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1 ZEOLITE Y ALKYLATION CATALYSTS 2 FIELD OF THE INVENTION

- 3 The present invention is directed to a zeolite Y catalyst having a

controlled 4 macropore structure. The present invention is also directed to
a catalyst 5 composite comprising zeolite Y and a process for preparing
the catalyst 6 composite. The present invention is also directed to
alkylation of aromafic. 7 rocarons, uUsing,t nd the catalyst
composites of thigg?%%!e%%ﬁ@h‘%m&gﬁg%ﬁ%ﬁ%onaﬂon of the
alkylated aromatic 9 hydrocarbons. The catalysts and the catalyst
composites exhibit reduggd, 1§ geagiyatian saites awing the alkylation
process, thereby increasing the life of 11 the catalyst. 12 BACKGROUND
OF THE INVENTION 13 It is well known to catalyze the alkylation of
TR MRS Vilven ety afdavistcl4 eeBienytediatididaialysis dyplealied
commercial catalysts include phosphoric, 15 acid/kiesei uf%r, aIuminLim
HASRRO 6T 5H o HEE RGBT HROHAE, 56 SATHE eHofiE GHIE YS!
ieoniwmpRalyisbngen Buariderovrd st pgepadidditeridatalyst
Alkylation with lower molecular weight olefins, such as propylene, 18 can
R &I oTHW?éﬁaLHBV&’WQ;Sb‘FFﬁ*Ség .'E&%%&aﬁ?é’%@a BTy
r@l@ﬂi@r@dﬁh” y@%iﬁéﬁr@@mlﬁ@ almlaﬂﬁm%%‘gm{(mfipdbedfiﬂufdmase, )
.20 usually in the presence o rogen flugride. [o] enzene, wit
e e & B, AU GO RATRR i 20 G B Re R e
Hyeptmeniond? Mbweveshiysdmgenhiiuodtieist nohepysicssnsaiilly reduced
attractive. 23 The use of Wéla@ov Jlisted acids i extrem%%/ corr,osi\{ﬁ, .
dt%%“ﬁé%ﬂﬁﬁrf&@&e@?ﬁl“% AHRIRLRIGafeC RIS, BrESasd 6 tHadle ©
taeidstalight 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 would
be preferable to usASHERSidpier DF THE INVENTION

sl

it is well known to catalyze the alkylation of aromatics with a variety of Lewis
or Bronsted acid catalysts. Typical commercial catalysts include phosphoric
acid/kieselguhr, aluminum halides, boron trifluoride, antimony chioride,
stannic chioride, zinc chloride, onium poly(hydrogen fluoride), and hydrogen
fluoride. Alkylation with lower molecular weight olefins, such as propylene,
can be carried out in the liquid or vapor phase. For alkylations with higher
olefins, such as Cqg 0lefins, the alkyiaiions are done in the quu'id phase,
usually in the presence of hydrogen fluoride. Alkylation of benzene with
higher olefins is especially difficult, and requires hydrogen fluoride treatment.

However, hydrogen fluoride is not environmentally attractive.

The use of the above listed acids is extremely corrosive, thus requiring special
handling and equipment. Also, the use of these acids might involve
environmental problems. Another probiem is that the use of these acids can
give less than desirable control on the precise chemical composition of the

product produced. Thus, it would be preferable to use a safer, simpler
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1 catalyst, preferably in solid state. This simpler process would result in
less 2 capital investment, which would result in a less expensive product.
3 Solid crystalline aluminosilicate zeolite catalysts have been known to be
4 effective for the alkylation of aromatics with olefins. Zeolitic materials
which 5 are useful as catalysts are usually inorganic crystalline materials
that possess 6 uniform pores with diameters in the micropore range that

catdRas, Al A9 RROSHNaZLOleS ekl diaBiribsandotiryralsaths less

prep ared 8 synthetlcall Synthetic zeolites include, for example zeolites
C@P“ﬁ' ‘P‘Vﬁ%iﬁae@vo‘fﬁé@% WPI&%I?&B%é@uBléeﬁﬁg%ﬁ%erﬁFéve product.

metaloaluminophosphates and 10 metalosmcophosphates Other

sg?%te”a'?aﬁ‘%%ha Sn*%’P@sr%n ”“ﬂz@oﬁ%”c %1 AN, @S%r?l%otpe
0ded rep HEhE'R ummum 6r Silicor in. ramewor structureé. 13
eﬁ'érﬁs&ez‘eolit&acﬁtal@tanaiéaeﬂmﬁmsmﬁmaﬁe@ny avaitdibie sfereals which

t 14 t lyti
s e A I L AN R s
unmfodrﬁqmm waﬁrntimetﬁescatmwmmm:@mmfgﬁéhawdﬂmtbeol|te

2@26{n§%t5 Into ape %g?%@faeh%%%%g J% %}' Pé&gatalyst
synthekicetly. 18mhaiwgmw:mlnelp@wderﬁmﬁﬂapeaqb@@ﬁo{h%‘a{y bend
' h th
oo o e A B KA S AR e e e e
nmﬁm@uﬂdpboaw@ngam@ﬁzecmem@ 28cthes brneiigsthiegdron or
t I
i NN R CUM P B I e

framtavdaite SIhiBeecross sections are circular 25 or embrace a plurality of
arcuate lobes extending outwardly from the central 26 portion of the
catalyst particles. 27 One problem with catalyst particles used in fixed

b
Theseisrol e saiplss g idaialiann cRMATIRIN e Svine GRY staiine
pEORRIAESRT, finehit Rtoalidation to enhance their catalytic properties for

particular applications. Processes for the further modification to enhance
catalytic properties of the crystalline zeolite catalysts are well known in the art,
such as forming the zeolite catalysts inio shaped particles, exchanging the

cations in the catalyst matrix, etc.

Forming the zeolite powders into shaped particles may be accomplished by
forming a gel or paste of the catalyst powder with the addition of a suitable
binder material such as a clay, an inorganic compound, or an organic
compound and then extruding the gel or paste into the desired form. Zeolite
powders may also be formed into particles without the use of a binder.
Typical catalyst particles include extrudates whose cross sections are circular
or embrace a plurality of arcuate lobes extending outwardly from the central

portion of the catalyst particles.

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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-2 1 the primary catalyst deactivation is caused by coke formation. This
catalyst 2 deactivation is a serious problem in the use of zeolite catalysts
for alkylation 3 reactions. This deactivation problem is well known in the
art and it is well 4 understood that the deactivation mechanism can involve
polymerization of the 5 olefin into large molecular species that cannot
diffuse out of the-pores 6 containing the active sites in the zeolitic
tmaspeinakry dhialyseddzcolidgatalysissiod prepakatifomobilhg| aromatitslist
typically.8 conducted by the catalytic alkylatign of aromatic hydrocarbons.
R o O R R e B B T B R P ton
reaatimier. This teadkilatieh gnarbletio sydritarboms tathbeacoandritad inedl

coyrespongdi Ifopic. 11 acids which can be further,converted intg.
PR B e A R Sl B R Bign of he
opebnasse et neopeepnatipacié g duditecarthoadifystsand thidHerfues
Sanaansiamino e caalystparigse.aa 14 extrudates with and

without the use of binders. Theré are also a nummiber of 15 patents

disclosing the use of zeolite catalysts for alkylation of aromatic 16

TRENREAHP IR il (hia1R8-{DI0pBarha8A dssiRyesHiaRieNAYBR Aly

synthetic zeolite 18 materials which uPon hydration yield a sorbent of

CopRsIRG Ryt [Rivic BikNaNRA A Al FiBY dHRCSERMYS With Rermal
ESIRU S PRRSUEP Yy aFR IREAVdRAh 2ibatiectinindbadaEN Ol prorgsisgaite21

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

a%?dy@ai@ﬁ%ﬁi@b@%@@@&ﬁ@ﬁ&%ﬁﬁ@@ﬁ?ﬁﬁé@ AGHBEdAFRIMates.

bodies or 24 shapes of crystalline zeolites. The patent also discloses
‘methods for the 2 ig\%&tifi ation of the catalyst materials using X-ra :
A B bt R B SRy RO TS I ARIgBaY 2olte
catalysts and the further shaping and forming of the catalyst particles and
extrudates with and without the use of binders. There are also a number of
patents disclosing the use of zeclite catalysts for alkylation of aromatic

hydrocarbons.

U.S. Pat. No. 3,094,383 discloses the preparation of synthetic zeolite
materials which upon hydration yield a sorbent of controlied effective pore
diameter and in which the sorbent and its zeolite precursor are provided

directly in the form of an aggregate.

U.S. Pat. No. 3,130,007 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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1 U.S. Pat. No. 3,288,716 discloses that the high "heavy content" of the 2
alkylated aromatic product can be controlled during the alkylation step and
3 has advantages over distilling the alkylated aromatic product to obtain
the 4 desired molecular weight. 5 U.S. Pat. Nos. 3,641,177 and
3,929,672 disclose the technique to remove 6 sodium or other alkali metal
ions from zeolite catalysts. The "177 patent also 7 discloses that such

uremexal abthe el erisihricalkplittoaistignstastivaiasn @ tirecientite
catalysts for the alkylation of aromatic h}/drtgé’arbon wit ogg‘ns b¥ 9
afyiptedrARUERIRIYEUSE! BRCRIBSYehiEag, hosg Y eigphgtep and

h&sldd/abeadisslese thmstingay yhElaalkyiadel satentdfloenee soeptsn the
sulfonates and overbased sulfonates. In 12 U.S. Pat. No. 5,112,506, the

deHERY PSRN Siaint distribution or "heavy 13 alkylate” is shown to
influence the performance of both Neutral and HOB 14 sulfonates and the

pdsakyla 8%9%3% 210%9 @@,W&ﬁ%;gﬁ gggqsﬁﬂﬁfaagc% g%rﬁ%v_e

corresponding s .S. Pat. No. 3,7 n 16!U. :
sA(B9, 093t aematelakytabicufdrenedsPistamtalysis. Pag 17 Npatent also

RABERR LT A2 3403 280 512 SO BRI ORI

y reference for all purposes. 19 U.S. Pat. No. 3,777,006 discloses the

theszesfiteiclelatiys) céonéhe fallkinatizm o stanmatio hystresatagine with olefins by
. aluminQsili ites having a size in excess of 21 200 microns and
n@k%ﬂ%%&%‘%@%ﬂ.

cterized igh strength and excellent adsorptive 22 properties. 23
U.S. Pat. No. 4,185,040 discloses the preparation of highly stable and

uastivat 24satalya B ihe alkylatonapiosomatisiy dissadwiisetiibdyy-C4
olefins. The 25 catalysts are acidic crystalline aluminosilicate zeoplites

alioRis exAR M I SecRSEVLR R IRAR aatevesPpepd spliprigles. In
US3 9B Ralisciasesea aleylgtien prasessciaaalkyiatingliBenzensn or “heavy

alkylate” is shown to influence the performance of both Neutral and HOB
sulfonates and the di-atkylate content is shown to influence the rust
performance of the corresponding sulfonate in U.S. Pat. No. 3,764,533. In
U.S. Pat. No. 4,259,193, a mono-alkylate suifonate is preferred. U.S. Pat.
Nos. 3,288,716; 3,764,533; 4,259,193 and 5,112,506 are hér@by incorporated

by reference for all purposes.

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

properties.

U.S. Pat. No. 4,185,040 discloses the preparation of highly stable and active
catalysts for the alkylation of aromatic hydrocarbons with C,-C,4 olefins. The
catalysts are acidic crystalline aluminosilicate zeolites which exhibit much

improved deactivation rates.
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2 comprising contacting benzene and lower olefins with a rare earth
exchanged 3 X or Y zeolite catalyst in the presence of sulfur dioxide. 4
U.S. Pat. No. 4,570,027 discloses the use of a low crystallinity, partially 5
collapsed zeolite catalyst for producing alkylaromatic hydrocarbons. The 6
alkylation reaction also involves conditioning the catalyst bed with
hydrogen 7 prior to conducting the alkylation reaction. 8 U.S. Pat. Nos.

NT R:81Bip4 4SBT 34 4B c0ES amd=ak 1t 79 D aliseles éothal By [atpg adiore ne

G P TR
KDSY%ON@.@%Ms?%ibs@mmcﬁc&éﬁiﬁ}mmaﬁmg non-foaming 12

detergent-dispersant lubricating oil additives. The process further involves
13 carbonation for making the products more basic. 14 U.S. Pat. No.

UsSp R ol @1ideR8921 diRGlaneR hresssaiangwraisialinibmpagialty
celspangesaned Stedilized denlie X saialyslibayeurn iperRaseHd 6

selectivity for mono-alkylation the process involves the gresence of at

ajkylatian Eﬁ?&%?@a@?ﬁ%%&@ﬁ&ﬂﬂ%%&ﬁﬂ%%%ﬁ% haduffiiBrgrogen

pABOW & aAPana tivatesRitRenly deposits on the alkylation
catalyst to 19 substantially suppress its alkylation activity. 20 U.S. Pat.

No. 4,916,096 discloses use of a zeolite Y catalyst for 21
Lh§diéarodessihg 6ihe14e clitésY ,catslvist é8 1t pasasdbbniddifiéiPalistibndhe
22 alumino te b|n iQn .
P BT Bl AU AR RS atumin
raﬁ;(’)%:ema dideinses itite asecotaidetite shtaiyschavingdify2ihsilicdalgst.
alumina molar ratio of 15 to 110 for the alkylation of naphthalene or 26
mono- |sopropylﬁﬁ{)hthalene. -51 U.S. Pat. No. 5,118,896 discloses an
UstorRaticNkyteffoh dPocdiss esep aspigeesthios@iakingcopttamying
daterpes-axyocaihon fera M INalANd RE&Process further involves

carbonation for making the products more basic.

U.S. Pat. No. 4,876,408 discloses an alkylation process using an ammonium-
exchanged and steam stabilized zeolite Y catalyst having an increased
selectivity for mono-alkylation the process involves the presence of at least
one organic compound under conditions such that sufficient amount of
carbonaceous material evenly deposits on the alkylation catalyst to

substantially suppress its alkylation activity.

U.S. Pat. No. 4,916,096 discloses use of a zeolite Y catalyst for
hydroprocessing. The zeolite Y catalyst comprises a modified crystalline
aluminosilicate zeolite Y, a binder and at least one hydrogenation component

of a Group Vi or a Group VHI metal.

U.S. Pat. No. 5,026,941 discloses the use of a zeolite Y catalyst having a
silica to alumina molar ratio of 15 to 110 for the alkylation of naphthalene or

mono-isopropylnaphthalene.
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3 under liquid phase alkylation conditions in the presence of a
silica-containing 4 large macropore, small particle size zeolite catalyst,
the catalyst having a pore 5 volume of about 0.25 to 0.50 cc/g in pores
having a radius of 450 angstroms 6 and a catalyst particle diameter of not
more than 1/32 of an inch. 7 U.S. Pat. No. 5,191,135 discloses the
process for making long-chain 8 alkyl-substituted aromatic compounds
LIS niPshpilth ehEs SR qismbessDaroaprisiiy alkgiiteralkylation catapyriting
int esence of.0.5 fo 3. [ erce ter. The pr f
e D A R S R SRS G zgen
ubPdr By dipNes 5[R401BE0md BiG2:t 8 TRalzdossqr adfessis foctndalrdng
reparation of t ition havi ti r .
b S B S e e R Sest aipg apore
vgheane ofraipo8Evidgidht0 B0 pavigeint pratesy bavied onrdubustal Al gstioss

| g 7 baseg gt
e e B D e oo 25

carbon atoms. 18 U.S. Pat. No. 5,506,182 discloses the preparation of a
Lestabst fRMBORIHON3E YERIBRES Rl REFGRBkRRIoMALIRgzeolite

Y catalyst formed from a 20 modified zeolite Y and 10 to 90 percent

alliiRy Rl el AR atienermb@iiads oo BrRMN gl Bk MIERIPESRSm

cHIR ARy comrResiigndiay Qﬁa%%‘?ﬁn&ﬁ@@ﬁ@é@%@ BeakdnAn Rveight
spectrum of a wavelength of 3602 per centimeter. 23 The patent also

pgrsaBtu@irk sIRRMIRRENEPIRINMRICIBARANRS theuselastivily tof thaking
rr%ﬂ@%ﬁéi»l&@@p‘ﬁo@’@étéﬂo. 5,922,922 discloses a process for isomerizing
a

a normal alpha 26 olefin in the presence of an acidic catalyst having a
one-dimensional pore 27 system, and then using of the isomerized olefin
LiGaRgtatearomiadia, 889 apdroGihdhe iditulosrepevcesska aciivd acidic

p?&g%lyagﬁb\r't\@f: Q SS‘PaB%t composition having alkylation and/or transalkylation
activity and wherein the catalyst composition contains greater than 3.5 weight
percent water based on the total weight of the catalyst composition and the
aromatic alkylation process using said catalyst composition and olefins

containing 2 carbon atoms to 25 carbon atoms.

