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1 2 ZEOLITE Y ALKYLATI ON CATALYSTS FIELD OF THE
. I NVENTI ON 3 The present invention is directed to a

zeolite Y catal yst having a controlled 4 nacropore
structure. The present invention is also directed to a
catal yst 5 conposite conprising zeolite Y and a
process for preparing the catal yst 6 conposite. The

pr esent |nventZ L{T. XI%U(MLMééébCMPd-I ARtion of
aromatic 7 hydrocarbons using the catal ysts and the
catal yst conposites of this 8 invention, and the

sul fonation and caFHddatQodHE INVENAIQM| at ed aromatic
9 hydrocarbons. The catal ysts and the catal yst
conposites exhibit reduced 10 deactivation rates

the prepenhinvenkgn i diiomtpd de es@olitd%roab@lwtrhﬁvma wgnirntied
life of

TRERTORTTSE. T8 RedFentidiRios S arm pheteq o a catalyst

@rkipbaitd mpfisiag @BBliteCs aﬁﬁ@pn@c\é@é FStprephrin@MeScathl/sor
Bronsted acid catal ysts. Typical commercial catalysts

¢ataperite. phis prasent inveptiar isialisp shirectashto, aliyylatiem gheromatic
Rl bEsBonB RS e ddiuE iy ARIBI% EatiAS oriflc
) po rogen

ihvexstidrdend the @uhwbmﬁﬁahd t@rbdnation d:ethebdalkylaaéd eromaﬁch
| ower ol ecul ar wei ght ol efins, such as op%lene

hysdiogrrbensr iTeg calysta anﬁ!ethpuqaﬁaimsfdioma%
AP R b g i Syl PryBLEt InFRED 'ﬁ&e%ﬁaﬁgs e of
tA6 catalpdily i n the presence of hydrogen fluoride.

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

I8 ReweiRknowd th aatﬂlyzeqh@rmkﬁmrpﬁﬁaﬁomdﬂcsamtﬁ hevaviety off Lewis
t hese acjds m i nvol ve 25 environnmental probl ens.

Aonstedraegca lyséSt hypicaheommersial ¢aalystsivcsenhipsphgric
RS A RN 090 iRl Enfi gl 2 prie.
sthuisic chioridey Eitkcloblgridsf, endlrh polyghydregendiabede), sinddhyelrogen

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 Ci¢ olefins, the alkylations are done in the liquid phase,
usually in the presence of hydrogen fluoride. Alkylation of benzene with
higher olefins is especially difficult, and requires hydrogen fiuoride 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
énvironmental problems. Another problem is that the use of these acids can
give less than desirable control on the precise chemical composition of the

product produced. Thus, it would be preferable to use a safer, simpler
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-1 1 catalyst, preferably in solid state. This sinpler
process would result in less 2 capital investnent,
which would result in a | ess expensive product. 3.
Solid crystalline alum nosilicate zeolite catal ysts
have been known to be 4 effective for the al kyl ation

of aromatics with olefins. Zeolitic materials which 5
catelysk preferatdy casalidystate. at bisisimpldrprocessgaoild result in less

crystallipe terials that possess 6 uniformpoyes
GARR fvantiielowhich WaUTEP DG & less e ive POobEks
than 7 20 angstrons. Zeolites occur naturally and nay

R T i

SHRYe f{nt thb%i%héﬁbrﬁ%éﬂokﬁllﬁys%ﬂ?{i@ﬁﬁ&? Zeolitic materials which

nmet al oal um nophosphat es an nmet al osi |'i cophosphat es.
Aehsefulesesdtalysts aealsually bwrganicgaystalline mateniabrthal possess

TR RSt B 5E e G fBL 6B ECTRATLRNT ©

Zeah$tForAd! Zewhites BRCAF halwalfy Snd HETRAISO Bkl prepiaid abl e
as- fine crystalline 14 powders for further

ybdhaticelly. Synthetismealics intlsde, loacxpyple. ZeobiasrAi ¥sYf band

FBaP! i A iR I0bkRGRe R GRTig Bpet ot A e
mémaiddpﬁ@sﬁﬁﬂbht ©that Alatsiisls asiechned botomo wallium,tiith or

art, 17 such as formng the zeolite catalysts into
aaiEsaipamey @lee be sised 4@ geplgce Hee alinaigpmoprssiligon inethe
ﬁ:z_ﬁ.b I I X, etc. 19 Form ng the zeolite powders
I'n gwé asggg&%';e?r'(ti cles may be acconplished by 20
formng a gel or paste of the catalyst powder with the

Ty 2 Py b el ol S BFSTEiTE A S e Seeaine
powltidrs o faxthed diodifidatienge lenbanpasialr catalytichpeogesicsdor
form Zeolite 23 _powders may also be forned into

Rsabeylar @%pliﬁaﬁﬁﬁ%t Py PESTEE for the fyrthaemodficatiopite gnhance
SR BlorRHSL 6 68 &SNS SIALRERef SR n o a
such st fermigetheezentitedcatglyste iéo ehgpdd parlictes, ezobaragding 2i6e
Riohe FLitR AAVSERATEY &ctacd { n fixed bed roactors is
catal yst 28 deactivation. In nost hydrocarbon
Fco?'rr;l\llr% ﬁ'ieoi?e irté) BS\?V%S?S’ initc? g ggéé‘ 8aﬁ!cl!(3/sl r%taiy%% 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,
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-2 1 the primary catal yst deactivation is caused by
coke formation. This catalyst 2 deactivationis a
serious problemin the use of zeolite catal ysts for

al kylation 3 reactions. This deactivation problemis
well known in the art and it is well 4 understood that

t he deactivati on nechani sm can i nvol ve pol yneri zati on
thfe pritearyscatblysi de&aiWetiolaisgeawﬁﬂdefa)ubdte fqm&a‘ties tTas catalyst

§60aTktRn i S5uBH pebirdiialfE e B FhBlG i S8 plifation
F‘eﬁicﬂbuﬁ Fhisdedotioaasmbtctie®fis dinoNrPRBtheGt AAd it is well
8 conducted by the catalytic al kylation of

|
amfdéfg?q%y thetithecdaassivation mechenisgm can invghrepelyeterization of the
i T e R S e

covitaintay thesqmivgdigigs sntiopedliticlrhatgiatls whi ch can be
further converted into al kyl ated aromati c sul fonates.

12 A nunber of patents have di scussed processes for

The upe epatalitt Q;@téif/sté qort bicpardiforcat atkyiHrénatigs id8pically
further shaping and form ng of the catal yst particles

éonductedRy mﬁjﬁ@té‘bﬂiﬁn alwlaﬁw qf arewpatic marogarbenspyyifiyaersnal

i i e L G R

ﬁyylam:ham;c Hy?:lrbbﬁboﬁatcanl‘tte cé?n\iwl!@,dfiﬁfb chrsedpsrling belfonic

aratlon of synthetic zeolite 18 materials vvh| ch
5&5& %ﬁf? e fyritharconvereddnio gkyiataskaromatis fiopates; e

pore 19 dianeter and in which the sorbent and its

ﬁ( PRES P paeHLS ﬁbvéb?so?(s@éﬂ %‘?@ces%@s dor tﬁ%tﬁr)éghfhtﬁh%f zeolite
form of an aggr egat e.

chtalybissand thee‘unbehslda;mﬁg ramlpfarmmg c_s‘dtle waialpst| partichys apg
FHireBes G s A Be L S b tS detd SR AEETH Rlmber of

;ﬁhtéﬁis@@&oﬁng t9E 888 (ffﬁéom%l@alﬁlyﬁﬁa‘ét H %/ié‘ﬁdhftﬂ Rbmatié
shapes of crystalline zeolites. The patent also

dsesrar®e8snet hods for the 25 identification of the
catal yst materials using X-ray powder diffraction

3 g, SRS DS W MR RE R Yoo

rhhkmials whithamch iwfdriatien yield a sorbent of controlled effect!ve 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.

J.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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2 al kyl ated aromatic product can be controlled during
the al kylation step and 3 has advantages over
distilling the al kylated aromatic product to obtain
the 4 desired nolecular weight. 5 U S. Pat. Nos.
3,641,177 and 3,929,672 disclose the technique to
renmove 6 sodiumor other alkali nmetal ions from

& RateNo a3 283st16 dishlosed tatihe bigh Hesyy contindcoidbes

f th d h N
PRk ArBol B Byl e B RSBy g e QlBlon BB ana
t?éé%(diﬁrit@@b@év@*cﬂ@ﬁﬁhgtﬂwﬁl U?Ké?écb@:@‘ﬁnémd proauef ionsbthm the
i quid phase reaction. S. Pat 3, 764, 533;

desz@g nmolgcHlad weight? 506 d| scl ose the "heavy 11

al kyl ate" content influences neutral sulfonates and
over based sulfonates_ In 12 U S. Pat. No. 5,112,506,
4% Rettf Meos. 1b4idildcancd. 98l digrlese thritechniaie tonemaye

SEin QLo otk 2hS TP SRS EatdlfstP I hgl TR BB} atso
AISEIbSSY thas sableWemboal ¢ffthe@adrint be othistalkdi nnetaﬂ (orpativates

of the corr espondl ng sulfonate in U S. Pat.
the zeglitexatalygls fopthg gikylatipn q{@romatngquartg)ns with olefins by

- ul fonate is preferred. U S Pat. 17
*@ibop@‘%%?g?%ﬁ 3,764, 533; 4,259,193 and 5,112, 506 are
hereby incorporated 18 by reference for all purposes.

