlopoRtRin H25ed on the desired alkylated aromatic product.

As an example, zeolite Y catalyst powder is mixed with mordenite zeolite

- catalyst powder to obtain a final ratio of 85:15 in the final Zeolite Catalyst

Composition.

- Zeolite Catalyst Composition 1 is prepared by the following method:

Loss-on-ignition (LOI) is determined for samples of commercially available
zeolite Y (CBV 760® and CBV 600®) and mordenite zeolite (CBV S0A®)
available from Zeolyst International by heating the samples to 538°C for

1 hour. The LOI obtained provides the percent volatiles in the zeolite Y and
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9 1/2 hour and next cooled to 204C. A total weight of
the extrudates is 10 obtained. 11 Mercury Intrusion
Porosinetry is used to characterize the extrudates. A
peak 12 nacropore dianeter in angstrons and a

cumul ative pore volunme at dianeters 13 less than 300
angstrons i.s obtained fromthe Mercury Intrusio

m@%mtﬁem)fte patchgsdeinguset yhelLQlof @a@canmc'apsample of

L b
PG (PR EERATEp ARl Hhsd BPARIDOMIRG by
heam‘(g the mmpleerlo 568 € liorst heact Hext, basbdsmr\qheaeaultst dhtained
ol efin feed st

9% f th
Frareliol s B8 reohie (bt I Aot i HbGTaS RoRaRTs the
amduhbef ﬂuﬂhébb%e? ﬁsé\ﬁéigﬁ@d'o'ijt td Sbm 8094 %ié{ﬂé%et%ls)

Zeolite Catal yst Conposition, there is a nuch 9
2eplte cavtant of thf cmmeost&wnamauqﬁ 8b6e zaelitaroand |15 75 mqydenlte

h h | kyl ch h
Sl BBl BRSR uhen (he ceolite v catalyar 22
corrposi te is used alone in the alkylation reaction. 23
RS TRP=d ot abt 89950 ot G Ferfibs g Pand R Aed for

Jpﬁﬁiﬁ@f& | Bhes HinoRRBLEEbrEERRratS{ 700TRY iInftfic RicRERAIVES 25
known in the art. The al kyl benzene sulfonic acid

N
@ 4 weighh% (hasedomal @QF nigicoaaidy efitha de weight s thezeslitejand

BRI Bodb e BRaanled, THRSBABMPL L ?@%cﬁbﬁf'* gpidas

Weighesl dut andsdigsehaed padeibrizddswatehed above in
Exanple 1 using zeolite Y CBV 760(r) avail abl e from

Zeol yst International. 5 Exanple 3 6 Preparation of

The @518l ModRDLS Watebanal AT %GaItROSdid BeédbBnrd ebtdir a final
Zeolite Catal yst Conposite was prepared are described

caseatiaion ®f gppryima ln§0%gtqwr\@éaﬂ|@%i&@%culatedm/follows

r
Pdatilel R4AG Y e AORERREYRDIR, &Y Slifihn FRerd B
@imﬁamd I HitriQ acid solutlon is considered to be 100% volatiles. Thus, the
amount of deionized water that must be added is the difference between the
final concentration of volatiles of 50% minus the total volatiles in the three

powders.

Deionized water is added over a period of 5 minutes to the powders in the
mixer using a peristaltic pump. The mixer is then stopped so that the walls of
the mixer can be scraped down. Mixing is then resumed and the solution of
nitric acid in water is added over 5 minutes using the peristaltic pump. At the
end of acid addition, mixing is continued for a total time of 40 minutes, with
occasional holds to allow for scraping the sides of the mixer. Atthe end of the
mixing period, the percent volatiles are measured. Additional amounts of
deionized water is added until the mixture appears extrudable and the percent

volatiles are again measured.
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12 Zeolite Catal yst Conposition 2 is prepared by

m xing Zeolite Y Catal yst 13 Conposite and Mrdenite
Zeolite Catal yst Conposite prepared in Exanples 2 14
and 3. The Zeolite Y Catal yst Conposite and Mordenite
Zeolite Catal yst 15 Conposite are m xed in any

Broportl on based on the desired al kyl ated 16 aronatic.

heweitmixhgeds extcaded throggh [1i2emillicgtersyasynuaepisaadrilobe

e BAF e Bonddt SRLAER, rRgiGubhg AP RIPER drfea at

fat ot Yot 8 ROUROSTHd l@hg%yi:ﬂ&rﬁél &tiagds ldré tgenZekehdo give
Cat al yst Conposition 2 is charged to a pilot plant

exuddes vith lepgth Rediamelarsatio f ¢¢6. albagxirudates are sieved and
EX | 5. 21
@@%ﬁ,ﬁhgg@%r g%’ergar ;rﬂligﬁgtg?%a%ﬁ’a{ %enzzgcgnpo& tions

using zeolite Y catal yst conposite 23 Typically,

0 r ' r41al
SR e BT £RIE it DB B g
tﬁrﬂpenam:arpiogrmched chain olefins was 25 carried out
as described below. -31 1 A fixed bed reactor
constructed from15.54 mllinmeters Schedul e 160

Fhaigxtredateslaret Rt PiPBIES oV Vg ﬁ@uﬁshirﬁen&héw lad 6BBTC for
test. Pressure in the reactor was mal_nt ai ned by an

AFheiprand eexpsoRigs s C. Altotal Wﬂgéltpéém gxirudates is
?Bt%ﬁr?écf 4 were constructed so that adiabatic
enperature control could be maintained 5 during the
course of alkylation runs. A 192 gram bed of 850

' r I S
eB6 b 0hR rlodofi b TRe8 LU0 GEHERIAEA posk
preerdEat diametermeahgstms@rm cafnuaatmqioré e/olﬂm@taaum(aters
conposite 8 simlar to the zeolite Y cataly

Leéﬁﬁ'a@n BE0 mngstipry is ebtainag If"@n’zth@oWéCWém“@“é’h Rogegimetry
the fixed bed reactor. The reactor was gently
rated during 10 |l oading to give a nmaxi mum packed-

bul k density of catalyst in the reactor. 11 Finally,

18 P B o ) oAy o

gr ams
ihetakwltatlmm af aaandthlgydrod:ﬁrbbﬁsTﬁ‘é‘na zction effiient béthis reactor

Res preetrehaniiestpol Sisqberaae o st aRlodeedaieny. 18hen
Béwsehes 1488 @s e SiroMatic hydrocarbon and the alkylation reaction is
conducted using the Zeolite Catalyst Composition, there is a much higher
attachment of the alkyt chain to the aromatic ring at the 2-position along the
alkyl chain in the alkylated benzene than when the zeolite Y catalyst

composite is used alone in the alkylation reaction.

Excess benzene is removed by distillation, stripping or any other suitable
means and the alkylated benzene is sulfonated using sulfonation procedures
well known in the art. The alkyl benzene sulfonic acid is further carbonated

with an alkaline earth metal and carbon dioxide.
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16 20 liters per hour flow of nitrogen neasured at

anbi ent tenperature and 17 pressure and then cooled to
100C under nitrogen. Benzene was then 18 introduced.
into the catalytic bed in an up-flow manner at a fl ow
rate of 19 195 grans per hour. Tenperature (under

adi abatic tenperature control) was 20 increased to a
start-of -run tenperature EK,EBE£2(neasured just before
the 21 catal . ) = .ncreased
to 14.6 atno %P":ﬁﬂ) Aref H tgand
pressure had |lined out at desired start- of-run 24

ongi t.i 82C and 14.6 at

ARl E2aR CoPRgSl Wl St RiBR e Hes Bt 285169 ar
ERbAIpI¢ RlusthgPiedlite ¥ GBY TB0@ dvaidie A6 X&dlgst InBfnational.
alum na, was introduced in an up-flow nanner. As the
feed reached the 27 catalyst in the reactor, reaction
began to occur and inter ngka@t(@gyst bed 28

tenperat ur es |ncreased above e inl et tenperature
After. abdieps ] fordenite tZeslite Cataly/st ook

exot herm was 20C. At 26 hours on- stream the oI efin
30 conversion in the product was 99.1 % The run was

Momtm'w Zeolite CxislybbGomposite svassprepared a‘etdaasngbed mbove in
b} LB i G T W

shagapdion products contai ni ng excess benzene were 2

coll ected during the course of the run_ After
distillation to renove excess 3 aromatic hydrocarbon,

anal ysi s showed t hat greaEeémgQa,h 99% conversion of 4

0S
'

ol efin was achi eved during cour se of the run. 5 A
fixed bed reBugparatiern ot deglite(catalyst Compt :
milimeters Schedule 160 6 stai nI ess st eeI pi pe.