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 cataiyst 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.

U.S. Pat. No. 5,922,922 discloses a process for isomerizing a normal alpha
olefin in the presence of an acidic catalyst having a one-dimensional pore

system, and then using of the isomerized olefin to alkylate aromatic
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2 zeolite Y having a silica to alumina ratio of at least 40 to 1. 3 U.S. Pat.
No. 5,939,594 discloses the preparation of a superalkalinized 4 alkylaryl
sulfonate of alkaline earth metal. The alkyl group of the alkylaryl 5
sulfonate contains between 14 to 40 carbon atoms and the aryl sulfonate
6 radical of alkaline earth metal is fixed in a molar proportion comprised 7
between 0 and 13% in positions 1 or 2 of the linear alkyl chain. 8 U.S. Pat.
hydr@;08i0n44rdibel gsesanpeoobssstrord acinicthstedyiduwihdtdinan be

Z%%ﬁ}%gp r?i%q_;l;ﬂgl %@%&Q {ggmm%grp%%?ﬁggégg J{? %t lpast a portion of

yi :
ylated single-ring aromatic ocarbon and then reacting

the 11 remaining alkylation reaction product in the presence of an acidic

(s™alyst. @ sydBagsaaleuttSIRYeRE N tidR bF 3 SR MkHiF2é810

discloses the preparation of alkylbenzene from 14 preisomerized normal

alfpirndiesfienstariiaheing saibaerhning gk Frsip Adbsalfonards
sofvingta détbindhe-taees aliténss00arbae presesankbtHeas ik @fonate

catalyst or a solid acidic alkylatig (Iftalyst, such as a zeolite 17 having

raiCAIPLA kAR S3EM R4S B SR AR RPL P TOROTIBN ATRTRES:

realicbanid epalysts pagsisadreg N Zapybatiashment aubgrehkdralkylating
with alpha-olefins. See S. Sivasanker, A. Thangaraj, "Distribution of 20

Isomers in the Alkylation of Benzene with Long-Chain Olefins over Solid
ABidP 21 Batdy/St | 13sutietios Camiysise$380 88880 Ye2le 2Rl Talolefin

S ISR S A S or o
rigicts ol eRUsBighee sing ramoiplaticof Binotwrtisraadddbetificzaicding Hue
ition ' k (G ,
b g AR et PR o P Bee st
stalalysts halggukeceittvelletclawncropore structure, Also disclosed herein
are catalyst

U.S. Pat. No. 6,337,310 discloses the preparation of alkylbenzene from
preisomerized normal alpha olefins for making low overbased and high
overbased sulfonates having a TBN in the range of 3 to 500. The process
uses HF as catalyst or a solid acidic alkylation catalyst, such as a zeolite

having an average pore size of at least 6 angstroms.

it is known that most solid acid céta!ysts produce high 2-ary! attachment when
alkylating with alpha-olefins. See S. Sivasanker, A. Thangaraj, "Distribution of
Isomers in the Alkylation of Benzene with Long-Chain Olefins over Solid Acid
Catalysts,” Journal of Catalysis, 138, 386-390 (1992).

Two general treatises on zeolite are; Handbogk of Molecular Sieves by

Rosemarie Szostak (Van Nostrand Reinhold, New York 1992) and Molecular
Sieves: Principles of Synthesis and ldentification, 2™ Edition, by Rosemarie
Szostak (Chapman and Hall, London, UK 1999).




composites comprising zeolite Y catalyst and a process for preparing the
catalyst composites. The catalysts and catalyst composites exhibit
reduced deactivation:Patesdiridg kldiidhT pidigess, thereby

AMSS T l*ﬁo e e
increasing the life of the catalysts and catalyst composites, Further
disclosed herein are processes for preparation of carbonated, overbased

DisclggfstetearBiR&fe  Guif GRS v gracestedzbmprise the alkylation in

macribso Ry esenteof e drladisis randisatalysitggaposites of this invention,
and.gurther sulfonation and, carbonation, overbasing of alkylated aromatic

MR S arURRT ML e diSpe GFOR KR! rRSenpiivvartor there 4siproided a

catabatalystadnga MActepae SIMEHIESCODRNS) ite Y wherein th

d eaj.macr ore diameter I&:‘%the catalyst,p%@eﬁm%gg%géxr%?ét%ébg%
83%2’8? '%ﬁ’g% fi%h 6 RIFS808N Pigsirsmsianteme caraalsitivetperde of

the 4NBR ahthe-64 lystatpore.di n_or.equal to about 500
proc%‘%%g@ms’ meas%red b)% ASTSM ﬁ_@ﬁ%iﬁl?@%ﬁ%&% ?ﬁg%lreess than or equal

hifififtaraten, Yrearbanateiievrpasrt pbetawerainmaticcatalyst
sulfchaing wMesTORAIESEYGIYR S RBRHSINGceqlite %"%’rﬁ‘&%‘?ﬁ%é t% L8 the
¢ !maé%r%ggre diameter of the catal%/s_t, measured by ASTM Test No.
Catalyse % RARETHENMERa R o BSotiVE000 aneRt dnil) and.thenation and
carboHAtalivy pesasialIRTRRLRAER Sjamalgrsiess ihan gr 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, preferably less than about 0.30 milliliters
In 2 &t grrpchtPorecdrisraelrdresslivtant wreduaptovalzeut400:angstiamss =
macro@@?erﬁ%ﬁfr%_f%@'ﬁbﬁmn@%é@iﬂgek’omg%% %Q%Q?ullﬁgrgg&g%@ tce)ater of
e o atb-iog{ 0.18 mlllllae,rs per@ammat pore diameters less thanor equarpto ‘
® CHBGE 406 A E oM PR clififtIAtR e Pofé&ioRimés ofesre teslitebyut 2000
angstroatalystcat’poreidiamietensdes sothar asfegyalimsout 300-ARGSHAMS i8ss
than dPreferably t illiliters per gram, more preferably at
ol pore diamét%ﬁsj I@gﬁ%ggﬁéﬁl’"&éé yout é%ogangét%m%‘%eég%/ﬁéﬂ?’ 'S

Iess NZBUTNYD MRS Blkgran! afhmost

In particutar, disclosed herein is a catalyst having a
macropore structure comprising zeolite Y wherein the peak macropore

diameter of the catalyst, measurad by ASTM Test No. D 4284-03, is less than
or egual to about 2000 angstroms, and the cumuiative pore volume at pors
diameters iess than or equal to about 500 angstroms, measured by ASTNM,
Test No. D 4284-03, is less than or egual to about 0.30 miliiiiters per gram,
preferably less than about 0.30 milliliters per gram at pore diametars less than
or equal to about 400 angstroms, and more preferably in ths range of about
0.C5 milliliters per gram to about 0.18 miliiiiters per gram at pore diameters

iess than or equal to about 400 angstroms.

The cumulafive pore volume of the zeolite Y catalyst at pore diamsters less
than or equal to about 300 angstroms is preferably {ess than about

0.25 miliiliters per gram, more preferably at pore diameters less than or equal

to about 300 angstroms is less than about C.20 millifiters per gram, and most

preferadly at pore diameiers lgss than or equal to about 300 angstroms is in

the range of about 0.08 miliiliters per gram to about C.16 milliliters par gram.



preferably 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. -g. Preferably the peak macropore diameter of the zeolite Y
catalyst is in the range of about 700 angstroms to about 1800 angstroms,
and more preferably the peak macropore diameter is in the range of
about 750 angstroms to about 1600 angstroms, and most preferably the
k,macropore diameter is in the range of about 800 angstroms to about
Pt G De e iy bt AR Cro S Hefai ey M & S
range tof alomin@ batierokabout & lktoabatA0GiAg prefarabbnthensiica (9 ran
the DQ%IFrpjngrgeggQAS from ?bout_ 3t :1 to about 80:1, and most preferably the ~
“Silica 10 afumina FAHG & frof "ABJE Bt 1oRas it 70! Bes ERfBd dintartof
1600 mlmome,\énataiyst m@yid@demeéﬁ@é@ﬁwsﬁ@&lﬁﬁ@g@o% ﬁﬁé%@#% i he
. lablet m may not include a hinder. Preferably the peak macropore
range giaﬁ?‘l)e %f%@%%’%ﬁﬁ@? E?a?;f%’tttg BrisietHeminge of about 500
angstroms to about 1500 angstroms, and the cumulative pore volume at
:I'he Zeg@é iam?ters Ieﬁs thgm or equal to about 500 angstroms, is in the range

botit 005 rAInfIESR PSR NG R 16208 AHMIRZSHE gram. In a
of aboggSohdcagpest dPhé prevent mydhtoniittete isipravided i catalyst about
301 SHE- rising: (a4 ' catalyst as defined in the first

() Binger Thecbi bt I AbOrA  Scrdbledtganic
about pisielarpretefably the binder is alumina. The zeolite Yin the catalyst
composite of the above eomocs f e may be in the range of about 40
weight percent to about 99 weight percent based on the total dry weight
An emppdiassatalyse cowipesiteaRreferably beebliteatznsT heicatalyst of o tablat

The tablet may or may not include 2 binder.

Freferably the peak macropore diamster of the zeolite v caialyst tabiet is in
the range of about 500 angstroms to about 1500 angstroms, and the
cumuiative pore volume at pors diameters less than or equal to about

500 angstroms is in the range of about 0.05 miliiliters per gram o about

0.15 millifiters per gram.

in a second aspect of the present invention, there is provided a catalyst compasite

comprising:
{a) the zeolite Y catalyst as defined in the first aspact; and
(b} a binder.

The bindar in (b) above is 2 suitable inorganic maternial, preferably the binder

15 alumina.

The zeofite Y in the catalyst composite of the above compositemay be in the
range of about 40 weight parcent to about 88 weight percent based on the

total dry weight of the catalyst compasite. Freferably, zeolite YV in the catalyst

0.



-9 composite is in the range of about 50 weight percent to about 85 weight
percent based on the total dry weight of the catalyst composite. In a third
aspect of the present invention, there is provided a process for preparing
a catalyst composite comprising: (a) contacting a zeolite Y powder with a
binder in the presence of volatiles to form a mixture wherein the weight
percent of zeolite Y is in the range of about 40 to about 99 percent based

cangbsitetal fnnweighy dherest Bing/eaintysEEEAP S BB RNB SNREHSHN
the volatiles in the mixture are in the range of about 30 Wﬁ%t%ht percent to

peissit PeseS Gt e delplsinwaighbrl: (19 SAEVR) tREWRITe to form a

composite; (c) drying the composite; and (d) calcining the composite in a

substantially dry environment. The shaping i ;
e P ORBraE ST RS Sl IR S preparing o
cgialygrisesrasiitionnapissigaping aid in step (a). Preferably, the shaping

aid is a polysaccharide. The binder in step (a) above is a suitable
inor%a%nic material, preferably the binder is alumina. The volatiles in step

(a) Mhecprdeetsmforaerditing teavdeoliteh e Cordpoiitthecoiegsise water and
an acid, and pEeferabi theBeHdSBAS AHd-ThgHYplatilss: iy step (a) in

the above process for making the zeolite Y composite further comprise a

polysaccrEtie Y- Ko Hig vanan s FPond il FRom SRBYEPH 1&%tocess
for making the realitryiveighipddite erwiltingeatahge aalouted@ndeight
percent 10, a0041R0 WRIGNs RETHE Wil e FANUIR: 186 Br @Rt e abov

process, the weight percent of the zeolite Y is in the .
weight percent to about 70 weight percent of the mixiure; '

(b) shaping the mixture to form a composite;
(¢} drying the composite; and
(d) calcining the composite in a substantially dry environment.
The shaping in step (b) in the above process preferably comprises extruding.

The above process further comprises addition of a shaping aid in step (a).

Preferably, the shaping aid is a polysaccharide.

The binder in step (a) above is a suitable inorganic material, preferably the

binder is alumina.

The volatiles in step (a) in the process for making the zeolite Y composite

comprise water and an acid, and preferably the acid is nitric acid.

The volatiles in step (a) in the above process for making the zeolite Y

composite further comprise a polysaccharide.

-10-



range of about 50 to about 85. In a fourth aspect of the present invention,
there is,proyi Latalyst composite made by the above process. In a

fifth aspep@\(é)?t 'et%’re”s]ggﬁﬁ\)gn &R, AL B RIVRREE Aproweseddhe zeolite Y
préparriyicanralkytate darpmatislenmposition soRLSING~CoNtasting at
Iwggﬁgcﬁrﬁr%ﬂgi&tmgrocarbon with at Ieas?ong%ﬁeﬁn u%ﬁ?%k}%%ﬁ'gm

conditions in the presénce of a catalyst having a macropore structure
eak macropore diameter, measured by

mprisi lite Y wherein the .
Z%%ﬁﬁ@@ﬁﬁ%ﬁe szé’E-é’é?F?%%sP@ﬁaW%iBhpﬁwm@ﬁmmmme in the
camuiativeparesolume®fithg. catalyst at pore diameters less than or
equal to about 500 angstroms, measured by ASTM Test No, D 4284-03,

g | ' l5] lliliters . .. Another-embodiment
P it bacaEe ToF MG L A PERHGRG el gomoste

bergirect d to a process

¢ %ﬂgi% @(?ﬁt%?cﬂfﬂj:%ﬁﬂeast one aromatic hydrocarbon with at least one
lefin under alkylation conditions in the presence of a catalyst having a

%&F@B&?@ﬁhﬁﬁ?é eGSRt srevih preifrteprakenadroparearing

dinmiéitiof thercatalystnmensuredhyrA®EM Test No. D 4284-03, is less

than or equal to about 2000 angstroms and cumulative pore volume of .

thentatadystidt garendiametetis leggdharbon edualiteaabont DAFiangsHOMS ation

DY ASTM.T, .0 -03. is.equal to or_less than about . .
O i o oAk TR S S B 1 LB oy camprisig
wReiGut theigitiofhof Wateragrionsify daeetaromass Wpdrdvarbohtantest Ne.

olefinfeeds Ikis helieved thabthea Rissencephwater during the Alkviation of e
é%ar@%ses the deactivation rate of the catalysts of this invention. The

FORYEs HATHEF CORriSES (atiing dreaaRyiated araristinssdismred by
ABDhan kil earhddetalandticantorediaxidectoprotice apearhenated,
overbased alkylated aromatic sulfonate. The above alkylation process

- et comprines RWonaling g alkyat8d sess for

makihg an alkylated aromatic composifion comprising contacting at isast ons
aromatic hydrocarbon with at least one olefin under alkylation conditions in
the presence of a catalyst having a macropore structure comprising zeolite Y
wherein the peak macropore diameter of the catalyst, measured by ASTM
Test No. D 4284-03, is iess than or equal to about 2000 angstroms and
cumuiatfive pore volume of the catalyst at pore diameters less than or egual to
about 500 angstroms, measured by ASTM Test No. D 4284-03, is equal to or

less than about 0.30 miliifiters per gram.

The above alkylation process is conducted without the addition of water and
using dried aromatic hydrocarbon and olefin feed. it is believed that tha
presence of water during the alkyiation increases the deactivation rate of the

catatysts of this invention,

The above process further comprises reactihg the alkyiated aromatic sulfonic
acid an alkaline earth metal and carbon dioxide to produce a carbonated,

overbased alkylated aromatic sulfonate.