Gty E%t 12R05e3 N %&g‘rﬂgg?‘i& IR b neavy

alkylstealcbhiemt aifmmnﬁeg ineuaat @ulmltest and bagibaged sulforaies. In
excess of 21 200 microns and characterized

5 &t Noahd 18»@9& theeffaeieimpel ravlélap_we,!grg tfungon 8@ ‘heavy
Eﬁ{l( P?g ?hé}@e aI’]rgﬁéngé%éi bgg{bcat a St S %éﬁrﬂéllé?ﬂ ﬁbB

actrve or t
al!fmylhmtsla]rd thie diralkgaieccdntdnios zshbmnmstownﬁther(détﬁe rust

e ROse o g 6oreapendict SHicrEinthé, PRLNS debEs3a. n
U} @'F%Y ado d&QSQ'mt hAAch8lM/latd SU{fgnaﬁai% prékérre‘ﬂj 9%, P

di scl oses an al kyl'ation process for al kylati.ng benzene

I“Qos; 88,811 693.7 615k HikhHdnd end Shte, Eaﬁlare beeghyniscoiporated
PeRPaEE R ERSURREE, ioxide. 40 s Pat. Mo
4,570,027 discloses the use of a low crystallinity,

LR Ha?.l l{!g 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, olefins. The
catalysts are acidic crystalline aluminosilicate zeolites which exhibit much

improved deactivation rates.
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5 col | apsed zeolite catal yst for producing

al kyl aromati c hydrocarbons. The 6 al kyl ation reaction

al so involves conditioning the catalyst bed with

hydrogen 7 prior to conducting the al kyl ation

reaction. 8 U S. Pat. Nos. 4,762,813, 4,767, 734;

4,879,019 and 5,111,792 dlsclose the 9 preparation of

B $ryRrto Nex BetPZdfe dissloses @@t%\kx}afﬂom@rmsafwow%latmg; genzene

t t
SmPL M Dndclineiaren BBy RIRC pifFh ] (i aRoed
A of i z@8 Be diasall stge sheapprseaes sf salfumdi@kidg. non- f oam ng
12 detergent-dispersant lubricating oil additives. The
process further involves 13 carbonation for making

Ul RaitoNac 45700027 Hisloses e UsSof Radw chiistalliniy, atiidly
di scl oses an al kél ation process using_an amonium 15

edlanang egodicacaiplahios P LIQ'%EW'@WF‘@BC hyéracarkans. The
PR =00 B R 885 oS Rldid the ClaRROGeF WY Rk Gln
prigranicondaoiiog tt akdatios oeatitiohons such that sufficient
anount of 18 'carbonaceous naterial evenly deposits on
the al kylation catalyst to 19 substantially suppress
liét& Fléétkpdbat 4,(762&8:16’ WLIG?IY 124 488, Oll?atandFQ1 14,792@isd6se the
i scl gses use a.zeolite Y catalyst fo . .
PR P&c@‘s%hwgmcwnzwvwowcem@t y§m9c%ﬁam ﬁ@@% tgalumina
f l;
B Rt R o, R ool do PRIy %&%ﬁ
a Goup VI or a Goup VIl netal. 24 U S Pat. .
9 -Gl
Do 0. SR e gL Reey Bhritedt BERRAR §°§?6€'b¥ff9‘
dﬂt@rg‘emt—chd’mera;hrktyhlamaimgaﬁl alt&pllmd?sal Hreprrces further involves

sopyr opyl napht hal e U.S. Pat. No.
' Cé‘"g tg:gg][o& %IF’BSB%Q B’P?J;’FB%@PTE’C’DQ?'RW ation process

conprising 2 the steps of contacting an aromatic
drocar.bon .f ed wth an alk ting ent 3 under
'191331 a’ﬂﬁaé@ 74038 disrlgges sR@ 'ﬂi?féiﬁ%!‘ P’iﬁ)%ﬁﬁ%uﬁms%he@”&”'um'
Ll I
éﬁ(cﬁbhgéé ArANtehm %l&bmﬁed %%&Cawgs@wawﬁg%n m@r%ratsé@ €

sl ze I'Tte catalyst avi n pore
seealivity d6r mibootalRyl@tiort theOprbbesxinyolvesjbe @sesttmuertg‘ ah least

tpat! GRS BN B Shunt o

" 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 Vill metal.

U.8. 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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7 U.S. Pat. No. 5,191, 135 discloses the process for

meki ng | ong-chain 8 al kyl -substituted aromatic
compounds from napht hal enes, the process 9 conprising
a zeolite alkylation catalyst in the presence of 0.5
to 3.0 weight 10 percent water. The presence of water
I ncreases the selectivity for maki

KehoPal . & Eld, %9@)61&@[@93 ] @Ogatlpgﬁ?kwm pECREy cgaprising
ﬁ’ledstg § %‘?’ C§Zt ]pﬂlgé‘ ‘éh%?{?m%{l@ %gﬁﬁo%%nﬁcﬂ{ fel I?jewljtﬁ an alkylating agent
prepa PacY SRS cata S RToN Halh ng

ahdyd ijuid phas@émylambambkmhetm the prkbence io¥ etsylloanfbntalnmg
wherein the catal yst conposition contains greater than
large mRaggapore; smad rp@étl'ﬂ'e wsrecealiaseatalyst. dhe cakiyt er@ﬂ pore
SpupREoraldlozs BPORATA FhdRE Halfn 3 PadllBBRDS anagiroms
ahdfal cetaly3t partitle diamgte? of aobovra thears 1132 &arciechon

atons. 18 U.S. Pat. No. 5,506, 182 discl oses the
preparation of a catalyst conposition 19 conprising

UGS t a9 Blop &1 1Nt 3B tlisalogedittie prbcees vt makingdbagyhbin
20 nodi fi ed olite Y and 10 to 90

%@Lﬂéﬂeét{gﬁ?e romefi gognpepﬂﬂégrom naplthaisdes; e progess
h&ﬁ .té Bk PduBFI %ratéfﬁ?sztéﬁ iR Er&e‘?\%%fbsi to 3.0 weight

o3It aV|n a clear absoOrption pea
{spr@eht wateaf Thenaresercgbhwater d6ci2apes theemle«:taﬂtgrfor m2Ring

di scl oses the substitution of iron for
Wé‘oa@a}%ﬁ?{?gamﬁ PHE zeolite 24 Y structure. 25 U.S.
Pat. No. 5,922,922 discloses a process for isonerizing
nmal  al ol efin.i he presence of _.an acidic
0. drgfs NomeoiAg S0l 513 e 56 pEocezpos /O and
E)r'e?%rétﬁirf‘& e?f:a t b§ éi‘tiéﬁ %aﬂ’/trﬁe éIR}II‘éf?oﬁ"ah}ﬂc?ttr%nsalkglaéion

tic -6 1 roc bons int esence a sec
atdl\ntycamiavhelym thwﬂ:atalbrstmrnbesiti@ zeniaiinagr%altmvthag 3eb weight

Bareor bl st hGieB eidhta B ratslil Soipogiion and the
SIOPRAY MRV Eﬂ)C‘éSQ'démgaéé&h c%tﬁl{/él%hﬁ)dgtuﬂi &7 | bléfins

earth netal rou he al kyl aryl

@nta@m%cemqmat@maoé@&%ewbm atems0 carbon atons and
the aryl sulfonate 6 radical of alkaline earth netal
is fixed in a nolar proportion conprised 7 between 0

drfd Rag9dion 5966 182discipses the preparatian efca catalysy conpaisiiion
comprising 10 to 90 percent of a modified zeolite Y catalyst formed from a
modified zeolite Y and 10 to 90 percent binder using slurries of the modified
zeolite Y and the binder to form the catalyst composition having a clear
absorption peak in an IR spectrum of a wavelength of 3602 per centimeter.
The patent also discloses the substitution of iron for the alumina in the zeolite

Y structure.

