1 . ALKYLATED AROVATI C COMPOSI TI ONS, ZEOLI TE CATALYST
2 COVPOSI TI ONS AND PROCESSES FOR MAKI NG THE SAME 3
FI ELD OF THE | NVENTION 4 The present invention is
directed to novel alkylated aromatic conpositions, 5
zeolite cat al yst conpositions and processes for meking
the s { &y
1478 AT UTATER AREMATIG ESMRTISIORS: SERITE CRTALMST
2 nmacr opmmamcuns ANDEPROCESSES ORI MAKING PHECSAME
directed to the 8 preparation of the catalyst
conpositions and their use in the preparation of 9
3 novel al kyl ated ar ongELD CFPEE INVENSTIONe cat al yst
conpositions of the 10 present 1 nvention exhibit
reduced deactivation rates during the alkylation 11
PTpeaseschiiaiemtion BeiRrtd Abgelldityiatel dréatiaicahipdstions,
12 BACKGROUND OF THE I NVENTION 13 I't is well known to
cealitpaatalist compositionmand pseesasesder makingdthe saima.y The

By M los TR AR SR 450 rrBéRig Bbotte hving o
acoirslies riagrdpore atrutture TR prdeent pOeAtion sl dikddireded to the
ant i non 16 stannjc chloride, zinc chloride

chl ori de,
oRI&hHA rgéq)@, Pﬁgftﬁ ‘Eﬁjébfsi‘ ¢QppPabipns and th?'t!il U§g dm the pr eparation of
f [ r I r
e LRI AHE LB SRl o e
t peedend invention \exhitit erased dléactl\adlthri ritederivg the ﬂkgllaabn
19 ol efiﬁ}%@ such as Clg'@ll efin g al kyl ations are
dBrRESSH, thegeby lﬁ'l(}fecﬁsﬂfi‘fb itepff ﬁ&?F Y§t t he presence
of hydrogen fluoride. Al kylation of benzene with 21

hi gher olefins is es eciallﬁ difficult, and requires
hydr ogen fIuoridEﬂ&E&ﬂaﬁéﬂﬂ_iﬂiihﬁimﬁ&ﬂiﬂﬁﬁhrogen
fluoride is not environmentally attractive. 23 The use
of the above |isted acids is extrenely corrosive, thus

13 rBdgwell A@O@@‘ef@l catalyze the ativiatipreefarematisauyith. 2 xagety of Lewis

10 0P8 GRS 8 S IR Beoor
15 aacidféklemigulﬂﬁ atun\f auhessliddsbofss trtfﬁi@lrlﬂecami:‘h@hy enldride,

preC| se ﬁhem cal conp05|t| on of the pr od
.16 splannicehiondg,zing eh pgdgf@wnaephf(m@rgg%n ﬂugraal@s and hydrogen
t
17 AT ARBERLn bk (RSB b dforopyine
18 i carebemantied obt inithadiguitl oeeapdr phase. | Fémsalhy!amim with higher

roduct .
19 poleggs, such as Cys olefins, the alkylations are done in the liguid phase,

- =)
- O © OO ~N & ¢ N

=
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20  usually in the presence of hydrogen fluoride. Alkylation of benzene with
21 higher olefins is especially difficult, and requires hydrogen fluoride treatment.
22  However, hydrogen fluoride is not environmentally attractive.

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

25  environmental problems. Another problem is that the use of these acids can
26 give less than desirable control on the precise chemical composition of the

27  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

W ' ' ' [o]e] range that i.s less than 7.
PSR, S bBrds ELRERRI PG Roulsias iR (R8Gahual
pirepstradnt which teuid/sultin et ekpensiepbidriet ncl ude,
for exanple, zeolites A, X, Y, L and 9 onega. It is

al so possi ble to generate netal oal um nophosphat es and

18 onatcayaaiihe ehprhroRlishRSzedMd ehtat € hadd Beeh U@dwaSto be

boron, gallium iron or 11 germanium nay al so be i
usactive fasthe aekylationofarpmatice withi oletim  Zeolitigamalerials which

 PARHBL oI e D RO PhLERIG b nat possoss

C uyifomn Ipores with diewetsrs il aricrbpofdeingettiaf isdess tiari o

enhance their_catalytic properties for 15 parti cul ar

aggmgétfpm%. Zenlee ssey natpraliyand mey @lsabeipreraiedon

t : ' j [

SYEPSTESR, SRRHC UONEs HMARR rofBrdthple, 2B A X, v, L and

f omegag It tsea!ﬁeqﬂoissible:m generhte hrr?tajoalh&riaobimﬁhatéﬁand

exchangi.ng the cations in 18 the catalyst matrix, .

e ?3193*'@8?%@ 5 %erdaaé'épiS-iw aérhasen. gy irgg or
] . . . ot

{ BTRENB 2Ry bRgare Hed (MR 1 SuRfuorRAR e

2frapievewk stmichreal 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
pohese zeotity catslystreafoialedre coromeaciallg beailabié BsUfing drgstalline

cRoviaa tof itoaumergedbala pefatc eilcatalis Promsties for
ephftRefrapplidafond. yPﬂce@é?é‘ﬂf{gh% ?@ﬁ%ﬁﬁbﬁfﬁ?ﬁﬁ&ﬁ to ephance

outwardly fromthe centra ortion o e catal yst
peataiicayopertiesd the abblite csitallysisaarelwealt knawn ircthesadssieth as

ip fixed bed reactors is catalyst deactivation. 1n. .
B hegenis Atdis e shaprt Hectdes Sbahing e cations i
atheyddthiyebmatrix ekct he prinary catal yst deactivation is
caused by coke formation. This catalyst 2

deactivation is a serious problemin the use of

ZE . )

GEorThing ZEHHRS BONApRoMIE SR palicied P ARpmdlisd by

i ®orméng a gel or paste of the catalyst powder with the addition of a suitable

binder material such as a clay, an inorganic compound, or an organic
compound and then extruding the gel or paste into the desired form. Zeolite

- powders may also be formed into particles witﬁout the 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,

2.
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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
I [
D RE Rl Baihyd detou PRI RRbd Kl Rolrkalion. This catalyst
hydractieatioonis anseéfousopnokliem tﬂqalr@ of wdolibs catalysts for alkylation

AR, e BB B e S s ST g e
| NirRlefRHHE RRANAE %aéh&téﬂéﬂi rﬁecﬂén 3% h WObRR Lﬁ(ﬂgm@ﬁzatson of the

further converted into al kyl ate aromatic s nat es
1pletlmmtmarg©mcﬂacldat speriee thiit sanpetkdiffpse oet oéthd pores

e t| onp of. zeol cat.al. sts and t he
f&?"?ﬁaé?'ﬁ Ev%ﬁﬁesf B}%eﬁlgeojjf {'F?ée% tal yst particles
and 14 extrudat es with and WIthOUt the use of
b| ders. Ther, a nunb

U e G ﬁgafﬁw b 2 ploLaRanahes s bipicaly
Ofcoﬂﬂﬁﬁéﬂlbé/l thé dutslysee é Rition of ardhnatic R§trod®bons with normal

383 di scl oses t preparation of “synthetic

9 ;@&ipha elefigs prbranches- @lma olafipsnang optionally  ipedmrotor. The
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t 9 .di { .
" RIRHREA 2 ETb PBUIERRS T BB PR Ertad e 25 sRop NG suifonic
paeldsdeiich 8ndid Rethiey cbAvémad e Bkgfatad a@@ﬁfaﬁ@%hﬁongtbs
U S. Pat. No. 3,130,007 discloses the nethod of
preparing sodiumzeolite Y 22 with silica to alum na

r@t hm%bé e fs’ﬁé‘i)
PpBRORp Ay A CARBlRled BeEoSs st i brdatf of ol

w'ﬁg'ﬁl)(ﬁés poditee ftmtherz&hmaed a'ﬁrmjng@f the catalyst plairticles and

| SEDRRRR AR M ERLO I w4 BlBee | B e o mynber o

ppmms disciosiey tHussbt 2édliie cafalysms mmﬂat:bﬁ %f wréiatic
chem cal_ analyses. -3 1 U S. Pat. . 3,288,71

dNYEIasaEONsat t he hi gh "heavy content of the 2
al kyl ated aromati c product can be controlled during
the al k | ation st es and 3 has advant ages over

I

diks®i Pa INp. (H@94hBRY Idiscleses theyrepanmtiod wftsynthetls: zeatite

5 g8 i pBR s BBIn el horgnb o sonfipied 8figctive pore

T dRNsteP ana dh WHIGH thed Sstbedt 4l its &@blﬂb préBirdor & provided

zeolite catal ysts. The " 177 patent al so
directly in the form of an aggregate.

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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7 di scloses that such renoval of the sodium or other

al kali netal ions activates 8 the zeolite catalysts
for the alkylation of aromatic hydrocarbons with
olefins by 9 liquid phase reaction. 10 U.S. Pat. Nos.
3,764,533, 4,259,193 and 5,112, 506 disclose t he "heavy

11, al t n sul f onat.es: .and

.8 BILTE 5 SR A b AR EBRE R Rl Pl chAR 388

t hﬁ(yﬁté@@?ométlmpir@dudt&:@n\bﬁ @iﬁtrcﬂl’eﬁtdmw thenalRylatitve 8ty and
late" is shown to influence the perfornmance o

aetages aver detilling the aliedaledaramaticirroduchioghtainghe
?@gﬁ&ﬁ mote&NANR. chh ti nfluence the rust 15 performance
g

e correspon sulfonate in U S. Pat. No.
3,764,533. In 16 U S. Pat. No. 4,259,193, a

TS BHH0L 8 84197384 2808 HiecHlyegbfemor
alsadiua't ebtythb% alkalm’letw iﬁr&ﬁr@ﬁ Ze@hﬁ eaefystar Thel177 patent also

19 U.S. Pat 006 di scl oses the use
oIS eééh%ﬂJ%W\éalpéﬁhQ ﬁ‘édlﬂm W %waalaihailaﬂetah iogys activates

C'Eﬁ’éi@élité% Eﬁtaﬂé{g’g b'éi@%ﬁor?&f) Hotrﬁét ga@)o?ﬁzﬁihﬁ Blefins by

excess m croms. and-char act
sliqeidghasandaetiarel | ent adsorptive 22 propert| es. 23
U.S. Pat. No. 4,185,040 discloses the preparation of
highly stable and active 24 catalysts for the

alk$] Bat. dlosoB, #8640 583, 4,259 doccaidosnd 2vEdddicdloeé the “heavy
catal ysts are acidic crystallin

olefjins, The 2
a?ﬁ%ﬁ%ﬂ%s?qm%'a‘t *Q?*E%W% pauilisufforstesmnd avribased ‘sulfonates. In

DS NERE 2 90050 gt B ifution o ey

ablylade'i in @hbmwbnaﬂu@ccmﬂwrpafmmmtddioth Nedagtrad @nd HOB

d.| . th d, 3
veotes abo b sEelbiete Renfriisat e?téiw Rhcedngiide.
4pbkérmitade ofhe cor s%o%%ggélﬂfan‘é?@ﬁl I\RJc 76 5‘33 In
cr stallinity arti col | apse zeo ite catal’y

S pratd o |4g2£ R9Baa omand-alkihate sulfomateds p‘n"éfen@d u. S Pat

QF% $EPBIIE S 18E R 225D B0 & P12 DB (e

alricyhadrated I!}ﬁ%fbféﬁbef&rh’li urd%es Nos. 4,762, 813;
4. 767, 734; 879, 019 and 111, 792 dlsclose the 9

preparation of a hydrocar bon conversion cat al yst using
aule VP&t Not 8,277,808 Bidtioses the use of nucleating centers for the

crystallization of crystalline aluminosilicate zeolites having a size in excess of
200 microns and characterized by high strength and excellent adsorptive
properties.

U.S. Pat. No. 4,185,040 discibSes the preparation of highly stable and active
catalysts for the alkylation of aromatic hydrocarbons with C>-C, olefins. The
catalysts are amdlc crystalline aluminosilicate zeolites which exhibit much
improved deactivation rates.
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10 ratio zeolite Y bound into an extrudate and steaned

to nodify the catalyst. 11 U S. Pat. No. 4,764, 295

di scl oses a process for meking non-foanm ng 12

det ergent-di spersant lubricating oil additives. The

process further involves 13 carbonation for making

t ' 4 : 4, 37

PR PRI, . AT aesToss el liBh prbBess toh Akythgypenzene
exoimpriging condactirepbestens dnd Riveranébfinewith eated gatth exchanged

havi an_increased 16 selectivity for |
ngrﬂf rg PrO¥tgGaAlystindhe presancy ?fvﬁﬂ)fﬁyé dioxie.pr esence of

‘at least 17 one organic conpound under conditions

S c% IE,ha sufficient anmount of 18 carbonaceous .
rrglt rPal Na, dap (0.8 p sisdlesesthersenfia lon crystallinity, pattially

1 c L . arn 5
PRV CHaRPRY  aduRg FIaRIMAR, ithbdarbbns*Fhe
ablkylatiphaeactiorpalspdgedlives 2dnditioningi the catgipstrissi with thiydrogen
presenceng c?n Ci dgﬂclﬂ%rdeni te zeolite catalyst 22
hBUPE ePnqucting the alyvlationdeastian: ratio of at 1 east
15:1 to produce a m xture of 23 substituted

ol yeyclic ar tic compounds enriched in the para
DA ate NOSo 4. 1ok, /BB 184 32,01 9@nd 5, Hifle 78 gisclose the
d; ' t f o :
oD 08 i eSS bhcloG S5l g Hon ot aluming
neatiof Zesditer i yixauadd inteean extriidateuand skiaimechtcempelifly ithe citalyst.

a binder and at | east one hydrogenati on conponent 2
of a Goup VI or a Goup VIII netal. 3 U S. Pat. No.

SUMP A4 Nod Usti02e5 disciuseses prdoess dbkinaRingomormfoaming
i.c conpounds. in the presence of an

pol ycycli¢ 4 aromatic ¢ S, _
a@?'xy?rs{er_f{ﬁﬁ%l&fﬁ?et '-Ei?amrtg ehedrijives. Jheaypagssafustherdavolves
t@ab.emei&@gmgaggp%égreéu&g m&a3ask: 1 to produce

substitute ycyclic aromati c conpounds enri ched
in the |inear alkylated isonmers. 7 U S. Pat. No.

U AR08 FRE RS PR ek GG plprmonim

t érechanigeladnicostieatn stapliizbdlzen#teoY cdtalyst having an increased
| napht hal ene, 10 U. S. Pat. No. 5,118

nono-.I Sopro . , 896
oﬁ‘é]%@&%tagf% ARy ieHOR) KPERIPERSHIObes themsesencryof at least
AP DBl RGB! bRl R G e
ceartionacesus matérial mveslyrdapasits arsihlel alleylation aatzlys to

I . . . -
saur&?antlally 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. 4,916,086 discloses use of a zeolite Y catalyst for

hydroprocessing. The zeolite Y catalyst comprises a modified crystaliine
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13 macropore, small particle size zeolite catalyst,

the catal yst having a pore 14 volune of about 0.25 to
0.50 cc/g in pores having a radius of 450 angstrons

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

t : 4 N/ C ' i

P piEp R aiBaBtel o BRAG S PafiB o rPBbalih sofffponent
agkatGroapi\iigr al8rdumXilbnetalar bon at om to ei ght carbon
atons to produce substituted aromatic 19 conpounds
enriched in the linear alkylated isoners. The acidic

o SleRat do. BER84 WiHclose st prakise fozadylbiioh os peiyidyekc

to alumna nolar ratio, its porosity and a 21 .
SPrRIBRtiG ComBRUNdS B theprepgrce Rhan geitin mpsdenjte geeldasatalyst
t ; ] + chal . :

ol RO 2EEA (CRuTRES RblaP AR Teait 571 1g produce subsituted
ngplytyclicarematichenpaoeisserichednipiths lingaralkglateéd momers.

al kyl ati on catalyst in the presence of 0.5 to 3.0

wei ght 25 percent water. The presence of water

i Uciﬁ.elaatel kNId ﬁmdmmtlisc!dsgsﬂmi utﬁe?frag)zedﬁel\g catglygz ga\éigg a
mo.no- ate ro S. - .S, Pat. S. , ,

arlica fesginga "%etd 1545 il Qgegwlmﬁﬂ% ef paphihizleng Pon

0 it i on having al kyl ati on and/ or
tﬁ‘gﬁ'&g?ﬁﬁoﬁ?f"gﬁ’m@gﬁ% vity and wherein the catal yst
conposition contains greater than 3.5 weight 4

oA N B R lRRIdoRE PRl ARuelbn pRssss comprising

pthecsteps o& bmgtas’a?tiggi ad'qmd)tyaabonggwwtgi alﬂalkmétinb;ﬁggﬁé under
cont.ai nin on aj.onms 1o car bon atops. .S,

Aiguid hase ,aﬁ‘é'ga%@scw _ s aing RpRRESOk B Siligganigintg large
OfnaRFd178 SsiAkll gﬁi&b@%h&%&%@@%ﬁ)&gtthg Cﬁ%@}’%&% %i re

an acidic nordenite zeolite cata
t volamendfrabaud 0125 tof 050 dodg it pals: Havimgl aaaGiusneft450 angstroms

I nd a 10 abput 1.0.. A process f the .
AT % RN rarte Reielnelonss o BhaRdbaardiz 6lSainch. U s
Pat. No. 5,243,116 discl oses the production of

U8 S5t oabi 4R T35 flkelases b ubost samariamerdssitaaalis

- Zeathiysefor bikytaic 9Sarohiati rﬁpéﬂ:ﬁd§ﬁt@ %nié{ ngbggg 3@4&??} having

rati on of at” least 30:1 and a speci
sfremicang earbon etoinrtocigiyt carbap atoris taproduce dBbdtit®ted aromatic

Pat . : 4 i scl f h .