The above alkxﬁation process further comprises sulfonating the alkylated

aromatic composition to form an alkylated aromatic sulfonic acid.



aromatic composition to form an alkylated aromatic sulfonic acid..In a.sixth_.

aspect of the present invention, there is provided a process for producing
an alkylated aromatic composition comprising: contacting at least one
aromatic hydrocarbon with at least one olefin under alkylation conditions
in the presence of the catalyst composite as defined above. -11a Yeta
further embodiment may be directed to a process for making an alkylated
aromatic composition comprising contacting at least one aromatic
hydrocarbon with at least one olefin under alkylation conditions in the
presence of a catalyst composite comprising zeolite Y, and wherein the
catalyst co ite is prepared, by the above process. The aromatic,

I o b o o e Sague i R R he Rt e okomne Riisieg

an ahfyaira Ase et FceMPesEmbtpmhasingnatitaitibe at Eastorrte laemeati¥ he

hydRlefimén e b eusspEpeeseiRanfs akARA elsfingan isomerzad olefin,

of 112 branlched-chain olefin (f).r mixtures thereof. The olefin may havg rom

SoGIe Y LB S A% 575638 Sarbon atoms. The alpha olefin or the
isomerized olefin may have from about 6 carbon atoms to about 40
carbon atoms, preferably from about 20 carbon atoms to about 40 carbon
atoms. The branched-chain olefin may have from about 6 carbon atoms
to about 70 carbon atoms, preferably from about 8 carbon atoms to about
50 carbon atoms, and more preferably from about 12 carbon atoms to
about 18 carbon atoms. The olefin in the above process may be a
partially-branched-chain olefin containing from about 6 carbon atoms to
about 40 carbon atoms, preferably from about 20 carbon atoms to about
40 carbon atoms. The above alkylation process further comprises
sulfonating the alkylated aromatic composition to form an alkylated
aromatic sulfonic acid. The above process further comprises reacting the
alkylated aromatic sulfonic

-i1a -



acid an alkaline earth metal and carbon dioxide to produce a carbonated,
overbased alkylated aromatic sulfonate. Yet a further embodiment may be
directed to a process for making an alkylated aromatic composition
comprising contacting at least one -12 1 aromatic hydrocarbon with at
least one olefin under alkylation conditions in 2 the presence of a catalyst
composite comprising zeolite Y, and wherein the 3 catalyst composite is
Y@remaﬁedrm;mb@jab@wcesﬁrdcfﬁdammmmhydrocarbon of the above

Qcess |sk% e toluene, xylene,..5 cumene, or mixtyr ther ¢
e s el e A el el S L
ar@iﬁ@ﬁ&&xw&}ﬁ@@ﬂﬂhﬁﬁlﬁmtﬁn@@mmmddwEﬁmyiéamrmmhbnbeham

olefin, or mlxt res Ecajreof The ol f|n ma have frog] bg) L the
th§t8ﬁ§?8%%8 868%%?’85' gﬁ%’%ﬁ%o Feh |somer|ze(§3 9
calgiist waypaviesfiomprapauvtd m,‘altbemhmmspt@e@mt 40 carbon atoms, 10

preferably from about 20 carbon atoms to about 40 carbon atoms. The 11
branched-chain olefin may have from about 6 carbon atoms to about 12

T ampatiafds grdremshiivaPare ReFd i heowrNe. debiasp Xylene,
RN Jdaiames andrmarefsiarally, HsRbRIiA CARRAR IS Huene.

about 18 carbon 14 atoms. 15 The olefin in the above process may be a
partially-branched-chain olefin 16 containing from about 6 carbon atoms to
Tk@@@l@fﬂﬁiﬁ&f@@b@i@m&m&r@i@aﬁy Be droaipizooici pammmatemwoiefin

bout 40 c ms 18 The abgve allzy Ccess |s ted

o RSO B B BN S O ErTeraF (AR EY SFRarers about

4 byesooabansatidabetin Seechrtbm lmhmd Piethadd tlaeapeéisencthef iwatesrized
rn alkylation incr actlv t|o rate , 21 of the catalysts of

ol A FE o DR AR R o LeBDTNA O me:
pr&uish‘miay mg)theaadi(wal@d:azmmrmm Enamnﬁlmdartmmaan rakkylates
br%%oc e %Itfr? %Ile n may have from about 6 carbon atoms to about
70 carbon atoms, preferably from about 8 carbon atoms to about 50 carbon
atoms, and more preferably from about 12 carbon atoms to about 18 carbon

atoms.

The olefin in the above process may be a padially-branched-chain olefin
containing from about 6 carbon atoms to about 40 carbon atoms, preferably

from about 20 carbon atoms to about 40 carbon atoms.

The above alkylation process further comprises sulfonating the alkylated

aromatic composition to form an alkylated aromatic sulfonic acid.

The above process further comprises reacting the alkylated aromatic suffonic
acid an alkaline earth metal and carbon dioxide to produce a carbonated,

overbased alkylated aromatic suifonate.

Yet a further embodiment may be directed to a process for

making an alkylated aromatic composition comprising contacting at least one

-12-
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24 The above process further comprises reacting the alkylated aromatic
sulfonic 25 acid an alkaline earth metal and carbon dioxide to produce a
carbonated, 26 overbased alkylated aromatic sulfonate. -13 The process
of the above embodiment of the present invention for making an alkylated
aromatic composition further comprises the step of isomerizing normal
alpha olefin with an isomerizing acidic catalyst before contacting the
I tQ prepar t
A R al e e e i
theapepaeres o220 Gadalrit peradmsiretarapyan e asoie weighdpehasatothe
Ikyd I late. Preferably, the
Ca%?:? cfk'c}isaat’f gﬁ%ﬁg@%%%%%%%g%@m. %atalyst having at least
one metal oxide, which has an average pore size of less than 5.5
Thangsiiesrs. Mar@dyﬁ@m@iyh@@bwgipmi@wwaaémﬁ@ie@mgwﬁéewitléhe,

a one-dimensional pore system In seventh aspect of the present
R g e g R e e R M S

by the process comprising contactlng at least one aromatic hydrocarbon

Thi/ 'Tkiﬁh' ﬁﬂé’%%&z%f' rHRLEL ANANOR GO HE’B’Fe‘f‘nth& %‘F&é’eﬁ %lern

cat yst aving a ma ropore struCture comprising zeolite ereln

a maakhmhchfpbr@l@f@n@tentxﬁamtbarbsmé'm FlesiNoap mzszmgbout
Hapaeou 40009 3%ty Q:H%Ee FHDYRIVE Bate QIume ol G704

cat alyst at pore diameters ess an or equal to aaout 500 angstroms,
ofaﬁmmdww Kemiateist floarbangtaass ie Rissuhal cataRiemS0

préfHPélEﬂjrBﬁ‘E Shll %’él%%t%t%?ﬂ?%%ﬁﬁﬁtpiﬁz%]gaﬁﬁ%ﬂ% thegg is

provided an alkylated aromatic” composition prep y the process

brapehestisingire oigaotimg riieestithie awrifcasybaratosrsiataboldast one
70 USILHNAS A RHOMLEANHIYANS o S RISSRIIF S BHS ‘E@@B&Et@@@é}%@w

wherein the peak macropore diameter of the catalyst, measured

by
atosSTRNMIdEOR® pmfﬁzahlwqma@aguhaa sboeclorandetrhaytalitigaebon
atogHg)ulative

The olefin in the above process may be a partially-branched-chain olefin
containing from about 6 carbon atoms to about 40 carbon atoms, preferably

from about 20 carbon atoms to about 40 carbon atoms.

The above alkylation process is conducted without the addition of water and
preferably using dried aromatic hydrocarborn and ofefin feed. Itis believed
that the presence of water during the alkylation increases the deactivation rate

of the catalysts of this invention.

The above alkylation process further comprises sulfonating the alkylated

aromatic composition to form an alkylated aromatic sulfonic acid.

The above process further comprises reacting the alkylated aromatic sulfonic
acid an alkaline earth metal and carbon dioxide to produce a carbonated,

overbased alkylated aromatic sulfonate.

-13-



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

e ual to 0.30, milliliters per gram, and wherein the catal /st.com osite, .
T e on) e o A B2 BHer At et Seegi ot e Fliapn
alkipleentianothete iscprovided anatkdatedraromatic heomppsiticsoprepaned

by the process.comprising contacting at least one aromatic_hydrocarbon
o h SRR el At LRI HE A Sseeg ap 38 he
arccatalystivitortiprising z ¢olite=X avehereil ithe matalystdis mthe formeet &ess than

tablet. i" DETAILED DESCRIPTION OF TH |NF‘V NTIOI . R
40 O T B AR ReaS BN Sk ame an at s

e term

20 hyelggearbore fhe tefend!2sanylieastent' isdefined as thepereemagetof

argcgjg{iglk I rtgc thg rql!gllaateosgg_cgil% ig which the alkyl chain attached to the
aromatic ring'is qErived Trom e é/l'eﬁi’i‘employed in the present alkylation
process) that is comprised of those chemical species in which the

raftachment.of the aliyl chain t@aw%@mg}ﬁw%ggt@s %a‘ﬁasak%cegfgé ng

the alkyi chain. The terni "binder" means any suitable inorganic matefia
havihgchidaASarve sREinalikdier Porciis maatma e bindrhezeo e patticles than

5. 9B &Mare Usefylshane. - Dhe tpum-hrapched:chain %'%ﬁa%w%@f%iegﬁe with

olefins derived from the polymerization of olefin’monomers higher
a CErydEne Ea coRaikity $esiibstantial number of branches wherein the
branches are alkyl groups having from about one carbon atom to about
In a 86veathaismtcimsiidigtasesiofretintiene toere Righevidtefias alrylated aromatic

o e e e 0 R e e
hydreaglEsinveiit.at 1zast one olefin under alkylation conditions in the prasence of &
catalyst naving a macropore structure comprising zeolite 'Y wherein the psak
macropore diametsr, measurad by ASTM Test No. D 4284-03, is iess than about
2000 angstroms and the cumulative pore volume of the catalyst at pore diamsters
less than or egual to about 500 angstroms, measured by ASTM Test No, D 4284-03,

is less than or egual to 0.30 miliiiters per gram.

In an eighth aspact of the present invention, there is provided an alkylated aromatic

compesition prepared by the process comprising confacting at least one aromatic
hiydrocarbon with at ieast ones olefin under alkyiation conditions in the presence of 3
catalyst composite, wherain the psak macropore diameter of the catalyst, measured
by ASTM Tast No. D 4284-03, is less than about 2000 angstroms and the cumulative
pore volumes of ine catalyst at pore diameters less than or egual to about 500
angstroms, measured by ASTM Test No. D 4284-03, is less than or egual to 0.30

mitlilitars per gram, and whereain the catalyst composite comprises:

{a) a reolite Y; and
,

) a binder.

“In a ninth aspect of the present invention, there is provided an alkylated aromatic
compoesition prepared by the process comprising contacting at ieast one aromatic
hydrocarbon with at ieast one olefin under alkyiation conditions in the presence of &

catalyst comprising zeolite Y, wherain the catalyst is in the form of a tabist.



3 The term "carbonated, overbased" is used to describe those alkaline
earth 4 metal alkyl aromatic sulfonates in which the ratio of the number of
equivalents 5 of the alkaline earth metal moiety to the number of
equivalents of the aromatic 6 sulfonic acid moiety is greater than one, and
is usually greater than 10 and 7 may be as high as 20 or greater. 8 The
term "centrate" refers to a mixture of sludge fractions that were collected
9 from prior cgbgpation oresERIrg eOAkyibanzEngsEmIOacids similar
to 10 the sulfonic acids of the present invention. Centrate was produced
during the 11 purification of high TBN carbonated, overbased synthetic
sulfonates by 12 centrifugation &d-Hdthitidton at the end of the
carbonation, overbasing 13 reaction. Centrate was added to the
carbonation, overbasing of alkylbenzene 14 sulfonic acid reaction mixture
Thedgsmprikviate Hregae AP BiERshat 8lie VARG BB bntents of the
centrate. Prior to its addition to the reaction 16 mixture in Example 11, the
entrate was characterized py- rmipati fi n
TR o S e (AR IR e cliaph oR SR YeE
atigibém ates dasbinveiosticis @mdky0 OHeeumitbdingshtath el9roate tiegris

"cumulative pore volume" obtained ercury Intrusi simetry. .21

o LG B R BT e e senet e

caghdasedfrimsbegeapicialad pamasidnivepchdhe latteskiseitiuviocine alkyl

easured hy 2 in..onAt;? 284-Q3 orth o

C%?ﬁéﬁp@ﬁd%& ?ﬁ%%%ﬁ '&ééérﬁta%%n i 4-%;4(%:&3:‘ ﬁnngg %%téﬁéggt\(fv%egﬂ ‘defined
upper and lower pore diameters. When no 25 lower diameter limit is

ToefiRgd thalawrerlimnihisdhe Rnasldaiecyaniimiasidbimasicadiisve as
measured by Section 14.1.6 of ASTM D 4284-03. 27 The terms "d%

Mg o pRRYHFOTS Bhsle DR R EeiterRar iRleR ndR-M rapse vaslyksbare.
dry weight of catalyst composite or raw materials expressed on a metal

T%% ?é(}(rjrgasb?gﬁlcﬁw%u —Qh%smNo fzegrﬁbél’zr%ga)r(lss &)ezﬁﬁsl 5derived from the

polymerization of olefin menomers higher than ethylene and containing a
substantial number of branches wherein the branches are alkyl groups having
from about one carbon atom to about 30 carbon atoms. Mixtures of ethylene

and higher olefins are also contemplated.
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1 The term "loss-on-ignition (LOI)" as used herein means the percent
weight 2 loss of the zeolite composite or raw material samples when they
are heated to 3 538C for 1 hour. When the temperature is greater than or
equal to about 4 538C, the "loss-on-ignition" approximates the percent
volatiles. 5 The terms "macropore”, "mesopore”, and "micropore" as used
herein follow 6 the definitions set forth by the International Union of Pure
Thade«gpfkmidrﬁl‘rgé’miswycetllme}'n Dieisisrhebhgdical@taipsistoyatrout
gy jcal Quantities
tgsgixpg{e)rg IX [?e?lnltlc%ﬂag‘y d %égﬁfgﬁn%[yfnbols in Colloid
and Surface Chemistry Part I, 10 Adopted by the IUPAC Council at

TMéARRHATOA R fatcd . i rtsis 28 Ju Vs b dbbFRresHuia wikiiid®karth

diameters exceedlng -50 nanometers (500 angstroms) 12 are called

mMeRclpd ROTBYFSUIRRIARHIR whmamé%fﬂ&féia@ewﬂee@ff@u'Va'ents
oNAROAMRIGFL(28anasamabrE taltad risnaseeqesRMeE bf the aromatic

intermediate size (2.0 nanometers < width or dlameter < 50 nanometers

Sté!fenﬁ%ﬂé&@ﬁ%ﬁ@@ew@%efféprﬁnfé/@&mﬂﬁmra@@ﬁ%mag.&%ﬁy

n{@qg@. @Sthﬂgﬁggl‘@@ 88hidabie. D 4284-03 used to determine pore volume
distribution of catalysts by 18 Mercury Intrusion Porosimetry. Mercury

pore distribution was measured 19 using a Quantachrome Scanning
Th@temy“l@errbsiuheétmf@}lsdelaﬁﬁi&i@@eﬁﬁsltzﬂgedfrthti@nseﬂsaimmed:b&aﬁed

mstrumentl dated,10/27/93). t nu
R e A A R et SR S0 o
tmgnﬁesn.@éd‘dm oé thrs Pnesardl ial{m”etaorefu@emmten&as mm@omm ring the

M aihess r‘f‘@g 'F%b” ey P%%%%g 3 8?}8 fareadl pl!
%ranchlng in w h e car onto car ouble reS| es primarily
e itike gatioor aanbtiacaatpbemah betkodaibibe daahwnmfpbemv@eha@mgnd

re%%ﬁ%‘r?.r% N8 RISl BRRE LA RaRRO NS HaR N & A ene
sulfonic acid reaction mixture in Example 11 in this-patent-application for
recycling the contents of the centrate. Prior to its addition to the reaction
mixture in Example 11, the centrate was characterized by determination of its
TBN, the amount of xylene solvent, active calcium sulfonate, calcium

hydroxide, calcium carbonate, carbon dioxide and 100 Neutral diluent oil.

The term “cumulative pore volume” obtained by Mercury Intrusion Porosimetry
as used herein refers to that part of the total volume in milliliters per gram
derived from the graphical, cumulative pore volume distribution, measured by
Section 14.1.6 of ASTM D 4284-03, or the corresponding tabular presentation
of the same data between defined upper and lower pore diameters. When no
lower diameter limit is defined, the lower limit is the lowest detection limit or
lowest radius measured by Section 14.1.6 of ASTM D 4284-03.

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 Na,Oe AlbO3 » X Si0O;.
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1 The term "normal alpha olefin isomerization" means the conversion of
normal 2 alpha olefins into isomerized olefins having a lower alpha olefin
content (the 3 double bond is between C1 and C2), higher internal olefin
content (the double 4 bond is in positions other than between C, and C2),
and optionally a higher 5 degree of branching. 6 The term
"partially-branched chain olefin" is defined as the olefin product of 7
ﬁﬁ@ﬁ@fﬁa&swarmymamlﬂ@l plgﬁnﬁswdaef@m:ﬂwméagmgfﬂymhimi‘gh&

high the start | alpha olefins. 9 The ter K
AR S a BE A aHA T EHFL AP LS R ilg21ed t

%ﬂ@"@ecmetefwihlw&ﬁ@wrn@@%mﬂi%r@gm@wmrm@abdéigﬁehtiabp@tet
S%Q%g;ﬁ size distribution, as, deflnedé:r)g ection 14.2 acl%%ie[a 12

1) IRRE RO AR TR RSP Cﬁé K75t No. D
4284-03 13 for the macropore peak in the catalysts of the present

TAYGRHOR 44 %Pg 15/ "pRRLZ| m%ﬂgsnm%r%B?éS'QQ QLY 9Rrein foliow

aggreg ateso mder 15 artlc es, including hydrated aluminas, into much

taendebn Siomeusebitéy Bhedteraalisnabhpiamrl RareiRnehRpledcent
Weﬁ% UK Catag;%fﬁ)@.m?a%m.eg LHEHEA NI BSHAbols and

St composite or the raw materials and the weight

Ttﬁ@rmm@@n ion Rhiryicashpamial, @Quaoliige anddipdsisAererdigdd as a
RRRIGES AL AIHER G WA YRR W HABb ot TG e o/ hePhistCBart 1,

to alumina ratio" referto the molar ratio of silicon 22 oxide to aluminum

Asiaatedoy SieRNR 0oungTHINashingiidhCuaibBtd sitapdirkly, 1971,
ENEVENETTET @%M@X@e&ﬁ\é‘/aﬁ FEMArREa MBS aRAHDms)

peptized mixture of zeolite and alumina 25 powders into an extrudable
antagalled” mavreopernestabletesyvit WkBhherdirreflps 1 e sre 684 b

JISNNinGariatanssiog Qﬂgéﬁmﬁé’l‘@ EERALE-RANERIRES MPEHES gf zeolite
and binder powders b
intermediate size (2.0 nanometers < width or diameter < 50 nanometers) are

called “mesopores”.