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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8 U S Pat. No. 6,031,144 discloses a process for
reducing the residual olefin 9 content of an

al kyl ation reaction product by renoving at |east a
portion of the 10 non-alkylated single-ring aromatic
hydr ocar bon and then reacting the 11 remaini ng

al kyl ati on reaction product in the presence of an
lysirdcarboas d hst presgnee ohasecandeicisictatalyst. evizichcapibey .

13 . U. S, Pat. . 337,310 di scl - [
ol ¥ynaie amiicn s atraiagelp 3 rEREML 40T0 Mrm ol pha
olefins for meking | ow overbased and hi gh 15 overbased
O BA2KB35 A Bl 5% 8l Pub it
ﬁkiﬁlﬁ}ﬁ%h%é&@@b}i@‘line%@!ﬂh Rt 78eldikg grdup BAe"EIkABry!
average pore size of at least 6 angstrons. 18 . It is

Hitonate bentainsshetworn d 4doi4) carbanyaioms@nodhearyi yHfonate
G ot b 858 R8s ol Olak Bl pgerised

Beédivaehitoaihd 9B%Oh pRARidrROer 2 dffthé N Miyiahaim of

Benzene with Long-Chain A efins over Solid Acid 21
Catal ysts,"” Journal of Catalysis, 138, 386-390 (1992).

3%, . NBN8I03H  144edibEiosss abré€8dd fof rédiin redu A olefin

Mol ecul ar Si eves by 23 Rosenarie Szostak (Van Nostrand

qsitamafdn alswation keadiop) praducty rud\dng ableast apgstion of the

- RURET P els G RIS BRion 5B hieRTostifashs
refifeing diky1dRAeacioSYMARY ihelbiesehMENT bl criid katalyst

present invention is directed to zeolite Y catal ysts
Fushi 32 SUerdlposiPEe Or SlaYacr opore structure. The
present invention is also directed to catal yst 4
conposites conprising zeolite Y catalyst and a process

Y & RateNar $3g§71H8 dseases tha pepapdion @alkvihenzenafros s

T
dveebadnd suiforadsd havinga TBNdn die rahddhef T &1 80Q.sThegndcess

cat al yst conposites..  The present inveption is also .
qResdd aa calpIs G salissasidckyation Falaish ssich as a zeolite

SRR B ey 7 ) 2ot

proce ation in the
presence of the 10 catal ysts and catal yst conposites

1Pls iridhwh 1H2Y st SBiid 381 ééfél&gﬁrpré%fzé’ ARJH 2ArdAMtachment 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; Handbook of Molecular Sieves by
Rosemarie Szostak (Van Nostrand Reinhold, New York 1992) and Molecular
Sieves: Principles of Synthesis and Identification, 2" Edition, by Rosemarie |
Szostak (Chapman and Hall, London, UK 1999). |
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11 carbonation, overbasing of al kylated aromatic

hydr ocarbons. 12 In particular, the present invention
is directed to a catal yst having a 13 nacropore
structure conprising zeolite Y wherein the peak
macropore 14 di aneter of the catal yst, neasured by
ASTM Test No. D 4284-03, is less than 15 or equal to
about 2000 angst iSudMARRYE Ofhé HEUMMENT M@Npor e vol une
at pore 16 dianmeters less than or equal to about 500
angstrons, neasured by ASTM 17 Test No. D 4284-03, is
Tb@ @réémhmemquad directed doitzeOlit80Y oatalyists havragrmmorgrcﬂieﬁ

f b| th hout 0. 30 Flilit
grsfanare ,%?we la atbedresaResvamian S sboresid 1o RS
8&5] cfcgﬁﬁrgs: eHFPcée( Ba@hRt 3Rl br@c&@@fdrﬁfr@ﬁaﬁﬁg the
Bt 65? [1ters pﬁalrt gram to about
mtblylst corepesipE: '@n@naiaiysﬁmaed a,tatmmt @Dmmutleewhtbrﬁaﬁdm&ed
| t, 400 lLative. .
Gehdivalih PatRe unm BRI AARE prbfesk ThEPBY aRirraFigbIhe e o
ﬂh@%ﬁata@&s@h@%@éiy@ﬂéﬁhgb@it@Uﬁ‘ie R eANBREnasE id Slso directed

preferably | ess than about 24 5mlliliters per

igrriavesansdop petfnaraliory obearponated avertbesed adudateraromatic

Ml B RS PR v

(Eéﬁéﬁjfstél anetstalst esmpbbites of thagimabntion, ab@ltﬁmﬂéf)sulfonat:on and
gstroms is in_ 27 the range of about 0. 08

pRatiqre cyehasing aﬁawaéﬁfbafor@atmmrwanbpnér s per
gram 1 Preferably the peak nmacropore dianeter of the
zeolite Y catalyst is in the 2 range of about 700
laryutiedas the peassit inveoborigdiredrd to armtalysehatiag @r abl y

et T B R S T R
dinsicdendtlthe Chtalystameasarcoy ASTiMTesENo] B 4284-08, isFess than
range of about 800 angstrons to about 1400 angstrons.

o el i%abwfe?(%ﬂ%@gﬁtms cand e Gredative PRESYEIBS Aegere
{%ﬁfﬁe élisllé htr:ﬁ’ib(f’xJ éi{ﬂhe X %500 af ag{;stﬂ)@ﬂgtméa%l%ﬂ t?}bRSfi'M

era icatoalumnd ratio is fro
Bebsci INo. 84384 D3, & Ielss tﬂuarSOr équairid abost OmOerhdhldedsypengram

steraBygSeaings St S miligers Rer 9261 pit a5 diahiatSdlets than
drhgqu) €5 8Pbut W@ﬁgﬁﬂam& Mndlihor@brdréadbly i ﬂh@: rfahgefdi’ Hhout
of a tablet. The tablet may or may not 7 ncl ude

GbOhdwitiliters pePgesratalabput B.d Spuilliiterapes goare afi mfetdsaimeters

IEaQs? thza%oorI etzqeuaTté: %E)ouy 2(50 E«lﬁgzlst%m'ss in

The cumulative pore volume of the zeolite Y catalyst at pore diameters less
than or equal to about 300 angstroms is preferably less than about

0.25 milliliters per gram, more preferably at pore diameters less than or equal
to about 300 angstroms is Ie_ss than about 0.20 milliliters per gram, and most
preferably at pore diameters less than or equal to about 300 angstroms is in

the range of about 0.08 milliliters per gfam to about 0.16 milliliters per gram.
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13 the range of about 500 angstrons to about 1500
angstrons, and the 14 cunul ative pore volune at pore
di aneters |l ess than or equal to about 15 500
angstrons is in the range of about 0.05 mlliliters
per gramto about 16 0.15 mlliliters per gram 17 An
enbodi nent of the present invention is directed to a

- Referiapit theqreabainneropbde dianmmtesoithe ZE®lite) datalyzidefin the

SR 5k P BB B LB pb e preferaiy
thBeQPeBRThEciodbRs HRkmetBf Bfif Had Fahdd6f MARTS0 Adyst®ms to about
alum na. 23 The zeolite Y in the catal yst conposite of

1600 angsteorantang ment pieferahivtthe pezk masigpost digsoeter ison the
BRI BB EE05 o 85O0 BBl B oPBLEGTS, Dased on the

Preferably, zeolite Y in the catalyst -9 1 conposite
rcent

187 o CRRHEHE! 1R M oM BV YR B i mEratio
SratRiuy St ROARARI100:1,Dréfcr a1y e sRith @6 aliAinadbtid e from about
invention is directed to the process fo 4

t
ﬁiggggbﬁgt 80:dapad yrast peefpeanly thesiligr te phgning satle iplom
ggd%tﬁ,o(% gg&h%i ng a zeolite Y powder with a binder
In ’

e presence of' 6 volatiles to forma m xture
wherein the weight ratio of the zeolite Y 7 is in the

f .ab 0 -.9 d he. I 8
R Bos it or i, FPog Yol diotBPEE FhcbbEint hfpn. e
SISyt B ik b fephadi 4 Rblet THe tabRet Mhat UF Magdtiifclidé a binder.
range of about. 30 weight percent to about 10 70 o
RiefeRblygae Resk;maaroppie dirgintaget the zeckiteY cal@ysidahiedis in
the Hnge Bﬁé?%&?sd&%%@é%nﬁ‘&t& B0 tof &ﬂf{aﬁ@g’t@ﬂ? ard )
cal ci'ni ng e conposite 1 n a Substanti y dry
amvilativerpote vdluecatyitap idimmeterstesg than or equbktosdimoig

BEEREA B bR i S PP R
6§ §illifiters per gram.

An embodiment of the present invention is directed to a catalyst composite

comprising:
(a) the zeolite Y catalyst of the above invention; and
(b) a binder.

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

is alumina.