ﬁ%ﬁﬁg’\?@%ﬁé@?&jqﬁiﬁéﬁé II%Q%? gﬁw%tgé ?s%(an?grs. Ql[h(nf agidic mordenite
catalyst is characterized by its silica to alumina molar ratio, its porosity and a
Symmetry Index.

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

m xture of benzene, linear 17 ol efins and nol ecul ar
hydrogen in the presence of a zeolite catal yst 18
containing a transition netal under alkylation
condltlon such that the catalyst 19 is not

ot EaP i i 5240 g A SRR TeoRF PriceseRpIoaEy

1@réparafiopef &eatalpét corApesifi d)ﬁﬂa?iﬁ@'dllﬁ)ﬂa%ﬁ?Qhé)dﬁltansalkylation
formed froma 22 nodified zeolite Y and 10

péctvht and whereindhe gabalmtrqompqﬁthm@onfathfgr@aterztBan 3.5 weight

B8t P Do PASRSe! Ol BB 348, oot ang

S pmhahm&&lﬁon@rebmubmgfsa?@ Qatawslt coRpositRinesind okfins
The pat.ent. al so di scl oses the substitution of iron for

t RENQAMIRY RLarR0oR oM 19 &8l Garkoyalamsct ure. 7 1 U S.
Pat No. 5,922,922 discloses a process for isonerizing
ormal alpha 2 olefin in the presence of an acidic

-4l yat Nﬁ)a\ﬁ 1%8 a%emisalpsrma pserdssor alkylatiopnfdianzene or
Zgﬁﬁsﬁﬁf e H¥enbSA MRS lp?gger@eecﬁf' 5QaR rhg}c%tn?tea%ew thtalyst

r ons I'n thepres ence a secon
C hawhgs&t silisdhtochiuadna lnatlo bf aEI@last 60¢ 1 mfnd @@ymmetrydndé)oabove

aluym na ratio of | east 40 to 1.
sabae! 0’ R icess ar hedbrapemtion atdne sptabst i also disclosed.
superal kal i ni zed 7 al kyl aryl sul fonate of al kaline

e h_nmetal . The al kyl group of the al aryl
SO o Al 524 26 Bhaclehars ¢ . hredugionotaylateshbearenes by

B PGB A BLAEL 45 BRE Bzt

aoatal;&%éwngasmtmantts aﬂ.mhaimol%\r tation of@tdeast 34 At Bpecific
1,144 dj scl gses a process for

r@'&'ﬁ@iﬂﬁ’ %H'é‘;t\‘@s?l%t@ém"!ﬁ%byx -ray dif@etient of an

al kyl'ation reaction product by renoving at |east a

pg‘ﬁdé ok Blon 5. 26 H?a%éé‘éqﬁy%SFc?q%i&&%r&éb%%ﬁér?ﬁ?hhéar alkyl
% dileﬂés%hlftﬁ?%éé% BSMBHSEs £O- fé r ATERGR Of %&?chne Ilnegr

c cata such as a no Iar SI eve
1®Ieﬂh$anﬁ’anolebblar ﬁyﬂﬁ)@@lﬂ tblesmém éﬂtﬁz@blﬂ@&f@ély@ﬂ
fro soneri zed normal alp

Hé’ll benz enﬁ

rlRing S0 1oRgne 8 8 IoRHPNGLAD sach fttina eatalyst

sigl o ebegvdtay| ng a TBN in the range of 3 to 500. The
process '
U.S. Pat. No. 5,506,182 discloses the preparation of a catalyst composition
comprising 10 to 90 percent of a modified zeolite Y catalyst 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 spectrum 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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19 uses HF as catalyst or a solid acidic al kylation

catal yst, such as a zeolite 20 having an average pore
size of at least 6 angstrons. 21 U S. Pat. No.

6, 525, 234 di scl oses a process for al kylating aromatic
using a 22 porous crystalline material, e.g., MM 22

a [ [ I -

o3 Pat N G203 Ui T pERB Rt g 3Py eparena

Delefiedsn the’zmdSence dfrmmutii@atratawst hadhg & ena-dimatgidystpore
produce h g(h 2-ar attachnment when 25 al kyl ati ng
wSY§e), eﬁ'Q BeBUSH theéaoeer@eq@é%fﬁk@ra kylat el’ﬁ'fﬂﬁ@%ltfcéj

Bﬁkéﬂobbhwdsqn R Ergeal ? eécShé B&iafd 5?*5%%%%&% cgn be

zene Wth | ns over
Caedalitg o baving (msma tooalu@analrgm of atlid@st 8386 390 (1992).
This is especially true for nordenite zeolite. Two
general treatises on zeolite are: Handbook of

I\/bn EcRaiaNGGIe93E 584 didehssrsathegropasitiok c(f\éamwathaanded
d Mol ecular Sie

Y 1992)

M@ H%'J\'SW ; lﬁh@'&f’se% mf&#@LtTlﬁe alieyl GFPuPpehe alkylaryl
ottt NS SERY B8 ST BT R B st
headi¢al ofietkatioeedartl kptal ietixed omanialac proprstion cospeised
bRz Ed ahlciack i PEHRbbAd a2 SEfeohit sed cBai™>
conprise the alkylation in the presence of the
SURS P8 Non B 220 Blileins bisiasb e Fegtusing fhe residual olefin
abdeat 80amh io?n redkhioni Fodu’%ﬁ'bgsrﬁaw 26RAshs g%'rlerI of the

are zeolite catalyst conp S|t|on a contr
maen-afoplaied ssmgle{rmgearomqm hgidngcarbohi arel thean'eacting the
nmor deni t e scl osed, herein is ggocess for

TSR iner Ik vgtih Feaciah WERTEL I e mesante BEAE Arkic Satalyst

CalicH 45 MRORRO/rSicVESon@¥y. exhi bit reduced
deactivation rates during the al kyl ati on process,

thereby increasing the life of the catalysts and the

catal st N%O i 84 @G%c]dsrésaﬁégg ?ér@’tlon(ﬂfsa?lkﬁ@@ﬁjzé?ﬂ febih

is an al kyl ated 'aromatic conp Ion conpri'sing a
npseisoraeited (ler)malraiplhaxpldmdoamkmg lovhgderbaaed amd hl_gh

wher e al kyl at.i,o c
{’)Y%'b% %@ 19 85 ving 2 I%Wed]apépzﬂf 30{%) G5 rhen prodess
uses HF as catalyst or a solid acidic 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 crystaliine 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



catal yst having a nmacropore structure conpri sing
zeolite Y, and wherein the peak macropore di aneter of
the catal yst, nmeasured by ASTM Test No. D 4284-03, is

| ess than or equal to about 2000 angstrons and the
gurrul ative pore volune of the catalyst 9 1 at pore

i lrl u t t R t' 1
TS BRE AR e B, R 63 (130, STHEE REBecidly e
edeamdrden@e akolitie. 0. 30 milliliters per gram and 4 5
(b) an al kyl ated aromati c hydrocarbon al kyl ati on

product wherein the 6 alkylation reaction is
C ONgu Ger@ralntrédtizagrarseasiite @re aaidbdokidf dholécalat Siends by
havi ng a nmacropore structure co_nglri si ng pord

i ' 586552 Molecular
2 d3PremarigSaRsiak &Yan Nesirand Reihaldiey Yost 1§9g}and Mole
ab@féVeéPPPi@c@W&f Sﬁqtﬂl@%sféj@ gé?ﬁ'ﬁb&idd;%;g ggﬁiroga bgyRosemarie

ASTibStak {CRapni2arndasd Hal, LondbresgKt 1999)or equal to 11

about 900 angstrons and the cunul ative pore vol une of

. the 12 catal yst at pore dianeters |ess than or equal

‘to about 500 13 angSUMMARYTEESTHEINWENSIDMNTest No. D
4284-03, is less than 14 or equal to about 0.30
milliliters per gram 15 16 The wei ght percent of the

al kyl ated aromati c hydrocarbon of (a) in the m xture
17Dipglpsert herein harer aengk alifyladgsb aromatiq speeritians apb rogegses for
PepepRHatiBR SELhOEhAAE ovstbhdtd kyitKd hdthRfic LRSAtdsCwhich processes
conposition. Preferably the weight percent of the 15_

al RYMeHssqthgrAkdation inyie presepem O%ﬁhq disClpsed patalypteqipRosites, and
| Sfurtef BEIfABEE 208 RbIKatior? bvafhaRRgCeNihet Akdkted tar@fatic sulfonic
perc_ggt based on the total al kylated aromatic 21

coffP®%i tion, and nore preferably the wei ght percent of

the al kyl ated aromatic 22 hydrocarbon of (a) in the

m xture is in the range of about 70 percent to about

23 80 percent based on the total alkylated aromatic
copposition. 24 25 The al kyl groups of the al kyl at ed

ar ?ﬁf&}s@d g@FﬁS‘bﬁ’? izsglitwta&ng&g%pgg‘ s, Rgying a con¥rolzi‘ed macropore

structure comprising zeolite Y and mordenite zeolite. Disclosed herein is a process for

preparing the catalyst compositions. The catalysts and catalyst compositions may
exhibit reduced deactivation rates during the alkylation process, thereby increasing
.the life of the catalysts and the catalyst compositions.

In particular, disclosed herein is an alkylated aromatic composition comprising a

mixture of:'

(a) an alkylated aromatic hydrocarbon alkylation product wherein the
atkylation reaction is conducted in the presence of an alkytation
caialyst having a macropore structure comprising zeolite Y, and
wherein the peak macrobore 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 cafalyst

-9-
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26 al pha ol efins, isonerized ol efins, branched-chain
ol efins, or mxtures thereof. 27 The al pha ol efins or
the isonerized ol efins have from about 6 carbon atons
to 28 about 40 carbon atons. Preferably, the al pha
olefins or the isonerized olefins 29 have from about

20 carbon at t Q. abqut 40 rbon atons. .Th

br anched. 3GV ORE AiEBIePTs SR 0o PF GALALG AP S0P Amgstroms,

at ons to abondasiPed By ST TRER NS 1D Bpghayanhd Jsstthan or equal to
branched-chai n ol efi ns have from about 8 carbon atons

to -10- i 8bapbl30gvilléensdergrems .antbre preferably,

t he branched-chain ol efins have 2 from about 12

carbon atons to about 18 carbon atons. 3 4 The al kyl

groups (@) t e alkysicalt dnwatiermidrocabopaskylation Feodust wherein the
partially- 5 branched-chain isonerized ol efi ns wherei

the ol ef i ns MR ERCHND it CANBICad HbinePIGHENED oh g lkylation
40 carbon ataiflystfRIRy 2Maoroblfe BRUULAL LyBrENGRErdehite

chain i sonerize I"ns have" from about
at ons t o abaeolit¢thavindasilicd tatalumin® malér ritie ciraboat 5@ to about

hyd b t he al kyl at ed ti Lt
ve’" 1" bonadfle srébyfeh B bedk s BB Shraye,
thereof . Pra{&istipby b{%ﬂ?l’ll\g%si‘wﬁﬁ 4oghsl 9€ RIsBARah ®r equal to

tol uene or benzene. The zeolite Yin step (a)
and t he nor abput 200 sogstremsmarst e qumnulatiye pone solinee of the

o 55" B Pl M1t o 08 L 0
step (a) an | €
in step (b)ahgstbmgl measired ﬁy%AE"'ﬁ\an%a(t ikl)\Id? D'4P84108Pis less than

(a) and the nordenite zeolite in step ) may be in
the 19 for AT efival toahowt 0.3Mmilliliters par grare:  aspect ,
there is provided a process for preparing an al kyl at ed
aromatic 22 conposition conprising:
The weight 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 olefins, 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

~10-



23 24 (a) contacting at |east one aromatic
hydrocarbon with at | east one 25 ol efin under
al kyl ation conditions in the presence of a zeolite 26
cat al yst having a nmacropore structure conpri sing
zeolite Y, and 27 wherein the peak macropore di aneter
of S aai ;
! 28085 AT atofRE SR gty e Glp Dl olefin have
2 anfreot ahsutatizi catbencatomisto atmyidifecarbba@toos. t he
3cat alyst at 30 pore dianeters Iess than or equal to
about 500 angstrons, 31 neasured by ASTM Test No. D
4 428elalkyligrolies 6f tHisa@kglat@fiHAd A corhpoditioh Qﬁ%y Be Partially-

mlliliters per gramto forma first al kylate
5 ar Srepched-chaip dsasoarizrtholsfiod whereih the qlefing bavafrophabout

6 o1 & B AhmG FRLF A RURET EREfe " PHefiby B8 Ay, branched-
72 zpaln kenferizat Miefiis Wave flonPabG@r Zedbohtdtogisitbabout 40 carbon
conprising nordenite zeolite 7 having a silicato

Bal @98 ol ar ratio of about 50 to about 105, and 8
wherein the peak nmacropore di ameter of the catalyst,
nmeasured by 9 ASTM Test No. D 4284-03, is less than

100r Tematm’lorﬁa!ica’?yﬂnﬂcé:ﬁoﬁQF the gawa:tﬁl aamldlatig eompusitidri may be
pore vol une o t he cata yst at por | ers S

11t hRSNERNRQMIENCo X¥l5HE: CHBIENEN S FHEHESS %r%%g?dﬁé%fab@- the

12AS£%$§ﬁ§8§lr8nr?c%alrﬁ&WS‘ lueriSof 68fzdian or equal to 13

about iters per gramio forma second
13al kyl ated aromatic 14 hydrocarbon product; and 15 16

(c).combini the first gl kylated aromati.c dr.qcar bon . .
1457 Jiectectii Vnston ks e okgraiCeralie mustap (6 ey ntain a
15Ny G h%fél*aﬁgH Be Rﬁ]d‘e? iftH Sediffe ¥ iVdtah 3&; 8h@WRé bihder in the

conposition; 19 20 erein steps ?a) and ('b) can be
16condokdeniteizectitej/incstep(b) is alumina.

17
18 The zeolite Y in step (a) and the mordenite zeolite in step (b) may be in the
19 form of a tablet.

20

- 21 . In a first aspect, there is provided a process for preparing an alkylated aromatic
22  composition comprising:

23
24 (a) contacting at.least one aromatic hydrocarbon with at least one

25 olefin under alkylation conditions in the presence of a zeolite

26 catalyst having a macropore structure comprising zeolite Y, and

27 wherein the péak macropore diameter of the catalyst, measured by
28 - ASTM Test No. D 4284-03, is less than or equal to about

29 2000 angstroms and the cumulative poré volume of the catalyst at

- 30 pore diameters less than or equal to about 500 angstroms,
31 measured by ASTM Test No. D 4284-03, is less than or equal to

-11-



1

21 22 The above process may further conprise in step
(b) the reactivation of the 23 deactivated zeolite
catalyst with a suitable solvent flush, preferably the
solvent 24 is an aromati c hydrocarbon. More
preferably, the aromatic hydrocarbon is 25 benzene.

26 27 The abov OCH may further conprise .
sul fonatin Qlﬁg)gb@'ﬁﬁfeéﬁ péf grapite forgggggﬁbgjgylpf%a%nahc

2 form an aljgdratsfbod SrRiuce sul fonic acid. The

al kyl ated 29 aromatic sulfonic acid may be reacted

3with an alkaline earth netal and carbon 30 dioxide to

4

Sl orte) o, COHBERE) Bfteg Sy FhOARFER L G RERAL i tfeast one

5 hydr ocar baslefin edider alkyldtin cdniditionksan the ?F@éérfce &f a zeolite

conposition may be in the range of about 40 percent to

6 about 99 pertelst hadingaemceparestrustuse comvyising mordenite zeolite

,
8
9

10
11
12
13
14
15
16
17
18
19

20

21

22

23

24

25

26

27

28

29
30
31

aromati c Wﬁ%ité %;f? ygfé[ﬁﬁﬁﬁé‘m%?ro%ﬁgtgf:a:?%méo to about 105, and

al kyl ated aro [ ocar bon
al kyl at ed wiherin tive peak asidropdre dlametaroftthe da@%ﬁ, aieasured by
e

foral o alkgT L ERSENGnRAA284chgd Goeitban anmaia to about
pref er abl yyog Qﬁ%&'réﬁl_ts a"iqdkt}‘nle%tuﬁlﬁlﬁf\%nﬁéfecvolgpg of the catalyst at

hydr ocar bon product in the al ated aronma
conposi ti groresliametdrs lesstianadr eqiiabtmoabod05Q@ nagsatroms,

about 80 percent has the total alkylated aromatic

9 conposi t’F%ﬂ?”ffé'hDﬁg?ﬁETSPW?nb?‘@@ré% '?é?ssaﬁ@r%?re‘?g”al to
(b) may beHdid ense aainli | i
i sonerized ol efin, amtkl){rezlsngﬁg -ﬁ??rﬁ ée'f%ier(]:,aﬂgrdi?ylated aromatic
m xt ures tereedrbontwodughand13 ol efin or isonerized

ol efin may have from about 6 carbon atons to about 14
40 carbon atons. Preferably, the al pha olefin or

| somer(ty edophisihiny thashirkt leﬁge'ﬁbér%%’éticzﬁy%bg%brﬁ fargﬁct and the

to about 40 carbon atons. ranched-chai n ol e

16 may hawecppdralkyated @omatisdrydsecarbonpraduct to7form the
carbon at [ 7..1.he branched-chain

ol efin has rl%%d:%@lﬁa@%%é%%ﬁ&?’om to about 50

car bon

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 al'kylated aromatic suifonate.