The term “Mercury Intrusion Porosimetry” refers to the ASTM Test

No. D 4284-03 used to determine pore volume distribution of catalysts by
Mercury Intrusion Porosimetry. Mercury pore distribution was measured
using a Quantachrome Scanning Mercury Porosimeter Model SP-100. The
software version used by the instrument is V2.11 (dated 10/27/93). Surface
tension used in the calculation is 473 dynes per centimeter and the contact

angle is 140 degrees.

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

are derived from polymerization of ethylene.
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3 compressing the powder in a die. 4 The term "total base number or
TBN" refers to the amount of base equivalent 5 to milligrams of KOH in
one gram of sample. Thus, higher TBN numbers 6 reflect more alkaline
products, and therefore a greater alkalinity reserve. The 7 TBN of a
sample can be determined by ASTM Test No. D 2896 or any other 8
similar procedure. 9 10 The term "total pore volume" obtained by Mercury

HlsIsiom PRsesimelnasoltiNseshhenetifsrferadariberatab ROERIGH B Bimal

miIIiIitersi%Per gram derived from 12 the graphical, cumulative pore volume

dlohb AiRineBtadrmelizedreing heyipasa e e iRt spalrihghe
whui praseridianetihe sameciataidien usarhhersin adrerteiHadRfuble

are weight percent, unless otherwise 15 specified. 16 As noted above,

PRNGHSENPAFEARS P18 %i Bai FENERAIst ARTifgla ANdcoRtNRYY a higher
ESFOR FEpPHHEH kg comprising zeolite Y. The catalysts of the 18 present
invention were characterized by pore volume distribution obtained by 19
Mercury Intrusion Porosimetry, ASTM Test No. D 4284-03. Mercury
Mhredsiom A0Raibgibretgtpd\dbasapiphotiedmedatis ¢hpoodebiol gmoel (job of
eLaue paic 2L diameter (s Messury, intnition Earosmeliala s besd
B YRR e macr(?pore pealg\’ iAmeter rom te detiva ive, detta
higervihdivithethe s tatiag 28 padbpibhd hetiraphs are used to

characterize the catalysts of the present 24 invention. 25 Zeolite Y
catalysts and catalyst composites of the present invention when 26 used

- iRbadRETOR SR IHRRIGP AR FHBEIBEHS Inssd ARy iRHipRaasatbe peak

Hhstantialieduciond meeaciplioheatRE GBPRY eEio F 2RNURiSAtIMSS

28 known In the prior art. This result was unexpected, since it had

sHénesidip! pletoheeresarevigtivatingr inesl QrfaestinRd dfdneeaches a
GRBMBLAAWAEIRasPopore range determined by ASTM Test No. D 4284-03

for the macropore peak in the catalysts of the present invention.

The term “peptizing” means the dispersion of large aggregates of binder
particles, including hydrated aluminas, into much smaller primary particles by
the addition of acid.

The term “percent volatiles™ as used herein means the difference between the
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 terms “SAR” or “silica to alumina ratio” refer to the moiar ratio of silicon

oxide to aluminum oxide; mol SiOa:mol AlOa.

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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2 its activity, but was likely to also increase deactivation rates. Relative 3
deactivation rates were determined for the catalysts of the present
invention 4 under standard alkylation reactions conditions. Results of the
deactivation 5 experiments are given in Table II. Reduction in
deactivation rates of up to 6 75 percent and above were observed during
alkylation reactions using these 7 zeolitic Y catalysts and zeolite Y

TariakishCIBRAGIHES o8 TBed pelitan'rerialystthangreatalysticammpaitascatalyst
can be prepared using zeoljte 9 Y CBV 760¥r or CBV 600(r) avaiéat‘/‘t#%_fFF by

AR IE QR ThESAHFRANV S RPR IV PlecBULD B ahill

Awhiphesainly she prshersaliist epanposites of the 11 present invention were
prepared had a nominal silica to alumina ratio of -60:1 12 and -6.7:1,

respectively. However, zeolite Y having a silica to alumina ratio 13
Thenteren Solahbd S 0umbey e BN felelisd pibparmiomndiotheassofigivalgnt
. ) o . on. .
St sle e i i i
reflsictsnereratialézeaprady oiherrsh ey eisiry ereaien eaiN Rhtseevethd he

THNPEPS %Sde?ﬁ Béﬂpﬁjéaé@t%ﬁ@é%ﬁgﬁéfﬁfﬂ%%% (e preasns e chRy other

binder, such as alumina. The tablétted catalysts do not require the
imdkermeeEdUrE9 binder, but a binder may be present in a tabletted

zeolite catalyst. The 20 crystalline zeolite powder may be compressed to
form a tablet. The tabletted 21 catalysts of the present invention provide
Thetptiontiipl pardesduneiontigieedbyiNaiguay datresionbRerosimeay as
A AR AGRAIRN G ERBGRIE QUMM FRMHBRIDRA Y ERPURAd from
process without the addition of water and using a dried aromatic

thedraphiseh asnutatvemefecinmestistiugignl BacivesthcebrivaietM
rsluBg e Jkyation 28 BRfASas R ARRSIVALIAN It afdheratalyts of

this invention. The aromatic 27 hydrocarbon is reacted with one or more
olefins in the presence of a catalyst 28 of the present invention under

relkydatipnoeaction serdificnse S hrareatip @ byt rookrbo bimayis:

s%iggil Iégr]g or double-ring, preferably the aromatic

As noted above, the present invention is directed to catalyst having a
controlled macropore structure comprising zeolite Y. The catalysts of the
present invention were characterized by pore volume distribution obtained by
Mercury Intrusion Porosimetry, ASTM Test No. D 4284-03. Mercury intrusion
Porosimetry provides a graph of cumulative pore volume (pv) versus pore
diameter (pd). Mercury Intrusion Porosimetry also is used to determine the
macropore peak diameter from the derivative, delta pv (apv) divided by delta
pd (Apd). The graphs are used to characterize the catalysts of the present

nvention.

Zeolite Y catalysts and catalyst composites of the present invention when
used in alkylation of aromatic hydrocarbons with olefins exhibited a
substantial reduction in deactivation rates compared to zeolitic catalysts

known in the prior art. This result was unexpected, since it had previously
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-19 1 hydrocarbon is a single-ring aromatic hydrocarbon. The aromatic 2
hydrocarbon may be an alkylated aromatic hydrocarbon, such as a 3
mono-alkylated aromatic hydrocarbon, wherein the alkyl group has from
about 4 4 carbon atoms to about 80 carbon atoms. When the aromatic
hydrocarbon 5 used is a mono-alkylated aromatic, the product of the
alkylation reaction is a 6 di-alkylated aromatic. 7 The olefins useful for
byl &tidie\of dH bt riomietas mgltbeasbdrs ey b Btheezrtahainvetelid sSrarease
-branched-chain olefi ving fr. : S 80
B SRR S S e Bl P BB
delatcliv tartiatiydsr amrhaetktbrannsldfins foe usédiysikylhtion presenicive ofion
the present in ion.. T resulti ially- -chal '
A S g S P e g
eolediris)antd sheylitemsinléfibte 14 Rkglatbdraiodatctivaliooadien slitipric

ids kylate j -Ihe in '
R e o e S S BB ) e
zaivaiiccalitysits suidszenlid d foadadyst Zosapesitedth an alkaline earth
metal and carbon dioxide to obtain carbonated, 18 overbased alkylated

aromatic sulfonates useful as detergents in lubricating 19 oils.

TharEeRliton rUIvET AR VNG SR RRUEAIGHARR IRIGRATBFLRERY Zaiite

- Yibgdemsee ¢raysihasine mavibeleandial zedlysthansingticeac as iaip Rk of

conditions and the amount of the alkaline earth metal and carbon djoxide

thesgserriitent RissiaiRifioprodaist safdysie ane safabsthergRrpsties of the
phsEliNRRASH ot 3 i dePRRT IZaSIIRENGERC@ B RAvIAH 180 W IR 60 1

batch or continuous mode. 25 The process temperatures can range from

agsc R Sdoteshrrlysitciivnguersgeriipidaiavinsa RlicAjaaluthiragatio
HRINRSERVS: raglaseiasknuicd vy erdnd paded tatibe gegieddemetion

temperature. A continuous process i%most . )
catalysts and catalyst composites of the present invention.

The zeolite Y catalysts of the present invention may be shaped or formed into
tablets, extrudates or any other shape using procedures well known in the
prior art. The preparation of extrudates requires the presence of a binder,
such as alumina. The tabletied catalysts do not require the presence of a
binder, but a binder may be present in a tabletted zeolite catalyst. The
crystalline zeolite powder may be compressed to form a tablet. The tabletted
catalysts of the present invention provide exceptionally low deactivation rates

in alkylation reactions.

The alkylation reaction may be carried out by any conventionally known
process without the addition of water and using a dried aromatic hydrocarbon
and olefin feed. 1t is believed that the presence of water during the alkylation
increases the deactivation rate of the catalysts of this invention. The aromatic
hydrocarbon is reacted with one or more olefins in the presence of a catalyst
of the preSent invention under alkylation reaction conditions. The arom‘atic

hydrocarbon may be single-ring or double-ring, preferably the aromatic

-19-
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-20 1 efficiently carried out in a fixed bed process. Space rates in a fixed
bed 2 process can range from 0.1 to 10 or more weight hourly space
velocity. 3 In a fixed bed process, the isomerization catalyst is charged to
the reactor and 4 activated or dried at a temperature of at least 150C
under vacuum or flowing 5 inert, dry gas. After activation, the temperature
of the isomerization catalyst is 6 adjusted to the desired reaction

hirmneiaioreiardstnivriidhe eiefitidhiydritedboead Mke theoreatitor. The

reactor effluent containing t rtially 8.branched, jsomerized olefins is
RO EAE Al AR ARG, P AP B TS ot &
nibitieraniyoila digsnuitonydipbarbtaiinvhetairl thelefiyligtemahaefimm about

S I D Y R A e

ukydriecarbons-Eplitdatianofaioniat phydirot aftibesaltdghatiormrabalpirais a
ol R% Jpartially- ]fA branched-chain isomerized olefins, and

db’?g %’é%acﬂ%ﬁ'g ins may be 15 carried out by any method known by a
person skilled in the art. 16 The alkylation reaction is typically carried out

THENAASUSRHG RUFACALR &f AR AR WURRIBRIGHS T B 15

:1. Process temperatures can 18 range from about 100C to about

lingaccirie pretiasistrariipdtivithelgline thyidoiton sbrtlct SREOPR
RS0 318 BIFRABLAGLRMNL. the RIARRSS ISorRASisFAPIRIELIBe

In the liquid phase. The alkylation process may be 21 carried out in batch

issreeriaaddaLkisit PRI iABLRIER Fhedechaipoialinsdporse nativiation
refisshatacayrek Alagsdlagn Whiksu U RereARM NS AR desiRtain

reaction temperature. A continuous process is most efficiently carried 24

olsfing axdrrdatvdeissspate pialasnintareal el ipi dEssubatitdsge
oliMs 224 Uniid @y Hiergaveight hourly space velocity. 26 In a fixed bed

process, the alkylation catalyst is charged to the reactor and 27 activated
or dried at a temperature of at least 150C under vacuum or flowing
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 further
reacted with an alkaline earth metal and carbon dioxide to obtain carbonated,
overbased alkylated aromatic sulfonates useful as detergents in lubricating
oils. Carbonation may be carried out by any conventionally known process.
The degree of overbasing may be controiled by changing the reaction
conditions and the amount of the alkaline earth metal and carbon dioxide

used in the carbonation process.

Procedure for 1somerization of Normal Alpha Olefins

The isomerization process may be carried out in batch or continuous mode.
The process temperatures can range from 50°C to 250°C. In the batch mode,
a typical method is to use a stirred autoclave or glass flask, which may be

heated to the desired reaction temperature. A continuous process is most
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-21 1 inert, dry gas. After activation, the alkylation catalyst is cooled to
ambient 2 temperature and a flow of the aromatic hydrocarbon compound
is introduced, 3 optionally toluene. Pressure is increased by means of a
back pressure valve 4 so that the pressure is above the bubble point
pressure of the aromatic 5 hydrocarbon feed composition at the desired
reaction temperature. After 6 pressurizing the system to the desired
gifietsuily, dhertednperaturdiiedbeehpectasto tBpalesiretbsdactidixed bed
temperature. A flow of t efin.is then mixed with the 8 aromatic. .
RSB AR TOHER o o) Sudraie Ll SeE8 Slorig
comprising alkylated aromatic hydrocarbon, unreacted olefin and 10

fﬁ’@ﬂ%&@é@a@b%géo?ﬁé%ﬁrﬁ%ﬂ%w?ﬂjﬁ% (R85 HR 8348 eSreactor and

aromatic 11 h drocarbon compound is then remq)ved%/ distillation, )
agyping, avdieration tampeidgdnisael aheapbhh GihainfeaNIRigMPEdiowing

iﬁé‘?ﬁed%i%%%.i”Aﬁ@r%&t%t%@,%@ﬁﬁe%ﬁﬁ?@%ﬂﬂ&fﬁ%ﬁﬂi&%@éﬁ?st is

Hydrocarbons 14 Sulfonation of alkylated hydrocarbons may be carried
aslivsied iy Hetisgired kRt bR HSARY hitpw aﬁﬁ% aiRfn is
istienatieniseaetiondadunicatyCattet Pt ahiadipgdiNm i das dRaakar

17 maintained at about 65C. The alkylated aromatic hydrocarbon is .
hsprebad. tomerkal Arlintirrelsgigs dildied sauiling sesialyharhsd.
idberRikyiadesditharesnadim Ry drecAsROBeTiReITBBUIRIIP @I IS, beta

aromatic hydrocarbon to 20 sulfur trioxide is maintained at about 1.05:1.
ofelinidaimingl algfinda-sihntitided ofifpredinwide pe alfftedanth
HRAUL Y4 NaHkA! Al ioRuRRY 2 dharmal treatment with nitrogen

bubbling at a rate of about 10 liters per 23 kilogram of product and stirring
while maintaining the temperature at about 24 85C until the desired
Pesdididhl reulifuridiaditioarnié Arisyeiifairid ocaxironm of 25 about 0.5%).

-22 1 Procedure for Carbonation, Overbasing of Alkylated Aromatic

Sulfonic acids ) )
Alkylation of aromatic hydrocarbons with normal alpha olefins, pattialiy-

branched-chain isomerized olefins, and branched-chain olefins may be

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

The alkylation reaction is typically carried out with an aromatic hydrocarbon
and an olefin in molar ratios from 1:15 10 25:1. Process temperatures can
range from about 100°C to about 250°C. The process is carried out without
the addition of water. As the olefins have a high boiling point, the process is
preferably carried out in the liquid phase. The alkylation process may be
carried out in batch or continuous mode. In the batch mode, a typical method
is to use a stirred autociave or giass flask, which may be heated to the
desired reaction temperature. A continuous process is most efficiently carried
out in a fixed bed process. Space rates in a fixed bed process can range from

0.01 to 10 or more weight hourly space velocity.