The zeolite Y in the catalyst composite of the above embodiment is in the
range of about 40 weight percent to about 99 weight percent based on the

total dry weight of the catalyst composite. Preferably, zeolite Y in the catalyst

9
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16 Preferably, the shaping aid is a pol ysaccharide. 17
The binder in step (a) above is a suitable inorganic
material, preferably the 18 binder is alumna. 19 The
volatiles in step (a) in the process for naking the
zeolite Y conposite 200 conprise water and an acid,
and preferably the acid is nitric acid. 2

h
canaesitels inihe rangq af abeutReveigby @emeattys_albgl&ref}ﬁmighg
baRetEBaeol e EFRIFSRISH pbb P BRI | o

step (a) in the process for nmaking the zeolite Y 2

R3URGE ARl o HRBIENPeO e APertB B BrES o
pigpasihg teheatalyel eorpposies somplisingethgteesfcent of the
zeolite Yis in the 5 range of about 50 to about 85.

6 A further enbodi nent of the present invention is

di r e@h)edediftastirhh Zepiie Y pohieP Matht £ biflide ibthet fre sedey 6f
process. 8 Another enbodi nent of_ the present invention

i s di r ecY@atiles ta fgpadsaixsture whergidhegvelahtiatil of theyzeolite Y
i a4 o . |
o 10 Srd e Ferdectl AR H0Ro iR S Heselibrtthe GRT by,

under al ygight obthecreditingangalyst coripodiee, phdserareinotheavolatiles
cat al yst_ having a nmacropore structure_conprising

zeol i te W thesnihieare in the regr qhaboyhaP aaghirrareentdp about

t he cat igHTGRS d by ASTM 13 Test No. D 4284-03,
S Iessat(zgir?]%r eq%%rﬁ'to about 2000 angstrons and 14

cunul ative pore volune of the catal yst at pore

anget) orener gt afte i A GompRsmE 12540, i <

equal to or 16 less than about 0.30 mlliliters per

gra 17 V. l.atji,on process is conducted

Wit%l?lt ?'&E"ega@%iﬁoﬁgﬁé%%’%ber and 18 using dried

aromati ¢ hydrocarbon and olefin feed. It is believed

t hat, t he resence of .water duri he al ky| at i

| ner@he cetPlieRE B okt Th AL e B Al Wy St A8l

of this invention. 21 The above al kyl ation process

'Pﬁjer ts Séznﬁ%%[e'psﬁﬁ i lelc 8&?\}3' Sl%ctegg p?éfléYellb?)t/ ggmprises 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.

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

composite further comprise a polysaccharide.

-10-
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22 aromatic conposition to forman al kyl ated aromatic
sul fonic acid. 23 The above process further conprises
reacting the alkylated aromatic sulfonic 24 acid an

al kaline earth metal and carbon di oxide to produce a
car bonat ed, 25 overbased al kyl ated aromati c sul f onat e.
-11 1 Yet a.further enbodi nent of the present

The gotatites inshelmidateth stepdapindhe psodens fol makingtheareolite Y
al kyl at ed ar tic conmposition c risi contactin
Gampesita arsa the rangsat provG ueigRbBRrcRNt 1o ot BRLyeEhL
SereEhfofuREghixRirky! ation conditions in 4 the presence
of a catalyst conposite conprising zeolite Y, and
wherein the 5 catalyst conposite is prepared by the
RS é@)’ &qﬁ%%boge SHO T W@@Ygéﬂfe@ﬁ ?Pmeofe&lir@ﬁg‘?ﬂﬁ‘le
process is benzene, toluene, Xylene, cunene, or
nangewfebothBd dobbobr 8F.er abl y, the aromatic i s benzene
or toluene. 8 The olefin in the above process may be
an al pha olefin, an isonerized olefin, 9 a

A farivdresinbdadiment of #fd present invanliores dikeetabfo a Thtalyst
olefin ma\é hm f%%m about 10 4 carbon atons to about.
GRS Isomade Hydhe AROVE INSACESSt ef i n or the i soneri zed

11 ol efin may have from about 6 carbon atons to about

40 carbon atons, .12 preferably from about 20 carbon
RARYher ebaeBtenty teaPETEN iBiastionizdirgded t@ Adieaesh

f i . . t
g R Ak AR Parch Ao ST LB B Tont & AU leddt one
aronaticutydb@carhobedith dt3eadiare, olafinl underaliylafien abhglitibne im
bout 12 cafr bo t to about 18 c?r bon 16 atons. J‘¥
t$ﬁé)rg§%?qeno i%cgﬁgtsgggwggﬂ %gg@qﬁ§s rgetuge comprising zeolite Y

WRE e pAIOMBBRIFFE Aidn Slep b thelSatSQ8E Mt difed HYASTM
about 6 carbon atons to about 40 carbon atons,

TestiNg. dbAY84-03, fxrless muer equal 4o BOubZE(E angstadyoa tando

SEp ALy bERE Yo e I SRR PR BlagaR88E Han or equal o
FHUTBO0QRRIAR, Masured beAB TN TRIskNoa De4L&-08Bis gqual to or
sul fonic acid. 22 The above process further conprises

lpssthanapaurtd. 30 ryllileesdrar @i ¢ sulfonic 23 acid an
al kaline earth nmetal and carbon di oxide to produce a

_carbonated, 24 overbased al kyl ated aromati c sul fonate.

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

catalysts of this invention.

The above alkylation process further comprises sulfonating the aikylated

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.

-11-
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25 Yet a further enbodi nent of the present invention
is directed to a process for 26 naking an al kyl ated
aromati c conposition conprising contacting at | east
one -12 | aromatic hydrocarbon with at | east one

ol efin under alkylation conditions in 2 the presence
of a catal yst conposite conprising zeolite Y, and

Yaka. éﬂrthetrieénbcsil@@ntabﬁ/&le eapdisnvention :gmme;jjtcbg proeess for

BB SE5Ruc, Aol iR oD KPR AR P a8 Pone

@ﬂoﬁéﬂcﬂ@dr@ﬁrﬁ@ﬁ wiffy zﬁflééﬁmné olehie uatemalkyation RIS in
or toluene. 6 The olefin in the above process m

be
the RippeRCOPEd ratalysh cPBMoSHe FEMRSISETY #p0lite Ya and wherein the

%g@%b&&n Bgtéﬁ,sgygﬁé,%g@; r%% ) 8%% eof. The olefin

ave Troma o about 80
carbon atons. The al pha olefin or the isonerized 9

i h [ 4
B BT RS o3RG Kol BRACES 188 eh, BRfHe, Kilene.
suimahe Wr Mituras Bitsreatf. ORRsfertibty, thd akuraatd mﬂb@di@n?e or toiuene.
ol efin may have from about 6 carbon atons to about 12

70 carbon atons, preferably from about 8 carbon atons
Tie aledintin Bk aa@\h@[arocb%s & Be aAMIphD bR:AiP @hasebyizéd olbfin,

about 12 carbon atons to about 18 carbon 14 atons. 15

a'héar_tqh@fj'rqhaiimolﬁﬁg abmpduissdbepindyerdetin may have from about
EgéFHto%gAtXnErté%%%%? 86*?;%%6‘0:9%%[&@ Hhe %@f”aabl'%'ﬁﬂ%rftﬁ(g Bomerized

carbon atons 1o ab 40 carbon

¢lefih engbhave ﬂ:&mfafmmt shearbod @taras o Bbalio® chrbapatems}0
car bon at ons e above al kyl ation process is

wsfﬁfaékyéa)mnabﬁabzo pﬁéb%aﬁom%w FrouldOraraan atags. T!}e
FaBifeqihn uninh PO ORI BXAioERHRIR, Anralet |

e presence o
Hducangpntdiema| kl;dfaxteibdmfrbmmtﬂaﬂ ébscarben daros ity abooh 50 ataebon

1 of t t al t hi t 22 Th b
Aok s arelareh iamaborh FFRA aoris fusb ) [ garbon
abingl ated 23 aromatic conposition to form an

al kyl ated aromatic sul fonic acid. 24 The above process
further conprises reacting the al kyl ated aromatic

e bRAhGHn tr?éa@&\yéﬂpﬁi&eék g4y BE ajmléuuylsﬁaﬂch@adcmﬁ bRitin

di oxi de to produce a carbonate 26 "over based
caintgihimgddmabeat Beashdn atone 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
acid an alkaline earth metal and carbon dioxide o produce a carbonated,

overbased alkylated aromatic sulfonate.

Yet a further embodiment of the present invention is directed to a process for

making an alkylated aromatic composition comprising contacting at least one

-12-
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-13 | The process of the above enbodi nent of the

present invention for making an 2 alkylated aromatic

conmposition further conprises the step of isonerizing

3 normal al pha olefin with an isomerizing acidic

catal yst before contacting the 4 aromatic with the

olefin to prepare an al kyl aromatic product where |ess

arhenatic hydmoaebghwvitheatdeast awie ¢lhn ankigl atikytationaranditions in

ar bo east 0 i ght .