.Pressure in the reactor was nai ntai ned by an 7

deplite fratalyet Ganipogitiensiiiscprepbisesl byrmixing depbite ¥ibtalyst

OB S AP 2007 ol B B yframpos 2
SRYBS erf@Ze&.teM@betys@@dmaésute%mdrdmomé Ce@flyst

m croneter to mllinmters 10 aci d-washed Al undum vvas
Ganpegite gre ﬁ'éX%btf't amy pfopaiéon bageden the desitedialkylatad

BB gS00 A5 plndl B3P PO EoPHBLA e wi

| Merddrite. Zé'olit@ﬁalfalymdn'@pamso obtairhe final @itisssf a5eth iethe

Zeolite Catalyst Composition 2.

The resulting Zeolite Catalyst Composition 2 is charged to a pilot plant reactor
for the alkylation of aromatic hydrocarbons as described below in Example 5.

Example 5
Preparation of alkylbenzene compositions using zeolite Y catalyst composite

Typically, alkylation of aromatic hydrocatbons with normal alpha olefins,
partially-branched-chain isomerized olefins and branched-chain olefins was

carried out as described below:
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13 filled with 150 m croneters aci d-washed Al undum
interstitial packing. The 14 zeolite Y or the
nordenite zeolite al kylation catal yst was then
dehydrated for 15 at |east 8 hours at 200C under a
flow of nitrogen gas and then cooled to 16 anbi ent
t emper at ure under nltrogf n gas. Benzene was

teactarconstrucies TEam a4 millmeters %ﬁhqgiylef 18Qstainless
SR Pl WESSLA RGBS B8t PRBSAESS rbdon v
cainiaineahisy ahlmppmd»pr@e bpek ptessgrevaiseu Frme\/mcttﬂr ot heaters
at rmther es. erature o

i chnsiaiaiey Sodnel seiebein Eaparatuh GoRiralCould be malgained

'di]nﬁ%?hé é&@sﬁtdf%llgﬁ‘éhonzl%nbn@[ ‘P@f’@ %@rof%mrbﬁleter to
rature contr to about 160C to about 175

erﬂ:mehepfeﬂhmium padiclascyas packeatin the dwtiom Ofatheor@@ctOédlo

Biils, Bpre dieaf 2afss Ned om0 ¥ B kBirpesite

Eraithrid e/ EEolite qn@ét%tysﬂ@omboﬁt@b#éba@é@i IPERZRIPE: 2\Bve was
introduced in an 25 up-flow manner. The benzene to

sharded tadha fixedbed raasior.oThe reactehwas ggetly yibrates! diringh

IRl b BBl Bl B Torsy ol eyt T Pltror.

PasleNeoi0 spaues it thiet citalysich ek wersfilhaith 8 Sdegrams
collected during 30 the course of the run. After

dpetmicrometsss P\B"\dé'ﬁ%%ft'&!%e%%mt%ﬁtﬂ@wac&iﬁ'ﬂr ysis 31
showed that greater than 99% conversion of ol efin was
achi eved during the 32 course of the run. -33 1
EhemphetobwasRhep am’eﬂpseaiéd,adx@pmml emtest&ﬂ‘rpndelt nitmgen.

NeRldfe alkahon) satpiyel wa pahedaa< i R Blpien gt A0O'C under a

DEGIES gégﬂom Ab rﬁtﬂSbéN mea@%aféiaarﬁblehﬁfén?eme and

carril e ut as describ bel ow fixe
peessue and theroasoleddo éﬂO‘FG ondesnipgan! |IBeresewas then

R o oL B P LR
NOSEFANE perihvar. Thmpetfate (urdief aiRBdaEE SemPefature control) was

constructed .
increased to a start-of-run temperature of 182°C (measured just before the

~catalyst bed) and the pressure was increased to 14.6 atmospheres.

When temperature and pressure had lined out at desired start-of-run
conditions of 182°C and 14.6 atmospheres, a feed mixture, consisting of
benzene and Cop.24 NAO at a molar ratio of 10:1 and dried over activated
alumina, was introduced in an up-flow manner. As the feed reached the
catalyst in the reactor, reaction began to occur and internal catalyst bed
temperatures increased above the inlet temperature. After.about 8 hours
on-stream, the reactor exotherm was 20°C. At 26 hours on-stream, the olefin
conversion in the product was 99.1%. The run was stopped after 408 hours
on-stream, although the run could have continued. At this timé, the olefin

conversion was 99.45%.
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10 so that adiabatic tenperature control could be
mai nt ai ned during the course of 11 alkylation runs. A
bed of 170 granms of 850 microneter to 2 mllinmeters 12
Al undum particles was packed in the bottom of the
reactor to provide a 13 pre-heat zone. Next, 100 grams
of nordenite catal yst conposite simlar to 14 the
wilrvinded taromatia hydiocadrmpopiodacisr epdaiaing exgesshsngene were

b .ch d 15 h j . . .
Bpfited 00 Fhehtuss Yrife it AR dsfilisr ibiive pggss
SPormbtid hwdd ca UG afhlysfOsHowaSdotat GFcatét thamlanPpasohiversish of
interstitial packing. 17 The reactor was gently

vlefinavesiagiipved dreng thycewsaiof $1e BHY aundum to 18
AOREH A Al R Bl ctod B 1454 lheERE Sk 160

teftlegs skl pipk. Thessaliieyihahé osactet why shaintsneéd by dneat ed
to 200C under a 20 liters_per hour 22 flow of
APPFaRiake hael nrassurs valke: The reagior AR eatersdveiessicted

RO kO 30t 0801 TRE o giis b o
atkylatiosamunst Aostoaikdniound of 880 odtcrinyetec th2 dnillimet26 an

SR ah B s bt T ot R B -
gfeihbﬁf’ic?rﬂe? edek© 180 Yras o wHOH alkltfontiRIERE batalyst was

154C (nmeasured just before the’catal yst bed) and
thargedgophe §izad bedaeactorr Enady, 1aid 5paces it Wesgstalyskbed were

3 n_tenmperature, and sure had ..
filed iy TR nicFaREleth 4 BAind ARRE S MEmutaffadiiq ahe
abome pher e mardeifite ABokicaiRylation shedlystavay thedddehydrated for
benzene and C20 24 NAO at a nmolar ratio of 15:1 and

at leggt 8 heuraat 20 Ceunder fiaw o nitiegen eas aad daen Feolgd to
Hﬂl'bfi%rﬁ e %P&E{é‘fxn&%’foni%gﬁﬁgﬁgr BAYEne Afad hen iﬁtr&&?&d into
al'yst in e egan to

reached the ca reactor, .reaction
treccatabtid beditinramakp-fldéwanamhers tTdrapetatumpgistithemsal temperature

SORGR) SaTSTINER ore e PesRd BT SeRatTuP oRossC NarFaT
PR BoBrtuE PR e P o
appoxpoately 150 wasahpsen isedhakibeftempesatune irhtheesatalytic bed
%tcreased under adiabatic temperature control to about 160°C to about 175°C.
When temperature and pressure had lined out at desired start-of-run
conditions, the reactor system was switched to adiabatic temperature control.
A dried feed mixture, consisting of olefin and benzene, was introduced in an
up-flow manner. The benzene to olefin molar ratio was 10:1. As the reaction
began to occur, temperature increased in the catalyst bed above the inlet

temperature.

Alkylated benzene product containing excess benzene was collected during
the course of the run. After distillation to remove excess benzene, analysis
showed that greater than 99% conversion of olefin was achieved during the

course of the run.
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8 200 grans per hour during 18 hours. Follow ng the
benzene flush, the 9 benzene and olefin feed fl ow was
resunmed. Inlet tenperature was increased 10 to 162C
at 57 run hours. Feed was continued until 351 run
hours (Run 11 Period 2 from57 to 351 run hours).