-12-



18 atons. More preferably, the branched-chain olefin
has from about 12 carbon 19 atons to about 18 carbon
atons. 20 21 The olefin in step (a) or step (b) nay
be i ndependently a partially-branched- 22 chain

i sonerized olefin, and the olefin may have from about

16 CraebR8t §*k9liﬁ'ﬁtaed %gbrrfngtlf’ﬁg C rcéﬂacﬁ?éﬁb?iﬂ:c?ﬁ] ‘alkylated aro g1at|c

Preferably, ain rrer ze
20| gompasitont manbebinthe26nga o aboat édrpetaer o abodt)gg percent

carhaon ,at . 5,26 .The aronmatic hydrocarbqon of the

3 R A il AR PR deigoandion A tarsbie thE first

4t oldengted arbRfic HYATEERbOA ProBvEUR B%e bh’tgra%@é aromatic composition
Preferably, the 8 aromatl ¢ hydrocarbon i1s to uene or

Sherig Bhihe raogezd abeut 50 mﬂr@@nt\m ghoué 90 glanoentdfaseideon the total

6238‘43‘})}"?‘882% }T%éﬁ'&d-‘%tﬂg‘lﬁ r% %&%fg@e@g)thgﬁ'ﬁsg%éﬁla&g aromatic

7mi}hyﬂﬁ)dz#5§n ipheducfin W@Iky%@e& arGiaatis chféQ)slﬂdﬂ' |'s|n'1 U% fange of
gram Preferably, cumi ative pore vol une of

er
8’ 133*)9“2 ggmqr@erttatpaw §0a{2ter9%mfebaﬁeairm mtqtaiﬁkylamd gomatic
Lq%lsﬁ ut 300 angstrons 2 in steps (a) and (b)
s than about 0.25 milliliters. per gram nore 3
10preferab|y at pore diameters |ess than or equal to

stro is less 4 than about
My OH]G] g'?g'ﬂ (&315 st (wymeemeeagm@e@ly @@.aa)ha olefin, an
di Sg r
12] WOhEfiFocpolcfi o ialoffta-E44 olbfin A i s AIER): 388 alpha
13to cﬂfkfuuor Botrgrizet | dléfin avay sve fjoanabolt Bhearbomatetrisvie about

f ' | d
1400 CHbERBSs: Erekiably: et AbRaetn g isbamriaes Qetinbas from
1 5( a)am@ 20arb&Y aRfink fo EBS &grlﬁféw z?tofrf&o Hhd bQénched-cham olefin

liters per gramtoaout liters
1 Ggr amay Peve Soapabout G catlien sloms it abeutRd eaMnmtermaf Preferably,

74" SRR T4 B BB o e S kb 50 caror
0 sty AR ED
19y @derstetabont 4B8«arier atmss.a peak nmacropore di ameter
20| n the range
- 21 _ The olefin in step (a) or step (b) may be independently a partially-branched-
22 chain isomerized olefin, and the olefin may have from about 6 carbon atoms
23 1o about 40 ¢arbon afoms. Preferably, the partially-branched-chain
24 isomerized olefin has from about 20 carbon atoms to about 40 carbon atoms.
25
26  The aromatic hydrocarbon of the alkylated aromatic composition may be

27  benzene, toluene, xylene, cumene, or mixtures thereof. Preferably, the
28  aromatic hydrocarbon is toluene or benzene.
29 '

30 The cumulative pore volume of the zeolite catalyst at pore diameters less than

31  or equal to about 400 angstroms in step {a) and step {b) may be less than or equal

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

13-



15 of about 700 angstrons to about 1800 angstronmns.
Preferably, the peak 16 nmacropore dianeter of the
zeolite Y catalyst instep (a) is in the range of 17
about 750 angstrons to about 1600 angstrons. Mre
preferably, the peak 18 macropore di anmeter of the

| h

12 OGRS o BB b BT 65 300 fpasroms
2st ép sfdps, (a) bad gepik |oBs trerpabodi a2t millilitdrs e gramd embree
22 the range of about 400

zeol i ecatlystma ein ]
3 andubleGRRy pab%@nan%ai@rsﬂmﬁthanﬁar qmuiat toraug 309 angstroms is less
45t §Rafk l%bouf@ Oﬁﬁlﬂfﬁté@fﬁé?gﬁéﬁhddmtogf %I%? ég@t%@ﬁl&ﬁletem

zeoli1te catalyst 1Is e range
5ange$3 thas urcecmabtn aFont w@ahgetremsl\mnretr@r reihgeadfl abold5

t eak o e di.aneter of the
m)r d@ﬁlr'?'&’P')?E%P %E%gg s & millifters pRY grafye of
about 450 angstroms to about 600 angstrons. 27 28 In
n the above process, the zeolite Y catal
7 hagﬂ%f él{f}'P'I@HV? 8088 m'flﬁaﬁp obthe geolife satalysis et pore dtamzters less
b R
8abapdn 0% udt to arbSuth@H %ﬁ J}?%ansﬁ J‘ a()agaﬂch(i% ﬁ\%ngtlrEthg range of

catalyst 30 has a s
9 30 abouboa'lﬁomﬂlllm@sherMmm to abeu’athma rifliliterd pes gepm( aPreferably,

eollui%Ycata hlcato alumna ratio

8HF‘ Vg pote VQEHU? 033'“% zep tes@aéﬁlyw)at.n?rfzwhawwé less
f

" Sr 268 o1 eQANO LBRLY SOORHTUARNL |P BRI} &1 HARNT O fange o

12 ThabpubPiG8emitlilitersnasrgran) taatiouh@. 16omitititers per goant.e in

13step (b) may contain a binder. Preferably, the binder
in the zeolite Y in step (a) and-the binder in the

14 no PR ddiit ,
g eg;z;’%a;%ﬁsﬂt lﬁeﬁ‘éngsgfeﬁ%i??ggélf‘ﬁ?aﬁﬁzpﬁ%%é&%%i%hﬁ the range
an

15 mapf woou gsigomsdo abauii8O0, angstmnse cBrefeatpecthe peak

161 S bBoRLAHpIh A MeChialte Y heBRRRLERH & st bgeRde o
17 on@bauo T80 ighgbirdimeaardbut WEOD ahgdtRHas. MINE prbeirab! g1e peak

the presence of a zeolite catal yst havi ng a rracrop
18 st mergpere dismsterefifhezanlite & catalyst instepifa) is indbkiraege of

19 N2t 808 'ahig§fofn? t8'L8U A 4R ér?gs‘ﬁon?sb.o ut

20

21 in step (b), the peak macropore diameter of the mordenite zeolite catalyst may be in

22  the range of about 400 angstroms to about 800 angstroms. Preferably in

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

27 "

28  In steps (a) in the above process, the zeolite Y cata!yst has a silica to alumina
29 ratio of about 5:1 to about 100:1. Preferably in step (a), the zeolite Y catalyst
30  has a silica to alumina ratio of about 30:1 to about 90:1. More preferably in

-14-



50:1 to about 105:1, and wherein the peak macropore

di aneter of the catalyst, neasured by ASTM Test No. D
4284-03, is less than or equal to about 2000

angstronms and the cunul ati ve pore vol unme of the

catal yst at pore dianmeters less than or equal to

abasiep EOtHRNGH KO VGataR8EHAE G ANcARTANLARH rddd oflabout 60:1 to
4284-03, is less than or equal to about 0.30

m [BbOU BBi's per gram The cumul ative pore vol une of
the zeolite catalyst at pore dianeters |ess than or
equal to about 400 angstrons may be | ess than or equal

t o lnlstef (H).iBtherabdvd praresssp prefegalaytheimetdaritel yeolitdeatalyst has
cu%unlﬁi?t [ ﬁ)e IBor,e vol une zeol | te catal ZSt at pore
di Iea bo pluguna faigholbabeuh B9 11te abwet80900 angstrons

is less than or equal to about 0.25 mlIliliters per
gram More preferably, the cunul ati ve pore vol une
zedlha zedlite ¥ instem(a)andtht mmetenite zédis int biap @) neaypadntain a

to,about 300 angsfrons jis.|less than or ual . to, about .
0 48%H (Fieferablstisobgenin B3 zeald yan e o) s Bio blader in the
;/E'rﬁﬂﬂeﬂftetzﬁﬁlité%|sité|§g5)ﬁ"sadm{ﬁﬁnaﬂt pore dianmeters |ess

an 2 or equal to about 400 angstrons nay be in the

range of about 0.05 milliliters 3 per gramto about

pordedlic Y ste £ i e ofashis cdotie T afp®) ey Be in the
di gapmhef s theles than or equal to about 5 300 angstrons

_is in the range of about 0.08 mlliliters per gramto
about 6 0.16 mlliliters per gram 7 8 The peak

macropore di anmeter of the zeolite catalyst is int|h§ ,
[ alyé Bronbethect dheres RRYSEA nerogesS BB Isoan alkyiated aromatic
angsinpositon BsmpRirabtontadting 1 eedet BA6 Ip@AER: hkPodtiresrevth at least

an@O8T OREY (1, 1 PPSBHE ofaB0 MG EPBREL PREPR. SrAeEpay e

t heoppasingracsivg §r anddinardehits zodlité havind 2 siliealtb tabumina ratio of about
catalyst [s.in.dhe range of ,about, 600 angstro t

oot B ehiolel sl DRESrolh ik b Boms e e catabet
nacnexzared by ANEINMETesf Nohd) 4P8408plis tess cthémloysequiab to rabout 2000
the range of,.about 750

angep AR SoB8hygnVs BE TDARGR e GRS alord Wameter less han
al wrriegaalrtolabputr 200 angstromispmeasurgd ty ASIAMITesOF0.1D 4284-03, is less

- than or equal to about 0.30 milliliters per gram.

The cumulati\;e pore volume of the zeolite catalyst at pore diameters less than or
equal to about 400 angstroms may be less than or equal to about 0.30 milliliters per
gram. Preferably, the cumulative pore volume zeolite catalyst at pore diameters less
than or equal to about 300 angstroms is less than or equal to about 0.25 milliliters per
gram. More preferably, the cumulative pore volume zeolite catalyst at pore diameters
less than or equal to about 300 angstroms is less than or equal to about 0.20

milliliters per gram.
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18 and the nordenite zeolite has a silica to alum na
nmol ar ratio of about 50:1 to 19 about 105:1.
Preferably the zeolite Y has a silica to alum na nol ar
ratio of 20 about 30:1 to about 90:1, and npre
preferably the zeolite Y and the nordenite 21 zeolite

in ; i 0 1 I j

1 SERPQA e B b B GUAELARYIR 8ol bl oss than
2cataalegsial tagboutd angstizirnsl etay B &f ﬂfeafainme dflaoot 00T milliliters
is alumn The zeolite cata%{ may be in the

3t o AT Gram acpa-?th%&t% 18 millgers\par gram.q fsmy theeguenylative pore
4PT QIsHRE o?tﬁ@%d)ﬁts cERlIAAR r[r)po?Q r&’é%ﬁéféé%fbs%%%ﬁ%r%qga! to about

macr opor e structure conprisin
Sy, wwanmronm isl in(th¢ ramgel ohabeutz@.0Birmitlilitersipey grarsi toi ai:iout

todih,%m'{lﬁ%sgefgr atio in the 2 range of about 50:1

"M \wherein the peak macropore
7di ameter of the catalyst conposition, neasured 5 by
ASTM Test No. D 4284-03, is |less than about 2000
‘Bandder peak magrepwegiianetarafitie zpolite uaﬁafya’eusom then eange of about

9 b Bl erl s A Rl Spesfians aBTwRrl. R Pk thacropore

1042arfdterich th@iéolﬁtéaﬁtaﬁyst i8 irg m@faﬂgé &aB8ut &080angstroms to
mlliliters per gram 9 10 The cunul ative pore vol une

11of abgut 1360 AresEarg: Yerecprgherably the pealpmasropore diameter of the

121 ZEPHE CueipishiNafe Bndfufapdd ERfbodRlnE W RbORT o/ <
13 perl 190aamgshionis rarl vost ireferatly Bia pealoReropre ameter of the
zeol i 3 catal yst conposition at pore dianeters

14| o280 'fﬁ’—aqﬁ]fab'ste@uﬁﬂh% 5angR ot abauiiy) angeiremado aboukss
15th@@005n9e5q%8t0 about 0.25 mlliliters per gram More

16

17 The zeolite Y has a silica to alumina molar ratio of about 5:1 to about 100:1

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

20  about 30:1 to about 90:1, and more preferably the zeolite Y and the mordenite
- 21 . zeolite independently has a silica to alumina molar ratio of about 60:1 to about
22  80:1.

23 :

24 The zeolite catalyst may contain a binder. Preferably, the binder is alumina.
25

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

27 '

28 In a third aspect; there is provided a zeolite catalyst composition having a macropore

29  structure comprising:

30

31 ' (a) zeolite Y; and
32

-16-



15 preferably, the cunul ative pore volune zeolite
catal yst conposition at pore 16 dianeters |ess than
or equal to about 300 angstrons is |less than or equal
to. 17 about 0.20 mlIliliters per gram 18 19 The
cumul ative pore volunme of the zeolite catal yst

1conposi ti ofp)aimdraeRiteLedlitaRivVii$ al GRS tb'%fﬁ?}nﬁfa ﬁ@%'raiitt@ in the

about 400 angstroms may be in the range o 21 , abou
20.05 millilitengepekakpui®lbtabdbout 9048, milliliters
gber gram Preferably, 22 the cunul ative pore vol une
of the zeolite catal yst conposition at pore 23

4di artedrelrsthegssalt Matrapore ditihetdtr GFARY catdlst 2BBFIdRIGH, ndeasured
in the ran_tiqe of about 24 0.08 mlIliliters per gramto

SabdtABTIET At INpJ P1aL84-Gbris dpsmiharsabad 2908 gngskroms and the

Oy -San v RBFELSLR of B8 RN 10T biE TRET L equal o
7 15Ghou $90ranygstrofiss nseaduryd byh&SPREKest280. /@ A28d0F, is less than or

di anet of th eoljte catalyst conposition is in the
By arkge iogéog%@éﬁ@@wte&ﬁ@ﬁm-to about 1300
gangstrons. Mre preferably the peak 30 macropore

di aneter of the zeolite catalyst conmposition is in the
10r arlde aimBhtisb qure 0nam gf theorsolite cabalyst chb@ifosition at pore

angstrons, and nost preferably the peak -17 |
1 RTSOTS ea dit @eauf b RO AgD ep g a9 be st areghal o
42i s u i
121 S dbdut DBJ gﬂﬁlge_ﬁgqpeﬁgéﬁﬂ Pr@@?aﬂg?@g%ulhﬂvéﬁg%vgﬂ%e zeolite

angstrons. L The zeolite Y in avi
13si [catalysicamhpesition phpore dibmeters Ie5sthan oabqual tosabout

14,57 b aRigtaihe bt Wiak S st A6 .25 ififierSper gram. More
15angreferably! geccarpliativd ore bivfe Yebie é’atﬁl'gbi @@mg_éﬁitiog at pore

alumna nmolar 7 ratio of about 60:1 to about 8
169 Tameirrgdess thanee equal to aboup 300 angstrbmsdbllgshtaneor equalto -

17 o et 020 AR BRLBL 01§ P Catal vt composi t on

18may contain a binder. Preferably, the binder

19 The cumulative pore volume of the zeolite catalyst composition at pore

20 diameters less than or equal to about 400 angstroms may be in the range of

- 21 about 0.05 milliliters per gram to about 0.18 miilliliters per gram. Preferably,
22 the cumulative pore volume of the zeolite catalyst composition at pore

23 diameters less than or equal to about 300 angstroms is in the range of about
24 0.08 milliliters per gram to about 0.16 miiliiliters per gram.