B PEEcai A o GiR) YamrRRlie BomsTRiiarolie e ane Wrereinhe

@téﬂl¥ét%cﬁﬁp53@r iQ[PREp Srcavisly readthR procasgpno- al kyl ate. 8

Preferably, the acidic catalyst in the isonmerization’

step is a solid catalyst 9 having at |east one netal

e Somad rBasHaR F\8E %68\!@ 9?&(%5% behzbRs; Stoldtﬁ‘ié x}l@ne

5.5 angstrons. Mre preferably, that acidic cat al yst

dugnenayelr gaixtuaes Hiereet. WPreierably, she armiatie isbenzanepertteluene.

system 12 DETAI LED DESCRI PTI ON OF THE | NVENTI ON 13

DEFI NI TIONS 14 The term "al kyl ate" nmeans an al kyl at ed

TEeoolefin in thaabowr process Snaihiee teraipha obafip, aodmmati;:edl olefin,

defined as the ercent ate t he

& BiepRlre it el i G sther ity reclibli it bR i fpbout

4 B8bBh Gitdins Qo bdtt BO catorfi8fonY£ dThe APHA8leBh&ritRe isomerized
| oyed in the present al kylation Brocess) that is

icowyrfiavedran abiopd & asibom atoms preebest 46 cafiathatonss,

01
ety e 3sbi o Srrtinab a6 i Aol hipRh By g™

Hrgﬁmednth@iﬁroleﬂmm ﬁme fBothtziue 61 (ARHEA BEMERS abbat
ch can serve matri x or por ous matri x

@ﬂfbpn atorss| p&eéergaht fr@nne@quﬁ@d:aab% edoms dp @boyhéﬁa@arbon
aﬁgmghsr&ﬂ [{?%i%'?é@?qrq‘m ahBuP) Ebﬂfbr} Qﬁ)l?ﬁ"ef‘tooaﬁéutnﬁa carbon

errve nerlza 1 on I N nononer

diomber than et hyl ene and contai ning a 24 substanti al

nunber of branches wherein the branches are al kyl
groups having 25 from about one carbon atomto about

B clafibimthat above Mockss esayolbe atpgnrisihebratfchadccHaig biifin
ol efins are also _contenplated. -14 1 The term

ooptgining;fran ahout,6 carl 8 étqmwaﬁeowedé% FW@C’P@O% Rrefetably
ficdn @BBYL 20 carbon atoms to about 40 carbon atoms.

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

of the catalysts of this invention.

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-
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2 400C to about 1,000C in a substantially dry
environnment. 3 The term "carbonated, overbased"” is

used to describe those alkaline earth 4 netal alkyl
aromatic sulfonates in which the ratio of the nunber

of equivalents 5 of the alkaline earth netal nvoiety

'to the nunber of equivalents of the aromatic 6

e pontiess af it aboet gmibodimentt efrthe paesentdnvenidnifor making an

I t th 10 d 7 . b ' 20
AR o arap S ey LoMtises 48 s 83mel-Bb
rRirH Y %lﬁﬁaa@lbﬁﬁ Rsitht é}ﬂso\"ﬁé&z@bhﬁﬁi &staly8t h&fore BohLting the
car bonati on, overbasin benzene sul fonic acids

arpmatigrwittothecolefie te DTGfRﬂie @m@kﬂﬁr@mdiﬁ@@%@e&hem less than

VBRSPS BRI 28, anc st

AHywthtipercattf pradradlyat dastcaiiveidhi getdarm ofikttk alkylated
decantation at the end of the carbonation, overbasing

argmadigdiidspcarbends areonedlkydpled to the carbonati on,
over basi ng of al kyl benzene 14 sulfonic acid reaction

m xture in Exanple 11 in this patent application for
Rrsferebly: thageidirecatalystimtbedsompezation stapds amaligcaiayst
A BPEn Sl S8 RO L AP HHeBe P X B e

518 ahgbltronhfse Mordpiefedablyy Itl@tead@b\oetmystas i melecalat isieve with
sul fonate,_ cal cium 18 hydroxi de, cal ci um carbonate,

L ARBEHMENSRNAkPYARBYERIMNeut ral di luent oil. 19 20 The
term "cunul ati ve pore vol une" obtai ned by Mercury

I ntrusion Por05|netr 21 as used herein refers to
that part GEIABELHDS N REd HE INVENEION gr am
22 derived fromthe gr aph| cal cunul ati ve pore vol une
di stribution, neasured b 23 Section 14.1.6 of ASTM D
4284-03, or the correspéﬁﬂﬂhﬁ[ﬂﬂﬁﬁlar presentation 24
of the sanme data between defined upper and | ower pore
di aneters. Wien no 25 lower dianeter limt is

Tt femed alkyiedel owansiamalkyliated amaticclydraea@oni on |imit
or 26 |owest radius neasured by Section 14.1.6 of
ASTM D 4284-03. 27 The terns "dry basis", "anhydrous
Theesiestn, “Zaamrl cantent’iis defihed asiths perceasitage of teftalralkylgtet (the

ht of ta t, CO raw nmaterial s
WiipEhetiiasnafish 566 ST boFR AR e 0 Tt ArBREhed s
2ol from %héElefm]éinployed in the present alkylation process) that is
comprised of those chemical species in which the attachment of the alkyl

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

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

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

The term “branched-chain olefins” means olefins derived from the
polymerization of olefin monomers higher than ethylene and containing a
substantial number of branches wherein the branches are alkyl groups having

from about one carbon atom to about 30 carbon atoms. Mixtures of ethylene

‘and higher olefins are also contemplated.

-14-
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1 The term"loss-on-ignition (L41)" as used herein
nmeans the percent weight 2 | oss of the zeolite
conposite or raw material sanples when they are heated
to 3 538C for 1 hour. Wien the tenperature is greater
than or equal to about 4 538C, the "loss-on-ignition"

approximates the percent volatiles. 5 The terns
Theterop@aicininghes oped dtereinndeand bealingy ibe catalystde about

ip foll h fi.niti forth by th
T DaRdrbof oh s ot PRSP et ot ry
(1UPAC), Division of Physical Chemstry, in Manual of
BT QOB d B2 E Reo R USh B isp e cart
rhetdriang) aemaiid s HidHee S il Whiehl theiraticBetheuidraber of equivalents
Chem stry Part | 10 Adopted by the I UPAC Council at

ofdbRiatgine, eathanetal neigty, toghe Teimbanef eggivalents of g armatic

Syl ooy RO SRS 0P BRATEH e SO ORa
wagtesa®highi /0 6F graapér.exceedi ng 13 -2.0 nanoneters

(20 angstrons) are called "m cropores”. Pores of 14
intermedi ate size (2.0 nanoneters < width or dianeter

Fitke fRRPTRNhEEE rafeds td  raRturedf sRRRARIARBNS thet Wa tdletted
"Mercury Intrusion Porosinetry" refers to the ASTM

frersipripy creborptiopsaverdagisgdiiaikdeemamerrifopiceacids girailar to

i i Qut i . : r i :
Eo3olohls 498 Lol Bl GG o PidiBeyring the
putifieatiog of highaTBRGaroomated agverbgsdd sgnthgti®eulsnates ey

Model SP-100. The 20 software version used by t ge .
sendrfugation and d@@?@tﬁtpﬂaﬁtéﬁe endof 1'@@,yarbguai'%eovez asing

Wely! ' I ' i 7 I
LSRR o} BR0S8IEHLr o TSGR llyonzano
ffonieadid resctiomomiriliresihghanopleffinit thiscpdténtragicatiom for

BPGrInG Ao 9%t oSt firink dn th oot e re8ctians
rgﬁ(glhgpn @éﬁaﬁ?ﬂ!@qg Gﬂ%*@érﬁ,raﬁ@%§ Efarderiped 'Wrdé,térrﬁihafé&@ of its

"al pha" position of the carbon Chain, i.
TEhvikerarapuninef xgienaNeelnent, ariirecalcisim aglformte agalcium

SRR BT SERTats o Saxsand M MeplaPah FToi.
conversion of normal 2 al pha olefins into isomnerized

ol efins having a |ower al pha olefin content (the .
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>O-* Al,O; * x SiO-.