A efin conversion was initially 98.9% 12 during Run
Period 2 but declined to B8amhple et 321 run hours and
further to 13 95.3% at 351 run hours. A second
benzene fl ush Rigparationnfaliylbenzene ¢ADOIIHORS r s
during 17 hours. After the second benzene flush, feed

flow was 15 resuned again to start Run Period 3. Feed
wasicabinalkylalipruat arons8is hydioambrps Mith rereral glpha olefins,

e R
thiried dEnredesdribedbal@s: done during 18 a weekend.
Feed fl ow was resuned after the third benzene flush to

begin 19 Run Period 4. At the beginning of Run Period
i i 0 .
JERHL RIS SO S8 B 53R hcRe Schbhse 160
staimlpssi stel piplet dPre84arehioths reactst waamaintaiced by anave

ti d | . 22 23 kyl at ed ti
iRt bRk Prssura valia, A RaCER A00d P Bonera ganatructed

34 158 A RSB A BHIPEtE BoRRYN &ul@bethgintaiRed ALHRE the course of
distillation to renove excess 25 aronmatic hydrocar bon,

atkxlajiongussolebed nhil7Q geame of BRamigmynelen i@ 2dndimeiers

Al PR RS R R T nsSufBR o e boitsi b i8itt a
?réchéaﬁm@. eNg, 100idramei dfIncrdehitdicstalyg cdimidsiteadinhr to
Yo of the al kyl ated benzene prepared using the 31
theomordeniteceatalygbeompasita prasiaged invEsampie3 abeye yascharged

Y . Vi
USRI PRSPy S0 AR 8 2B B wre e
fayth EBQQQ%WUT Imb tnliabmansomuagu fmzpa rtitciesxmlmst[tiﬁmaacléngt
r-wt In a tuoul ar reactor nmet er ng,
Sbareece Was ey V&Pr&fﬁéf whye Fhama RIS Arag e i3
BRSure’a higH saiiked s abAsiRNSAfter 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 into the catalytic bed in
an up-flow manner at a flow rate of 200 grams per houf. ‘Temperature (under
adiabatic temperature control) was increased to a start of run inlet
temperature of 154°C (measured just before the catalyst bed) and the

pressure was increased to 12.66 atmospheres.

When temperature and pressure had lined out at desired start-of-run
conditions of 154°C and 12.66 atmospheres, a feed mixture, consisting of
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6 Reactor tenperature was 60C, SO3 flow rate was 73
granms per hour, and 7 alkylate flow rate was 327
grans per hour at a SO3 to alkylate nolar ratio of 8
1.05. The S8 was generated by passing a m xture of
oxygen and sul fur 9 dioxide (S02) through a catalytic

fur nace contai ni ngkvanadl um oxi de (V205). 10 11 The
benrzans ‘ﬁ@d EeundVADIG ewlasiatie of 151 andidried myer asfivated

%@H'Rw ﬁ‘[t%c%ﬁ? ﬁ‘%‘ (])"&) '@g@%\/\as rtfggg?c&%g an\éﬁa‘:’l %g)hr'ohs the

fwldg’etacﬂ’e@fhd-%@ﬁyswﬁsth@ redctot deatfiorT began ileccur and internal
benzene sul foni.c acid (1665 rarrs) was dilute

| kyl
catelystbed famperatyasinacasaid abpys ik INlkiremperatyry After about
%h{%%?sdoh-%tr%aﬁwé lihd ?éaét?r"‘éxdiﬁ&]f'n Wq@sﬂ) ceantife ffrét@?eﬁoury

a stainléss steel nechanical agitator rotating
amstreas(he phafinacoh®ersionl daseasad from gae% tol @8. B%JtRfur( 2

t d t d 9 ab th
BhtiodThr B kBRIt ol ALY s LYes MG WHRCISGBR Stho
200 5R4HhS pak hbﬁﬁdurﬂ?ﬁh ﬁS%hPJ PEISViRG 366 BeHPEIRE AYEE YHE

(40°mllineters and the reactor was 21 heated to
hareng and elefinfe ﬂQWdNatﬁ tesvgRsad. mmtﬂemewutmwaagmreased

' | f
toofR R o o T2 it oot 3B o g€ R0
PoAcd 2iFfith 57-t3 38 @iRthdrs)T WDﬁeﬂﬁ&b%/Eﬁ:hom Watahﬁ;t:éuylgs 9%

al kyl benzene sulfonic 24 acid. 6 The fi nal

durinig Ben Aavieds2 bubdedingsita %b"/otat@mdlumdwmg and further to

8% 3055t S5T aREAGGD 0 SeloneT e Y LSt AAS pBitolmey at ps1qun
hﬁ&%w\mg 1. Hﬂurs tet t!ErxeBDd)r&i eﬂzéf’feefh@smtfeeu‘lﬂow was
al ké_@benzene sul f gnat es a5 liter four-n

rgeded-again & st Hag&rm?n ﬁ@%@ W?gj‘ %mmysemtib%o fun
r?o’l.ﬁﬁb'dléﬁﬂ céﬁx‘?eufsldnt\%’s m;ﬁélwagasé% t%%hﬁé&@%ga 3% at 519 run
mechani cal agitator rotati etvveen nd

hqurs andda97.006eat ﬁﬁﬁbmn(lﬁ)msl N tirt drenzensifltish dvasnddres furing
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.

Example 7
Preparation of alkylbenzene sulfonic acids

A mixture of 85 weight % of the alkylated benzene prepared using the
zeolite Y catalyst and 15 weight % of the alkylated benzene prepared using
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7 located just above the agitator blades for the
addition of CO2, a distillation 8 colum and
condenser under nitrogen gas was charged 129.4 grans
of 9 centrate. 10 11 The centrate was a m xture of
the sludge fractions previously produced during 12
the purification of high TBN carbonated, overbased

sondédisite zeclité tabtstas fry Ekxampes Bidndghbbove wad sulfonated by a

decant ati on and the reactjon .

GORGUTEN! SURAMLPLSHTF trr%fﬁ%ﬁﬂ SE o etlubitdrzedctor

@eme'ié'\'%q%n%hﬁc&ﬁﬁﬁé@’ ﬁsﬂ?@d%n‘ﬂ%&" )Gh a &(ﬁwﬂrﬁawafﬁgde using the
ont al ne pproxi mately 73 grams ‘of xyl ene-solvent, 12

llawingearidibionst6 cal ci um sul fonate, 9 grans cal ci um

hydr oxi de and cal ci um carbonate, 17 8 grans of carbon

di oxi de, and 23 grans of 100 Neutral diluent oil. 18
ﬂ@a&@*&emé@rﬂu:@ﬁaﬁiof@tﬂ;@ Abw A8 Wk VB l@lme(MéIGﬁ@UF and
sol vent gr ans 59 no

| e
alkyipte Bawaate was PaRicrams mar(hqswt aa%Oatp gls;ky&aée gralangatie of

OB AR Al R o35S AT AR ToEh ol

dvRidel(STH) rtmbagh &l catagtic figmaee zontaining vanadium okida3V20s).
160 grans (2.16 nole) of cal cium hydroxi de, 362 grans

of xylene solvent and 24 94.2 grans of nethanol was
P B lifnd SR SARNGE NG, SoRGiE BLBNCH M oliif3 propertios
K asetbomthejotalf weght dﬁhma:soddcte dveight teofr 480k avast H9.6ddh and

the a t ube er 39 mnutes while the 27
/;Pfjplégéﬂ actor i ncreased to about 32C. A

second slurry 28 conposed of 160 grans (2,16 nole) of
cal ci um hydroxi de, 384 grans xylene 29 solvent, and
'I[BQ cgldﬁmlkplbeneemmamforuaacid(e B6adqpams) washdlutedhwitbr8Bgrams

rent|y.,wth.O. r ang. of ver apout 1
T NeBRhL st B 2ol 8B AT U EnaBk Sl simactor fitted
\Wﬁ%t étéln‘lé/s%f stéé| rﬁbﬂhﬁrﬁéawdylﬂaﬁ)ﬁ rbﬁattf@f'@t%ftﬁiuﬂ B@OCrfJn‘t hﬁ
32 reactor was increased from about 30C to about 41

gondansgr endm gas @’vetiufee(%aylémett@rsswgeémm@ferblqcaéewt

%‘gac &%@&%&ejﬁéﬁ%f&%% ﬂﬁﬁod’ﬁ:%ohrb?'?nt{%ag%@oﬁ n'i &f the
r@atton wereq;!awtmdé‘éua@:uam(4crlnﬂ5rrietére)Hgn)farﬁCﬁ1evveactor was

added to .t he reactar

heated to 110°C with stirring and nltrogen was bubbled through the mixture at
about 30 liters per hour for about 30 minutes until the weight % of H,SO4 is
tess than about 0.3 weight %. This material is the final alkylbenzene sulfonic

acid.