25

26  The peak macropore diameter of the zeolite catalyst composition may be in the

27  range of about 400 angstroms to about 1500 angstroms. Preferably, the peak
28  macropore diameter of the zeolite catalyst composition is in the range of

29  about 500 angstroms to about 1300 angstroms. More preferably the peak

- 30 macropore diameter of the zeolite catalyst composition is in the range of

, 31 about 600 angstroms to about 1100 angstroms, and most preferably the peak
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13 is alumna. 14 15 The zeolite catal yst conposition
may be in the formof a tablet. 16 17 DETAI LED

DESCRI PTI ON OF THE I NVENTION 18 DEFINITIONS 19 The
term "al kyl ate" nmeans an al kyl ated aromatic

hydr ocar bon 20 The term "2-aryl content” is defined

S Pacraro fiamaid ofthe ztklie CHalkt bomPostopas Tl aRYE of

Obetaume@*ah@mémbno abdut YOO RIREERMm! Kyl ation process
is attached™to the aromatic ring) that is 23 conprised

of those chem cal species in which the attachment of

21 ettt sfeb el i sl R 4 Gt oolortineh 841 to about
M0S! , Prfesably e eeblitenghas & gmwto glumiha wmlaamtmemf\maout 30:1
as 26 matrix or porous matrix to bind the zeolit

pta 8bewtalilnapd marselesably therraqs@te Yhas g stiifa te éMWma molar
nmeans ol efins derived from

tﬁgtﬁgsp%ﬁe%ﬂ ?é %agétrf; Ogr efin nmononers higher than

et hyl ene and containing a 3 substantial nunber of

branches ere| n the branches ar | kyl .groups havin .
A TheSRoHIsHUE Z5elteciien (Bl BrelemblyBas siaiRumii piblar ratio
M)f‘éHé@ﬂsﬁ (}St Egg_1_5 and higher olefins are also

at'e

conte e term"cal cining" as used herein
nmeans heat| ng the catalyst to about 7 400C to about

1900C i i all The
- thpgsnlidedtelel PRineBatibnamy SRS qaatHen cPislgELY. The binder
ais,kﬁhhﬂﬁa_eart h 9 netal al kyl aromatic sulfonates in

which the ratio of the nunber of equivalents 10 of
the alkaline earth netal noiety to the nunber of

eguival ents o he aronatic f Qni ety

" G Befl: Sadlst S PORR BaythilpedPut o S To

and 12 may be as high as 20 or greater 13 The term
"cunul ative pore vol une" obtained by Mercury Intrusion
Por osi et 1y DETALEDBESGRITHON.OR THEANVENTION: —of
the total volunme in mlliliters per gram 15 derived
fromthe graphical, cunulative pore vol une

di stribution, nmeasured byDEFINITIONS

The term “alkylate” means an alkylated aromatic hydrocarbon.

‘Th‘e term "2-aryl content” is defined as the percentage of tofal alkylate (the
alkylate species in which the alky! chain derived from the olefin employed in
the present alkylation process is attached to the aromatic ring) that is
comprised of those chemical species in which the attachment of the aikyl

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

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

matrix or porous matrix fo bind the zeolite particles into a more useful shape.

18-
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10
11
12

13
14
15
16
17
18
19

20
21
22

23
24
25
26

16 Section 14.1.6 of ASTM D 4284-03, or the
correspondi ng tabul ar presentation 17 of the sane
dat a between defi ned upper and | ower pore dianeters.
Wien no 18 lower dianmeter limt is defined, the | ower
limt is the | owest detection limt or 19 |owest

e 3.
zgﬂl"gr n{r%gHéﬁ%d Bﬁgl‘% &Efn‘?@ r#elﬁljrs GIe‘f’tBs’gigsFMgB f&%ﬁéﬁ@

N@I&ﬁterlhaﬁotﬁ béelelﬁaahehosim hlghef gvan @thyteme &ied dogtaining a
ght of catal yst conposite qr raw

e%lmsé@%t@i RSMREnRLbIANCHES WrPERR t%@f@%@é@fﬁ@'%@@ups having
Aﬂaﬁﬁat%d@'o% c goﬂ_ hfohaba ofult Bgrbarlﬁ’& HRAAs. hﬁﬁlﬁﬂu‘i“e%ﬂ@ﬁ\ylene

contacting the eactlvate enite 24 catalysts and
nand eightee obefinsl gretalsoocpotamplatest. this i nvention in the
reactor 25 with a suitable solvent, such as an
aromati ¢ hydrocarbon for reactivation of 26 the
mbhe evint écat@hmigyssmeemirdmeiahe heating yls¢ catatysdo about

19 1 The ter SS-on- i .ion (LO)' sed herein
oY f%%b%rm i} ﬁ?:'b "f'%'g’sdr&ferl‘)l'{g E&ﬂtﬂ te
conposite and raw naterial sanples which volatilize or
3_evapor at e when heat ed to 538C for 1h Wen the
t ERpderan (Gasboralgreqyebasgd; st to Bgibape sikens earth
t I s NeyTa 4 lent
Bfeig! 1Y e shirORateR AT ario 8 (G Aot pauivalents
" of theqikalite esthredahmoty td thd oumba@r oﬁequlwa!amts obtt@ aromatic
set_fqorth by the, International Union of
Aﬁwrcrrwaa@'dc%emtsstsrsye@ﬁ el ong, andioHSUR wsﬁa%%faﬁha” 10 and
Cﬁ.%y h ma%\/ﬁﬁléﬂrﬂregte%/”b(" s and 9 Term nol ogy for

[ coc

Ities and Units, Appendi x Il 10
Defl niti ons Term nol ogy and Synbols in Colloid and

t
Coh%?&ff‘n W@%W é)tog%\/ok)xm%labt@%%ﬂ tgpM% &Jr‘?lq gf,ryﬁﬁﬁ Porosimetry
13s Bsed hiereinhrefidrd i shatrpatt ehibiedotal srbmeeimmillibiers per gram
500 13 al | v e
T Rresh P asihe GiapBEa CTRH(SEO% VAR ErEd sirbyipp. measured by
exeefsh 19,126 of ASQ‘ MENATBLEISS of Ak edesd ptitiing %&lﬁﬁbi&%@ntatlon

m cropores”. Pores of 15 internedi ate size

‘nafithessams datawbeltveern dafnm:éuepekancls@wm)pqeeﬂlamelt@a When no

P cRaplet imat B aotpd, T i il thE RSB Astassiop ymit or

URRfbst Padias eﬁé@siﬁeecnfyesmidmm dicéf ABTM DY 264-03,
catal ysts by

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 NazO + Al,O3 * xSiOs.

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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19 Mercury Intrusion Porosinetry. Mercury pore

di stribution was neasured 20 using a Quantachrone
Scanni ng Mercury Porosineter Mdel SP-100. The 21
software version used by the instrunment is V2.11
(dated 10/ 27/ 93) Surface 22 tension used in the

gﬁh? g(%:r?r{ j‘t(g%s éZ‘%oﬂ)ﬂl@g) %e r%sééggﬂérgﬁ'nt @%gﬂ? rrE%rcent welght
ajopb @f tﬂeefzdmﬂ!te @Dmdds[temd m\nphmt@ﬁ&ifskan’fplee whlctrhwsletl% or
e RoSt ) B S e AT B Breater
Al & ?abﬁat S’@@“Cprthgafo'shlbr@?gnhﬁﬁ" %Pﬁrd%&”ma?ém peAdent

p05|t| on o e carbaon chain, 1. ween C,

Neolatilesal pha ol efins 28 are der| ved from

pol yneri zati on of ethylene. -20 | The term "nor nal

al pha ol efin isonerization" nmeans the conversion of
nThatérms2  magopord e finBsopared, arsbhmeiciopedebbsfused Hegginrgliow

e o btk B B0 oo
(EhgnﬁsqgglgPA‘@bstﬁ dfrpﬂyéﬁia‘i m@ﬁn%g,qh maﬂunaltzﬂtgwmﬁbls and

optionally "a hi gher egree of
bT emmoindlogy fér ﬁ’hgsmechemml Quﬂnlhpe&) and dits, dnpiendix i

oL 0EH St S BRE HeRC il S o gty Por.

dR%St%de mbannﬂn@@:duﬁmﬂ AVIBSHinglbAND. 1T.{ DS A5 tax 23 Dgly, 1971.
nor nal Ip a olefins. 9 The term "peak macropore

dPam\mth widths s dligreetars exsaeding Op@@m@meterau(é%ﬁiagstromS)

e S Hothd QbR E g Rbecing
d4~20rnéwma@rs 820 dagstiefspireSesliddomidrbpdres’ Ea@bm caf
12 maxi mum) in the macropore range determ ned by

T@%@rm&ﬂlamm 02 0rmsanometerss widdy opglamepiesE s9 nm)@fe Called
é% .of the present invention. 14 The term
pe

|Z|ng means the dispersion of |arge aggregates
of binder 15 particles, including hydrated al um nas,

I 1R PRy SRR SR TR BT ABTRLTosL

URedDhEze- D3 Rasbtd Meﬁhfﬁ@p@%%llhﬁb\maﬁbtjﬂen of 8atalysts by
actual weight of the cat aw/est conposite or the raw

niflessurylatrasian (Rrrogisneirt. Mercury poke dislribeticn was raeasyred

AN B anchYdhnisdding RerB@S PoroSIRERT MSUESHL100. 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 a!pha 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 Cqand 02 Normal alpha olefins |

are derived from polymenzatnon of ethylene.

-20-
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25

20 percentage of the actual sanple weight. 21 The term
"SAR' or "silica to alumna ratio" refers to the nolar
ratio of silicon 22 oxide to alum num oxide; nol

Si 02:nol AI03. 23 The term"sufficient water to shape

the catalyst material” neans quantity of 24 water

;ﬁgggﬁg ed.to n‘@ agqj‘n in; lﬁt?%lgt %a%tg%?ﬁ%é(g{ @1 gcg)g@%?sgli of normal

Thphbesisfing i?llt)é ﬁicﬁﬁéi@ked%leﬂﬁ@ ﬂa{?iﬁ@% l@)\nfe‘?faﬁflfa blefihi®ntent (the
process of formng a catal yst ?ate rom

zd@ublednqu/m detyeen GriandiCe), dmgiteéd:mtet aiefinogantent (the double

C YT s haR ST BT BT ) Cofl it bStonanaigner
Paegricaftbrgnéglsing. used herein refers to the total pore

volume in mlliliters per gramderived from 6 the
graphi cal, cumul ative pore volune distribution

( PRELESA "ﬁéﬁ’héll)ﬁb@éne%'é'ﬂkﬂ:ﬂanﬁ)oﬂﬁﬁ1Q§éf|r€§d hH8¢he olefm product of

cor r espondi 23 tabul ar presentation of the sane data.
818R§ﬂ€u§@60h sormabalphparieiing wheesinthe degrgetofgyppehing is

RIGBEP i e GRS L et Qe 1ot o0, aDove., the

nvention I rec al kyl at ed
aromatic 11 conpositions and their sulfonated and

d d | f
T BRSETR Al Betfaie PamBls™ pEYSE r8reinifistif thepea
OffianiiteZ @@ the diain@terstithiA3ne ﬁﬁ@ﬁé?éﬁe&@gldﬁ atWRich the

pr esent I nvent i on having a control |l ed nmacropore

selnff@&nn% plot of poRe pizsi mgtrlbébom@s definad by S@stipnd4.2, reaches a

<Gt TR PBIpaY b Gy A N ama.r

otheamnaerbpaye Meakun Yhe tatalysts b tienpridsentinvention. ASTM
Test No. D 4284-03. Mercury Intrusion 17 Porosinetry
provides a graph of cunulative pore volunme (pv) versus

PPRE terk “SeEmiEmeans thé\/arsﬁéfs}loﬂl Bf Favge QQgr%yaiéﬂs @Ebinder
also is used to determne t macr opor e peak

dpaﬂ@te@s including thyderted wdemings, inde mughysmalern pdmnangearticles by

(opd).. The graphs are used to
ae?%%cilg?;? éga?ﬂé catal ysts of the present 21

| nvention. 22 The zeolite catal yst conpositions were

D RP R fTalb % 1BBHreloMIheaR b SMRlrih fgween the

t actual weight of the catalyst composite or the raw materials and the 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 SiOz:mol AlQO;.

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.
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24 prepare zeolite catal yst conpositions of the
present invention. Wien the 25 zeolite catal yst
conpositions contain both zeolite Y and nordenite
zeolite, the 26 zeolite catalyst conposite nmay be
prepared by m xing zeolite Y and nordenite 27 zeolite
powders before the blng and sha kﬂg st eps

.. Jhe.
) dbeiteamyishie®ng’ a86pP9 hatkin ceiors PRERS ahfemingmoatalyst
Z TR birkieripp@vders b
t %ﬁérﬁﬁt%%?.@%"t%@%dﬁﬁé AT g iR bfig bifder ppdders by
userhpressing tipe epawdienin aldie.zeol i t e cat al yst
conmpositions of this invention. However, 3 zeolite Y
having a silica to alumna ratio between 5 and 110 may
b& hestednf"m‘tal gorehwlpmepeabtainezhby Merberyzlettisioe Porosimetry as
catal ysts conpositio of the present. .jnvention.
TRECHSRIINTEETS d e Dlacharp VohlTo g TG Rer S8 dgtved from

t %@P@m@alr f,’iﬁl‘l‘lﬁléﬁ/e%‘re QoRInF R R @é‘ch@mﬂep BYFASTM
Inte t1ona maybe used for preparing the zeolite

c & 4P§4-03) omphus Cofresponsiing tatmlamnfeaentaﬂonmrﬂmaﬁam data.
zeolite having a 8 silica to alumna ratio of 50 to

105 may be used in the preparation of the 9 zeolite

c &tsalsext hemimaall peroestagbs iahe weighierarcent, ub@sTiatherwise

cat allﬁ sts of the present invention nay be shaped or
9 tSPREWCHNt 0 tablets, 11 extrudates or any other shape
usi ng procedures vveII known in the prior art. 12 The
preparati of .extrudates re u;r s th res e of a
10 b ONestelBresptinHant raqted i Rovelalyaled ygmatic
n ttcﬁ’ u%‘fsa‘l'i%% ation of
1 TSR S ot o T

12
13
14
15
16
17
18
19
20
21

22
23
24
25
26
27
28

c tlys aedrhatie hydaicarkonslis qametéouhmthbq)remrmeeefstbe ae@hte catalyst

Ll%rgrgpgﬁ{sﬁ %tpgrﬁﬁé l o tr@geéﬁ afq%gr/'n?rpgg\p macropore structure

deag{drsitd 28olitatyeand ?ncﬁlﬂébﬂ't@ké@lﬂel_fl'ﬁee@é?tbly@fssof th8 pFBgent
al kyl’ati on of aromatic hydrocarbons with one or nore

olinsfeintionnagrebcharaotesized |bgcpo<na wolume distsibuticreablaingast by Mercury

c iR BPRGTetRh A MIER! NonbERR B Sty sy

ZgQJrbditelry prvidedla Pﬁa{[ﬂﬁé‘ﬁ dtﬁnlllﬁﬂ{/é bére 06lubss [pv) &etdusepore

Y and nordenite zeo The al kyl ation 22 process is
c@mete@dpd) t M%ncum@traamnt I?@mswnetmsﬂﬁo =§wea§pr¢@termme the

BT o BLUGHEOE A By A5 by o

;i@yqaptib OThergraphs afe Lbed ﬂfaﬁammmriz@rtheaiawlpétstdiehe present

ysts of this invention.
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 c.o'mpositions 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 shéping steps. The zeolite Y

CBV 760® and CBV 600® available from Zeolyst International having a
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25 When the al kylation using zeolite Y and nordenite

zeolite is carried out in 26 separate fixed bed

reactors, the al kylated aromati ¢ hydrocarbons nmay be

27 conbined to obtain the desired anmount of al pha

ol efins versus branched- 28 chain ol efins. Alkylation
ns an zeollt

reactl ons. usin nor nal a O

cReEinAl ts&fcad naaﬁ@@é%@rﬁ §j  ERIRF b Bortabepd ised for
h?gg oca bg%? em[w%r el nlgtéﬁéédg ?ggﬁﬁrrééﬁ{rgé ﬁ?ﬁghgﬁa?-ldwever
akéglite Y- ﬁsvmg ahsilica tooaluhmaraﬁmbetweerr@ ang 140 may be used for
2 ositio

Breprigich idfle el SHfenEl tnpediiongot fedfSytinvention.