In a fixed bed process, the alkylation catalyst is charged to the reactor and

activated or dried at a temperature of at least 150°C under vacuum or flowing

21-
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2 Carbonation, overbasing of alkylaromatic sulfonic acids may be carried
out by 3 any method known by a person skilled in the art to produce
alkylaromatic 4 sulfonates. 5 6 Generally, the carbonation, overbasing
reaction is carried out in a reactor in 7 the presence of the alkylated
aromatic sulfonic acid, diluent oil, an aromatic 8 solvent, and an alcohol.
The reaction mixture is agitated and alkaline earth 9 metal and carbon
indaxely agsaderdrtiadheatracting m@@mwmﬁmc@eimw@ﬁmm
between about 20C and %(])C 11 1§ Tﬁeﬂde ree of carbonati duced,
teg0RASAL ALy b AR RN DR 93 ORI s pauce
opiRiahRy thhachen dinddaraddendietheddagiineaniiie, shek asasiavsive
and the reaction conditjons rn arbonation process. 1
S F B TR T b A 0% D ST AR, BTG e 6 B e 17
hizkangtbdn ]féé%mpaﬁpt}emah @athysidSpmpositetib ﬂ@eﬁqoétethfralkﬂﬁ%n

catalyst.co 03|te epared hy the follow, t20m r} d
P e Ve e e R P L niBle e e g 535°
tcﬁﬂaala@errmblﬁeéﬂ@'BMrﬁﬁ@(Qtamn@bfmﬁmm mo@enmtemtmomw with the

heati 23 the s 8Cf our, Th LOI s 14,
S e Y L e e
eﬁmegtmﬂpﬂ'mg@lkgfaeé&mnemwmmemfmm(eﬂwmmd

aluminum ox deha cf“ labl (f)rr?rglo.%? Kals(g Egg H(ydt'aﬁ% g%tnsegf% %Erir%’at:c
e’é%?é?n%%r&%lc h& sampl 3P SIBEGS L notr &hd-wad
hdr8Zanisght 8m ;Nmmd bﬁﬁ&dmmewmm;scﬂsblﬂm;md stdppthg, lLOfEBABON

ulfe rp\s{a%‘uzueno]h%ar\é(l Y ot%e nga?}%%(ga%{f?xstgfthose skilled in the art.

Procedure for Sulfonation of Alkviated Aromatic Hydrocarbons

Suifonation of alkylated hydrocarbbns may be carried out by any method

known by a person skilled in the art.

The sulfonation reaction is typically carried out in a falling film tubular reactor
maintained at about 65°C. The alkylated aromatic hydrocarbon is placed in
the tube and sulfur trioxide diluted with nitrogen is added to the alkylated

‘aromatic hydrocarbon. The molar ratio of alkylated aromatic hydrocarbon to

sulfur trioxide is maintained at about 1.05:1. The resuiting alkylated aromatic
suifonic acid may be diluted with about 10% 100 Neutral oil followed by
thermal treatment with nitrogen bubbling at a rate of about 10 liters per
ki[ogram. of product and stirring while maintaining the temperature at about
85°C until the desired residual sulfuric acid content is obtained (maximum of
about 0.5%).
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3 alumina powder were weighed out to give a total of 1600 grams of

zeolite 4 powder and 400 grams of alumina powder on a volatile-free

basis. Extrusion 5 aid, Methocell(r), 60 grams, available from Dow

Corning, was added to the 6 mixture of the two powders. 7 The two dry

powders were added to a Baker Perkins mixer and dry mixed for 8 4

minutes. The amount of concentrated (70.7%) nitric acid to give 9 0.7
PrighlPe fBpsrthembiieht ol seh@oiRIknaweIgiiophiie ZRMBRIaRRIds

10 the alumina powders was calculated to be 19.8 grams. This amount of

70.7% 11 nitric acid was weighed out and dissolved in 200 grams of
Cmtmnmdmva:teemasm@cnbmkammmabtwalimmddﬁs?%awble agided out by

nee 9,9k tain afinal 13 con Xim
S R P R SRR B e
salfer2a¥$67 grams (1874.67 gram total 15 weight - 1600 grams dry
weight). Volatiles in the alumina powder are 16 232.40 grams (532.4

grams total weight - 400 grams dry weight). Nitric acid 17 solution and
Gﬁeﬂﬂaltg,llth)ee&anb@oatmd arwbasidgreeﬁ@ibe oatriasiznildsn 4 8cHoley, in

d
ﬂ?;lSép% g}%\éﬁs o glvy d"%ﬁch%? ﬁggpag% ((1816(% grﬁltrﬂééﬁzgjl fe an%tIC
SO 0D apdms alaoind) diyepeadioninti>8008 mmresemartétalhab@waﬁh

-
TG R SR TH A0 AR AREE o M RS R b METRG
terannbfrediotivednatotivédeGaaddddVér. 24 a period of 5 minutes using

a peristaltic pump. The mixer was then stopped 25 so that the walls of the
mixer could be scraped down. Mixing was then 26 resumed and the

Theldegiiast aftterdsidatiovaleyarbesiodcdaybe Sofitiotses! by tsirg andity of
tr%eélﬁ@iﬁ‘{‘e%ﬁﬂ mbtaeARA A6l &SQIH\B[%M&%"Y@@ ROALNICthi %FQr the

a total tim 40 minutes, with occasional holds to allow for scraping the
rexmtaons @ﬁéﬂﬁ@@rfﬁéﬁﬁ@ﬁﬁ@@t!%f&h’é@ﬂndhgfmtm cebonirtioR RVaseshl

-24

EXAMPLES

Preparation of Zeolite Y Alkylation Catalyst Composite

Example 1
Preparation of Catalyst Composiie 1

Zeolite Y alkylation catalyst composites were prepared by the following

method:

Loss-on-ignition (L.Ol} was determined for a sample of a commerciaily
available zeolite Y CBV 760® available from Zeolyst International by heating
the sample to 538°C for 1 hour. The LOI obtained was 14.65 weight % and
provided the percent volatiles in the zeolite Y batch being used. The LOl of a
commercial sample of Versal® hydrated aluminum oxide available from

Kaiser LaRoche Hydrate Partners was determined by heating the sample to

.23~
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1 powdery and the volatiles were measured as 48.83 weight %. Additional
2 amounts of deionized water 10 grams at a time were added with 5
minutes 3 mixing for each addition until the mixture appeared extrudable.
A total of 4 85 grams of additional water was added over 1 hour and 45
minutes. At this 5 point, the volatiles were 48.36 weight %. 6 The wet
mixture was extruded through 1.27 millimeters, asymmetric 7 quadrilobe
5de° gerts, hoar Baanebextngzrweighvil longxeyhaddgabstiandesalwere

ied at 121 C for 8 ho The lon lindrica) strands were_then 9 broken

o B e 7 PR AL V6t BP PR Ca AT £
alventn aipueetiandvtire parligrethrgertthgivd anidtaietér 606 (etamedf 1dolike

extrudate WELe then calcined.in a substantially dr _nvijronment inéa 12 .
PR AT AETE rRIWING TS E SPEMISTSS . Extrdsion
aektditesali@rediegtachty 593G bieefrtno Dowr S dhendieichat=RRARG tortHad

1/%Phour ﬁ% ext coo{l%d to 204C. A total of 1681 grams of extrudates

ai

eSS 8P A Met

ercury Intrusion Porosimetry showed the
extrudates to have a peak 17 macropore diameter of 1167 angstroms and

TREUMYRIVERATEAOUARE kR YA BRKE 1955 KAR0 ABR ARSI Rled for
0.1400 m /%ram. 19 Example 2 20 Preparation of Catalyst Composite 2 21

47aibNtEy. Mﬁ@wa@w&@mf&mgﬂméwﬁm@cl%éugw_gxamme
0¥ ¢2BReYE (WibIh FPIPYA%RAECRIANST AECRHPRAEHDAIMIRB0lite and
available from Vista Chemical Company was used 24 instead of Versal%)ﬁ_{o/

tha RN IRONESra et eslréed tmbaaffirarpowdelbiosyatswl
nifid- 2Ry NRIGT Maihasslbasiuppnitiyas dgiahiaditter

Volatiles of the z€eolite powder and alumina powder were -251 9.72
weight % and 24.82 weight %, respectively. Concentrated nitric acid,
The total amount of water and 70.7% nitric acid needed to obtain a final

concentration of approximately 50% total volatiles was calculated as follows.
Volatiles in the Y zeolite powder are 274.67 grams (1874.67 gram total
weight — 1600 grams dry weight). Volatiles in the alumina powder are

232.40 grams (5632.4 grams total weight — 400 grams dry weight). Nitric acid
solution and Methocell® extrusion aid are considered to be 100% volatiles.
Thus, if all the above raw materials were combined, the volatiles would be
786.87 grams. To give a mixture of 2000 grams (1600 grams zeolite and

400 grams alumina} dry powder with 50% volatiles, the total weight of the
mixture must be 4000 grams. Thus, an additional 1213.13 grams of deionized

water must be added.

To the powders in the mixer, 1250 grams of deionized water were added over
a period of 5 minutes using a peristaltic pump. The mixer was then stopped
so that the walls of the mixer could be scraped down. Mixing was then
resumed and the solution of nitric acid in water was added over 5 minutes
using the peristaitic pump. At the end of acid addition, mixing was 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 mixture was still

24-
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2 12.9 grams, was dissolved in 300 grams deionized water. In the Baker 3
Perkins mixer, 671.7 grams of deionized water were added in 10 minutes,
4 followed by the acid solution in 10 minutes. After mixing for 40 minutes,
5 volatiles were 47.18 weight %, but the mixture was too thick to extrude.
With 6 an additional 3 hours of mixing, the mixture was still not
extrudable. Over the 7 next 30 minutes, an additional 10 grams of
paeignizeshyater wistids ecbréhecdsuisdtreswiis 8Baneatytitie d Adiiétib rexid

calcined i substaptially dry. 9 environment. 10 Mercyry Intrusi .
e SR BEH trRoil A A8 T AerS Sed MRS minutes
néaRgsiomsauiddbditomuliia ook mepatdiaieetewiEsis thartdial 390
ngstroms,to be.0.1424 ml/gram. 13 Example 3 14 Preparation of Catalyst
st R e AR e i
pBkamhie 2 ktitve witle 48.86&vielightifg. exceptions: 17 Volatiles of the

zeolite Y powder and alumina powder were 12.24 weight % 18 and 23.89
weight %, respectively. Corresponding amounts of zeolite and 19 alumina

Thewdrlrsnirdeee1wes gramdachthsaabrdmd, ralisaetrisyapyaaeiic
qHisianizss watriowas 3G BB FEIgrRR MinE SRt BN ey iRa MR Yirnds

was 21 still granular. A good paste was obtained after mixing for 1 hour

wenedirgat D2 1Veldands hpatis 49 Balerheying isah jrandmuerathen
bRk ISR B r R R ithABH SR NG MeBc? YRR BINE dhe extrudates

environment, Mercury Intrusion 24 Porosimetry showed the peak
WRELEIPYRE anRfide PRrirMiessestbandnsilimetes wasdeiainasve pore

volume at diameters less than 300 angstroms to be 26 0.1400 ml/gram.
T_ﬁze,? élx régg}glse vﬂezrep{ﬁgg @glg{}]gé (!:na‘tf:lals}/ustgs gr?t‘%%'?rﬁ environmentin a

muffle furnace using the following temperature program:

The extrudates were heated to 533°C over two hours, then held at 5693°C for
1/2 hour and next cooled to 204°C. A {otal of 1681 grams of extrudates were

obtained.

Mercury Intrusion Porosimetry showed the extrudates to have a peak
macropore diameter of 1167 angstroms and a cumulative pore volume at

diameters less than 300 angstroms of 0.1400 mi/gram.

Example 2
Preparation of Catalyst Composite 2

Zeolite Y catalyst was prepared following the procedure used in Example 1

above, with the following exceptions:

Catapal B® alumina available from Vista Chemical Company was used
instead of Versal® alumina. The total amount zeolite Y and alumina powders
were scaled to 1300 grams dry weight. Methocell® extrusion aid was not

added. Volatiles of the zeolite powder and alumina powder were

-25.



O 0 ~N O s W N -

11
12

13
14

15
16

17
18
19
20
21
22
23
24
25
26

3 This catalyst was made by the procedure described in Example 2 with
the 4 following exceptions: 5 Volatiles of the zeolite Y powder and '
alumina powder were 14.36 weight % 6 and 27.54 weight %, respectively.
Corresponding amounts of zeolite and 7 alumina powders were 747.4
grams and 220.8 grams, respectively. The final 8 weight % of the nitric
acid of the dry weight of the zeolite and the alumina in 9 this preparation
wEB\Wei§ht o7 ke doid BRwEiatelved3858i8 vantoat&Aeeien iFRARIRY,
he powders were mixed.in a plastic bag for 3 minutes and 11 then
TSI PRMERI L 7B HRRBL o alSt: < rPRkET 12
ABpe trinev @78 INigtaass Witk RonNEBd ecbieixingrf\hd@dnimitas miirds,

letion of acid additjon, the mixture b sty. Mixi
QGG e raF e IR b NHES. QISE/EoAnt i T S.

vohgiletyabe wds1 d veiidad batigtk angtaizedatadhehnddaiesneronith
calcined in a_spbstantially dry environment in a muyffle 17 furnac
SRR BSOS PR 1l et hRaEs e the
nesa &0l @idutissowerHiediad sl Tergpensdusbduiershbedtwibvasigvrided. The
Next, the extrudates were held at 593C for one. hour gnd 20.cpoled to
b MRS T AR STOCHmER SAREE IR SEURTATIO bRy o1
etivimeiekitt. be 1486 angstroms and the cumulative pore volume at
diameters 22 less than 300 angstroms to be 0.1494 mi/gram. 23 Example .

S 24 Preparation of Catalyst 5 25 Tabletted zeolite Y catalyst was
MeepaethbysiauSlerasdaainsshrimaththareeatorusirigrosasismetants be

RUUERY TR\ SIS HRRAENT A & SRS Tan

tabletS were cylinders, 1/8 inch in diameter and 2 approximately 1

3P0 engsiraresdiorpentrddidh mdasametry showed the 3 peak macropore
diameter to be 815 angstroms and the cumulative pore
Example 3

Freparation of Catalyst Composite 3

This catalyst was made by the procedure described in Example 2 above with

the following exceptions:

Volatiles of the zeolite Y powder and alumina powder were 12.24 weight %
and 23.89 weight %, respectively. Corresponding amounts of zeolite and
alumina powders were 1185 grams and 342 grams, respectively. Added
deionized water was 580 grams. After 50 minutes of mixing, the mixture was
still granular. A good paste was obtained after mixing for 1 hour 30 minutes.
Volatiles were 46.8 weight % at extrusion time. After extruding, drying, sizing,
and calcining in a substantially dry environment, Mercury Intrusion
Porosimetry showed the peak macropore diameter to be 1006 angstroms and
the cumulative pore volume at diameters less than 300 angstroms to be
0.1400 ml/gram.
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4 volume at diameters less than 300 angstroms to be 0.0844 ml/gram. 5
Example 6 6 Preparation of Catalyst 10 7 This catalyst was made by the
procedure described in Example 2 with the 8 following exceptions: 9
Volatiles of the zeolite Y powder and alumina powder were 18.7 weight %
and 10 26.5 weight %, respectively. Corresponding amounts of zeolite
and alumina 11 powders were 639.6 grams and 276.9 grams,
respectively. The final 12 weight ‘@X%fﬂ%njrtric acid of the dry weight of
the zeolite and the alumina in 13thiSpreparation was 0.75% and 6.44
grams of nitric acid W& 3hppaficataly :

A8IRHE3BRIBE 14 Y80 PEHIRSB B 0Nnized water.
The powders were mixed in a plastic bag for 15 15 minutes and then

ixed jn,the Baker Perki ixer for 10 mjnutes. dditj 1 276.9
R BT 03 GOy R PP B B & ST Dyth the
folimwieg whileptibxisg. The acid solution was pumped in over 8 minutes 18

with continued mixing. Mixing was continued for an additional 30 minutes.
19 Volatiles were 46.40 weight %. The wet mix was extruded, dried, and

\aiie201 the ssaliigalaaansier cridmding subvtentivdiedry Sevimerghé
AR PIP YRS, Sy NAcERLIRNY e iRl 5 'EMBAFALEE PLBRETNG2

The extrudatés were heated at Tfull power to 593C. Temperature overshoot

ajgning poviders wese, 1hd -é@r@me@nﬁé%a%larmse%e@h@hf@u}'ia@cﬁinai
wdiRaledientARtridAeiausy i HRoR S QreeiMmpL . shrweth g B&atimina in

macropore 25 diameter to be 941" angstroms and the cumulative pore

this preatafiamuasd. 76 fessl i gdovasgdisenieas Heb®aEbaramgat.
dABrZe PRI 7 PrRIBBRGERNAL AN 19 3 JihRicualy R Rs At g

the procedure described in Example 2 with the "4 following exceptions:
then mixed in the Baker Perkins mixer for 3 minutes. The acid solution was

pumped in over 8 minutes while continued mixing. At 10 minutes after
completion of acid addition, the mixture became pasty. Mixing was continued
for an additional 30 minutes. Volatiles were 49.0 weight %. The wet mix was

extruded, dried, and sized.

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

furnace according to the following temperature program:

The extrudates were heated at full power to 593°C. Temperature overshoot
was avoided. Next, the extrudates were held at 533°C for one hour and
cooled to 149°C. Mercury Intrusion Porosimetry showed the peak macropore
diameter to be 1486 angstroms and the cumulative pore volume at diameters

less than 300 angstroms fo be 0.1494 ml/gram.