The final alkylbenzene sulfonic acid had the following properties based on the
total weight of the product: weight % of HSO3 was 14.95 and weight % of
H.S0,4 was 0.17.
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4 approximately 60 m nutes while keeping the reactor

tenperature at 5 approximately 38C. 6 7 The water and
met hanol were then distilled fromthe reactor by first
heating 8 the reactor to 65C over about 40 m nutes at
at nospheric pressure and then 9 to 93C over about 60
m nutes at atnospheric pressure and then finally to

10 130C over about 30 m nkkamsplt 7at nospheric pressure.

The tenperatur& of él t&e ”r ggctor vvaﬁgth n decreased
to 110C over a AENORy Z 'Eqﬂ?eri c

pressure and next then cooled to approxi mtely 30C and
13 475.7 granms of 600 Neutral diluent oi|l was added to
Toa b ﬁtaartfwr-meﬂh gassi reacton aquipped withshasttingyansheooling

I T di in th . 3
ST Bl e B R R
Bémbéﬁ 3®@§nd I350Irbhﬁ@ dus ineattupg (2 axﬁu.trmemnn@iuetd@meter)
204C over approximately 45 mnutes at 30 mllineters

lagated st abovatie agstaétprnlyadﬁé fonthe @ddition ofd4ezzadisgtiption
R TEE Bt B! hitfoaehhd s CHbRiod PATA WRAHYTDY

eémteated to cool to roomtenperature to obtain the

over based sul fonate having 20 the foll ow ng
properties based 'on the total weight of the product:

;T;étla é:%%tréf}obgw Sule\B(tuﬁlef th@ fgld%)@%ﬁﬁlo%@ evibE5! Vﬁéd&@&i during

ur was t /oO cal cium
thel purifecationas h@;rgﬂBNamub«mstedsowrbmed synthefic satfonates by

100C i CLAING: 2 1. An alkyl at "
E%'Fﬂfqdﬁt'ﬂa 8&@%&%@% afd Wis B e PP e Eci BTl S s
8)4h ki EGmteRtLeUGE cepgias N"ThE@enttate had a TBN of

aIkyFatlon rea ion is conducted in the presence of an

19k pndtdoptaiged aprioximately 7 gramssd pylasessalventc 1 4 gsams active

ERERE SR GABER obdipdiop A ERe 2 AR R eR
{ FAB4-dIZarbch diesiRle! BAD 2 gre@muabf 100 Neatitl &lwﬂ@m
angstrons and the cumul ati ve pore vol une of the

catal yst at 9 pore dianmeters |ess than or equal to

RBRUY I GFHhERTRol, 207 grams of xylene solvent, 296.5 grams
(0.59 mole) of the alkylbenzene sulfonic acid (HSO3; was 14.95 weight %

based on the total weight of the reaction mixture) from Example 6 above was

charged to the reactor over 15 minutes at room temperature. A slurry of

160 grams (2.16 mole) of calcium hydroxide, 362 grams of xylene solvent and
94.2 grams of methanol was added to the reactor and the contents of the
reactor were cooled fo 25°C. Subsequently, 33 grams (0.79 mole) of CO;
was added to the reactor through the gas inlet tube over 39 minutes while the
temperature of the reactor increased to about 32°C. A second slurry
composed of 160 grams (2.16 mole) of calcium hydroxide, 384 grams xylene
solvent, and 131 grams of methanol was then added to the reactor
concurrently with 0.9 grams of CO; over about 1 minute. Then 92 grams of
CO; was added to the reactor over 64 minutes while the temperature of the
reactor was increased from about 30°C to about 41°C. A third slurry
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10 neasured by ASTM Test No. D 4284-03, is less than

or equal to 11 about 0.30 mlliliters per gram and
12 13 (b) an al kyl ated aromati c hydrocarbon

al kyl ati on product wherein the 14 alkylation reaction
I's conducted in the presence of an al kylation 15

catal yst having a macropore structure conprising

BOMPeeLs Bf gggrg@g:o{%?g@%h@ 908 (%éllnb(b? xyendl dei i Wi fen

ratro o about 1 and wherein the
peargeddortbe oeactdi conetuerently witte1 dagrampssef, COg overnsbeeld

ASTM T 4284- 03, i h
Téniabta NG5k Shrtsarote SR O iracbediotte Ferdfover
appfdximafelFed %uhﬁu‘es@bhl@k@e;ﬁhgm ﬁfa?ctd:ret&ﬁ]ﬁdﬂﬁﬂmr@ at
equal to about 21 500 angstrons, mneasured by ASTM Test

apprapima@ely 88°C.is | ess .22 than or equal to about
0.30 milliliters per gram 23 24 2. The al kyl ated
aromati c conposition of claim1l wherein the weight 25

PREGRItbr @hd Wighahdlyivereaticn distited drdmy tie crdtombyofirst Apating
in the mxture is in 26 the range of apout 40 percent

the masstar o $S5eravenabpat 48 rYRutasatadmaspheric prespus apd then
ﬁf o] erF%ﬂ&gg%g @?ﬁnﬂ‘ig\% aﬁﬁoﬁ;ﬂ%@%r@&&%ﬂeﬁﬁﬂh@h%ly o

mposItio er el er cent
wﬁot(h evat ayduttImamden st atrhtysbhm‘m:rmeasmb (B)e tennpefeture of

ﬁ{%tur IS I@'@H? 1 theq)h)anﬂ(gqoey%l t%%wﬁf ent to

BtrROB e Qﬁbtélﬂ‘ne)% thén i‘;ooféﬂeto%dﬁ%ﬁﬁ%@el?rmtérﬁ

conposition of claim3 wherein the weight 5 percent of
4755 Yagrlamsamfdiﬂ(hNeu’efai cd:luwpdmsbanlﬂeﬁ to(thp reactondollowed by

9% a5 < 2 Borrsabatiy TR SRimBaC i g heifi S ten removed
By @BREifGgRRIT OFhd k@Bne %olvent in the product was distilled by heating
the product to 204°C over approximately 45 minutes at 30 millimeters Hg
vacuum and holding the product at 204°C and 30 millimeters Hg vacuum for
10 minutes. The vacuum was replaced with nitrogen gas and the contents
allowed to cool to room temperature to obtain the overbased suifonate having

the following properties based on the total weight of the product:

The weight % of calcium was 16.2, TBN'was 429, weight % of sulfur was
1.70, weight % of caicium sulfonate was 0.94, and viscosity was 111 ¢St at
100°C.
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9 5. The al kylated aromatic conposition of any one of
the preceding clains 10 wherein the al kyl groups of
the al kyl ated aronmatic conposition are 11 derived from
al pha ol efins, isonerized ol efins, branched-chain
olefins, or 12 mxtures thereof. 13 14 6. The
1 al RYAMEd aromatic conposition of claim5 wherein the
al pha olefins 15 or the isonerized ol efins have from
about 6 carbon atons to about 16 40 carbon atons. 17
2 1817. Ahaliglidtet afremhatic conipositionrasirisimna ehixtiraiofn 6
wherein the al pha olefins 19 or the isonerized
ol efins have from about 20 carbon atons to about 20 40
3 car bon(eht oam all@latéd afomatie hpdrexhdlonchlRyISnEH pfoduct wherein the
conposition of claim5, claim6 or claim?7, 23 24 25
4 wher ei n t halkyatipe reactionds soarusted dn tharresepae abannliglation
carbon ato r : .
5 alkyl at ed GRENE! ?%‘q@gtﬁp%gf“t%?’gg@g? B cordBrising PaBite v, and
6 27 br anchedheruin theopedk nachspore fdiameeb ofitheBcatalygimeasured by

atons to a 28 50 carbon atons. 29 30 10. The
751 kot at o0 ASIMTES: Naws A2Baitsn ioess taamnposaiaitedhouhe

g 31 branch @@thsktf’glrﬁg R tﬁéﬁﬁ?ﬁJ#ﬁ%%&}o%ﬁ%f Hﬁgatalyst at

atons to about carbon a
9 al kyl at ed porerdisineters igsssthinar eguabloyatung 5600 arigsitnoensd,

10 5 omat 1o doRBswied BrABTEY reSiNans 43640, i€1e8 BAS Br equal to

11 about 0.30 milliliters per gram; and
12
13 (b) an alkylated aromatic hydrocarbon alkylation product wherein the
14 alkytation reaction is conducted in the presence of an alkylation
15 catalyst having a macropore structure comprising mordenite zeolite
16 having a silica to alumina molar ratio of about 50:1 to about 105:1
17 and wherein the peak macropore diameter of the catalyst,
18 measured by ASTM Test No. D 4284-03, is less than or equal to
19 about 900 angstroms and the cumulative pore volume of the

a éo catalyst at pore diameters less than or equal to about
21 500 angstroms, measured by ASTM Test No. D 4284-03, is less
22 than or equal to about 0.30 milliliters per gram.
23

24 2. The alkylated aromatic composition of claim 1 wherein the weight

25 percent of the alkylated aromatic hydrocarbon of (a) in the mixture is in
26 the range of about 40 percent to about 99 percent based on the total
27 alkylated aromatic composition.