-15-
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3 doubl e bond is between C1 and C2), higher interna

ol efin content (the double 4 bond is in positions

ot her than between Cl 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

i sonerization of normal al pha ol efins wherein the

g taren ‘dbshoangition (lL@I)’Sah ugbd hetdimmeansithe pareentiwgght

355 i adelfe Badiponlc of v aighaendsk WIED Pk ALy bpated t
$38°€ for Mfodh Wﬁéﬁ'&hé’\’térﬁbé\'aid?@ @@ﬁéa@@qhgnrcﬁ@q@@l &} about
which the 11 . differential plot of pore size

MWEG, ithaitlpssrondgnidieni agpropinaes thepemrenp volatilgshes a

12 maxinun) in the macropore range determ ned by ASTM
Test No. D 4284-03 13 for the macr opor e peak in the
The mrgmt snaﬁropw@”p‘mwnorﬁa nasdt" rrmmopqm "Hisdisegrhgrein follow

BBl st R b R BRIy Wy of ER B B A"

Cﬁém;srmp(iwpmj)l grwsmbm ﬂiﬁPhE(ﬁaélt(DI@ém%h@y:n Mentbieof Symbols and
addi tion of acid erm "percent volatiles" as

Terarinolegifer ‘ﬁ’@ﬁﬁi@oﬁhﬁém@ﬁ'f@é@@tﬁ@é anst aits Appendpgl!

Atbnd S i B S n ERTIRSHC el et Par.

Adopted dyytHe (UPAG Couatibiit Weshingien, g, sU. &Anrcﬁsz@dulqswﬁ.
a 20 percentage of the actual sanple V\Elg 21 The
Reresyvithopidthg pr digmeters exreading nel panprelera(ep0 @postams)

ég% @’lie& aHg%@orgg' | h%s%%tr%idiﬁ? del%'rﬁB’be&%toéS!c@%H ngg

term rcrent water to s
+h6 rambaisists (mtmgsabms)mesammlcmpmés” 2Rosgmst afr

ewre to ke an acid peptj,zed mxture f zeoli
iniedmaciate size. swa@'fr@terrﬁt Wil 65 el € Sindromatsfy) are

cHiedt“Ridtopbaldret ting" as used herein refers to the
process oP formng a catalyst 2 aggregate from

zeol ite powder or a m xture of zeolite and bi nder

ﬁ?“l\}?é(rcu@ Isbfﬂﬁirﬁ "RVt "to tHe AsHivgTedhe
ase nu

term "t ot al er or TBN' re erstothe anmount
6. BAL84ebiiiised h:ndei@rmmembdMei \g}htme distripaCion of catelygtsay
hﬂferc%?ywmtredsignh B%Fos;m I\;I-eBrlc\:luPy poré & 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 alpha olefin” and “linear alpha olefin” mean those
straight-chain olefins without a significant degree of alkyl branching in which
the carbon to carbon double bond resides primarily at the end or “alpha”
position of the carbon chain, i.e., between C4 and C,. Normal alpha olefins

are derived from polymerization of ethylene.
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6 reflect nore al kaline products, and therefore a

greater alkalinity reserve- The 7 TBN of a sanple can
be determ ned by ASTM Test No. D 2896 or any other 8
simlar procedure 9 10 The term "total pore vol une”
obtai ned by Mercury Intrusion Porosinetry as 11 used
herein refers to the total pore volume in milliliters
dée tgmamarmahadphd olefin iscnedratignipreanalthe conversianef normal

. di i but.i . ' 14. 1. 6, of M .13
AR BTG KR At T e B Pde PLBie Ponie the
dbabRasEh iR ibtwadn A3 dﬂﬁ&g;i)hﬁ@ﬁéﬁint@nbl Slefif eBhagr $therdouble
wei ght percent, unless otherwi se 15 specified. 16 As

hetdds ibenationshethpr warhetvaee tiand Cg), and aptiegaliyoa higher
@gh&&%@ﬁﬁgﬁgmga a 17 controll ed nmacropore structure
1 Si eoFite Y. The catalysts of the 18 present
i nvention were characterized by pore vol une
i st.ribution,.obtaine .19 Mercury Lntrusi gn
3P yEi e angBiliche b BRSE et 1R én product of

igvinfierEafibn of hoRaaPalbAB Ligfingrwherersthe dge8 oPbranching is
curmul ati ve pore volunme (pv) versus pore 21 dianeter

hisiner thast euhe startipg slosnardlpbaioiftsy al so is used to
determ ne the 22 macropore peak dianeter fromthe
derivative, delta pv (opv) divided by delta 23 pd

- Thedsm fpralymasrepae éiameler'tas esed hetedr maansithe peak

SR el ROl P fen >

. piies@itial ipfotesf o sivb listribydtReh, ing daifikiet alyl Dectiin Bf.2Rfzches a

hydrocarbons with ol efins exhibited a _substanti

|
FETBURID (e MEsEIROrarangs AeeEBincemanedM Tesihipi Di4284-03
RGPS DS ofl S . o

unexpec si'nce
believed that increasing the surface area of the

TRE %%ﬁ' t‘pdﬁ%gg”irﬂgéﬁsaﬁ]% dispersion of large aggregates of binder

particles, including hydrated aluminas, info 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 molar ratio of silicon

oxide to aluminum oxide; mol SiOxmol AlO;.

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 catal ysts of the present invention

4 under standard al kyl ation reactions conditions.

Results of the deactivation .5 experinents are given

in Table Il. Reduction in deactivation rates of up to

©he sepe fabletting’ disdlseddateinerefdrsdo kel paradass f d0iyingta oafalyst

reactions using,thes 7 zeolitie Y catalysts and
999ie0plF Tolreit PoRgarye Flkle elzegligAnpinderPowders by
§@,h§fég§;§f§‘1 wahsadaliy atdigonposi t es can be prepared

using zeolite 9 Y CBV 760(r) or CBV 600(r) avail abl e
from Zeol yst International. Sanples of 10 these

T7RE Itélw“&starmb@té iﬁghﬂ)ff{ bg MBMM efore 3b hey/ ahouRb Bf BasakYivalent

conposi tes of resent invention were prepared

iranniligraots ofdCOki inione arsmadisampler akhus, bighes TBN numberg

tsheft drop SRR Wt e, SRR RferpfER 0ttt sl eryg, The
PBNUsfedishppld 6 bé eRRIraingbpASTM TaeeNdt © 2898lor any other
catal ysts and catal yst conposites of the present

sinvlentrenedui® The zeolite Y catal ysts of the present

i nvention may be shaped or fornmed into 16 tablets,
extrudates or any ot her shape using procedures well
'Kh@Mgﬁ totdhpofe/v@luime” obtdined by Nﬂberepﬁgr HgmgomPorosimetry as
extrudates requires the presence of g binder, 18 suc
aeed horaimEeferme t[ﬂsmtap pale @wwgf@"@@rﬁ Ber ewuﬁiéwﬁﬁgfom
PG By g ol Bl Tt T2, o S T
Reii84:63 o \itle comeyphrading hevdas paseatdtionmfdhe abivet datéhe
tabletted 21 catalysts of the present invention

provi de exceptionally | ow deactivation rates 22 in

At kigbd thieoziny albpéicentagedréhvecighiqydrabnt nniessaitherwisay

be q(‘:fati{i{l ed out by any conventionally known 24 process
e - the addition of water and using a dried

aromati ¢ hydrocarbon 25 and olefin feed. It is

elieved that the presence of water during the
'g?‘ R‘?Feﬂ ahpve, e prrseabisventign igdEesied &e P@W%fséthé"tﬂg fhe
¢ g, A _ ti
FotRuE rRalopbi? SradEVormprisih 2oBIREF: The clalysts ofhg
preserhiceentiorawest chiaracteri28d dfy pdre volwese wistiibwiéon obtained by

L D g TR R T
PoRSRREP) ProvilesPs QBN 6f cubflulative 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

invention.

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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1 hydrocarbon is a single-ring aromatic hydrocarbon.