Example 5
Preparation of Catalyst 5

Tabletted zeolite Y catalyst was prepared by a custom catalyst manufacturer

using a sample of the zeolite Y CBV 760® available from Zeolyst
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5 Volatiles of the zeolite powder and alumina powder were 12.24 weight
% and 6 23.89 weight %, respectively. Corresponding amounts of zeolite
and alumina 7 powders were 1185.1 grams and 341.6 grams,
respectively. The final 8 weight % of the nitric acid of the dry weight of the
zeolite and the alumina in 9 this preparation was 0.75% and 12.9 grams
of nitric acid was dissolved in 10 300 grams of deionized water. The

IREWRRISHUE e b ed s wistieRAddrs, 1BSBiIHesAREEIeixed in

the Baker Perkins mixer for 5 minutes. 12 Additional deionized water,

appooxigiakaly, Wdnetibtienatd: nilalreryeirysion Fararimeteshqyed the
pRAIKHRANGISORHIRRSLIR ONSH 8 BYBUHAGWILhEOBHAURE ddhiibdfige Mbrag
was continued for an additional 40 minutes. At this time, the 15 mixture
vRussintiReEr sARSS HRBUISGARFIREMMIARRIHAIE YIRS 16
deionized water was added to the mixture. After 3-1/2 hours of mixing, an
17 additional 25 grams of deionized water was added to the mixture and
another 18 15 grams of_deionizégz(v‘f?}an%gﬁ\awéls added to the mixture after 4
hours and 19 4-1/4 hourshrepexatiprAfteC4atbbuststdnd 55 minutes of
mixing, the volatiles 20 were 45.2 weight %. The wet mix was extruded,
dried, and sized. 21 The extrudates were calcined in a substantially dry
Taiwicotatushiva a mrded v the RTace U ARG AR d TSI Aeh Wiiditfe
ISR e2dephiBxtrudates were heated at full power to 593C.
Temperature overshoot 24 was avoided. Next, the extrudates were held
at 593C for one hour and 25 cooled to 149C. Mercury Intrusion
ViRokimethshawtitbtiieppeale macdagiarairZbpbamietaréoce@DAveight % and
ngstroms and the cumulative pore volume at diameters 27.Jess than 300
bR et S
peasdbissiordhec3liieNaenatalysts 6. 2 graansples jet{Gaialybhe timgosites
Wlé%h}QA)an tflmg)ni richei ot%%l%v dpy \"f?’veTi%meolft d %gl ite and the alumina in

this preparation was 0.75% and 6.44 grams of nitric acid was dissolved in

150 grams of deionized water. The powders were mixed in a plastic bag for
15 minutes and then mixed in the Baker Perkins mixer for 10 minutes. An
additional 276.9 grams of deionized water was pumped into the mixture over
20 minutes while mixing. The acid solution was pumped in over 8 minutes
with continued mixing. Mixing was continued for an additional 30 minutes.

Volatiles were 46.40 weight %. The wet mix was extruded, dried, and sized.

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

furnace according to the following temperature program:

The extrudates were heated at full power to 593°C. Temperature overshoot
was avoided. Next, the extrudates were held at 593°C for one hour and
cooled to 148°C. Mercury Intrusion Porosimetry showed the peak macropore
diameter to be 941 angstroms and the cumulative pore volume at diameters

fess than 300 angstroms to be 0.155 ml/gram.
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Mercury Intrusion Porosimetry Properties Catalyst Total PV* PV <300
angstroms" Macropore peak Composite (ml/gram) (ml/gram) diameter
(angstroms) 1 0.4612 0.140 1167 2 0.4207 0.142 878 3 0.4208 0.140
1006 4 0.4492 0.1491i 1486 5** 0.3914 0.084 815 10 0.403 0.155 941
12 0.399 0.144 900 5 6 * Total pore volume. 7 ** Total pore volume at
diameters less than or equal to 300 angstroms. 8 *** Catalyst 5 is not a
composite. Catalyst 5 is a tabletted.zaplite 77 powder, 9 prepared as
described above in Example 5. 1 xample 8 12 Preparation of
Isomerized Normal Alpha™®ieéf ath P i
alpha oleflns is carried out as descrlbed 14 below 15 C20-C24 normal

T RSl B8998 55 ek e LI e e R A £ e
fdrrdawu@thnedtmem 0.2%

Volatiles of the zeolite powder and alumina powder were 12.24 weight % and
23.89 weight %, respectively. Corresponding amounts of zeolite and alumina
powders were 1185.1 grams and 341.6 grams, respectively. The final

weight % of the nitric acid of the dry weight of the zeolite and the alumina in
this preparation was 0.75% and 12.9 grams of nitric acid was dissolved in
300 grams of deionized water. The powders were mixed in a plastic bag for
5 minutes and then mixed in the Baker Perkins mixer for 5 minutes.
Additional deionized water, 619.7 grams, was added to the mixture over

20 minutes. The acid solution was pumped in over 8 minutes with continued
mixing. Mixing was continued for an additional 40 minutes. At this time, the
mixture was still a powder. After 3 hours of mixing, an additional 50 grams of
deionized water was added to the mixture. After 3-1/2 hours of mixing, an
additional 25 grams of deionized water was added to the mixture and another
15 grams of deionized water was added to the mixture after 4 hours and
4-1/4 hours of mixing. After 4 hours and 55 minutes of mixing, the volatiles

were 45.2 weight %. The wet mix was extruded, dried, and sized.

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

furnace according to the following temperature program:

The extrudates were heated at full power to 593°C. Temperature overshoot
was avoided. Next, the extrudates were held at 593°C for one hour and
cooled to 148°C. Mercury Intrusion Porosimetry showed the peak macropore
diameter to be 900 angstroms and the cumulative pore volume at diameters

less than 300 angstroms to be 0.144 mi/gram.
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3 Vinylidene olefin 9.5% (determined by carbon nuclear magnetic 4
resonance spectroscopy) 5 Branched-chain olefin 11 % (determined by

infra red spectroscopy) 6 7 The normal alpha olefin was pumped up-flow

through a fixed-bed reactor 8 (570 millimeters high and with an inside
diameter of 22.3 millimeters) 9 containing 65 grams of solid olefin
isomerization. The reactor was operated 10 isothermally at 160C at a

Theulglehuritrepane Melesiyof § e peltd ast thad-ablitd RINASPRAEGF

pressure. 12
E?é%ﬁfgjﬁieh%

e

ffluent containjng th tially b hed, .
ARsBlicT e ve L UIARG P analy Bhkhele™ i

Tigsienerized olefin contains a 14 different olefin distribution (alpha-olefin,
beta-olefin; internal-olefin, 15 tri-substituted-olefin, and vinylidene-olefin)

and branching content than the 16 un-isomerized olefin. 17 Example 9 18

Preparation of alkyibenzene compdsitiehé 19 Typically, alkylation of
aromatic hydrocarbons with normal alpha olefins, 20

~Was—21-ca¥r

below:22-Afix

partially-braniched-chain iseroarizbdralsitnshand dimathderopaitiedefins

cdrtalisbd rorhotslEAMhillim it s e rappaispRets 2 séeeigearerpeak
Siaimeasittee| fIp¥arasised for thidralignatioh test. Pressuredzdmatefe
reactor was maintained by an appropriate back press

re vak@ngstems)

reactqr and

eateygpvere c?nstructed goj i@t adiabatic temperajyigy

control26-coutd-bemainta ; —
qramgoed of |27 fcrometer to 2 rRiliftfeters Alundum partic%@\/\/as
packed in the botiosp(@8 ofithe reactoptoqayovide a pre-heat zopgghlext,
100 gramsof Catalys) =311 Compositg~12 was chargedtothefixed bed
reactor. The reactfo‘%/%? gently Bﬁéﬂl 1486

L S 0.3914 0.084 815

10 0.403 0.155 941

12 0.399 0.144 900

* Total pore volume.

** Total pore volume at diameters less than or equal to 300 angstroms.

*** Catalyst 5 is not a composite. Catalyst 5 is a tabletted zeolite Y powder,

prepared as described above in Example 5.

Typically, isomerization of normal alpha olefins is carried out as described

below:

C.0-Co4 normal alpha olefin with the following composition was used for this

Example:

Alpha o

Example 8

Preparation of isomerized Normal Alpha Olefins

lefin 89.1%

Beta olefin 0.5%
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2 vibrated during loading to give a maximum packed bulk density of
catalyst in 3 the reactor. Finally, void spaces in the catalyst bed were filled
with 351 grams 4 150 micrometers Alundum particles as interstitial
packing. 5 6 The reactor was then closed, sealed, and pressure tested
under nitrogen. 7 Next the alkylation catalyst was dehydrated during 15
hours at 200C under a 8 20 liters per hour flow of nitrogen measured at
ambientdamperefwd avd 9 pressure and then cooled to 100C under
nitro introduced into the catalytic bed in an
up- -flow Erﬁ&ﬁﬁﬁ?‘%?évﬁ%b Qezjbog) f 11 195 grams per hour. Temperature
(undeviagiabatic teafipedatote dontrolinadhyl 2ansoeased éaaratagheficun
temperature of 182C (measured just before the 13 catalyst bed) and the
press[ﬁ%%gg(fﬁcf*ggg Neio kA atmospheres. 14 15 When temperature
and pBessigtesiachliedlefinat thés{cedestaitroft i ik asondikprs obIEAEY)
and 14.6 atmospheres, a feed mixture, consisting of 17 benzene and
C20_24 NAO at a molar ratio of 10:1 and dried over activated 18 alumina,
Thasadmmﬂlatptia'mmﬁumﬁev;nmamemﬁﬂmhetfaedgbmlﬁiaddheedQe!mtwyst

he eactor, reactio § n to occ d |nt rnal ed 20
R B ) 2 T e A 2 PRt E ¥ ours
cmimmsg@mrﬂnamﬁcsoheﬂzm@ﬁﬂmmﬁamm m@wa%tm masamp,eﬂmed
0,
:so# %ﬁ C%Et“% |n % Brgq ggalce/ovéro% Ha}Ng% sto P\odjrﬂnd at

hétrs 3 on- s‘?re thoug e run cou Ve coRiin
attmedpherithprelesur@4 converS|on was 99.45%. 25 26 Alkylated aromatic
hydrocarbon products containing excess benzene were 27 collected

during the course of the run. After distillation to remove excess 28

Theoreattongilgeatsenntahing herisiidainbrapehad. tsamsgizecopedinisn
cOledaleyasariHgvs S BING ecHRY SR AHRSBY olefin contains a

different olefin distribution (alpha-olefin, beta-olefin; internal-olefin,
tri-substituted-olefin, and vinylidene-olefin} and branching content than the

un-isomerized olefin.

Example 9
Preparation of alkylbenzene compositions

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

carried out as described below:

A fixed bed reactor constructed from 15.54 millimeters internal diameter
Schedule 160 stainless steel pipe was used for this alkylation test. Pressure
in the reactor was maintained by an appropriate back pressure valve. The
reactor and heaters were constructed so that adiabatic temperature control
could be maintained during the course of alkylation runs. A 192 gram bed of
850 micrometer to 2 millimeters Alundum particles was packed in the bottom

of the reactor to provide a pre-heat zone. Next, 100 grams of Catalyst

31~
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30 -32 1 Example 10 2 Preparation of alkylated benzene sulfonic acids. 3
The alkylbenzene alkylate produced as in Example 9 above was
sulfonated 4 by a concurrent stream of sulfur trioxide (SO3) and air with in
a tubular reactor 5 (2 meters long and 1 centimeter inside diameter) in a
down flow mode using 6 the following conditions: 7 Reactor temperature
was 60C, SO3 flow rate was 73 grams per hour, alkylate 8 flow rate was

C8mpBE3 PO Ainth Al S @3t dikpdiscmeiidriio Thb ¥badioe whsQantly

was generated by passing a mixture of oxygen a

vibRiRrb HYANBdaRhR Yﬂrﬂ%(@e%ﬁ?ﬁéﬁHB\%%l&%’r%‘b&%%%%%? é%%‘?i)ﬁt in

th’éh@é@&bﬂtlrrgr@nadevaikfy&aﬂwm shianitaneid hedl serofilwdngith 351 grams
roperties 13 b%jed on the Eﬁ TI weight of the rodtl(t the weight % of
ST RIS AHRO YRS WEIGR S, DIt RASE PS5, 15 The crude

aIkbeenzene sulfonic acid was diluted with 10 weight % 100 16 Neutral
diluent Ibas on the to ei e crude alk sulfomc 17
e R e ST R
Néﬁtst@hmg@n@w@aitawtwemwﬁ@aétbatvmﬁng?@e hodr854 000,38 under a
5 L?ndenser 19 as inlet tubelgi m|II ters in ’_g? dlamet? Ioc

T

SELHEHGE R tBP?SiSSEé‘?S r%d%%}Pdﬁ RitBGER
p%@@&@ﬁﬂﬁ@rﬂdﬂ@l@d@@ vvas“h?eaie@bhaﬁ‘ié‘gwﬁh Blﬂ’ﬂml’d!amtlthgan

as,was bu he mlxtur betvveen 30- ers ur for
e T S R A D R i
1 @b ouh S pegipbluo Tasapoate ntumdnabmgatloftmmum &:msmt) was
in[:re]%%esrrls !t%tg %tféz o?lkt}/ %%SQF’a?H§E°B#° 1 gg"@ct?’ﬁggsured just before the

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

When temperature and pressure had lined out at desired start-of-run
conditions of 182°C and 14.6 atmospheres, a feed mixture, consisting of

benzene and Czp04 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
tempera’tures 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 time, the olefin

conversion was 99.45%.

Alkylated aromatic hydrocarbon products containing excess benzene were
coliected during the course of the run. After distillation to remove excess
aromatic hydrocarbon, analysis showed that greater than 99% conversion of

olefin was achieved during the course of the run.
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27 The final alkylbenzene sulfonic acid had the following properties based
on the 28 total weight of the product: weight % of HSO3 was 15.76 and
weight % of 29 H2S0O4 was 0.15. -33 1 Example 11 2 Preparation of
carbonated, overbased alkylated benzene sulfonates 3 To a 5 liter
four-neck reactor equipped with heating and cooling capability and 4 fitted
with a stainless steel mechanical agitator rotating at between 300 and 5
350 rpm, a gas inlet tube (2 miIIi@%j@q’@e diameter) located just
above 6 the agitator blades for the addition of C02, a distillation column
and condenseFrepagiionel sikvialed henzpnesulionic agids
centrate. 8 9 The centrate was a mixture of the sludge fractions

revipusly produc ring. 10 the,purification of high TBN carbonated

B R e T e R A TR s e R oge
bwasadded¢ottséeaacidsalfintureaidaitS 02 exadpievidhrecpdiigithereactor
(RN prihe s ale, Ths cenate Nad A BN of 13809809 0de ysing

contained agproxmately ggggrams 0 xy?ene SO ven?, grams acftive vt
theafoliowmgfooatiti@mrams calcium hydroxide and calcium carbonate, 15

8 grams of carbon dioxide, and 22 grams of 100 Neutral diluent oil

isolated. 16 Next, 40 grams of methanol, 207 grams of xylene solvent,

Regetgrdpionaraise Wk dithe Srylpenalaavantédiomnp P dIaalkylate
fidw- BNLighE %baseind §.0n1Be deieh weighb ol Ieieasiinar R f108) The

Example 10 above was 19 charged to the reactor over 15 minutes at room
Stemparaare A ed Ry HRSEINGES HbtE Ll OMaRs) BndIekin AxigrideO2)
trﬁééggf%@:w@n&@&i@éﬁnw Whadilmsgheeheang! was added

to the reactor and the reactor was 22 cooled to 25C. Next, 35 grams (0.79

mole) of CO2 was added to the reaction 23 mixture through the gas inlet

THORQUAIPORIALERWBER sBp destrerniuseialhad the rBasiony prpadds

about 32C. A second slurry composed of 160 grams
based on the total weight of the product: the weight % of HSO; was 16.1 and

the weight % of H,SO, was 1.35.

The crude alkylbenzene sulfonic acid was diluted with 10 weight % 100
Neutral diluent oil based on the total weight of the crude alkylbenzene sulfonic
acid and placed in a four liter four-neck giass reactor fitted with a stainless
steel mechanical agitator rotating at between 300 and 350 rpm, a condenser
and a gas inlet tube (2 millimeters inside diameter) located just above the
agitator blades for the introduction of nitrogen gas. The contents of the
reactor was heated to 85°C with stirring and nitrogen gas was bubbled
through the mixiure between 30-40 liters per hour for between about 4 to

6 hours until the weight % of H,SOy is less than about 0.3 weight % based on
the total weight of the product. This material is the final alkylbenzene sulfonic

acid.