CthQﬁmUeﬁﬂé z3ofeIUA® hadingh 4 YioRfRal siRaYoaldmied ratlo of 90,
ha ol efins give predomnantly 4 attachments at

rawaﬂahletfrmnzwtﬂnt@m@nm mRgbgluspd fenareparngrihe

c%ﬁégﬁt . |‘3’ O%nor%ygﬁghse@géh%Olgltog%ry?éqi’eoltte having a

_hsmbgwémﬂﬂnasar@aﬁssdomshna @eQIseﬂlﬂth@bﬁparatlon of kiee

7 presence of a catalyst of t resent invention

ureelite splglystqospasitians @dni i 'Btéﬁ i@N.0ons. The above

al kyl ati on process is conducted wi thout the additi on

of 9 water and using dried aromatic hydrocarbon an

ol beicatalysig of the presgst lrweaon@nambe shapef o8 Sereed eﬂto tablets,

g bich ny Andi s ol B JElines WElITRRAR, e or art

1Zhéhreparativhiof ehﬁdﬂ@l@@rrqur@@YhéJ@r&Iemé ef mibigder, such as

doubl e-ring referably the 13 aromatic hydroca

. glugnigan mtaglegtear%ﬁ@lwf@ dﬂ/a@b@&uwﬁhem%smg{@ gmdef but
oA R BRI O A PEOIRS. The srtaline zeolt

hpdwdean’axyrbe vhmpesssetite fakrkyd ta@teiu @ hiecta blettexh edtalysts of the

16 4 carbon. atons .to about rb toms. \Wen
APEHRETE EVRPHPE S0 cXEoPhRR oW e Tk AtGE oy ol ation
a&ﬁ' ? the product of the alkylation reaction is a

I -al kyl ated aromatic hydrocarbon. 19 The ol efins
useful for alkylation of the aromatic hydrocarbons nay

oS 5 QAo RN o i Uy b
ceabiza autdns. fided Betbirdactor, intbe rpmdasea'lq&ha‘ tbé efaohise catpalyists

22 isonerized to obtain partially-branche
oP@'FiW?"PB?Q%%’ée pipSank JVBDHBR Compr R uY ZoPNfEH g only

par ) Iaglltllté E%(?Ig%'c tﬁl}%i%ﬁté ¢S inBfdenite zeolite. The alkylation
process is conducted without the addition of water and using dried aromatic
hydrocarbon and olefin feed. ltis believed that the presence of water during
the alkylation increases the deactivation rate of the catalysts of this invention.
When the alkylation using zeolite 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 olefiné 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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24 ol efins may be al pha-ol efins, beta-olefins,
internal -olefins, tri-substituted 25 olefins, and
vinyl i dene ol efins. 26 Al kylated aromati c hydrocarbon
sul fonic acids of the al kylated aromatic 27
hydrocarbons of the present invention may be prepared
any known 28 sul fonation reaction. The aIkyIated

aﬁl@watto éheib,alromaﬁl%nmmgt hey2-pesfignalang thezlkyl Ghaip O the
{%rﬁ%gg,r%iﬁklbp&a?@éét over%‘kgﬁggmﬁ%ral a eg ar rratitlt'(ghs

| Subrﬁlpnamgsarm}saémllte arSadammahalsphamldaﬁrtsrgluaq]re@omirmntlg

TR R

control |l ed by changing the reaction 5 condltlons and
the anmount of the alkaline earth metal and car
pnﬁﬁg Known

dif biadeylation reagtiom mayebe gapihevidy anpeerent
rrgydﬂbe Lﬁgﬁggﬁngqﬁﬂ?&é 8R%s Péacrt«%k? ér FridYSE BIfPR in the

uctlng t tion
r pazstelnoe&f ascaﬂa!sstrmfdbé mEbsewrt inventiosn mcbzraik:}damn readtios

pzagg':'b@f" ] Cat'%é ta)ééo 5Ptr]| ﬁp@ggﬁ gcgncﬁ:rcieti tg:?,ﬂyﬁ'%t L88tion of
&gf@rdéﬂoeugug% drieQ e HEat Rr&tarben ARl dibmbfedd. eft igbelieded

I soneri zation process ‘may be carried out in batch
othat time presense wbwater darirm thepalylation peograsdnaressesdhe

f 0C b h d
ot agggtmacuﬁglr ‘%t?o‘:’fttge t°@9§¥§tsa°f§$'ﬁ r"?‘Z%" 'z?ﬂ'tm; c Ieav e ' gr ag | ass

flask, which may be 15 heated to the desired reaction

o TR aramens hydiaeABud i e 3o a0 BB dopPlsceSa. Prferably the
r §F¢ﬁﬁaﬂ|@h?d eré%nqgcé sﬁlaz;ieoﬁﬁg ﬁﬁcﬁnéﬁt‘f‘ h¥d’f’@)ﬁgr56r9 nTRe hré®atic

or nore wel ght hourly spatce vel oci 18 In a fixed
bbudrmcadmsmawt@ & amatedtar@mabahadmrb@ chNgREat o

the re i vated or_ dr.i

t Biosior SRy ple R matic, Adro i, MhsfeinThe Aol aroyn hag from about
20 da6 atdy tdaSout/80 @értﬂﬁ\tétbﬂisl o¥hehhRe ta@@?@ﬂltlathyﬁmcarbon
of the isonerization cataly is 21 a\ﬁg‘ustedtothe

dused & maﬂsmlat%d@mraam etharmOtéUCftlQﬁ & glkyiation keaction is a
e?%’%’ﬁgfﬁ?& Coﬁ}‘f‘éj@ﬂq Ilrl]gérgﬁéﬂ%r{ eactor. The reactor

e partially- 23 branched,
|soner|zed olefins is coIIected The resul ting

b e GBATRF Bhotafion TR A AFRHE St RRBSL gy 6o

Imear—chaln olefins 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, beia-olefins, internal-olefins, tri-substituted

olefins, and vinylidene olefins.

Alkylated aromatic hydrocarbon sulfonic 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 fusther
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25 olefin, internal olefin, tri-substituted ol efin,
and vinylidene olefin) and 26 branchi ng content than
t he uni sonerized olefin. -25 1 Procedure for

Al kyl ation of Aromatic Hydrocarbons 2 Al kyl ation of
aromati ¢ hydrocarbons with normal al pha ol efins,
partially 3 branched-chain isonerized ol efins, and

breasteduitbran alksling paghragtaband sarhadioside o eifalrarbonated,
t

gﬁ(yl P?g %“?”é%}éfj Iaa orﬁﬁfazﬁ{%u%hgﬁ%qjégguri ::pse%&%ﬂerﬁs Tlﬂ fﬂbricating

abisraCathdnationaanh be ceﬁned dudby @ngfodmventumlmkrmtn pPEOCESS.

{ TR el Of ovebFSNaBRY DseRolRd t rusing tieieacran
ggérédﬁléﬁé’%hd the %Hﬁ)tﬁﬁ@fmé’ﬁlkﬁfln%ﬁlﬁh m@l%! Eﬁg caksdn Bxide

I ng pol nt € process 1Is
pusé(dalrameycarhonahmh prdceiss. t he |iquid phase. The
al kyl ati on process may be 10 carried out in batch or
conti nuous node. In the batch node, a typical nethod
1Ihégdeﬁl alkglaaoatdo:]wmﬁsntkgﬁm@ﬂ tagepresergl m@mtfdramhy bmiﬂn:tbined
e heated to t 12 desired reac onterrper
ABY SRDANGIE Nt dalon ceqmimscss dEaherpRayPidae Prasence of
0 t d
R T B Bedr Forterf b Bt o
hdes¢nbeshiadexamplesit-¢.beldvl n a fi xed bed process, the
al kyl ation catalyst is charged to the reactor and 16
activated or dried at a tenperature of at |east 150C
uPRdsreduze fomsomelrization @f NbfmiahAigha Ofefingas. After
activation, the alkylation catalyst is cooled to
anmbi ent 18 tenperature and a flow of the aromatic

hYHessambaratiomp@iceds insay bé cafiskout mlﬁatapbir ooaﬂnmuous mode.

tol uene. Pressure is increased by _nea
pr BE fPeesierperalirgs CARAENGS érom ’égs%ﬁ% 25@ %b(w éhef hatch mode,

bﬂqgﬁ alOr‘Pi%,-ﬂjiodoi"s.eté1?{&3‘31?1 irrb & St g%s %Lk C\ﬁﬁircFlQﬂay be

conposition a e desire react on tenperat ure.
Ahteated2d the elesired zeadidriensperburet & cm!tlrdmsrmdcess is most

d
GEERHSIY caied GHE PoA DA BeHProfess. capere (alesdn anied hed
;Pﬁ{)bwe d)&t%g ﬁféirge fidi 0.2 %%érﬁ Wd@h?ﬁ@uwgp%@ velocity.

w over the catal yst he reactor
ef fl uent conprising al kyl ated aromati ¢ hydrocar bon,

Uy 5?&5 %e‘a ﬁbﬁfggﬁ g&ﬁﬁg@%{%@ﬂg‘st fs Mé@g?é *B%P reactor and

conpou n romati c

had!i\caiad Imn driedrgl @utethperature of mé faase d 5B5C dinsier veatimnor flowing
S}nreI ry 8as A%r achvatlon the temperature of the isomerization catalyst is
adjusted to the desired reaction temperature and a fiow of the olefin is
introduced into the reactor. The reactor effluent containing the partially-
branched, isomerized olefins is collected. The resulting partially-branched,
isomerized olefins contain a different olefin distribution (alpha olefin, beta
bleﬁn, internal olefin, tri-substituted olefin, and vinylidene olefin) and

branching content than the unisomerized olefin.
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28 under vacuum or any other nmeans known to those
skilled in the art. -26 | Procedure for Sul fonation of
Al kyl at ed Aromati c Hydrocarbons 2 Sul fonation of

al kyl ated hydrocarbons nmay be carried out by any

met hod 3 known by a person skilled in the art. 4 The
syl fonatiqn reaction. is t oiﬁ$l carried out in a

f SIFPPIE; AT S CREAOSed at about
65C. The al kyl ated aromati c hydrocarbon is placed in
6 ,the tube and sulfur trjoxide diluted with nitrogen

" gTatiah SLACRALS Dfirasarhons S TeARha Sl BrPa ALY

b ot IR gt ol GENRE AR blarCHENRY ORI mAY be carred
r ostiby iany ra¢thpHanewndpoamerson sSkilad inthiecadci d may be
diluted with about 10% 100 Neutral oil followed by 10
thermal treatnent with nitrogen bubbling at a rate of
abbetalid@ation eractipars typidallyampraed olut pithdare aroamatic hydrocarbon

Tng Dafiin FPrRPE Bort 4 ioLeo g aPpes (maeratures can

C palRMrofrsalilitaioned tormourespet. The sbesss & &fied Hat without
Procedure for Carbonation, Overbasing of Al kylated

Attenaddiosef waterc Agthisolefias bave enbighdmilingveoibhdhegragess is
al kylaromatic sul foni c.acids may -he carri.ed out by 1
R EARD Rbtrfectotitig M AR ShaBe) | THaSRYATRE riptestmal be
peatieteod il WatdoPEdritinlidous whd@s alethe baBh Hod&netypidal method
t he carbonation, overbasing reaction is carried out in

aisrtedigeoa stirfed zutedlave peglass dlask, whishanry bgtheated to the

a ' J ' ' [ oL | Ge: s ;
2PURS fotlHABHREFe. HARRLIGRb b Blheds I incidy carried
agut int ® fixed bedIrategre Spdddrratds imatfixed bed grachoH can range from
di.oxi de are added to the reaction while nmaintaining

t RO 19319 erpwra wrighthauilyespageo@loobe and 80C. 24 25
The degree of carbonation, overbasing nmay be

controlled by the quantity of 26 the alkaline earth

it alfixad degdarmpensHitbs allylainmeentatyst iscchasged ite the reactor and

TSR ch B o B A B 413 805 RReF OB o

inert, dry gas. After activation, the alkylation catalyst is cooled to ambient

temperature and a flow of the aromatic hydrocarbon compound 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 hydrocarbon 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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1 Reactivation of Deactivated Mordenite Zeolite

Cat al ysts and Conposites 2 Once the nordenite zeolite
catal ysts and catal yst conposites are conpletely 3
deactivated, the al kylation reaction stops because of
t he pol yneri zatl on of the 4 olefin into large

=3 N ha acafa E | n
the zeolitic materi aI Hovvever 6 reactor bed need not
he deactivated nordenite zeolite

0, renove )
%HEP%\?‘%%Q %g Akdated Bygrocakansddry ds. carriad guh by ianyregthod
MRAERA ég@d tgiRLRtRkystt s and catal yst conposites
are rea ate at the end of an alkylation 9 run by
st oppi ng the olefin feed streamto the reactor and
r . . a
DI PR oo R Rl MR 3 M IR i rcactor
sn‘fémtatzrmtdltqattébwt 653?6[ CEtée anémamu abnuatrdﬁydtmasbdmus placed in
ut .24 hour 12 . VPLES .13 Exa

P&tqnﬂﬁl&ﬁlfﬂé@ﬁ%dawam@ﬂ%ng@ adtisi tp ths alkylated

Zﬁﬂiméﬁc ﬁfdr@hé‘?ﬁo acon”ﬁ’é’ﬁﬁdlétofé ib dfsaIW}%ﬁreﬁ'en@ﬁmg\eyrﬂrB&arbon to

zeolite owder en|te zeolite
aeladfuratbmede e mabeiainet al abeutra®ddnal he)resmltmgaalkglatedaromatic

o OUIRED o mRY el wifiake d bR Do e B TofiSuRa v

dﬂﬁérﬁﬁﬁtr@éﬁﬁérﬁt\ﬁ% ﬁl’tl‘?i@iatn' ubBliRgURta ratd of\abait ¢ #tGS Per
zeolite Y catal yst powder is mxed with nordenite

zkilngrae szmdactaar}ttstlrp@@delmla magaing thef iempenatiureat @bout

58552 g bRl re B ST Aot Tt is BB (Rgmum of
f abbevd 5% et hod: 23 Loss-on-ignition (LA) is

determ ned for sanples of commercially available 24
zeolite Y (CBV 760(r) and CBV 600(r)) and nordenite

zppddddard fP\CABOnAElidn, BoeLinpbl RIkQFa@éG Z@Q:'n\é%b Sulfomc Acids
International by heating € sanpl es
hour. The LO obtai ned provides the percent voI at| | es
| Qattithatien) bt@rbéés@gdof au%ﬁaﬂorﬁgﬁéigm dific éefeis' rhgy%t &41R&d out by
bei ng used a connerC|a sanpl e 2
Vany me(tlngd hlydwattada akmwomskilledindbeaarhtd plideceralkylSesoatic
|§, &nsa? obt ai ned by 3 heating the sanples to 538C for
LH %ext, based on the results obtained

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 controlied 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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4 fromthe LO of the zeolite Y, nordenite zeolite and
the alum na powders the 5 anount of alum na powder is
wei ghed out to obtain 80% (volatile-free basis) 6
zeolite content of the conposite consists of 85%
zeolite Y and 15% nordenite 7 zeolite on a
vIatlle_free baS|s )

m nut es The anount of concentrat ed (70 7% n|tr| c

acid to give 10 0.7 wei % (based on 100%nnitric

alinge the Tperdegite Aﬁ@iitﬁq@e%@fystmnci galalyst camposites kg completely
S AR08 5pl S ond it edfonPofition of e
delefimi intedlavge molediBaspedies ﬂiata:rannot diffiseat of ﬂr&jcrystal

70.. 7% ni t i, d ded t bt I nal 14

« GHiCnOres comBina T Beiva e, ndhozealit Mpda Haweer
Cb&itbabad nadd ik baWhangba tYebaldvbhe 'd%abﬁ@athzrﬁ&‘defnﬂe zeolite

‘nordenite zeolite and aI um na powders 1S

c ebtalysts add cutalystccamopasitas. uthedeadtivebed nmrdemte geolife
Thus

wGEah 3t R et Ban e ah 05 B0 AEan qlkgation
18ur by %top‘;m*_i‘t%ﬂfé dlefihdee@streahiid theSeattor AHdPEHHTttihBahe
total "volatiles in the three 19 powders. 20 Dei oni zed

waf@nah% hydreearbmrestreamdeicsntiotie %o hidliwsbedthraugh the reactor for

ettt ypbali B 4PRP 2 nBGt B Bl 2480,

m xer can be scraped down. Mxing is then resuned and
the solution of 23 nitri cgg&iwter i s added over
5 m nutes using the peri st ' . At the 24 end
of acid addition, mxing is continued for a total tine
of 40 mnutes, wth 25 occasiongl ,holds to allow for
scraping the sides of the E&@éﬂa—?ﬂ{ the end of the 26
m X1 ng peri OdPrégﬁrd%thﬁ‘rZedlﬁé ehtdifst EoRpHBRABH£d.-
Addi ti onal andbunts o eroni zed water 1S added
until the mxture appears extrudabl e and the percent

ZQekSﬁ’t'eett;étlagz%t @b@nﬁg@m ;Tﬁé%ﬂ%;‘ﬁé?ed g&gn&é Q}Ee&% YbYivdef and

is extruded thro I met mretric
qum‘demlt&meome quowdetsamallableu fnora Mﬂntexmammi or @y other

| dri t
o Chmiartiaf faliter R rSAlBI Bnd Lo BinES 2Pbite paiider arf mixed
t291697h)¥_ﬁfdb0$%ﬁ HQ@é@%nWhé@ésﬁ‘@gtdﬂ(gﬁétea'a?ﬂmaQTc ﬁr@ﬂb@t of

e extrudates are sieved

- 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 (LO!) is determined for samples of commercially avaitable
zeolite Y (CBV 760® and CBV 600®) and mordenite zeolite (CBV 90A®)
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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5 the portion larger than 1.0 mllinmeter is retained.
6 The extrudates are then calcined in a nuffle furnace
using the following 7 tenperature program 8 The
extrudates are heated to 593C over two hours, then
held at 593C for 9 1/2 hour and next cooled to 204C.