28

29 3. The alkylated aromatic compaosition of claim 2 wherein the weight
30 percent of the alkylated aromatic hydrocarbon of (a) in the mixture is in
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4 branched-chain isomerized ol efins wherein the
ol efins have fromabout 6 5 carbon atons to about 40
carbon atons. 6 7 12. The al kylated aronatic
conposition of claim 11l wherein the partially 8
branched-chain i someri zed ol efi ns have from about 20
1 car bonthet rangetaf abouk b0 percemt ¢aabont 20 percent basdd on the fotal
The al k%%ii aron tlc cortPosHlon of any one of the
preced]a 5 -t (‘ZCQ/\'HBP‘E M he aromatic hydr ocar bon
sof the alkylated aromatic conposition 13 is toluene
or benzene. 14 15 14. The al kylation catal ysts of any

4 oné- of Thaa@liplated @repalic spmposiiienaf slaime3 wherela dhe wglght
S cont ai Betght Bffhe ARy BRARi BRI oF [4H bR mixture is in

6 cat al y#iesrapigeafaiboul 20 it fo bbeulbBMgercentbased on the total
zeolite Y in 20 step (a) and the binder in the

7 mor denpiky¥lajecb praraati Camegsitioy. i s al unina. 21 22 16.

g The al kylation catalysts of any one of the preceding
clains wherein the 23 zeolite Y in step (a) and the

9 m)ﬁdenThe aﬂqdzht’ed aromatic eprr(nb)sﬁlan@fiamytdrfe dfchenpréeedinfig alaims

tab et 17. A roc arin
0 byt ivbarein i Ak Gispedr the fikvistes) Bt Sompogtion pre
11 cont aCHéNécﬁfrohfﬁ?ﬁa ONSind' %%ér{ieﬁ%fﬁ%ab%?{bh‘@'dt&ha% olefins, or
0 a R

| east one In under ation con ons
12 t he prmbdurss thereofzeol ite 30 catal yst having a
|3 macropore structure conprising zeolite Y, and 31
wherei n the peak nacropore dianeter of the catal yst,

14 Tegs EL zﬁe% ééggdt%m»fbire%bwm@mu@n%‘%u% wherdif $te hipha olefins
15 or the isomerized olefins have from about 6 carbon atoms to about
16 40 carbon atoms.
17
18 7. The alkylated aromatic composition of claim 6 wherein the alpha olefins
19 or the isomerized olefins have from about 20 carbon atoms to about
20 40 carbon atoms.
21
22 8. The alkylated aromatic composition of claim &, claim 6 or claim 7,

23 wherein the branched-chain olefins have from about 6 carbon atoms to
24 about 70 carbon atoms.
25

26 9. The alkylated aromatic composition of claim 8 wherein the

27 branched-chain olefins have from about 8 carbon atoms to about
28 50 carbon atoms.
29

30 10. The alkylated aromatic composition of claim 9 wherein the
31 branched-chain olefins have from about 12 carbon atoms fo about

32 18 carbon atoms.-
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1 2000 angstrons and the cunul ative pore vol une of the
catalyst at 2 pore dianeters less than or equal to
about 500 angstroms, 3 neasured by ASTM Test No. D
4284-03, is less than or equal to 4 about 0.30
mlliliters per gramto forma first alkyl ated

aromati ¢ 5 hydrocarbon product; 6 7 (b) contacting at

I t iL.c. hyd bon with at |egst .one .8 .
of B rf R ARV AP pfort e SEBRaRo ok AR aneiStiiaiiErLto g wherein
a zeol theallRyl gro @y 6f thBakyIGted droaTabRVoensdsitioHt ateSartially-
conprising nordenite zeolite 10 having a silica to

al um nerapshegd-chain lgomeﬂa%Qiefm:whqr@wa%@mlefﬂ%hq\{e from about 6

and j ' ter of the
cat al y& rsbﬁfﬁﬁeﬁggﬁgégﬁﬁ@g%ﬁéém D 4284-03, is
| ess than or equal to 13 about 900 angstrons and the

cumul ati ve pore volunme of the 14 catal yst at pore .
di ?bﬂ% alkylased Arpmatic eRmresitign gh slaim1kl wherein the partially-

angst r 4 {:ﬂé@-@ﬁﬂfﬂqgoﬂéri?gg %e?ﬁ%t%grﬁnﬁ%i%ﬁt 98 caton atoms to

| ess an or equa out Iters per
gr am tabdud4d carbes atms.17 al kyl at ed aromati c

hydr ocar bon product; and 18 19 (c) conbining the
first alkylated aromatic hydrocarbon product and the

204 I§ecﬂﬁ@a&bﬁé@bﬁﬁné‘ﬁ@£@hngﬁsihﬁﬁ b‘?nggg iR diRe ggéczerg%g claims

formthe 21 al kylated aromatic co ition;

wher eiwhsredpthe(anpmatid Hyidrocarhoh of thn dikytadet! aroraatjc composition
or der ., %IA' 25 18. The process of claim 17 wherein step

(b) flJl?’l1 8?”%8&%?[%%%91 he 26 reactivation of the
deactivated zeolite catalyst with an aromatic 27
hydrocarbon flush. 28 29 19. The ﬁrocess.of claimi18

f ub4-hethe aliglationsgtalysts of any wae: ofdhaipkgsedtiegiclagos wherein the

ar omtieébligegﬁﬁ %’téd &ﬂ a'h(a thgrn%l%%nﬂg l%’lol’j?tteelf‘i s"flépo(gitcio%tain a

sul f oni
binder.

15. The alkylation catalysts of claim 14 wherein the binder in the zeolite Y in

step (a) and the binder in the mordenite zeolite in step (b) is alumina.

16. The alkylation catalysts of any one of the preceding claims wherein the
zeolite Y in step (a) and the mordenite zeolite in step (b) are in the form

of a tablet.
17. A process for preparing an alkylated aromatic composition comprising:

(a) contacting at least one aromatic hydrocarbon with at least one
olefin under alkylation conditions in the presence of a zeolite
catalyst having a macropore structure comprising zeolite Y, and
wherein the peak macropore diameter of the catalyst, measured by'
ASTM Test No. D 4284-03, is less than or equal to about
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31 -42 1 20. The process of claim19 further

conprising reacting the al kylated 2 aromatic sul fonic

acid wwth an al kaline earth nmetal and carbon di oxi de

to 3 produce a carbonated, overbased al kyl at ed

aromatic sulfonate. 4 5 21. The process of claim18

wher ei n t h409Q asgstromy laaddbie suondative porenvelisme of thescatalyst at

product in e,.al kyl ated aromatic 0Si,t is.ln

Phe range By iBnpter 185 BEBdT St BERRR LA aidhtigins,
based on tkeaboied bypABTVATES 86 ODRIZ84-03 i€ RIEARhA ioPRqual fo
9 22. The process of claim21 wherein the first

al kyl at ed aP@#d:3@ militkess pebg@m iofosior fitat alkylatad aromatic
al kyl at ed @&H@éﬂbﬁpﬁ:ﬁ%ﬁ@“i on is in the range of
0 a

about 11 50’ percen but 90 percent based on the
total al kylated aromatic 12 conposition. 13 14 23.
The prggess of claim?22 wherein the first al kyl ated

aronat h%?té‘étwea?t@"ﬂﬁ Brfeati 'Pb’qrﬁﬁarﬁ’PRWi ghleast one
. bl e _ 70 .
per cent t coaRp apdg A BtbR oREIEARHT Y pRRstibe bFaolte
al kyl at ed catalyat havingd a meoppere stractutdcorh@rigihyg Mbedenite zeolite

rocess of, any one, of clains 18 to 23, erein.the
Ol e i n i n B4 Blicats alfnia aQaripte o PHAUERHAdA Bbgut 105:1,
an al pha olgf Wﬂe{é}ﬁthéﬁgﬁk'nﬁdﬁo%t%fdiﬁme?er?& the2 Zc;altzalyszt5

br anched-chai n ol efi n, m xt ures thereof.