The final alkylbenzene sulfonic acid had the following properties based on the
total weight of the product: weight % of HSO3; was 15.76 and weig:ht % of
H.S504 was 0.15.
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25 (2.16 mole) of calcium hydroxide, 384 grams xylene solvent, and 131
grams 26 of methanol was then added to the reactor concurrently with 0.9
grams of CO2 27 over about 1 minute. Next, 92 grams of C02 was added
to the reactor over 28 64 minutes while the temperature of the reactor
increased from about 30C to 29 41C. A third slurry composed of 82
grams of calcium hydroxide and 30 298 grams of xylene solvent was then

charged to the reactor concurrer@x#@' i34 1 1.4 grams of CO2 over

about 1 mrnute Next 55 grams mo e ?f CO2 2 was added to the

temperature at approxrmately 380 4 5 The water and methanol were
then, t|II d from the reatctor be{ frrst eal 6,the Ie tor to 65C over.40
en
e %]

TR 8%8?& i€ présstre A SKpRRInRSFRavility and
fraHdospharstpnelmsretmtdrtbehatﬁeﬁi aya Rl mlraﬂmag at be:breers 30€riand
ssure. The te e reactor w S 0C
SBUPRE aine RLo el heda T ol B s 0%
theingiestot tatmtmjhafrtbe)mkﬁum Eﬁé)%ntedtstdﬁatﬁtmreamemd tiemlenser
%coo d to a rsowénsact: % ;f\.rz'rgj %8&990:['\'9“”3' diluent oll
& T 888e 0 the Teac 09? lowei grams o etxylene solvent.
The sediment 13 in the product was then removed by centrifugation. The

| h .
B A B L, PR g
tﬁmhﬂm@lmd!waﬂdughtmmalﬁmaﬂ milirbeterd sintheticisuftonedes by
o5 T SO 5PIaEE, 1T WHDLAR98D R 10K SRS

were aflowed O cOO0l to room tempera ure e carbona
ergeThBstol satfpriing thichabetéwitewintpropeids. Ihbaseniratetiheidosal BN of

250 O RSt 20, LG BB AR b FEN R e

weig °o o
calcium sulfonate, 8 grams calcium hydroxide and calcium carbonate,

8 grams of carbon dioxide, and 22 grams of 100 Neutral diluent oil isolated.

Next, 40 grams of methanol, 207 grams of xylene solvent, 281 grams

(0.59 mole) of the alkylbenzene sulfonic acid (HSO3; was 15.8 weight % based
on the total weight of the reaction mixture) from Example 10 above was
charged to the reactor over 15 minutes at room temperature. A slurry of

160 grams (2.16 mole) of calcium hydroxide, 365 grams of xylene solvent,
and 94.2 grams of methanol was added to the reactor and the reactor was
cooled to 25°C. Next, 35 grams (0.79 mole) of CO; was added to the reaction
mixture through the gas inlet tube over 39 minutes while the temperature of
the reactor increased to about 32°C. A second slurry composed of 160 grams
(2.16 mole) of calcium hydroxide, 384 grams xylene solvent, and 131 grams
of methanol was then added to the reactor concurrently with 0.9 grams of CO;
over about 1 minute. Next, 92 grams of CO; was added to the reactor over
64 minutes while the temperature of the reactor increased from about 30°C to
41°C. A third slurry composed of 82 grams of calcium hydroxide and

298 grams of xylene solvent was then charged to the reactor concurrently with
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22 weight % of calcium sulfonate was 0.87, and viscosity was 101 cSt at
100C. 23 24 Example 12 25 Procedure for Measuring Deactivation Rates
of the Catalysts 26 in Alkylation Reactions 27 Deactivation rates of the
alkylation catalysts were measured during the 28 alkylation reaction
similar to the alkylation reaction in Example 9 above. 29 The alkylation
reaction was carried out as described above under adiabatic 30

1tangperadlse CotleAatibatalkiviatice.raassin mwwm@tbﬁaﬂien@!lﬁ@ﬂcog
temperatyre exotherm was measured by means of appropriately locate

W ABOCRNIES TRAFIOE AN AR TG eVt YN Te e harns

réaratalysirpendhepasiipprokiime e peragure exotherm in the bed was
plotted 4 as a function of time, in hours. The deactivation rate of the

catalyst is the 5slope of this line in centimeters per hour. All catalysts
Tivera sl uatd ehath sthndardthenddistitdf fiemperatdscprasgtiie: asating

space velogit the 7 deactiyation rates were measured. 8 Catalyst. .
R P s A A R B S e Brpou e B ap S
owveEs@nmpiest és/aardrsbopive iic TablesLieb avedihibiihtzexception 3banidltes at

atalyst Composite 2 ig. Table Il is a mixture of batches of Catalyst 11
ARSI Sae 1. 15 TP DS o eased to
1toddEneveitlb @rnisnrtearizedt@aephelid Si2éslow alpthaeonitend elefiniCafor
3 mper,taturetoftNOC The molar ratiOﬁ%‘ 14 tclgﬁgne ﬁolefin V\{as 6. 15th

SR A AR IR BiGtioh 'S BeERe Aith'E30'ed walp then
coolathto Ipakahdnedédily 30aAeampleBd (g a8 B0ThE entlal ditierdfoil was

tolue olefin .17 was 10. 18 ctivation rates are shown relative

aﬁ?(ge&{; é)ctﬁ'v% %%CFg{ee%ﬁ%efgléﬁg? § grams 0{ xﬁene soivent. lne segi?ment
in the product was then removed by centrifugation. The xylene solvent in the
product was distifled by heating the product to 204°C over approximately

45 minutes at 30 millimeters Hg vacuum and holding the product at 204°C
and 30 millimeters Hg vacuum for 10 minutes. The vacuum was replaced
with nitrogen gas and the contents were allowed to cool to room temperature
to afford the carbonated, overbased sulfonate with the following properties

based on the total weight of the product:

Weight % calcium was 16.1, TBN was 424, weight % of sulfur was 1.81,

weight % of calcium sulfonate was 0.87, and viscosity was 101 ¢St at 100°C.

Example 12
Procedure for Measuring Deactivation Rates of the Catalysis

in Alkylation Reactions

Deactivation rates of the alkylation catalysts were measured during the

alkylation reaction similar to the alkylation reaction in Example 9 above.

The alkylation reaction was carried out as described above under adiabatic

temperature control. As the alkylation reaction was exothermic, a
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19 Composite 8 and Catalyst Composite 11 and are given in Table I
below. 20 Table Il Mercury Intrusion Porosimetry Relative Properties
Deactivation Rate Catalyst % zeolite Nominal Total PV* PV <300A
Macropore Test 1 Test 2 Composite in Zeolite (ml/gram) (ml/gram) peak
Catalyst SAR* diameter, A 1 80 60 10.461 0.140 1167 86 - 2** 80 60
0.436 0.156 931 61 46 4 80 60 0.449 0.149 1486 - 50 -36 5 100 60 0.391
t&N84r 8ilbe @830th8MhHEW 8596 As18241I60 fne ars6af G iotBRieRN0dA€a

90 - 870 6.7 0.4
ey B Ao 52"

0.2

Tesehbe ¢

-9 8060 0.57

AT TA FPI%S

0.174

S G

catkiADAD; B A3BEHE00D e EPHE hlbik-aidthdraoin Ak 4ft 0o 8iPed

e

0 60

.505 0.

oL RN

55 17

4RI e Bc S e,

4

stourhidsratie in teninystalsneczdolive. pAldetal/$tsCedady sivGlomipasit

in,Ta

s andan%’

except

Ig |
&t

deactivation rates were measured.

| was prepared as the Catalyst Compgsite 2 4 i
A PRSPt B

red more t

o

a{:/j%r%u the

Catalyst Composites 1, 2, 4, 5, 10 and 12 are the Catalyst Composites

prepared in Examples 1-7 and shown in Table | above with the exception that

Catalyst Composite 2 in Table 1l is a mixture of batches of Catalyst

Composite 2 in Table 1.

Test 1 was conducted during alkylation of toluene with an isomerized Cy; to

C.4, low alpha content olefin at a temperature of 170°C. The molar ratio of

toluene to olefin was 6.

Test 2 was conducted during alkylation of benzene with a Cyg to Cz4 normal

alpha olefin at a temperature of 180°C. The molar ratio of toluene fo olefin
was 10.
Deactivation rates are shown relative o the deactivation rate of Catalyst
Compasite 8 and Catalyst Composite 11 and are given in Table |l below.
Table {i
Mercury intrusion Porosimetry Relative
Properties Deactivation Rate
Catalyst % zeolite | Nominal | Total PV* | PV <300A | Macropore | Test 1 Test 2
Composite in Zeolite {ml/gram) | {mi/gram) peak
Catalyst SAR* diameter, A
1 80 60 0.461 0.140 1167 86 -
2% 80 60 0.436 0.156 931 61 46
4 80 60 0.449 0.149 1486 - 50
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5 one batch of catalysts composites prepared in the manner of Catalyst 6 -
Composite 2 of Table I. 7 Effect of silica to alumina ratio on reduction in
deactivation rate 8 Without being bound by any theory, it is believed that
the higher silica to 9 alumina ratio and percent zeolite in the catalyst are
important for obtaining 10 greater degree of reduction in relative
deactivation rates with the catalyst 11 composites of this invention. In

Taj)Ie I, th@dyst% 6 q:mj 8 have stmilal 1@ wggro :)oregagﬁk diameters| 23
IuL,U|IU|aLvep re-volumes;hut ry differ 3si toalpm
ratios. By inCreasing the silica t&%ﬁlﬁn Téﬁmr J/‘(% ﬁ:?(li -
pefcent zeokig from 76.percenid &9 parc@rﬁﬁhe relailﬁéﬁjea,tlvaﬂon 15 -
rage of 100 qf(patcllysgaﬁs redycggsdo 67 @fﬁﬁjaly st 61 51_3;’47 1 Talqlgdll -
Mereurytatrasion-Porasimetry Relative Properties-Deactivatign—Rate
Cétalyst % lite|Noffhal TotdIH W+ Pv S3bAT Mac?r%?)%re Tes N
Comnpodite iBeolite (6/gram)q@lgram) pddibdiametds iCatalysBSAR* A -
6{3{) 6010.595,0.182 1@@4 6 %7&@ 70. A@qp@zo 15‘91113300 2 34%ffect of _
aalk macronore oto m-doactiviatinn_rato Aithot
rJ\.ur\ III(. CTrUporcT uIIIULUI U I ICUUL;IIUII LI UCG.L;LIV Ul Iratltc "|' \IILIIUUL
bé%q boun Qv any tr@%rv t i¥beieved tHat4he neak%chop ore 5 39
diggnetel hag@n effectan the dedddvationxdws3of the aa@zyst composites 48
of, p thiginvggtion. A higher p cropgre fHam eter ults|isa higher
reldive 17 oalsvbion e tn LA I Ot GomGEies b and 10,40
af®compard 8 becabiSe, aIthQu'ijPﬁthey &ﬂgélﬁer S|I§f'§@’ in the - 100
cygulative gere volungp 0.444 0.162 1244 - 54
17 80 60 0.415 0.162 1031 - 46
18 80 60 0.421 0.136 1256 - 38

* Silica to alumina ratio in the crystalline zeolite powder.

** Catalyst Composite 2 in Table Il was prepared as the Catalyst Composite 2
in Table |, except that Catalyst Composite 2 in Table Il contained more than

one batch of catalysts composites prepared in the manner of Catalyst
Composite 2 of Table |

Effect of silica 1o alumina ratio on reduction in deactivation rate

Without being bound by any theory, it is believed that the higher silica to

alumina ratio and percent zeolite in the catalyst are important for obtaining

greater degree of reduction in relative deactivation rates with the catalyst

composites of this invention. In Table Ili, Catalysts 6 and 8 have similar

macropore peak diameters and cumulative pore volumes, but very different

silica to alumina ratios. By increasing the silica to alumina ratio from 6.7 to 60

and percent zeolite from 70 percent to 80 percent, the relative deactivation
rate of 100 of Catalyst 8 is reduced to 67 of Catalyst 6.
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9 174 versus 155, Catalyst Composite 9 has a much higher peak

macropore 10 diameter and a much higher relative deactivation rate,
1513 and 73, 11 compared to Catalyst Composites 10, 941, and 35. 12
Table IV Mercury Intrusion Porosimetry Relative Properties Deactivation
Rate Catalyst % zeolite Nominal Total PV* PV <300A Macropore Test 1
Composite in Catalyst Zeolite (ml/gram) (mi/gram) peak SAR* diameter, A
98060 0.5750.174 1513 73 10 8&b@:0IK03 0.155941 35 13-381
Effect of cumulative pore volume on deactivation rate 2 Without being

bound by

any theor
volume af pore diameters les
lower deactivation r|

y, it is bel

ates. In Table V., Ca

eved thatdowering theoasmigajive 3 poreitative

s than or equdlrtep@06sangstroms resultsaitivation
talyst Composites 16 and

18 dft’ie

Saalsbyithezeoml
6 Cdmpositela@itag

Comesigitst
compare

bt

ativenjpare

Iymm

5 EnHigier

VotarRg; JLG%/MO]Z%, respegtbrely,
relatigetieacieaitidprrater; 54,
eV I\/Iefr&cury In

osites 18

38..8 Tabl

andTest 1

rusion

Pofsimetry Belative F80per|

tie§ . baact

vatioh8Rat

e Catbdhfst % z¢

bolite B

Nominal

I ot

Zeglite_(ml/laram).(
AN I 7\

VT

PV UA

nl/aram).p
v 7

Mo ot

diameter, 4

L,ompql%'&bata
N\

YSt 400

Effect of peak macropore diameter on reduction in deactivation rate

Without being bound by any theory, it is believed that the peak macropore

diameter has an effect on the deactivation rate of the catalyst composites of

this invention. A higher peak macropore diameter results is a higher relative

deactivation rate. In Table IV, Catalyst Composites 9 and 10 are compared

because, although they both differ slightly in the cumulative pore volume,

174 versus 155, Catalyst Composite 9 has a much higher peak macropore

diameter and a much higher relative deactivation rate, 1513 and 73,

compared to Catalyst Composites 10, 941, and 35.

Table IV
Mercury Intrusion Porosimetry Relative
Properties Deactivation
Rate
Catalyst % zeolite | Nominal | Total PV* | PV <300A Macropore Test 1
Composite | in Catalyst | Zeolite | (mlfgram) | (mb/gram) peak
SAR* diameter, A
9 80 60 0.575 0.174 1513 73
10 80 60 0.403 0.155 941 35
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16 80 60 0.444 0.162 1244 54 18 80 60 0.421 0.136 1256 38 -39 WHAT
IS CLAIMED IS: 1. A catalyst having a macropore structure comprising
zeolite Y wherein the peak macropore diameter of the catalyst, 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

claim 1 wherein

or equal to about 400 angstroms is less than about 0.30 milliliters per
WrhiouiBeding bataiybhof-olgitheonherédrbisitouthuhalivevpereyohéniadulative
ms is less than

pore t&iameters less, .than or e

H195 RhiRfS S PG

PREB

about 300
ES5R4Y8

FreRH AR R BONING PGh HaRiga R

e B (&
€ cumulativé pore volume at pore

lameters Tess than

e

%ﬁ}{}ﬂgF@f%gesu_!ts in

talyst of

lonarudathtipstiony oltese &t Jersledigrieteny d¢ $Scaivgo sites) 18] 2adieut ifeo

R,

&Y

cata

R A e B AR e

Obampetsts B dlsam ldigbgqoatkntiabals 00 attgstratas &, indhemadaof

e

S millili

PRI

5 ke

am to about 0.18 milliliters per gram. 6. The
the cumulative pore volume of the catalyst at

pore diameters less than or equal to about 300 angstroms is in the range
of about 0.08 milliliters per gram toyahgyt .16 milliliters per gram. -40

Mercury Intrusion Porosimetry Relative
Froperties Deactivation
Rate
Catatyst % zeolite in | Nominal | Total PV* | PV <300A | Macropore Test2
Composite Catalyst Zeolite | {mi/fgram) | (mi/gram) peak
SAR* diameter, A

16 80 60 0.444 0.162 1244 54
18 80 60 0.421 0.136 1256 38
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1 7. The catalyst of any one of the preceding claims, wherein the peak 2
macropore diameter is in the range of about 700 angstroms to about 3
1800 angstroms. 4 5 8. The catalyst of claim 7 wherein the peak
macropore diameter is in the 6 range of about 750 angstroms to about
1600 angstroms. 7 8 9. The catalyst of claim 8 wherein the peak
macropore diameter of the 9 catalyst is in the range of about 900
WangStiondsLial bioDti$0 1400 angstroms. 11 12 10. The catalyst of any
one of the preceding claims, wherein the zeolite Y 13 has a silica to
alumina ratio of about 5:1 to about 100:1. 14 15 11. The catalyst of claim
110 VR AR APsiestol iuiainaniBising otaliieut 3thertn

abouiSPiaK adidio N ARBRELe HEAMAY ARSI Ihe RO A o

the silica to alumina 19 ratio of about 50:1 toa

catd3tBrtoie &t Inespliaeadihg Wians angstsnmnecashyscisnaiative
the frira obritabI6t tRa c%‘la%gt@h?p%%%{é&@t&l@' E@:@}Yﬁ r% rﬁ%gg%‘ho about

macropore diameter of the 25 catalyst is in the range o

ang=HBARABIENTS: THHRPUFRARYMS DY Z68tNMURA8H63, ielesmthan or
poregliRiNnerelsJass BRmANREHaHG ZfARout 500 angstroms is in the

range of about 0.05 milliliters per gram to 28 about 0.15 milliliters per
gram.
2. The catalyst of claim 1 wherein the cumulative pore volume at pore

diameters less than or equal to about 400 angstroms is less than about

0.30 millititers per gram.