LweLght o e.exirudat i 0.0obtained. ,11
Nl BRORk Bl hATnEbueR: thd Soliss § HoRPeRia Shppte of
t Versa®rivwetrbsl aldnieak oxide Swsilabe frontlSassttigralddiobtained by
ggstrorrs and a cumul ative pore volune at dianmeters

flg thesampiRs anyift’ Cdes 1ihpusbiNrcbrsachan thrresults obtained
CNEE)F[TJ{% Ld?:obfjﬁie%oﬁz?é QS| Béﬁﬁte %éolﬂ@ta%dl tha aTnPr?nrﬁe;%\Jvagrs the

yst nposition i é ar ged
r aenciuod ofl skomiharpowidertid weagjﬁed atf tomﬂtéara&@%e(voletlle-free basis)

ggrgcarb n '{'?e reactjon effl uent 0of this. react ]
17591ll6 Conteitar the SATBIOSKe GanSists 9bBE%rRRlR Y Nt ] SYEordenite
Ob&hiit8 drPSJoRileABl piRgn 18 benzene is used as the

aromati ¢ hydrocarbon and the al kylation reaction is
19 conducted using the Zeolite Catalyst Corrp05| t| on,

t iT‘ﬁé thice gﬂ%?dé}b% rad@l@d%%ﬂ?ﬁl@?’e& nd e dry [mixed for

calntot omatic ring at ostlona
24 rainkitds. chiaé mmount loé cahdaritedted (b@.ﬁ%mtﬁdmd\wgrw he

ite t al psite is used alope jn the
Fv&ond 6 Todad on 1005 Bhtcat B uhinend weidbhol bs wpite and
dihe! allhfba ArhS
nmeans and ?BWd%H IMIgga%gn?gﬁg 'S srbtlsc#onat e?lbrs?t’:f‘anmdvas
s‘drefgh&dt(i)ldrﬂrpidl@edlueém delnigsld whtemwn in the art. The
al kyl benzene sulfonic acid is further carbonated 26

with an al kaline earth metal and carbon dioxide. -30 1
Eihmbtbtel A upt epeaktn and 00.7 Zenltii¢ ecd dddd/ &t obtain a final

osi, t olite t sit.e are
SRR SRRvEmAtey SRYh e EvIBe s c%ﬁceﬂﬁ@& folis.
7‘@8I(altﬂesal¥16thbabhéolﬁéOﬁbﬁ?éﬂiﬁésiedlﬁé shaaidii po \gaers is
Exanpl e 6 Preparation of Mordenite Zeolite
aaﬁipwgtqcb Nitric acid solution 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. At the 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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7 Mordenite Zeolite Catal yst Conposite was prepared
are described above in 8 Exanple 1 using nordenite
zeolite CBV 90A(r) avail able from Zeol yst 9
International. 10 Exanple 4 11 Preparation of Zeolite
Cat al yst Conposition 12 Zeolite Catal yst Conposition

2
CIR B CRBATE WRubldnsign | 27 cliEndlels. asyivuetic auadriobe

pepmisedts) in FBANALESxtFUdrd BHEwat Io-ﬁ'@eby%ﬁﬁhbélestr\énds are dried at
Cat al yst Conposite and Mordenite Zedli'te Cata

cariositerd hplrsyi ke leng ayimq@acab@tmndmam@ea mﬁemm give
g%g r[lﬁgte@@{ %tn)?;)g% choﬁﬁa{)ngé[?[' F&tlo%ﬁ?ée dl'lw Sxtru A58 Steved and

Mbinel portios |Zeg@rithan @0 alilisietéiogpesiingd.t o obtain a final
ratio of 85:15 in the 18 Zeolite Catal yst Conposition
2. 19 The resulting Zeolite Catal yst Conposition 2 is

6 claegedridates gid Wlendaitihed aRatrAGMe30rie ddifg the following

10

11
12
13
14

15
16
17
18
19
20
21

- 22

23

24
25
26

aI kré;gatl on of aromatic hydrocarbons as descri bed bel ow
arabture pyogran: Exanpl e 5 22 Preparation of
aI kyl benzene conpositions using zeolite Y catalyst

conposite 23 Typically, alkylation of aromatic
hy Bﬁcﬁ?‘éwﬁ'a@ e hneai@d t@593F Giaves two ihowrs, 2hen held at 593°C for

d
b2 hitur A hBRRed R4 SO B Feidnl e Sdates is
debtmmérﬁd below -31 1 A fixed bed reactor constructed

from15.54 mllinmeters Schedule 160 stainless 2 steel
pi pe was used for this alkylation test. Pressure in

t MercegahausionP crosmhathRis\esbd @rmra@ﬂ@‘rﬁerthébﬁubasiés A peak
pressure val ve. The reactor and heaters

cBIRsreRReciamsteninangsirams and aewpmlatnm aoteovmlume at dlameters

R BN HE R P Py

ndéta.net ers AI undum particles was packed in the bottom
of the reactor to 7 provide a pre-heat zone. Next, 100
grans of a zeolite Y catalyst conposite 8 simlar to

t Mhe Zeolitd €atalpRGoriiposiGONRIEhARYcRtE RABIRS ﬂléht’-‘?ééﬂﬁr%s@d for
Eov was 9 charged to the fixéd bed reactor.

Ikylatipr ofarametic; hydracatbans: i Fie neiadtl@acﬁfﬁgemtcofghlsereactor
?Ié%%‘pt%@? BARKGE R o €895 LLMvetbiohLrthe Yeft iekdSstream. When

benzene is used as the aromatic hydrocarbon and the alkylation reaction is
conducted using the Zeolite Catalyst Composition, there is a much higher
attachment of the alkyl chain to the aromatic ring at the 2-position along the
alkyl chain in the alkylated benzene thén 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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11 Finally, void spaces in the catalyst bed were
filled with 351 grans 12 150 m croneters Al undum
particles as interstitial packing. 13 14 The reactor
was then cl osed, sealed, and pressure tested under
nitrogen. 15 Next, the al kyl ation catal yst was

dehydrated during 15 hours at 200C under a 16 20
T iters per hour flow of ni té@ﬁﬁ'&%aeured at amnbi ent

2 tenperature angrdarbligh HAZ2ofitly iRy EACbAoLRe 100C
under nitrogen. Bénzene was to
the catalytic bed in an up-flow nmanner at a flow rate
0 r ' tic

® Ol2ekBelf TR CORI wad HRIEIES e il AP

4 sttvample-Trusing eaplitedf ORY F608B2GIlGbE oM akglysttinfeshatiohal.
the 21 catalyst bed) and the pressure was increased
to 14.6 atnospheres. 22 23 Wen tenperature and.

5 pressure had |ined out at dﬁ@mgé:}ﬁ art-of-run 24
condi tions Igf 182C and 4. a feed _

m xture, corRERAFYONQ golie Lralalys

nmolar ratio of 10:1 and drled over actlvated 26

As the

7 a&?fdgé‘g%i%?ém'@” st %«;&E‘e s Ha?o”érgég?éhésmw pbve in
EXAMIAL 1RG0 ol 22000 SEH oA aSnis tom Fealvs

9 Afnternmboat 8 hours 29 on-stream the reactor exotherm
was 20C. At 26 hours on-stream the olefin 30
conversion in the product was 99.1% The run was

10 stopped after 408 hours 3Ex@m@eyeam although the
run coul d have cont| hued._ At this ti ne the oI ef| n 32

1 conversion waEreraraton of ZeolitenCriaivat Gompesiti
hydr ocar bon products contalnlng excess benzene were 2

gllect(ﬁa durlng the course of the run. After
12 d gplite Grtalst Comraniian 2iie prepaged byraixing Mﬂeeeaamiyst

15 208 AR LabDRNGRTSHE e Rlpsghpes 2

14 fanéa bk Zealite Of CMyst@Gihlp@@it@dnﬂ mmcbi’dbﬁltééieoilte Catalyst
15 gbl i meters Sche éiul e 160 stainless steel pip
gopgsiteare fpjxe é’h@f%lprmmﬁﬁuhaﬁaﬂ@@dha;d&&ﬁed alkyiated

16  2MRInvMid SoBuBACKs BhSciihSle eY 2b¥fte Y BStdIFAC HnpBLfte is mixed with

_ heaters were constr
17 Mordenite Zeolite Catalyst Composite to obtain a final ratio of 85:15 in the

18 Zeolite Catalyst Composition 2.

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

21 : : Example 5
22 Preparation of alkylbenzene compositions using zeolite Y catalyst composite

23 Typically, alkylation of aromatic hydrocarbons with normal alpha olefins,
24  partially-branched-chain isomerized olefins and branched-chain olefins was
25 carried out as described below:
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8 so that adiabatic tenperature control could be

mai nt ai ned during the course of 9 alkylation runs. A
smal | amount of 850 microneter to 2 millineters 10
aci d-washed Al undum was packed in the bottom of the
reactor to provide a 11 pre-heat zone. Next, 100

gr | kylation extr te.catal yst s 1 .
OB bell ko USR5 SRR Sstiet g stiniss
| stédlpisadsyisdedred this %ﬂxldt%nfﬂeb{. edradistife APfhe reactor was

m cronmeters aci d-washed unduminterstitial packing.
THBainkpinee bytan apriiepriate baskawessereradve.t &helreqttar bod heaters

55 7 B Bl g
t alutidgahbicenrsd ehpikylation euns)dar1 92 ¢radg BBJd A B50BARESTBter to

t.@@g introduced into 17 the catalytic bed in an
\S%-Slﬂﬁ FrER fdvndyrBRasidles was(Rasker dn Mg bottepeefthareactor to

1&r6ABE 0Hrk:-RES: ﬁ)n%s SNé)?(g‘i\ﬁé grré Elopashein Yséaqf[;ll&sﬁgqrggosite

run conditions. "Normnal opé€rating pressure wWa
atsimitatortbe zetlite Y wiatalpdt doenpuesitetprepardd ilExample 2 above was

" Refi R Gelbreel adiaston ifieuaSelsT dvar donl wpied during
t mﬁ@t&gﬁ/e@md%uhppmtblﬁéggnf,&y %e%lﬁgtﬁﬂéne :i%r%gté)r.

VWen tenperature and pressure ha I'ned out es
strinallyovoidgpag@sdothi catalyst betevareditiedrwitty 86 ¢ mrams

7 deh TRl HRT R B Pt betinenc, “as

introduced in an 25 up-flow manner. The benzene to
oLefin nolar ratio was 10:1. As the reaction 26 began
t d hgdeaetor wasplbentalosed, senleds audipressuredastedywidesattrogen.

a j s . 8, 29 | at e o

o SRYE ORI CARhET Rt frated BuBa o ipdis 8 200°C under a
c @Dl lkersqubrdiourfigw Snitrbges eiastirad at Ambiatt-teMge?sture and
distillation to renpve excess benzene, analysis 31

sRETSYTe AR 1heR spelediirald050undsnwilregem Benzere wasthen

' ' , 331
S IRRE o tHG cevic e e EpPlon Ml arsbod ety
T§ 85 gadiing, pealHopr atTieomperhtuae qurddreadiyisitis Bnbsaatvetddntrol) was
normal alpha olefins, 4 partially-branched-chain
| LisheRSerte Bl ermiermtuie of 482G (massurad kst 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 Ca.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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5 carried out as described below. 6 7 A fixed bed
reactor was constructed from15.54 mllineters

Schedul e 160 8 stainless steel pipe. Pressure in the
reactor was mai ntai ned by an 9 appropriate back
pressure valve. The reactor and heaters were

truct ed 0 .so that adiabatic t erature control
coTRUAtE FmAts e GibeRerenacte SorEian SxgeSs benzene were
aldsye & @uringntbe cBukRdothe k(. HRRIGNIafER tdYEMBIBEREess
to 2 mllimeters 12 Alundum particles was packed In

t lREOTmBtie Hirdesrcarten, eawlysiy showpd dhatdgreater sham 89fegonversion of

z : / enj cat al yst conposite

< . a seniE AR fe cPREEE KRR Composi < o
prrefecbed redetenwhs conshostedvinsim cisspafllimbbersSdiRiule 160
fixed bed reactor. Finally, void spaces in the

c &ainipss stRad PiRG- ePrassHEgyin tliw@ "RRCIOr YOS maiieined san
TIERTTINE Dok RS i [T o Bt

ganahg’sadia?dtimtaummh rature cbditrehsoule e llﬁiagha}mladl@gir@ﬂhle couise of
ensity. After, chargin t reactor was closed, 19

s elaonaas: Sab Stint o §0aR cumetts to Zyripeters
abkid-wbsRed Rﬂrﬂiﬁ@va‘é%&@?qn Hﬁéb@ﬁoﬁpof?tﬁgq:eg%? ko Bradfide a
liters per hour 22 flow of nitrogen neasured at

apbe-beat zenpeNaxur80grdms efasivle akdatith detnydatatcadaliysiwas

23 h 00C, Th | bed. h led t
R o he PR el B CRn ESBAY. Naic sk T th getabt Ded were
| filed With 1@1i@l'idtbirfété}@%didlwa%ﬁeémlbiﬁdlﬁrhqme'ﬂﬁﬁfé? paking. The

flow rate of 200 granms per hour. Tenperature
28ealifrabar the merrnite: 2addite alkylation cadalyshwae dsenl debydrated for

5 BleasEp o REABC bR TR o firBhed 885 bRl oedto
i am&dntperétar@ﬁndémﬁﬂﬁgh%@s. enzpheWas then introduced into

t npera# ure and pressure i ned out at desired :
se'bﬁ calgivlic lheddn anveriflewonaneer. 1Famperatune(isethermal temperature

> y il a4 1

SERTN 8 brey Bk MRS SRUBI P R Glnciids gl

doperitioggiressurewede 1 21adtmosphcra@sThe iritpslueathdratudd of

ug-fl oW nPnn% oa& 200.granms per hour. As the .

pproximately 750°C was chosen so that the temperature in the catalytic bed

increased 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 ratic 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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3 feed reached the catalyst in the reactor, reaction
began to occur and internal 4 catalyst bed
tenperatures increased above the inlet tenperature.
After about 5 8 hours on-stream the reactor exotherm
was 20C. In the first 57 hours 6 on-stream the olefin
conversi on decreased from 100%to 98.8% (Run 7 Peri od
1). At this point, the catﬁlﬁéﬂlﬁ& was flushed with

benzene at 8 J9QAH BEAlk Bléhzé’h’é LBEpLEitIBAYT S-

Fol | owi ng t he benzene us enzene and ol efin
feed fl ow was resuned. Inl et terrperature was i ncreased

1&}!}3!@;3*@2@&%&&7 of HibrRati ﬁ%%;'égﬁ& thggleé*PHQtoiléﬁns

run” hours (Run 11 Peri
h@aﬁ@“y tmammeﬁ cbwesemnzaaglefmstarw braneBe8%hairPolefins was
gt nPrlog)% lft declined to 98.1 % at 321 run
eiiidl afsu ER AT e c})e‘i‘é" 95.3% at 351 run hours. A
second benzene flush was perfornmed at 351 run 14

hours during 17 hours. After the second benzene fl ush,
f Aelixer brd trastamvas sonstiuctgdifionn d 5dmilliReterpdchedut: 160

CSEHILES SRRTRIOR Fredghid rcR8 Bt SR b oo,

atppidpriattbadi phistuse aalet o !‘Re7re%%tcﬁftarﬁi5l5)eétéﬂs Wers sondtructed
third b%ﬁ?zqﬁe flush was done during a weekend
Féedhal i teparatyra costrot eruld mermawéwﬂed guringdhetcgurse of

b

S SRy[BUEA rEE, RSP 70 Sray s 888 ARIGAer g G e RS

hAluTslunn padichsfsi was packed i thenbsticl .of the Féwctoutd pvavide a

st opped, 21 after 2 hours on-stream but coul d have
Hf{)ﬁﬁﬁte@qeo gxt, 1 g arams g H?P'é’{eé'ﬂezﬁaé@llﬁ%ﬁ gomposite similar to

h

z’ﬁol RACHI (B CompESHe bR o H EXEMIAT SHHoVEs charged

dtcsthel fixedi kad t&act@rrdﬂaauaygo@m;sﬁécm nrthelaatdﬂyslrbmhm/em filled

Wk D or SRS Berliidle A ABUM Berichs Bl Gl Grcking.
t TITﬁe fréébto?%as%%nﬁy&‘%ﬁaﬂ whfle %hﬁ@ﬁ@bb%&‘ifand alundum to

al kyl benzene sul fonic acids 30 A™mxture of 85 wel ght
oebsurerehighipacked bulledenasity. pAtipacharging, the rémcteiwas closed,

Z?@éle& anq@%ﬁéghg g er%i\élgl ght % of the al kyl at ed

benzéne 'p

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 hour. Temperature (under
adiabatic temperature control) was increased to a start of run inlet
temperature of 154°C (measured just before the cataiyst bed) and the

pressure was increased to 12.66 atmospheres.