The pr ocesweasureddivni 3T MfhesteNo. DHR84+(Hhds tdssfthan or equal to

i soneri zed_,ol ef | 24 has fr about carbon atons. 1o

about | 40 caruB oD asiaE o5 bR e A iete foge Yo pL

25 wher ei ncété?sﬁét%tﬁ“e‘ﬂi%b[br@ﬂeéssmﬁﬁrdr%%@apicﬁébdht 27

has from about 20 carbon atons to about 40 carbon

at ons. 28 500 angstroms, measured by ASTM Test No. D 4284-03, is less
than or equal to about 0.30 milliliters per gram to form a second

alkylated aromatic hydrocarbon product; and
(c) combining the first alkylated aromatic hydrocarbon product and the
second alkylated aromatic hydrocarbon product to form the
alkylated aromatic composition;
wherein steps (a) and (b) can be conducted in any order.
18. The process of claim 17 wherein step (b) further comprises the
reactivation of the deactivated zeolite catalyst with an aromatic

hydrocarbon flush.

19. The process of claim 18 further comprising sulfonating the alkylated

aromatic composition to form an alkylated aromatic sulfonic acid.
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29 27. The process of claim24 wherein the
branched-chain olefin has from 30 about 6 carbon
atons to about 70 carbon atoms. 31 -43 1 28. The
process of claim 27 wherein the branched-chain ol efin
has from 2 about 8 carbon atons to about 50 carbon
atdivs. Ti®e pwcess ofnbirpr‘k&:felstheofzompdsimgzeamim theralkyleted
branched- chai n efin h 0 5 a 2 ca

ot ons TETEE BB ecA AR A Alfbine 85 inetd 44 BBon dioxide to
of anypreaeceh c%ir@d)ﬁ@ceé%\ﬁé?ba&d alkgra@édlardiﬁami Slilidhaité).
step (a) 8 or step (b) i s independently a

partlally branched-chain i sonerized olefin, 9 and

O T NS5 Bl PR 3 R0 B Bygppceron

30 whesredocttingh@alityiaied vrdmatic beshpesidibn is &ﬂwnahgé of BBout
ol efin has from about 20 carbon atons to abou

car borﬁOaP%rﬁ@n’f tpzabauf Ihpererat hagrdern the t%ﬁi;ﬂlﬁﬂ%tesfaromahc
cl ai s, , Wherein the aromatic 15 hydrocarbon

in ste6}§p§ and step (b) is independently toluene or

16 benzene. 17 18 33. The process of any one of

el s Pl S of PR LB RS BkeBR g titic hugrcarbon
t han q:rrodactah the ali§led arorfBfic a0MPLEBIOR is m ﬁhﬁ’eﬁgé@)’ about
and gq are |less than or equal to about

millil %?ré:eﬁtﬂo @p%gozgercggt @ﬁemﬂlﬂ'@é@ﬂkﬂﬂe@l apmatic
33 whgy, ‘5}% t]htﬂ.'currul ative pore volunme of the 24
zeollte catal ysts at pore dianeters |ess than or equal
to about 25 300 angstrorrs in steps (a) and (b) are

l e than or 0 .about ter er
e procesg l?‘)? atim 2% wHerein ﬁle first almy,ated !aromgticp hydrocarbon

gr
product in the alkylated aromatic composition is in the range of about
70 percent to about 80 percent based on the total alkylated aromatic

composition.
24. The process of any one of claims 18 to 23, wherein the olefin in step (a)
_and step (b) is independently an alpha olefin, an isomerized olefin, a

branched-chain olefin, or mixtures thereof.

25. The process of claim 24 wherein the alpha olefin or isomerized olefin

has from about 6 carbon atoms to about 40 carbon atoms.

26. The process of claim 25 wherein the alpha olefin or isomerized olefin

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

27. The process of claim 24 wherein the branched-chain olefin has from

about 6 carbon atoms to about 70 carbon atoms.
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27 28 35. The process of claim 34 wherein the

cunul ative pore volune of the 29 zeolite catal ysts at
pore diameters | ess than or equal to about 30 300
angstrons in steps (a) and (b) are less than or equal

to about 31 0.20 mlliliters per gram -44 1 2 36..

1 Th@8pr Ebesn:ocﬁssmfajlaiﬁsg? wherain the bmrmlm:dl-dtaiw elefiorras from
vol ume t ollte at ore dianeters
2\ ass AR SarPn e B aip S SomyaBRs | n ot eps
3(a) and (b) are in the range of about 5 0.05
milliliters per gramto about 0.18 mlliliters per

4 grgth Thepromess gficdaies2s wherginitihe Beanahedethain nlefin has from

5 pore arbiilh B S ARaib sbOG1d AR AG0R s 00 -
5angstrorrs in steps (a) and (b) are in the range of

bout _9 0.08 mlliliters per gramto about
7 m BYj | Themsogrss cg‘raémonmof claimgg18 thad3pwheksin thﬁ olaﬁsv in step (a)

g one of o%@?%bﬂsﬁn&? Wpﬁar Sér'ﬁapy( Pﬁér&% ?%l]éugfsoﬂ‘g&!%ﬁd olefin,

12 macropore diane e zeo
9t he r aage wiferaihdhe oVeﬂIBl has3frevngsiout marboahMS 1880bout 40
angstro 14 15 39. The process of claim 38 wherein
10§ n stef? ni’é’ﬁ%ﬂ'é‘speak macr opore 16 di aneter of the
zeolite catalyst is in the range of about 750
angstronms to 17 about 1600 angstrons. 18 19 40. The .
11 pr dtesEhepresasshf ppighdl wharein the pprtdy-braachsashehain isomerized

2 TP ARy 95 By 96H14 6 SRR r o

13 angstronms. 22 23 41. The process of any one of clains
t he peak 24 cropore

14 51 Bt TR 5105658 Qhadama & Sl TStE 31 awharein B aropric

15 T ange Bidrocarbon in step (a) and step (b) is independently toluene or

16 benzene.

17

18 33. The process of any one of claims 18 to 32, wherein the cumulative pore

19 volume of the zeolite catalysts at pore diameters less than or equal to
20 ~ about 400 angstroms in steps (a) and (b) are less than or equal to about
21 0.30 milliliters per gram.

22
23 34. The process of claim 33 wherein the cumulative pore volume of the

24 zeolite catalysts at pore diameters less than or equal to about

25 300 angstroms in steps (a) and (b) are less than or equal to about
26 0.25 milliliters per gram.

27

28 35. The process of claim 34 wherein the cumulative pore volume of the

29 zeolite catalysts at pore diameters less than or equal to about
30 300 angstroms in steps (a) and (b) are less than or equal to about
31 0.20 milliliters per gram.
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25 about 400 angstrons to about 800 angstronms. 26 27
42. The process of claim4l wherein in step (b) the
peak macropore 28 dianeter of the nordenite zeolite
catalyst is in the range of about 29 400 angstrons to
about 700 angstrons. 30 -45 1 43. The process of claim
142 wherein in step (b) the peak macropore 2 dianeter
of hhe rdenite oI| § ?Fta %ﬁ |s in. the ranﬁF offth
ab3 4&*56 £ YNEE30ENB EHM VP RGfE YORME Of the
3 44 Th Qe@lité%@ﬁaﬂyéié aﬂaareomgméftex%lléwﬁma%rtéhu%to Hh&Gtei n
in step éa) the zeolite 6 Y catalyst has a silica to
4 al uni n400 &ngstremsdn stapsga) and (bhbaetintbe rangerof ol

5 zeol |1 005 Rufthosafbrildt 8ol P ARl R o

about 30:1 to about 90:1. 10 11 46. The process of
m mherein |n St the zeolite Y catalyst
o hada TR WFTRSD\dRil) Hhphitoi e SiRulaifia okg VYRR of the
7 about B38olike chtalfsts aﬂ'béreodlgﬁrﬁﬁérs%s@men%‘rﬁacﬁfal fd abow 18
to 46, wherein 1n step (b) the 14 nordenite zeolite
8 cat al y300gagstoris|in stepsdahpogi(hharednitbe sAngehei AbBE: 1

* wher oi AR ey ol Geapan 0 BRFREe Bat o ol

1ohas a silicato alumna ratio of about 60:1 to about
19 20 49. The zeolite catal ysts of any one of
11 cI §f3msTm9 precess of\anyaner¢laimeet tq 37 wherein ip depfa) he peak

2 579 L PBSASE Pl b L3 SRS Bl e of o 00

13 wher ei angi$teorhs ltmlabomtmadmean@idmse Yin

14

15 39. The process of claim 38 wherein in step (a) the peak macropore

16 diameter of the zeolite catalyst is in the range of about 750 angstroms to
17 about 1600 angstroms.