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

0.25 milliliters per gram.

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

0.20 milliliters per gram.

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

gram.

6.  The catalyst of claim 5 wherein the cumulative pore volume of the
catalyst at pore diameters less than or equal to about 300 éngstroms is
in the range of about 0.08 milliliters per gram to about 0.16 milliliters per
gram.
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29 30 15. A catalyst composite comprising: 31 32 (a) the catalyst of claim
1;and -411 2 (b) a binder. 3 4 16, The catalyst composite of claim 15
wherein the binder is a suitable 5 inorganic material. 6 17. The catalyst
composite of claim 16 wherein the binder is alumina. 7 18. The catalyst
composite of any one of claims 15 to 17, wherein the zeolite 8 Y is
Presefhindhimigsigd ahalow éDthveigliqeicentiaimbouRPeieinbt Seak
percent based on,the total.dry weight of the catalys; composite. io 19. The
Cata S COSAS HATEeric1 ReIRIP ST AR 110 prestins o ahes
rangel 8DaamgHtowaight percent to about 85 weight percent based 12 on
the total dry weight of the catalyst composite. 13 20. A process for

preparing a catalyst composite comprising: 14 1s (a) contacting a zeolite
& witi beboadelyst thfeclziasdhadefeainltidesdak Hdoroparsianeewnésdinthe

the Wu%ﬂhte p(%rgggt 99§§olige gtrlgr{p tEuéa 1%)7 ran 8f abo tr 40 to about 99
percent Hased-or the Yotal (ﬁy wel Bt'the Pesﬁﬂﬁn%i é)zmeﬁyst
composite, and wherein the volatiles in the 19 mixture are in the range of
bou %w ight percent toabout 20 70 weight percent of the mixture; 21
2 (o] DRB AL AL R o s R BPofe GRmBiErS: e
catalyst is in the range of about 800 angstroms to about

1400 angstroms.

10. The catalyst of any one of the preceding claims, wherein the zeolite Y

has a silica to alumina ratio of about 5:1 to about 100:1.

11.  The catalyst of claim 10 wherein the zeolite Y has a silica to alumina
ratio of about 30:1 to about 80:1.

12. The catalyst of claim 11 wherein the zeolite Y has the silica to alumina
ratio of about 50:1 to about 70:1.

13. The catalyst of any one of the preceding claims, wherein the catalyst is

in the form of a tablet.

14. The catalyst of claim 13 wherein peak macropore diameter of the
catalyst is in the range of about 500 angstroms to about 1500 angstroms
and cumulative pore volume at pore diameters less than or equal to
about 500 angstroms is in the range of about 0.05 milliliters per gram to
about 0.15 milliliters per gram.

15. A catalyst composite comprising:

(a) the catalyst of claim 1; and
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24 (c) drying the composite; and 25 26 (d) calcining the composite in a
substantially dry environment. 27 28 21. The process of claim 20 wherein
in step (b) shaping comprises 29 extruding. -42 1 22, The process of
claim 20 or claim 21, wherein in step (a) the weight 2 percent of zeolite Y
is in the range of about 50 to about 85. 3 23. The process of any one of
claims 20 to 22, wherein the binder in step (a) 4 is a suitable inorganic
mater| I) S %%iggerprocess of claim 23 wherein the binder is alumina. 6
25. The’process ot any one of claims 20 to 24, wherein in step (a) the 7
volatiles in the mixture are present in the range of about 40 weight 8

cent to ahout 60 weight percent.of ixture. Bzgi ‘I;%e rocess of
B T A e T SRR AR e Bl B 35
A catahystgeomepositeriaiepared by the process of any one of claims 20 to
13 26. 14. 15 28. A process for preparing an alkylated aromatic

q9MPaSIHQD QMR isRg oLt COACHE Y ARG ymi
hydrocarbon with at Ie@g one O|e%’]1 18@m§§r‘%?i§g%§}? (%E?i%ti%lﬁéqlr?ﬂie
presence of a catalyst having a 19 macropore structure comprising zeolite

YavhetBm RS PMRPSHBR! 20MRIRGEF RiBssIRda By AdvarETEtigveeolite
D 428¢-Q%isdensiigabogt 31 2000 an0RERINE RIS dRE EUMIALIYE weight

pore volume of the catalyst at pore )
percent based on the total dry weight of the catalyst composite.

19. The catalyst composite of claim 18 wherein the zeolite Y is present in
the range of about 50 weight percent to about 85 weight percent based
on the total dry weight of the catalyst composite.

20. A process for preparing a catalyst composite comprising:

(a) contacting a zeolite Y with a binder in the presence of volatiles to
form a mixture wherein the weight percent of zeolite Y is in the
range of about 40 to about 99 percent based on the total dry weight
of the resulting catalyst composite, and wherein the volatiles in the
mixture are in the range of about 30 weight percent to about
70 weight percent of the mixture;

(b) shaping the mixture to form a composite;

(c) drying the composite; and

(d) calcining the composite in a substantially dry environment.

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

extruding.
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22 diameters less than or equal to about 500 angstroms, measured by 23
ASTM Test No. D 4284-03, is less than or equal to 0.30 milliliters 24 per
gram. 25 26 29. The process of claim 28 further comprising sulfonating

-the alkylated 27 aromatic composition to form an alkylated aromatic
* sulfonic acid. 28 -43 1 30. The process of claim 29 further comprising

reacting the alkylated 2 aromatic sulfonic acid with an alkaline earth metal

and carbon dioxide fo 3 produce a.carhon V. I

dromahie & ﬁ&ﬁﬁfé@ﬁc@’ . Q%i}&%e@s%()? ﬁé)%(? g (I(:Pl.I ng{la%ﬁég Eﬁaﬁgﬁ%}gtic
compgsitigniasiapaftedy § i thatartigaltdbast Gietadbeatichydrocarbon
with at least one olefin s under alkylation conditions in the presence of the
catalyst composite of 9 claim 20. 10 11 32. The process of Iaircp 31
@Berdiheirarentagt AR SRIETBAY khe21 ¥orteildhe Diadayster (2)

The pro ' ' olefin is analpha olefin, an 15
IS 8%?5%%%%%%&%%3{@&9@

isomerized olefin, a nched-chain olefin or mixtures thereof. 16 17 34.
The process of claim 33 wherein the olefin has from about 4 carbon 18

ataMsTi:ahentee catemaGnsctSirdBaSirte fFajessind.claim 33
wherein the alpha olefin or the isomerized olefin

95, The process of any one of claims 20 to 24, wherzin in step (a) the
volatiles in the mixture are present in the range of about 40 weight
percent to about 80 weight percent of the mixture.

28. The process of claim 25 wherein the volatiles comprise water and an

acid.

27. A catalyst composite prepared by the process of any one of claims 20 to
26,

- 28. " A process for preparing an alkylated aromatic composition comprising:

contacting at léast one aromatic hydrocarbon with at least one olefin
under aikylation conditions in the presence of a catalyst having a
macropore structure comprising zeolite Y wherein the peak macropore
diameter, measured by ASTM Test No. D 4284-03, is less than about
2000 angstroms and the cimulative 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 0.30 milliliters '

per gram.

29. The process of claim 28 further cempriéiﬂg sulfonating the alkylated

aromatic composition to form an alkylated aromatic sulfonic acid.
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21 have from about 6 carbon atoms to about 40 carbon atoms. 22 23 36.
The process of claim 35 wherein alpha olefin or the isomerized olefin 24
have from about 20 carbon atoms to about 40 carbon atoms. 25 26 37.
The process of claim 33 wherein the branched-chain olefin has from 27
about 6 carbon atoms to about 70 carbon atoms. 28 29 38. The process

i ' [ i . b
e P B R B T S AR A "
wherefianmbeasidienichald vighmnhatkadine 2aito m&@bambmaln@msi toxide to
about 1.8 688200 2loMtiated HelhSRS %ﬂsﬁl gg%a%%ﬁv%ﬁ%hgﬂﬁ?ng &

olefin Is a partially-branched-chain 5 isom &raim the olefin
has from about 6 carbon atoms to 6 about 40 carbon atoms. 7 s 41. The

e D B

42. The process of any one of claims 31 to 41, further comprising 12

sufongsies @ leied BHAlR L ROSHRLIBIR AT -AHRAEI e Brerin

aromatic sulfonic acid. 14 is 43. The process of claim urther
compHEHarabvtinipmeendiiiseg indhedresenasfohtbaciatalitataomposite of
alkaling-gargpmetal and carbon dioxide to

32. The process of claim 31 wherein the aromatic hydrocarbon is benzene

or toluene.

33. The process of claim 31 wherein the olefin is an alpha olefin, an

isomerized olefin, a branched-chain olefin or mixtures thereof.

34. The process of claim 33 wherein the olefin has from about 4 carbon

atoms {0 about 80 carbon atoms.

35. The process of claim 33 wherein the alpha olefin or the isomerized olefin

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

36. The process of claim 35 wherein alpha olefin or the isomerized olefin

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

37. The process of claim 33 wherein the branched-chain olefin has from

about 6 carbon atoms to about 70 carbon atoms.

38. The process of claim 37 wherein the branched-chain olefin has from

about 8 carbon atoms to about 50 carbon atoms.

44-



D

10
i1
12
13
14
15
16
17

17 produce a carbonated, overbased alkylated aromatic sulfonate. -45 44.
An alkylated aromatic composition prepared by the process comprising
contacting at least one aromatic hydrocarbon with at least one olefin
under alkylation conditions in the presence of a catalyst having a
macropore structure comprising zeolite Y wherein the peak macropore

iam e T, 0 284-03 s |ess thap about

Sho arie ToBsHEt ety S IO B R o
diame®eUes2 tabhor algu to about 36Ccanysiratesnsieasured by
ASTM Test No. D 4284-03, is less than or equal to 0.30 milliliters per
gram. 45. The alkylated aromatic composition of claim 44, wherein the
dfdmakice yarssaiobelaioicly wheteinlKytatdefiar isrmpiatimthpbsitiormesd-chain
benzeng AL JOMPHRs %ﬁg?eﬂlbk%@tgféﬁﬁ%@ 099'%88@[:?%&%%%'%}&%3 to
wherein the aromatic hydrocarbon moiety on the alkylated aromatic
compé&§ith48 wehiens.2i8mEhe alkylated aromatic composition of claim
44, wherein the olefin employed to prepare the alkylated aromatic
composition is an alpha olefin, an isomerized olefin, a branched-chain

ditfin brenbiaressiedeleind0THeentip| thecarbabtibraneipeditibaivfistairerized
47, wheteinidbe alein g doem aRoI 460N %ﬁ%{ﬂf&@ g&%@&&%?."”
o1 Cla

atoms. 49. The alkylated aromatic composition im 48, wherein the
alpha olefin or the isomerized olefin have from about 6 carbon atoms to

ApoutrLGabian M, Ahd BEAURARISH & %?ﬁl&@e@gegﬁi%%sﬂgg'aim

49, wherein alpha olefin‘or the isomerized olefin om about
carbofthienading be @llalah sromalinsanpTsieniadarmaomitiated

compgsiianiRf Sl s ygerein the branched- chain olefin has from
about 6 carbon atoms to about 70 carbon atoms.

43. The process of claim 42 further comprising reacting the alkylated
aromatic sulfonic acid with an alkaline earth metal and carbon dioxide to

produce a carbonated, overbased alkylated aromatic sulfonate.
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52. The alkylated aromatic composition of claim 51, wherein the

branched- chain olefin has from about 8 carbon atoms to about 50 carbon

atoms. 53. The alkylated aromatic composition of claim 52, wherein the

branched- chain olefin has from about 12 carbon atoms to about 18

carbon atoms. 54. The alkylated aromatic composition of claim 47,
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reacted with an alkaline earth metal and carbon dioxide to produce a
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conditions in the presence of a catalyst composite, wherein the peak
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volume of the catalyst at pore diameters less than or equal to about 500
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composition of claim 58, wherein the aromatic hydrocarbon moiety on the
4alkytatecrioaned CeomBasitaripdgeng @laim 47, wherein the olefin has
from about 4 carbon atoms to about 80 carbon atoms.

49. The alkylated aromatic composition of claim 48, wherein the alpha olefin
or the isomerized olefin have from about 6 carbon atoms to about 40 carbon
atoms.

50. The alkylated aromatic composition of claim 49, wherein alpha olefin or
the isomerized olefin have from about 20 carbon atoms to about 40 carbon
atoms.

51. The alkylated aromatic composition of claim 47, wherein the branched-
chain olefin has from about 6 carbon atoms to about 70 carbon atoms.

52. The alkylated aromatic composition of claim 51, wherein the branched-
chain olefin has from about 8 carbon atoms {o about 50 carbon atoms.

53. The alkylated aromatic composition of claim 52, wherein the branched-
chain olefin has from about 12 carbon atoms to about 18 carbon atoms.

54. The alkylated aromatic composition of claim 47, wherein the olefin is a
partially-branched-chain isomerized olefin wherein the olefin has from about 6
carbon atoms to about 40 carbon atoms.

55. The alkylated aromatic composition of claim 54, wherein the partially-

branched-chain isomerized olefin has from about 20 carbon atoms to about
40 carbon atoms.
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toluene. 60. The alkylated aromatic composition of claim 59, wherein the
aromatic hydrocarbon moiety on the alkylated aromatic composition is
toluene. 61. The alkylated aromatic composition of claim 58, wherein the
olefin employed to prepare the alkylated aromatic composition is an alpha
olefin, an isomerized olefin, a branched-chain olefin or mixtures thereof.
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carbon atoms. 69. The alkylated aromatic composition of claim 68,
wherein the partiallyabranéhezrtttan;igdmerized olefin has from about 20
carbon atoms to abGut 402ckiB@aratoms. 70. The alkylated aromatic
composition of claim 58 wherein the alkylated

59. The alkylated aromatic composition of claim 58, wherein the aromatic

hydrocarbon moiety on the alkylated aromatic composition is benzene or
foluene.

60. The alkylated aromatic composition of claim 58, wherein the aromatic
hydrocarbon moiety on the alkylated aromatic composition is toluene.

61. The alkylated aromatic composition of claim 58, wherein the olefin
employed to prepare the alkyiated aromatic composition is an alpha olefin, an
isomerized olefin, a branched-chain olefin or mixtures thereof.

62. The alkylated aromatic composition of claim 61, wherein the olefin has
from about 4 carbon atoms to about 80 carbon atoms.

83. The alkylated aromatic composition of claim 62, wherein the alpha olefin
or the isomerized olefin have from about 6 carbon atoms to about 40 carbon
atoms.

64. The alkylated aromatic composition of claim 63, wherein alpha olefin or
the isomerized olefin have from about 20 carbon atoms to about 40 carbon
atoms.

65. The alkylated aromatic composition of claim 61, wherein the branched-
chain olefin has from about 6 carbon atoms to about 70 carbon atoms.

86. The alkylated aromatic composition of claim 65, wherein the branched-
chain olefin has from about 8 carbon atoms to about 50 carbon atoms.



aromatic composition is sulfonated to form an alkylated aromatic sulfonic
acid. 71. The alkylated aromatic composition of claim 70, wherein the
alkylated aromatic sulfonic acid is reacted with an alkaline earth metal
and carbon dioxide to produce a carbonated, overbased alkylated
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The alkylated aromatic composition of claim 70, wherein the alkylated
aromat;c sulfonic acid is reacted with an alkaline earth metal and carbon
dioxide o produce a carbonated, overbased alkylated aromatic sulfonate.

72. An alkylated aromatic composition prepared by the process comprising
contacting at least one aromatic hydrocarbon with at least one olefin under
alkylation conditions in the presence of a catalyst comprising zeolite Y,
wherein the catalyst is in the form of a tablet.
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ABSTRACT
ZEOLITE Y ALKYLATION CATALYSTS

The present invention is directed to a zeolite Y catalyst having a controlled
macropore structure. The present invention is also directed to a zeolite Y
catalyst composite and a process for preparing the catalyst composite. The
catalyst composite exhibits reduced deactivation rates during the alkylation -
process, thereby increasing the life of the catalyst. The present invention is
also directed to processes for the preparation of carbonated, overbased
aromatic sulfonates, which processes comprise alkylation, carbonation.of

aromatic hydrocarbons with one or more olefins.

49