When temperature and pressure had lined out at desilled start-of-run
conditions of 154°C and 12.66 atmospheres, a feed mixture, consisting of
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1 nordenite zeolite catalyst as in Exanples 5 and 6
above was sulfonated by a 2 concurrent stream of

sul fur trioxide (SC3) and air with in a tubul ar
reactor 3 (2 neters long, 1 centineter inside
diameter) in a down flow node using the 4 follow ng

C @etizehe 3eid 6,5 N2 G Qrmb%ﬁﬂ?ﬁf‘@bf“i 91 y@&? P%Faéti\%‘ﬁéd

rate was 73 grans per hour, ow rate
weadurgia, g\‘%fﬁtrgéuc%maraupaszswarmeaakgzoa@eameumr hour As the

b lon he B0 B 195 AEE R B R PSSR e

ca:amwsubecfwmatmemrmream ¥BOPS tHenRt tEApEMRGRY. - After about
11 The resultjing crude al kyl benzene sulfonlc acid

h NeYE Asstrerinnifediegstaraxethermpwaa 283Corn the firsit hours

ponSltedih, beolBfi? Chhloralfy dikregb &l o You % i ek 8% diun
alReyiodetiz dhisupdinhitive eatatlst beG5vays fushedwith cﬂiehzéﬁé at
100 Neutral diil uent oil and

o 2Ot B hqur CPingotl bigsk Tlasing SiktbeoRzand s, the
whehzéns had rdléﬁﬁfe%ﬁﬁﬁ:lw IRsheel R gi qgl‘e& ?érﬂé? aﬁﬁr%t\ggg @reased

about 300 rpm a 18 condenser an
mi® 162¥E et §7irua |h@ars:|| Eeed @rds dwtimued urﬂtBSi@umhou&; (an

BB Y AR 98h i el SHRE stitaicinues ToRaISR.9%
( 4Qring RunRésS 2k d@Bﬁhéd‘ﬁ) 9830} af 3%"??%3 ﬁghﬁf&ﬁ@ firther to

110C with stirring and nitrogen was
t Ba-3% st 3p2 rup hopps. aBsecond benzene fipsh meperrfmmmaibaUBm run

Rl 4Pbld Rete et leBS i, Rl fas

arés;lnhmhagma toWtAo Muh P8ro@si CFee%ﬁw?@@oﬁﬁ%éd QAtil 550 run

| om n

b | be ne sulfonic acid had
OWiSr 1PIEEN 1caBarsion was inially 68:8% Rt JReinsid tcH28.3% at 519 run
pﬁ@t%'écénd 98 9% a/?zgéq Eﬁ%oi’l\@s‘?’ A it bBRSe TGN whsYorizS during

H2SOH4 was 0.
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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1 Exanple 7 2 Preparation of al kyl benzene sul f onat es
34 To a5 liter four-neck glass reactor equipped with
heating and cooling 5 capability and fitted with a
stainl ess steel nmechanical agitator rotating at 6

bet ween 300 and 350 rpm a gas inlet tube (2

AriTie BPaB Ay R oiapbn S Rbal was SifondlEd by o
dicshéurk@it streans of 8l lmm”tn@ﬁﬂeqsm? BRE aitWARN ﬁ' thb@l@? Peactor
gas was char ged 129.4 grans of centrate.

cé%meé@@ @ag, 4 cenlimeter ipside w&arﬁemm A o fdms mode usmg the
pf(ﬂ\é%wn@ﬁlgﬂgced during 12 the purification of
high

carbonat ed, overbased synthetic sul fonates by
13 centrifugation and decantation and was added to the
rg%%tﬁ)_g m xture of this 14 exanple for recycling the
c ORPEIT depperare was bl e, Stisdlave rateavas Ra@ramsaperdiour, and

1§Ik}%?e ABG (S0 Walsnesy ?@gﬁ@% LFIJ N8 rt@'ﬁ?lgﬂétd%h%??atio of

sol vent, 12 grans act clum’s
gl &%s e Sﬂgnwaay deosialed byqbasaingl aimixtard ofi akggerlZnd sulfur

OB 5 g AR S Al o0 v:00)

grans of xyl ene sol vent, 296. 5 grans 20 (0.59 nole)
of the al kyl benzene sulfonl c acid (HSG3 was 14.95
wehg Resuiting cpideealkgibennene sulfoniosicighhad the felovdag praperties

rhRetBh g SORREw AR B bRl WeishE R b HEOnngs g5 % and
ofveidfht 26 6f 81,85 W&s 6%310l ) of cal ci um hydroxi de, 362

grans of xylene solvent and 24 94.2 grans of nethanol
was added to the reactor and the contents of the 25

(gﬁ% ‘%Aﬁgi&lbf%?%ﬁg fgﬁﬂﬁgggﬁwem If,"&g%%ﬂ%?ﬁ% gn grams

t tbrb’l @hbleuh’aédllmel’ﬁe)llcmﬁf plaBedrimd elitefolrenddkeglagd reactor fitted
a%ture of the reactor increased to about 32C. A

RSteinipss stegl vespanisal agitateoraiating at abaet 30 af;moa

e e Y N
caivmﬂlemgigatm bladés %tgt]enBterudﬁGh ofusitrogenuThe contents of the

m n { e. The % g
reactor were p aced nder vacuum (40 millimeters Hg) and the reactor was

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

The final alkylbenzené sulfonic acid had the following properties based on the

total weight of the product: weight % of HSO; was 14.95 and weight % of
H>S0, was 0.17.
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31 CO2 was added to the reactor over 64 mnutes while
the tenperature of the 32 reactor was increased from
about 30C to about 41 C. Athird slurry -37 1 conposed
of 82 granms of oxide and 298 grans of xylene sol vent
was then 2 charged to the reactor concurrently wth
1.4 grans of CO2 over about ihut e. Next, 55 grans
(1.25 nole) of CO2 was addé%§¥%9¥%2 reactor over 4
appr oxi mat el y 60Erepaiaten whalkylbemepnegutfosatesact or
tenperature at 5 approximately 38C. 6 7 The water and
nmet hanol were then distilled fromthe reactor by first
hdata Bditerfolhfetk aRise rebotd? ¥y d Wil Beatdfy '&hﬁLﬂcﬁ}‘ﬁngt
at nospheric pressure and then to 93C ovelr about 6
ncARakityandtitted pilbra stainless steel mmthaninal agitaloryotating at

1 I 1.nut. t pheric.pressure,
Theben 38 anB RN it &oRN iR ios A RIRPRA iBiGE Biseten
t bochteCjust aboad the aGlator blidss for tHe2addiffes RGO £ a distillation
prerure nd next then cqoled to approximately 30C and

" 55PN g SQpdepsersdslawroaen @R weR chArDedd2OAigEms of

t Beptrg@ctor followed by 14 413 grans of Xxylene

solvent. The sedinent in the product was then renoved

15 by centrifugation. The xylene solvent in the

DR GO e St s Shide EactensoreausyBrdised during
HhelguiResiBMAMGH PR : th%&figﬂamas%h he@&n?&ates by

mllimeters Hy vacuum m nut es. acuum
weentiginativacand decaritatioyandgeas added tetheorpetios mikRire of this

LS 59 BB 8 RETHEC OB i, FRhghIE hac a Ten o
p19Pent mtﬁne@@p@mmﬁt&?w graphObL )gﬁéné _QFSIv@hEdILﬁzgﬁéams active

21 22 The weight % of calcium was 16. BN was
wedlgiim suenalgl © eramssalcigmhyrypxideiayid caleiom catbsinate,

et oo M 4 GRS b YO NS By o

al kyl ated aromati c conposition conpri sing:

Next, 40 grams of methanol, 207 grams of xylene solvent, 296.5 grams
(0.59 mole) of the alkylbenzene sulfonic acid (HSO; 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
'mmmrwmeambdm2yc.SMmawmm%33gamsm]9nmbﬁﬁCOZ
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
soivent, and 131 grams of methano! 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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3 4 (a) contacting at | east one aromatic hydrocarbon
wth at | east one 5 olefin under alkyl ation
conditions in the presence of a zeolite 6 catalyst

havi ng-a macropore structure conprising zeolite Y, and
7 wherein the peak macr opore di aneter of the catalyst,

ASTM Test 4284- | th
oFBEHoSR of B2 SO R08 RGO R o NS SREBE Hs hen
pehsargeal tarthe péadtBe coAE@rdRtly with 184 gRAhE of COIELRESalRR S

than, or equal to about 500 "angstrois, 11 neasured by
ASTHINHES; t NRst, 55 grasis 6825|@0!Eggf5002avamd@emw theoreatfor over

PRyttt bl anfE ke ShRGMR it Brobaiturea o)

cappandrmatghaB8i@ast one aromatic hydrocarbon with at
| east one 16 ol efin under alkylation conditions in
the presence of a zeolite 17 catalyst having a

”’?ﬁé%é?aﬁ H&ﬁHﬁSI SIPHeH Ay iﬁ%{(&%@gﬁﬁ%k&%aaﬁng

aV|ngaS||ca alumna nolar ra

t the m@cwjdmﬁﬂcﬁwh,r adoodit hanipiuted hﬁatnﬁﬁph@ﬁcm@%&e and then
neasured by ASTM Test

dj r of th 0.c taI

N gg CLo¥al Pout 692 %ﬁtﬂapspwwda{@gsuq%a%mn Hoally to
angsic evsr Al mfiiEE 4t 'aYrﬁoQBﬁ I PHedBE LT T pg%elrnggrat?re of
catal yst at pore dianeters |ess t an or equa

2@& resg@rarfaysﬂwmmcraam ted103C Qﬁ@Mﬂ'@ﬂtGU\buntDes at

sr%ﬁeé'@” Bg ”rSradmA ?@Qfa}g?ﬁwrcé’% rép%rgg%{tﬁm :gq Gand
aﬂmtgr@nﬁmrewwbgﬁam REH il r@%d q @fthiere oW8d by

the first alkylated aronatic ocar on product and
2% 3 g8 eh mdeae Isplvardd Tdnamwmnhynmecmodunt was diven removed

0 ORI gn2 i KAk LSRR ok gy Rang
othaeproduet®d 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 sulfonate 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 calcium sulfonate was 0.94, and viscosity was 111 ¢St at

100°C.
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2 2. The process of claim1 wherein step (b) further
conprises the 3 reactivation of the deactivated

zeolite catalyst with an aromatic 4 hydrocarbon

flush. 5 6 3. The process of claim2 further

cdrbAIMBhg sul fonating the alkylated 7 aromatic
conposition to forman al kyl ated aromati c sul fonic

aci d. 9 4. The process of claim3 further

cShpr ilg Precassdot praparing an klkykted atdmatio catripositiohfamprising:
acid wth an al kaline earth nmetal and carbon dioxi de

11 to produce a carbonated, overbased al kyl at ed

aromat(ay Sedrit@ttitigeat 188st driie Bromatc RYdeRafdT with 3t Ba4t one

wherein the first al kyl ated aromatic 14 hydrocarbon
product i rPlefire upderalkylationcomditionsdoihe presanceiaf & reolite

h 15 . : b .99 .
bercent bRg9Sfavifld Bdhabfore ShPkulrd sBRMising zeolite Y. and
conposi t i asherkih the Pduk maetsssrefiamctdrbrinskaiay 4, ftasured

first al kyl a%g% aromatic_ i S&I%dro_car bon product”in the
al kyl at ed B ARdM FesidipdRi4284n03 Jsiless than arequal i, gbout

of about e 0

Dot ar oo RO ARG G RSN Po Vil e 3] thE Satalyst
The procesd pofe diamebefs Idssrthon drieguil tcabaltia0®matgstroms,
aromatic 23 in the al kyl at ed

hydr qcar oduct .
ot ¢ CaERRUP b AS M FES. D 2aiiges ssbanorasual to
percent t pabeBt3BRi L (Eh @%ﬁg ﬂﬁ‘[‘ .
al kyl ated ar omat ioziq'g‘gﬁ%om tri n. gje Qgi_rét%@l%tfgg%rggnatlc
of any ondydfoadrbomprdduat; 7, wherein the olefin in
step (a) 28 and step (b) is independently an al pha
olefin, an isonerized olefin, a 29 branched-chain

ol ef i gb) Olcoftacting @t 1AR 'Y arotfaticflydrocarbon with at least one
olefin under alkylation conditions in the presence of a zeolite
‘catalyst having a macropore structure comprising mordenite
zeolite having a silica to alumina molar ratio of about 50:1 to

' about 105:1, and wherein the peak macropore diameter of the
catalyst, measured by ASTM Test No. D 4284-03, is less than or
equal to about 900 angstroms 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 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.
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1 9. The process of claim8 wherein the al pha olefin
or isonerized olefin 2 has from about 6 carbon atons
to about 40 carbon atons. 3 4 10. The process of
claim9 wherein the alpha olefin or isonerized olefin
5 has from about 20 carbon atons to about 40 carbon

f cl wherein th
b Zane Tt prshas of BRI EERRE tc ETuponcaapiess Beoms
to abeescti@tionrdione abaskatdd z&8iittZatd] pg% \thﬁ%ﬁ Rfatuc

claim 11 wherein the branched-chain o rom u
about hydeegasben ushs to about 50 car bon atorrB 12 13
13. The process of claim 12 wherein the branched-chain
olefin has from 14 about 12 carbon atons to about 18

c & boThat mnssessiBf clafin 24urthBecomprieiy UlforaY; n?'fﬁ‘e kaylated
clains 2 t , Wherein the olefin in step

st ep (315‘3"1?@0 FﬁH@ﬁ&H@er{mfgr@ qﬁlaalkyiateq/ammwsdfomﬁ:aaud
i sonerized 18 olefin, and wherein the olefin has from
about 6 carbon atons to about 19 40 carbon atons. 20

24. 15Th§fm'0pe$mefseiamfﬁ 3dliether ddmphisirgy ﬂeabh@? the a!kylated

parti al ranched-chain 22 isomerized olefin has from
Pbout al BfoTc arehwih aIkains earnaretabaneaen diaxide

25 1619 E%&é%@éﬁpgéte?élﬁﬁg%ocar%kﬂhf% 4ron® atgc :3ul1:,9|;]1&te

wherei n the aronmat %
step (b) is |ndependently tquene or 27 benzene

er o7 e BReBR a2 Yhere e st Akt prrsnatle | ¢ e
cat al pdrocatbdtpRdtcARIRh8 aky1SRY ALY cdifipdditddis in the
-range of about 40 percent to about 99 percent based on the total
alkylated aromatic composition.

-6.  The process of claim 5 wherein the first alkylated aromatic
hydrocarbon product in the alkylated aromatic composition is in the
-range of about 50 percent to about 90 percent based on the total
alkylated aromatic composition.

7.. The process of claim 6 wherein the first alkylated aromatic
hydrocarbon product in the alkylated aromatic compaosition is in the
-range of about 70 percent to about 80 percent based on the total
alkylated aromatic composition.

8.  The process of any one of claims 2 to 7, wherein the olefin in step (a)

and step (b) is independently an alpha olefin, an isomerized olefin, a
. branched-chain olefin, or mixtures thereof.
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31 about 400 angstrons in steps (a) and (b) are |less
than or equal to 32 about 0.30 mlliliters per gram

-41 1 2 18. The process of claim 17 wherein the

cunmul ati ve pore volume of the 3 zeolite catal ysts at
poPe dfAeragess|efniainh@whereirqthal alplee slefintords@@Rrized olefin

angstr ] te a) _an b), are |l ess than or equal
to aboﬁ%?fréﬁb‘a}%uqﬁ {:?%W%Pé“%@ra%ﬁp qarbgn atarws. The
process of claim 18 wherein the cunul ati ve pore vol une

of}j‘éThe 8 zeolite. catalysts at pore dianeters |ess
t hihr ofheBiRgess®f slait 9 whergptheraisia olefinior isdrapezédiplefin

and ( Iﬂﬁﬁ r.equal .to,ab 0 0.20

mili matﬁrgmper gttrdgﬁgar%?“ 3lgs go a_‘PHE?g{)&éé%%“ 8iorgs$-ai m

19 wherein the cumul ative pore volune of the -13
catal ysts at pore dianeters |ess than or equal

zep|it

t oﬂabo e RIpcess o claigs® wheseinithe heprcheslychaid oléfin has from
inth j mlliliters-per gramto
about eaoﬁﬁig%erﬁﬁ?ﬁ%?%g t%é"‘rb %H?Z%Cait%orﬁ{o%e process of
claim 20 wherein the cunul ati ve pore volune of the 17

- Zgolite catal ysts. at pore dianeters | ess than or
eq@l \fé’ic 1aﬁ

5 RipGRES Wheraiféhe hranches-ghain afafin(hgs from
are i I 1l liliters per
aram ¢ ol 8 %ﬁlgfor@??%wé?“égﬁgﬁmﬁ%ﬁﬁ% 21 22.
The process of any one of clains 2 to 21, wherein in

2 J5F 1 BtEe T GLeara 12,Whike dhsgbrabehegihain ol has from
100 2atsalt o ealifornlihs I0ABoRAPLABRR atbihs. 22 23, -

Theprocess of clalm 22 erein1n's "t he peak

macropore 26 dianeter of the zeolite catalyst is in
t r bout 750 a t.ro 27 to about 1800
aﬁgfé : ﬁ‘g%:pr%egs St'any 3ne B Llaims Dto 7. wherein the olefin in step (a)

~or step (b) is independently a partially-branched-chain isomerized
olefin, and wherein the olefin has from about 6 carbon atoms to about
40 carbon atoms.

15.  The process of claim 14 wherein the partially-branched-chain
isomerized olefin has from about 20 carbon atoms to about 40 carbon
atoms.

16. The process of any one of claims 2 to 15, wherein the aromatic
hydrocarbon in step (a) and step (b) is independently toluene or

benzene.

17. The process of any one of claims 2 to-1 6, wherein the cumulative pore
volume of the zeolite catalysts at pore diameters less than or equal to
about 400 angstroms in steps (a) and (b) are less than or equal to
about 0.30 millititers per gram.
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28 29 24. The-process of claim 23 wherein in step (a)

t he peak macropore 30 dianeter of the zeolite catal yst
is in the range of about 800 angstrons 31 to about

1400 angstronms. -42 1 2 25. The process of any one of
claims 2 to 21, wherein in step (b) the peak 3

e o piteepdicess bé biaah 1AGHERSIATRE LAMRANEForE YoRlkS ot ne

isin_th range of 4 about 400 angstrons to abou

angst te catalystssat nore giamsters less thanmi onfuiaMbeabout i n
step A EE di anet er, of the

mor de%eéﬂég.sél te cat ??5@5 gpg&?)narteﬂgs‘.:? Orraual fo abogt
400 arfy2% milliiteropabgrgm 700 angstronms. 9 10 27. The
process of claim 26 wherein in step (b) the peak
macropore 11 diameter of the nordenite zeolite

cdBal Yi$le process bhelaimgewhb o
about GOOpan strons. 13 _?4@2%&%’4%}3@?@@?%3’5%8?1@”
of “cl ZeRltecatalysts atipasesiiamiters fess thah driegualfo 2ot t
Y cate S La] 0_a ina,ratjo of about 5:1
Lo’ ap a0l Hngsonth i e (dPaf g 6 lparaigl to st
28 whor2f millilitesst pgr grajn.t he zeolite Y catal yst has a

19 silica to alumna ratio of about 30:1 to about

90:1. 20 21 30. The process of claim?29 wherein in
spe Sée(?d ‘ vst has .22 silica to
al u{)ri Egé:r&a'tg%) 0 dal%@b:{ 9%@5%9%0%3%{5{!&@5\&1po%volgmqp,qf_ the
The. peditesatidflystant poee diaméterdessd than 8Pe&{]§|ﬁ%i dbdui

step the nordenite 25 zeolite catalyst has a
é&% gNgPIMsAN signs(@rndddlarein thetrrangs efabet 1.