18
19 40. The process of claim 39 wherein in step (a) the peak macropore

20 diameter of the zeolite catalyst is in the range of about 800 angstroms to
21 about 1400 angstroms.
22

23 41. The process of any one of claims 18 to 37, wherein in step (b) the peak

24 macropore diameter of the mordenite zeolite catalyst is in the range of
25 about 400 angstroms to about 800 angstroms.

26

27  42. The process of claim 41 wherein in step (b) the peak macropore

28 diameter of the mordenite zeolite catalyst is in the range of about

29 400 angstroms to about 700 angstroms.

30
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24 step (a) and the binder in the nordenite zeolite in
step (b) is alumna. 25 26 51. The zeolite catal ysts
of any one of clains 18 to 50, wherein the zeolite Y
27 in step (a) and the nordenite zeolite in step (b)
are in the formof a 28 tablet. 29 30 52. A process

f of3.pr €paproapsanof aldiyl 42 wiiemainimsiep (bpthEopéak oacropore
conpri i n 3 ontacti at .l east. gne.aronmatic

Py ocdiPe et i olenld ZBieGRislya I i tiyrangpl about
pr esengso ahgsraifst bBoGeEE ¥AGstheMsNg a macropore
structure 2 conprising zeolite Y and nordenite
zeolite, wherein the nordenite 3 zeolite has a silica

4R TR B R A5 e oo
cat al y¥tcatdlpstHases siliga t& ahindivk Tatd oNabolR 51284 aB8ut 160:1.

| ess than or equal to about 6 2000 angstrons and the
cumul ati ve pore volunme of the catal yst at pore

.
reaZyr E6 ploERRat Rl e S ke o 8885 HE-A8E Y MAvgt has 2
equal silicatwoatuniind Gatio bf abbaute30s1 tPalpsut 99:dm 10 53.

The process of claimb52 wherein the cunul ative pore
volunme of the 11 zeolite catalyst at pore dianeters

legs t (i 2.4 ]
i of PRSI ol A Ahlpre i e e Bite I it has o
14 54. siliteetopalondss ratfo of abhout BB: Weealsout 8the. cunul ati ve

pore volune zeolite 15 catal yst at pore dianeters |ess
than or equal to about 300 angstrons is 16 |ess than
or4zquthe poceise wf a0y 2mendf diaibid 8 & H&rwigsrem inlstep 1B) the

55. The procgess of claim E4 wherein the cunu] ative _
por e VEPIRRNItEZSAlitecatglyshhas psiilich tolvming tatlerfaboupgq:1 to
t han Oé?&ﬂq@la/;_o about 300 angstrons is 20 less than

or equal to about 0.20 milliliters per gram 21

48. The process of claim 47 wherein in step (b} the mordenite zeolite
catalyst has a silica to alumina ratio of about 60:1 to about 80:1.

49. The zeolite catalysts of any one of claims 18 to 48, wherein the zeolite Y

in step (a) and the mordenite zeolite in step (b) contain a binder.

50. The zeolite catalysts of claim 49 wherein the binder in the zeolite Y in

step (a) and the binder in the mordenite zeolite in step (b) is alumina.
51. The zeolite catalysts of any one of claims 18 to 50, wherein the zeolite Y
in step (a) and the mordenite zeolite in step (b) are in the form of a

tablet.

52. A process for preparing an alkylated aromatic composition comprising

contacting at least one aromatic hydrocarbon with at least one olefin in
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22 56. The process of claim55 wherein the cunul ative
pore volune of the 23 zeolite catalyst at pore
di aneters |l ess than or equal to about 24 400 angstrons
is in the range of about 0.05 mlliliters per gramto
about 25 0.18 mlliliters per gram 26 27 57. The
1 pr ocesthediresencavbs zanieaatalysidaving b aacropps struaiigre

of the . I taly t..paore.diapeters. less .
2 Chan ot 86820 Hsoh el ZeBis, SeLhing fioenite
3 range gdoliedhas alifith 16 Allivind Alotaratio @f aBbLP5@AAYtabodP105:1,
0.16 mlliliters per gram 31 -47 1 58. The {)rocess of
4 any ondhéwhereinike pgak snapropoecdiametenty the sriatysir measered by
2 dia t it I 1S Al e ge of
" bout A00VLLeRi NG, B 9204 0. I e P shla SHdthI” ¢
6 59. Th20G0 angstrorn$ muarmcﬁmtmmlequetMmea# th;]mcat@lwt at pore
di aneter of the zeolite catalyst e is in the range
7 of abo ﬁm?é%fsgﬁ@%ﬁlaéh%f sapial o abost aHbangstEyNE ongasyeddy
60. Th fy Cloaign el o
S G amet oy o e 018 Y22 & ReRiaf ok BGuRRR QUG CERPiiters
9 of abopgr g@M.angstrons to about 11 1100 angstronms. 12
13 61. The process of claim®60 wherein the peak
macropore di anmeter of the 14 zeolite catalyst is in
10 t h83.r ahye prdceab @iiiclaliv(s 2nhisteintite tomalxive pldre 90lime of the
angstrom?it 16,17 62. The process of any one of clains

1 527t o #ePlitq patabish af Reredigmatersyesniian onedu! o ahovh

2 Ther 10T BAGHGrRS 191cR theip B oGud R iat Ao i gram.
13 ratio of about 50:1 to

14 54. The process of claim 53 wherein the cumulative pore volume zeolite

15 catalyst at pore diameters less than or equal to about 300 angstroms is
16 less than or equal to about 0.25 milliliters per gram.

17

18 55. The process of claim 54 wherein the cumulative pore volume zeolite

19 catalyst at pore diameters less than or equal io about 300 angstroms is
20 less than or equal to about 0.20 milliliters per gram.

21
22 56. The process of claim 55 wherein the cumulative pore volume of the

23 zeolite catalyst at pore diameters less than or equal to about

24 400 angstroms is in the range of about 0.05 milliliters per gram to about
25 0.18 milliliters per gram.

26

27 67. The process of claim 56 wherein the cumulative pore volume of the

28 zeolite catalyst at pore diameters less than or equal to about

29 300 angstroms is in the range of about 0.08 milliliters per gram to about
30 0.16 milliliters per gram. '

31
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20 about 105:1. 21 22 63. The process of claim62
wherein the zeolite Y has a silica to alumna 23
nolar ratio of about 30:1 to about 90:1. 24 25 64.
The process of claim®63 wherein the zeolite Y and the
nordenite zeolite 26 independently have a silica to
1 al 881 ndheprecessatfiamyafneadfaldints052 td 57 abbertein the &Qa]dmacropore

28 29 65. .The zeolite catalyst of any one of cl
255 1o SRMGIARILAR ZoRlite,cplBUS Indhe i ey%ftalz%ﬁﬁgpr%wétroms to

3 bi nderapRk 1580 HRystrbfs.zeolite catal yst of claim65
wherein the binder is alunmina. -48 1 2 67. The

4 zeolite catal yst of any one of clainms 52 to 66,

ei the zeol .t a ISI the for
ot Tné Bradeiy or ajmcrd RbBHtR the Besk piasoepdiegiisimelin g the
6 a ”Hcr%tﬂi'c@ chtallyst bUs tn ﬂ@‘@nbé'd?%bouﬁ 560 (aﬁbsﬁ"Sﬁis' tbabéut
and 8 9 (b) nordenite zeolite having a silica to
7 al um nk30HRBgstremso of about 10 50:1 to about 105:1;
11 12 wherein the peak macropore dianeter of the
catal yst conposition, 13 neasured by ASTM Test No. D
9 4283%- OBhe Ipﬁodetsgé‘oftdﬁll‘m shankreid tﬁ@@@al@ﬁmbm diahetdiof the
cunul ative pore volune of the catalyst at pore 15
10 di anet 28dite eatalyshimindpesange of @b@'!fd%/ﬂﬂ aogstenips o sheut

measur M Test No. D 4284-03, is |less than
or equﬁjo(? é%&ﬁgo 30 miIliliters

12
13 61. The process of claim 60 wherein the peak macropore diameter of the

14 zeolite catalyst is in the range of about 750 angstroms to about
15 900 angstroms.
16

17 62. The process of any one of claims 52 to 61, wherein the zeolite Y has a

18 silica to alumina molar ratio of about 5:1 to about 100:1 and the
19 mordenite zeolite has a silica to alumina molar ratio of about 50:1 to
20 about 105:1.