The aromatic 2 hydrocarbon may be an al kyl at ed
aromati ¢ hydrocarbon, such as a 3 nono-al kyl at ed
aromati ¢ hydrocarbon, wherein the al kyl group has from
about 4 4 carbon atons to about 80 carbon atons. Wen

the aromatic hydrocarbon 5 used is a nono-al kyl ated
beeimbeliavedithat ipcmasing Bte sutace arppaAfithe catalativavid inggease
?ﬁ gb \fi\{yk%uta&k$9 i [F@tais% ere;%I%% océa%ft géﬁoryfsa%yl Rfege{tlve

a y lon o h arorratlc ydrocarbons may b

Heastivation sates oleré idaseroninbd dmcthedatdigsts cfﬁltleé pr&dmwumgntion
from about 4 carbon 9 atons to about 80 carbon ato

wreIRIRRIaSA IR TeAcHARS Gpadifings niRpsils of e deactivation
ERRITRRSAS Gré BARLATRLRG ]! 'FEdUktiBhaR B?SQ%xFéii%‘nr}afése&' 5o

use 1 n alkylation reaction o resent
Tﬁvjer{tend) and Hbese wars Ldtlsengaqodmmngahlkylahoameaemmsrm:m these
oIe i ns, beta-olefins,
#a e g aRY et 28RO, Sl BumPosded of f ne. and
vi nyl i dene ol efins. 14 Alkylated aromati c hydrocarbon

ul fonji.c acid f t he Iated romatic
Beieselieyhratabists aad g 2 sﬁnwrﬁ@aﬁ%ﬁgne&eo*ﬂe

WCWWG(@%I%@ GG Q%Idt%‘frbﬁ?‘?gér)?ﬁt Infdlpafbkl ai5H WPles of

oni ¢ acl ds 17 reacted

thesalzkalitené medetidls ﬁmwrm’rdcatatytsmwadd cataliest romyiuisitea of the

b t 18 bas t
SReE0Ay SR et PEDAeS Bt sl aldiga rego of ~60:1

&hd Se6. TGﬁrrEQﬁ@éﬂv@W NRYwBOe € Zebiidy ‘P;'é(/tﬂ@ya 8ii¥a to alumina ratio
conventional |y known procéss. 20 The degree of

betwesas: hgndey? vt manbe ubpe fordieqnepariatign of éhe éa@Hhtedﬁ
RefiPny SRR CadSo R bbbt B nonat  on
process. 23 Procedure for Isonerization of Normal

T PPalie 3 eReb oo SR T R RBHEE Shaioh formed into
tBbRES S tiugERRY @t éﬂf@th@ﬁ%héﬁ@ aeirlg ;ﬂﬂb&@@ets%é’lﬁ%wh h the
the batch node, 6 a typical nmethod is to use a

prarark dT beipeanasetiorn of gxfalg@ates seuuiregiherpraagneseoba binder,

{ e
D5 ¢k b4 THETRORenSAHN9B ASRFERHHS o Brogereggra
Wintled, buba fblmclmL rhay bprpresast. in Splabketicdt #slitencatahyiskedhbed

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 conventionatly known
process without the addition of water and using a dried aromatic hydrocarbon
and olefin feed. Itis believed that the presence of water during the alkylation
increases the deactivation rate of the cétalysts of this invention. The aromatic
hydrocarbon is reacted with one or more olefins in the presence of a catalyst
of the présent invention under alkytation reaction conditions. The arom‘atic

hydrocarbon may be single-ring or double-ring, preferably the aromatic
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2 process can range fromO0.1 to 10 or nore wei ght
hourly space velocity. 3 In a fixed bed process, the

i sonerization catalyst is charged to the reactor and

4 activated or dried at a tenperature of at |east 150C
under vacuumor flowing 5 inert, dry gas. After
activation, the tenperature of the I sonerization
hydracgrboniis a single;ring aremalictihererarbead Theaaromatic

RS AR il BE AR B4l alonford Dol b ARY e
Panbiaitylated dhomRUD @Y droERben | iesieir Bl é]ﬁyllg‘roﬁﬁwagcﬁcﬁﬂ about
The resulting partially- br anched 9 isonerized

‘bpémoﬁﬁt@ﬁﬁttﬁl@%'t 80rqasbematasnes When Werarpmatisrhydapgathon
£ I

P arnPrbaol P, BeGhefl oGt digiotion eagtipn s a

dl#éﬂk}%ﬁedglroorMent than t he uni soneri zed olefin. 12

Procedure for Al kylation of Aromatic Hydrocarbons 13
Al kyl ati on of aromatic hydrocarbons with normal al pha

Theeblefiss upaful farl dikylafldn bf thiecdrethatiediyirbsatidns edl be
ol efins, and branched-chain olefins may be 15 carrjed

Ieer-shaiietns ﬁbefazmﬁﬁ Wpiolshing Bﬁvm@. froraahoyt difarbon
élf)ﬁ‘rs t&@ﬁfgﬂ? 88! ¥t § eﬂFé&i@{g%h chif i’dHaVolfeﬁJfﬂé W&l be

an aronratl c ydr ocar In’n
:smrhanzedato obtain pantibil{-Hraechzst- dhalﬁ’lodﬂfa’s;s‘ot aspén atkyladion

N T e e
NBARY mafbe Qghﬁlo?éﬁrfbs bRY.BIcfinb] BtbrRgl-blenAs, Qﬁ' ﬂbshﬁﬂ@d

process i s preferably carried out in the liquid
Qe anghvinydidienke atlefors. pr ocess may be 21 carried out in
batch or continuous node. In the batch node, a typical
method 22 is to use a stirred autoclave or gl ass '
Alkdated atbiretticiydroearbeatsaifonio adins aBtheexkylatdd aaatation

AR i o SRR RO B bR s bR
sulfbh@sh i%%%t.@hoq%salﬁgatécﬂa@%étrcomwo% Scidd rhay BQ ther

nore wei g hour | @r#oace vel omtg 26 In a fixed
rpaei@dsvgth arrn@"@hngel ruwetﬂta@riyar o distxideytsdoltain errbonated,

BB ARt R R inRlee Vo<l F, B STREIE g

aiigs Catbbmdticiciniaydie edwictiut @y@ﬁy%drﬂr@nﬂ@h@llWﬁioWﬁ process.
cooled to anmbient 2 tenperature and a flow of the

Theoipgree Oﬁwe&wr@ma&&ﬁa@wﬂ)ﬂ@ hehangies the reaction

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

used in the carbonation process.

Procedure for Isomerization 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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3 optionally toluene. Pressure is increased by neans
of a back pressure valve 4 so that the pressure is
above the bubble point pressure of the aromatic 5

hydr ocar bon feed conposition at the desired reaction
tenperature. After 6 pressurizing the systemto the
desired pressure, the tenperature is increased 7 to
effieieatly cawted ewldniaofix pEQOgse. qu;abledatasfintawﬁaxaﬁl leéd n

PrbRE G20 5 e ebler g o nars befontguni 3ass gty

ef fl uent conprising al kyl at ed arormtl ¢ hydrocarbon,

I8 FESH o PeStast, B shtheRegtas cBlal s et 15308 factor and
MR PaRed gﬂmyﬁ@eraﬁuﬁé@ﬂbtn@aﬁv@ yurietviacliaii ®flowing

stripping, evaporation 12 under vacuum or any other
ineengr@rianAfter actadioskiheltethpenature ohthe isomerizatienigatalyst is

s e abR e ef bl Bhar AL Bhi @ A oP R AR 1

inttbdbyed mto i rabtorl STMmt@wmmrmtahg thegpdrhiallyhe
art. 16 The sulfonation reaction is ty carried
kyanched dsemerizag ofefing is galpded r d. Q@trsﬁultimg n%ﬁ i3by=brasghed,

SpERged chetfis e o Bl oRiep Bslrb B AR RERPL Deta
(vleﬁrht inteirnalgstefin, Srisddetifuted bfeﬁnaiakd ivatylideA® olefinrahtic
lHydrocar bon. ne nolar, ratio 8 %l kyl ated aromatic

PaFRIg 9Bt dnan dhe Unisamereed,Aleli-i s mai nt ai ned at
about 1.05:1. The resulting alkylated aromatic 21

sul fonic acid rray be diluted with about 10% 100

e griAl e Hydiogarbansat nent with

nitrogen bubbling at a rate of about 10 liters per 23
kllogram of product and stirring while maintaining the

Alkyig eafuﬁ@ra@tl%bm@ltocamprﬁsmtmnprmakw@ha@éef‘mdparﬂa"y- f
RSB BB A b R R TRy B

darded ast by aoly MethpbddhednAnpaqiarsorbekifledircthacartls 2
Car bonati on, overbasing of al kylaromatic sul fonic
acids may be carried out by 3 any nmethod known by a

Tes am_r,rlaﬁbhlrbad:dmusttb@caw cé@:eﬂfcmi wath ah kydrastiarBydi@carbon
sul fonates. 5 6 GCenerall t he carbonati on,
angam afingnrealer raiﬁ)s feoradh 15 1250k Fipogss deibpgfatiies 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. |n 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 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
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7 the presence of the al kylated aromatic sul fonic

acid, diluent oil, an aromatic 8 solvent, and an

al cohol . The reaction mxture is agitated and al kal i ne
earth 9 nmetal and carbon dioxide are added to the
reaction while maintaining the 10 tenperature between
about 20C and 80C. 11 12 The degree of carbonati on,
inﬁﬁr@?ﬁga{sg At dlﬁﬁamn,rtlbéI@l{j{lmjoﬁbdmmggws_toéioyeﬁgo ::ajrh&ient
the al kaline earth_npetal and cayrbon, di oxi de added to
temperaice ?85 a,.gqu gt he anematichydsgedrhpp SOgIPUNHdS introduced,

. e : .
GRREEIPGERL SRRl 0) BELRELPGIA Pogsure vate
A thpt tha pres@areall yabovedhg baibble pdint presaplecofithégromatic