0.05 miilliliters per gram to about 0.18 milliliters per graim.

21, The process of claim 20 wherein the cumulative pore volume of the
Zeolite catalysts at pore diémeters less than or equal to about
300 angstroms in steps (a) and (b) are in the range of about
0.08 milliliters per gram to about 0.16 milliliters per graﬁt

22. The process-of any one of claims 2 to 21, wherein in step (a) the peak
- macropore diameter of the zeolite Y catalyst is in the range of about
700 angstroms to about 1800 angstroms.

23.. The process of claim 22 wherein in step {a) the peak macropore
diameter of the zeolite catalyst is in the range of about 750 angstroms
to about 1600 angstroms.

24. . Theprocess of claim 23 wherein in step (a) the peak macropore

diameter of the'zeolite catalyst is in the range of about 800 angstroms
to about 1400 angstroms.
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26 27 32. The process of any one of clains -2 to 31,
wherein the zeolite Yin step 28 . (a) and the
nordenite zeolite in step (b) contain a binder. 29 30
33. The process of claim 32 wherein the binder in the

ze%ﬂ g Y in ste {Sa) 31 _and the binder in the
eni '€ PEGESS & Y ebaef claimiss? t0 8 wherein i stepZbBihe peak
Fag1 Pt BREFORO AlbhSloithe ShatdEhi JuRP catBL R abfFange of

zeolite Y in step
step (BPoul400 angsizomertonabbub 808kresstrofs: 5 35. A

process for preparing an al kylated aromatic
conmposition conprising 6 contacting at |east one

ar2grat The procorsias nWQB 'Wt?érei %teﬁgﬁ fleShddlk @:E\grooooge

t he pr@sence of a zeolite cat ng a M
st r uct YaEnedet ehihe mwordenitectdaalite kfamlyzlstrmrrdm ra@ége of about

zeol it ite zeolite has a silica
to al uﬁo nghﬁoﬁgﬁsrtgtqbguggsgm S t o about 105: 1,
10 and wherein the peak nmacropore dianeter of the

cg&al t, neasured 11 by ASTM Test No. D 4284-03, is
| s t pERCG‘@&LRiIC'Q'B‘I Zhvierain incoep dntherpeak madrdpoee

o o it Mﬁpﬁan or "Eéggp Cat%bﬁ'%@dhﬁﬁagg?%@bom

di aneters les
neasursd argstymAsT bbdessodNangbirdaid- 03, is Iess than
or equal to about 0.30 15 rﬁIP|I|ters per gram 16 36.

The process of claim35 wherein the cunul ative pore

vOBUTT IR pioRBss b ah§ Bnbldt Akl %3527 wWRBFSnTh S Eine

| ess than or equa

t han aeobfm‘élcatajyahmﬁa @m&@ toidiliinind Rt cFedbdiit 80 to aBout
20 37, ﬁhﬁeprocess of claim 36. wherein the cunul ative
por e \78 zeolite 21 catalyst at pore dianeters =
| ess than or equal to about 300 angstrons 22 is-less..
than or equal to about 0.25 milliliters per gram 23

-29.  The process of claim 28 wherein in step (a) the zeolite Y catalyst has a

-silica to alumina ratio of about 30:1 to about 90:1.

30. The process of claim 29 whérein in step (a) the zeolite Y catalyst has a
silica to alumina ratio of about 60:1 to about 80:1. o

31: The prqcess-of any one of claims 1 to 30 wherein in step (b) the mordenite
zeolite catalyst has assilica to alumina ratio of about 60:1 to about 80:1.

32. The process of any one of claims 2 to 31, wherein the zeolite Y in step
(a) and the mordenite zeolite in step (b) contain a binder,

33. The process of claim 32 wherein the binder in the zeolite Y in step {(a)
and the binder in the mordenite zeolite in step (b) is alumina.
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24 38. The process of claim37 wherein the cunul ative
pore volune zeolite 25 catalyst at pore dianeters

| ess than or equal to about 300 angstronms 26 is |ess
than or equal to about 0.20 mlliliters per gram 27
28 39. The process of claim 38 wherein the cunul ative

Pgae TRkWiBcéds éfihy 89e 4F EHiﬁ)?oé:gxtt)%%gﬁb@%gegoéiﬁ Y.ip step

di aneters | ess than or equa J

i s i n(@yrnd thegovoufeniteasolite 0bstepl (b) bid kY theform @ianablst.
31 about 0.18 mlliliters per gram -44 1 2 40. The
process of claim39 wherein the cunul ative pore vol une

085! ha pracésdior %ital r &roftiA; - ,
or equal to abotlﬁ?e‘gf@% aﬁr:l g@??%%sﬁlogl a?'%ﬁﬁe‘%rééﬁ%icéﬁ%'"g
about ceniggting p least ene arematic iydracarbombdtitatdedst one olefin in

of o1 e @esehtE ofh Woife odtafist nilBalE SRR stBlore
di ametempasingheoliRoVidrrRl sRvrdénifd zédité, Whdleir ﬁ'@ﬁfg&erli&e

about 4(%,0 9 angstrons to about 1500 angstrons.
42. THOWS has assiliga tq alumina mpler stio ofrabous H0: trie abpuat £05:1,

o “arand whisrdifithe peak TfiadrbBole bniSter g cabal MéBg5ed
15 43by ABIMTeseNs. Di41284.08) #Ae¥b 8iAi or dh\alR6 Hbout

rracrog dia}meter of the 16 zeolite catalyst is in
the r %ﬁaa@s HpBs anddbe shgadlative pete volume aftheiatalyst at

angst i : T aim4a3 wherein
e pEamald ol oA 55 3Bl B! iédelred
cat al BsASITM Testt He. DARBA-08, isllosk thépCorestil ! 16 BholP0.30

abommﬁlﬁit@rgopea}rbgesag. ons.

36. The process of claim 35 wherein the cumulative pore volume of the
zeolite catalyst at pore diameters less than or equal to about
400 angstroms.is less than or equal to about 0.30 milliliters per gram.

37. The process of claim 36 wherein the cumulative pore volume zeolite
- catalyst at pore di_ameters less than or equal to about 300 angstroms
is less than or equal to about 0.25 milliliters per gram.

38. The process of claim 37 wherein the cumulative pore volume zeolite
catalyst at pore diameters less than or equal to about 300 angstroms
-is less than or equal to about 0.20 milliliters per gram.

39. The process of claim 38 wherein the cumulative pore volume of the
zeolite catalyst at pore diameters less than or equal to about
400 angstroms is in the range of about 0,05 milliliters per gram to
about 0.18 milliliters per gram.
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22 23 -45. The process of any one of clains 35 to 44,
wherein the zeolite Y has a 24 silica to alum na
nmol ar ratio of about 5:1 to about 100:1 and the 25
nordenite zeolite has a silica to alumna nolar ratio
of about 50:1 to 26 about 105:1. 27 28 46. The

: ; LY iV "
PGP o brofig B ERHSS ShBrif Taé Bl i5iBnaume of he
90: 1. ZBOlitesGatalysT at fore dianwrsss 106s M OF dGuaSaBiolt t he

zeolitg Y and the nordenite 2 zeolite independently
have S} RGeS i BinR£anee &f abavt @ 08miliiters pew gramgo
to abaHou®0: 16 nflilite process of any one of
clainms 35 to 47, I\I/\hlésffé?rnaﬂta € zeolite catalyst 6

contains a binder. 7 8 49. The process of claim48
50. The process

V\quei-ﬂ,’t e bi ndgr is al l%m na. 9 10 g

of ‘any o O5FST PLARY 088 ql Slaigs Jinta 40.iwvberein the peak

cat al ysdcropdrd iahfetbN6f the ZBdhte Batafdt & in the rar]lée ot abbut 400
zeolite catal yst conposition having a nmacropor

st r uc @hgstroms teahout 4609 :argstrofrss. (a) zeolite Y; and

17 18 (b) nordenite zeolite having a silica to alum na

nol ar ratio of about 19 -50:1 to about 105:1; 20

42. The process of claim 41 wherein the peak macropore diameter of the
zeolite catalyst e is in the range of about 500 angstroms to about
1300 angstroms.

43.. The process of claim 42 wherein the peak macropore diameter of the
zeolite catalyst is in the range of about 600 angstroms {o about
1100 angstroms. o

44.. The process of claim 43 wherein the peak macropore diameter of the
zeolite catalyst is in the range of about 750 angstroms to about
900 angstroms.

‘45. The process of any one of claims 35 to 44, wherein 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 molar ratio of about 50:1 to
about 105:1.

46. The process of claim 45 wherein the zeolite Y has a silica to alumina
molar ratio of about 30:1 to about 90:1.
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21 wherein the peak macropore di ameter of the catal yst
conposition, 22 neasured by ASTM Test No. D 4284-03,
is less than about 23 2000 angstroms and the

cu Ialtive pore volume of the catalyst at 24 pore
dit{rret di&sPIacess of glaimr 4k wherein ha ealiten0 and tigs mardenite

or equar ez naRbeiiMyiale iR Gl malarans ob3Bout 6o:1
52. Tlie abeal BOH.cat al yst conposition of claimb5l

wherein the cunmul ative 29 pore volune at pore
di aneters | ess than or equal to about 30 400 angstrons

i g8l € IR i1liliters |
o o 15 o8t o AHP ot 35 R4 Wpbla BiS il catalyst
of cl gontains wdndém t he cunul ative 2 pore vol ume of :

the zeolite catal yst conposition at pore dianeters
less 3 than or equal to about 300 angstrons is |ess

19N Theqsraebss of Bkt 4swRertin Mid bindel & SRl 0 am - S
6 54. The zeolite catalyst conposition of clarm53 '
wherein the cunul ative 7 pore volune of the zeolite

o202 ECREhE 240ee Rl Fe g e satalyst

t o abiih tAedodf ofalthblett ers per gram 10 11 55. The
zeolite catal yst conposition of claim54 wherein the

curmul ative 12 pore volunme of the zeolite, catalyst

CEPORI.1 ' ters le 13 than or equal
G oA oy Catel BafHpHiom fiavifs 2 magrapbra sbuettes os
14 m tomprisiergs per gramto about 0.18 milliliters per

gram 15 16 56. The zeolite catal yst conposition of
cl ai m 55 wherein the cunulative 17 - pore vol une of

the zeggliy, olﬁgtyalé@t conposition at pore dianeters
| ess 8 than or equal to about 300 angstrons is in

the range of about 0.08
(b) mordenite zeolite having a silica to alumina molar ratio of about
50:1 to about 105:1;

wherein the peak macropore diameter of the catalyst composition,
‘measured by ASTM Test No. D 4284-03, is less than about

2000 angstroms 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 equatl to about 0.30
milliliters per gram.

52. The zeolite catalyst composition of claim 51 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.
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19 miIliliters per gramto about 0.16 mlliliters per
gram 20 21 57. The zeolite catal yst conposition of
any one of claims 51 to 56, wherein 22 the peak

S PR R Bt somitnstionetaim s e ineuslpulative
1500 gngsvoRite olthe 280118 caldlfsti@mh dp@gﬁ-?é %%gdri%meters less

conmposjtion of claim57 whereln th por e
di anettBan 6f egHal toahaut S08angsirms isripss thdroor égualio tabeut

range O_Qgﬁ@g@pggégg%%ﬁngstrom to about 1300

angstrons e zeolite catal yst conposition
of claimb58 wherein the peak 30 macropore di aneter of

t zeglite catal yst conposition is in the range 31
of?ab BRte Ayt Femnesitissuef daico53ndwreinthe Genulative

1 60. i ; i tion. of claim59
shor oPOTE NERANE bPUREIINGS Lab AR 2ahlncdlic athcteHidmeters less
cat al yban obepaalitoiabout S00raridatronBeessthan Gheytial 1§ About

angstrons to. about 900 angstrons. 4 s 61. The zeolite
cat al )95%‘658'6'&158%? POH - any one of clains 51 to 60,

wherein 6 the zeolite Y in (a) has a silica to

al um na nmolar ratio of about 5:1 to 7 about 100:1. 8

3;)52. Theeeplits ﬁtalwhgmsifgnzm;mgm Mumfelr@ih&hmc@hulative
erej.n.t zeoldite . a) has a silica-to

al umi hﬂ’%@‘ﬁﬁ?‘er ttf"s 250l eatalySH campesiion at Page tiameters less

12 63thahhér éqeliitd absat Lt | &

wherein the zeolite Y i nu%}l]gg?g?‘%ﬁgiﬂ g%sﬁnlg%a&lt%}&& 0.05

al umi Rlliligrsaper gran to ababiolud 8aailllitére palpeuams0: 1. 14

1s 64. The zeolite catal yst conposition of any one of

claims 51 to 63, wherein

56. The zeolite catalyst composition of claim 55 wherein 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 milliliters per gram.

57. The zeolite catalyst composition of any one of claims 51 to 56, wherein
the peak macropore diameter of the zeolite catalyst composition is in
the range of about 400 angstroms to about 1500 angstroms.

58. The zeolite catalyst composition of claim 57 wherein the peak
macropore diameter of the zeolite catalyst composition is in the range
of about 500 angstroms to about 1300 angstroms.

59. The zeolite catalyst composition of claim 58 wherein the peak

macropore diameter of the zeolite catalyst composition is in the range
of about 600 angstroms to about 1100 angstroms.
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16 the nordenite zeolite in (b) has a silica to
alumna nolar ratio of about 17 50:1 to about 105:1.

18 19 65. The zeolite cat aI yst conmposition of claim
lite i b) h
o S ar e 2ebie RERE Rpasiiahof claym s whetein Zﬁ’ggaak
21 80: mao:;ﬂﬂ)oréiijlﬁﬁeteﬂtﬂr tﬁ@%bﬁt@ Vﬁ;a"i‘élgétycﬁ)t@ﬁ&%]ﬁ i< |n|°(ﬂ? fange

Z€e0

of any one of clains 51 t

cat al )@ftarl?%“‘g |4ngﬁhr0¢mt<aaheutaeoﬂ auigstrords. 26 67. The
zeolite catal yst conposition of claim66 wherein the
bi nder is 27 alumna. 28 29 68. The zeolite catal yst

‘cdiposThe peolité mta&yﬁrtﬁ)rﬁi)osih@;h OF ary oh& of ?:Iahr‘f‘ﬁeffﬂd‘ﬁq bherein

- the zeoli st conposition is int
t abl ettﬁ }'@8\9 grilica ta alymincemtolaraatio Dtabout51t0

Corrposd[jdl@q@o_ﬂ_eol ite Catal yst Conpositions And 3
Processes For Making The Same 4 The present invention
is directed to novel. alkylated aromatic conpositions,

I & t d f
7 n N e Aol CoumsigTLe! Gaim B4 iarmin thergzdiieY i
i t,rol.| ed
T obor e aere U AR R BT 118 ey .

directed to the 8 preparation of the catal yst
aration of

c 0 i a heir use_[n the pre

ngggl h Fez%%ﬁte gg@ y&?fﬁ?f”lﬁ”@ﬁlﬁ&gﬂ Q'@'Hh@g Wh@ée@athalz;e;odlte Yin

conpogad)thawg siicalth %lurﬁﬁm&hﬁgﬁ%

reduced deactivation rates during YEQI’%%% >a$ ag%qutfg 1.

process, thereby increasing the life of the catal ysts.

"64.  The zeoiite catalyst composition of any one of claims §1 to 63, wherein
the mordenite zeolite in (b) has a silica to alumina molar ratio of about
50:1 to about 105:1.

65. The zeolite catalyst compasition of claim 64 wherein the mordenite
zeolite in (b) has.a silica to alumina molar ratio of about 60:1 to about

80:1.

66. The zeolite catalyst composition of any one of ¢laims 51 to 65, wherein
- the zeolite catalyst composition contains a binder.

67. The zeolite catalyst composition of claim66 wherein the binder is
alumina. |

'68. The zeolite catalyst composition of any one of claims 51 to67, wherein
- the zeolite catalyst composition is in the form of a tablet.
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ABSTRACT

Alkylated Aromatic Compositions, Zeolite Catalyst Compositions And
Processes For Making The Same

- The present invention is directed to novel alkylated aromatic compositions,
. - zeolite catalyst compositions and processes for making the same. The

catalyst compositions comprise zeolite Y and mordenite zeolite having a

- controlted macropore structure. The present invention is also directed to the
- preparation of the catalyst compositions and their use in the preparation of

novel alkylated aromatic compositions. The catalyst compositions of the
present invention exhibit reduced deactivation rates during the alkylation

- process, thereby increasing the life of the catalysts.
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