21
22 83. The process of claim 62 wherein the zeolite Y has a silica to alumina
23 molar ratio of about 30:1 to about 90:1.

24

25  64. The process of claim 63 wherein the zeolite Y and the mordenite zeolite

26 independently have a silica to alumina molar ratio of about 60:1 fo about
27 80:1.
28

29 65. The zeolite catalyst of any one of claims 52 to 64, wherein the zeolite
30 catalyst contains a binder.

31

32 66. The zeolite catalyst of claim 65 wherein the binder is alumina.
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17 per gram 18 19 69. The zeolite catal yst
conposition of claim@®68 wherein the cunul ative pore
20 volune at pore dianeters |less than or equal to
about 400 angstrons is 21 |less than or equal to about
0.30 mlliliters per gram 22 23 70. The zeolite
catal yst conposition of claim=®69 wherein the

OB 5185l i ol QB B A8 oot

t o abophtaRAPisARRE FQHFof & taties than or equal to about
26 0.25 mlliliters per gram 27 28 71. The zeolite

catal yst conposition of claim70 wherein the

cu Iahi e pore 2@ Vol unf o& the zeolite catalyst L
coﬁ%‘om RIS TBPECANRIRIQE Savinga fRgroRGre SYyChig gemprising:
to about 300 angstrons is |less than or equal to about

31 0.20 mlliliters per gram 32 -49 1 72. The

zeol i t@)cazelijell; @6fposi ti on of claim 71 wherein the

cumul ative pore 2 volune of the zeolite catal yst
conposition at pore dianeters less than or 3 equal to

about @0 mogsdritEedlite havinga sl Silnfle Hol4r @%o of about
mlliliters per 4 gramto about 0.18 mlliliters per
u

gram 5 6293 toghoubddbilie catal yst conposition of
claim 72 wherein the cunul ative pore 7 volunme of the
zeolite catal yst conposition at pore dianeters |ess

t han owheiethapedlonmernpord @larastys tof thes catalyish coimposition,

range of about, O i lliliters per. 9 gramto, about
0.16 nﬁ'\eﬁﬁP'iqdeh’SéAgiL%%ano-l 4234-03 is Hhs than pbput

cataly .y (=Y
wher ef 200G STBRE A the R o B1 e CF i ot at pore
cat al ydiansdensdess tham orsequal tdhabodtz50Gaggstofimsmeasyed by

angstr s, f ?e&%‘it D ]Efigg-(f’:p % }ers%qﬁén or equal to about 0.30 milliliters

per gram.

69. The zeolite catalyst composition of claim 68 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.

70. The zeolite catalyst composition of claim 69 wherein the cumulative pore
volume of the zeolite catalyst composition at pore diameters less than or
equal to about 300 angstroms is less than or equal to about

0.25 milliliters per gram.

71. The zeolite catalyst composition of claim 70 wherein the cumulative pore
volume of the zeolite catalyst composition at pore diameters less than or
equal to about 300 angstroms is less than or equal to about

0.20 millititers per gram.

-49-



14 15 75. The zeolite catal yst conposition of claim

74 wherein the peak 16 macropore di aneter of the

zeolite catal yst conposition is in the range of 17

about 500 angstrons to about 1300 angstrons. 18 i9

76. The zeolite catal yst conposition of claim75

1 whéBei hhe zeolitealatdl gstromonmysition o claim &1 wifereinehe enimulative pore
catal yst co [ is,in the ran 21, about

angst F Yo n&gﬁé%gfﬁfﬁt%@ﬁ%ﬂ%&g@g{ pRyegi an@kjﬁé's(?ess than or
3 zeol i t gggatialapdiit Mﬁﬁéﬁérﬁ@ i l‘ﬁle%g?e? B %Sut% 05tn'?iﬂlhters per

peak 24 macropore di aneter of the zeolite catal yst
4 conposygtena to akoutrD.1 & enillilitege pef gra?d. about 750 angstrons
5to about 900 angstronms. 26 27 78. The zeolite

catal yst conposition of any one of clainms 68 to 77,

6 Whegei The %goﬁtb%am%tl dofnpoditibr 8) clams 78 vﬁiéréifhathb‘bumulatlve pore
alum na nolar ratio of about 5:1 to 29 about 100

730 31 Ygumpe thegeplite cedalushenmpesiiisat poe djam@lt%mrle%than or
5 2l um nodwdig BBt 300 dpbiirorls s ifthtands 3t pbGk 4 e rafiners per

92 80. girsen teabodted. ¢tahdlliittrs pengrsntion of claim79
wherein the zeolite Yin (a) 3 has a silicato
10 gl umina nolar ratio of about 60:1 to about 80:1. 4 5
8174 Th I f :
i T4 ns?%%%@bhtfgg:a%\;\%ﬁ c%?n’irpcfsgﬁfﬁﬁéf émﬂgréé;lf) @Q?Zf'régﬁgttg 73, wherein
12 (b) hathegpeak maaroporatiameter obiherzeddita catafyshbomposifion is in the
50:1 to abot 10 8 9 82. te catal yst
13 conpostdsiP aboefaﬁ}%ggsmﬁép ﬁ‘bPHE?% G
14 zeolite in (b) has a silica to alumna nolar ratio of

about 60:1 to about
15 75. The zeolite catalyst composition of claim 74 wherein the peak

16 macropore diameter of the zeolite catalyst composition is in the range of
17 about 500 angstroms to about 1300 angstroms.
18

19 76. The zeolite catalyst composition of claim 75 wherein the peak

20 macropore diameter of the zeoclite catalyst composition is in the range of
21 about 600 angstroms to about 1100 angstroms.
22

23 77. The zeolite catalyst composition of ctaim 76 wherein the peak

24 macropore diameter of the zeolite catalyst composition is in the range of
25 about 750 angstroms to about 900 angstroms.
26

27  78. The zeolite catalyst composition of any one of claims 68 to 77, wherein

28 the zeolite Y in (@) has a silica to alumina molar ratio of about 5:1 to
29 about 100:1.
30

31  79. The zeolite catalyst composition of claim 78 wherein the zeolite Y in (a)

32 has a silica to alumina molar ratio of about 30:1 to about 90:1.
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11 80:1. 12 13 83. The zeolite catal yst conposition

of any one of clains 68 to 82, wherein 14 the zeolite
catal yst conposition contains a binder. 15 16 84. The
zeolite catal yst conposition of claim83 wherein the

binder is 17 alumna. 18 19 85. The zeolite catal yst
conposition of any one of clains 68 to 84, wherein 20

theozeol i Le fat al el Somposid o Ls, 18 heeh D208 v in o

has a silica to alumina molar ratio of about 60:1 to about 80:1.

81. The zeolite catalyst composition of any one of claims 68 to 80, wherein
the mordenite zeolite in (b) has a silica to alumina molar ratio of about
50:1 to about 105:1.

82. The zeolite catalyst composition of claim 81 wherein the mordenite
zeolite in (b) has a silica to alumina molar ratio of about 60:1 to about

80:1.

83. The zeolite catalyst composition of any one of claims 68 to 82, wherein

the zeolite catalyst composition contains a binder.

84. The zeolite catalyst composition of claim 83 wherein the binder is

alumina.

85. The zeolite catalyst composition of any one of claims 68 to 84, wherein
the zeolite catalyst composition is in the form of a tablet.
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