P ' f Catal. | 1 19 N Y
OB PPed o pestitt s 8 BeSreEreactPn SRonialyt ratter
%r@bémﬁirﬁ@the?&d@hh@%cla gégg;@@ Préyyurdthb :ttlémpé#eﬁhﬁe MaRcreased

etermned for a sanp a commercially 22 avail able
todbe idesirad caetivpdemperature. abiflow pbiezdefiy istthen mixed with the

e e T T T A T e Lot 2y
thm¢m%§kEQMd sadragtid Bydrodaibd, afdddted Sldhiataiy
bei ng used., e LO of a 25 comrercial sanple of .
aysesap[ematiy Rydrosarbansrmbay sk pErcallpsted bl Be exepspgromatic

i I b :
Rk FRFBUE P BIRELA RIS SR Mhoporator
LidvieB Vaveinphor &hy bk mémsekhom tdthasesskilles! i@ thbtaal. ned
fromthe LA, 1875 grans of zeolite Y powder and 532
grans of 3 al um na powder were wei ghed out to give a
Rrotadiuref fol §0GotrBofoAlkyettd Atorati® Werocaisord0 gr ans
of alum na powder on a volatile-free basis. Extrusion
5 aid, Methocell(r), 60 granms, avail able from Dow
Sefomiatign ofaikyRAsE Hyd@chisorfs Miaythe earfied bhie bl \WhyrAsEeds
7 The two dry powders were added to a Baker Perkins
kioxay byaadpegsan shillechinetbe arB 4 ni nutes. The anount of
concentrated (70.7% nitric acid to give

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 resulting alkylated aromatic
sulfonic 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
kilogram of product and stirring while mainfaining the temperature at about
85°C untif the desired residual sulfuric acid content is obtained {(maximum of
about 0.5%).
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9 0.7 weight % (based on 100% nnitric acid) of the dry
wei ght of the zeolite and 10 the alum na powders was
calculated to be 19.8 grans. This anmount of 70.7% 11
nitric acid was wei ghed out and dissolved in 200 grams
of deionized water. 12 The total anount of water and
70.7%nnitric acid needed to obtain a final 13
Raedote friCmbonhatigm xarbatiah\nf 200pldteti Arovedtiat SblEmicvasids
calculated as follows. 14 Volatiles in the Y zeolite
powder are 274.67 grans (1874.67 gramtotal 15 wei ght
Calfiaition cowrbasingif @My)aroh‘iﬁti%tsdlf@alcad‘ldé I‘T%WH)@J t‘mmd out by
powder are 16 232.40 grans (532. rans tot al
&@O”‘@t k'@FW"' m.agﬁ@r)sonw»eiddnée@a tepradyen ﬁt‘fﬁ'a&%at'c
fJP\ %I(r) extrusion aid are considered to be 100%
volatiles. 18 Thus, if all the above raw materials
were conbined, the volatiles would be 19 786.87
rans. To give a mxture of 2000 rams 1600 .grans .
GeBPrily. B oS0y AR S ERRION 15 CAGRIGTULR A oagley
ﬂ‘:@'dﬁbééﬁée oftthé éll@}lé‘ﬂedvﬁgﬁmtlcqjuifbhﬁ; a?c.Qd rﬂl?éjteHE Bil “@rﬁbr&ﬁaﬁc
gramns. an addi t1 onal 3 grans of
sdventi aed anmmmle Theusactien sdxtece tsmutadsed aed ;aﬂvaileeﬁarth

n, the m xer 5 dei oni zed
96t Bhg Fain ok e, freaidet, oo TepRES L WHLS radBffinifd 456
@Hﬂ%rafﬂh@b&lmﬁfﬂ ¥BSut NPT sh@BPed. 25 so that the walls
the m xer could be scraped down. MXxing was then 26
resurred and the sol ution of nitric acid in wat er was

e ] I .
A0 DAY S PR Rl ASORE ) Ry o
theraliaalineterti ﬂn@ﬁal@‘n%rﬁbﬁ Wi®dde ‘adt:léd Qs tHasfettibn hmktﬂﬁe the
to allow for scraping the 29 sides of the m xer.
repetasiziand th%@ﬂﬁ'%ﬂﬁ@“ﬁéﬂ”@dﬁeﬂr@"fﬁwmcéf beratian ;pqocess
-24 1 powdery and the volatiles were nmeasured as 48. 83
wei ght % Additional 2 anpunts of deionized water 10
grams at a tinme were addEXKAMPRES ninutes 3 nmixing
for each addition until the m xture appeared
extrudabl e. A total of 4 %5 rams of addtltlonal _wat er

was addedIgpbeas

. point, the volatlles vvere 48. 36 \NEIght % 6 The wet

m xture was extruded through 1.27 mllineters,
asymmetric 7 quadril obe dexgmpleetts, in a Bonnot

extruder. The \A'E’re.(l)é)rggongf 'djaqu'vgtaéorsr’ltp{)gﬁ]dsl

Zeolite Y alkylation catalyst composites were prepared by the following

method:

L oss-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 availabie from

Kaiser LaRoche Hydrate Partners was determined by heating the sample fo
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8 were dried at 121 C for 8 hours. The long
cylindrical strands were then 9 broken to give
extrudates with length to dianeter ratio of 2:6. The
extrudates 10 were sieved and the portion |arger than
1 mllineter was retained. 11 The extrudates were then
calcined in a substantially dry environnent in a "12
938 € fer fl hmaeadusan g4 @ieweight tai Ngxt, baped andhe results

iR Toct toe L1 TP GRS aboR e Voo TS e

ACRrRApdWdedtere Beldiedl oitfto Lidla wtansf ﬁO@Qfﬂarnl}’éjéf 28olite

were 15 obtained. 16 Mercury Intrusion Porosinetr

Reveis endOQ grarasl of akinina pevisles opevolatilerfire bpsise Extrusion

9o, RSB0 14 O B P i o o
AixhAeQ thé grapowtieréxanpl e 2 20 Preparation of

Cat al yst Conposite 2 21 Zeolite Y catal yst was
prepared followi ng the procedure used in Exanple 1 22

BRONG dMf pdwdEe el Adibtoex BaRE! PESInMieriamidadry Bhiked for

al um na avail able from Vi sta Chem cal Conpany waS used

‘bminuies.edhesmuntsficonpeairated(40. 7ihknitrin agid dengiver
OZ? %éléfﬁr"){ (ngecﬁ PH W'gg)a/ﬁ @g}gg %E:E&l g;fh %@ﬁ# §Pt\n§gze]0§%03nd

tﬁé ahhdied. pdmjlétts ivegscaltulabed m@é nge gr@vmrﬂa@@rﬁd)urmdﬁaw%

powder were -25 1 9.72 weig % and 24.82 wei g %
rvfé@@@si wiag weigleeh @éhﬁ%ﬂ@&ome@rln @Ochrams of dlezoryzw sager.
was di ssolved in 300 grans deionized water- In the
Baker 3 Perkins mxer, 671.7 grans of deionized water

\h@rf@t%\w@wntmfy@tm aud 9,7 % Aitrig jacisheeedsd tonebtain @ final

t
oSl QBTSS0S BN % AR PR BE P
\tdlatdks trotm-x‘t' Izedhte ;WWdlEr dredv a6l gtarns {1 836D gramabtal
mxmgﬁ@éemxture ! stjll. not extrudable. Over the

weighlr 1600 Grameaky welohiia Velasies e FURPaHOIGHEZ ed
2PLEAS gMids @gﬁaj{?m ne@g tof Wei(ﬁ) re4(y@§ #ﬁg;@%gféﬁ@fq\htnc acid

drled and in a stant |
Sehmoncamblhﬂethoceli® extrusion aid are considered to be 100% volatiles.

Thus, if alt 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 peristaltic 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
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10 Mercury Intrusion Porosinetry showed the peak

macr opore dianeter to be 11 878 angstrons and the
curmul ative pore volune at dianeters |ess than 12 300
angstrons to be 0.1424 m /gram 13 Exanple 3 14
Preparation of Catalyst Conposite 3 15 This catal yst
was made by the procedure described in Exanple 2 above

pewaeryid the vabatileswiese aveaspredas 4888 weidht 74-eAdditiopale

ey . )

GEBLBRLOSIEEH R P Y abR HRIwP Sodki e

mbang for edfchzedliiidgreuatiidhe hiixtake appearedwierusianky. eA 1dt8bof
rans and 342 grans, respectively. Added 20 dei oni zed

gEamget agdogalinater wasaddsg oxel i Raurand 4% migutesn At this
i ' loar. A d
it e yiRfes el dd sodidi BT 480N Phee” "S5

Vol atiles were 46.8 weight %at extrusion time. After
[ [ SilZi : n
i e iRy s ar e g 2 TR Gl B b |
deadriiovee tieyinsbdsyvan a Bennst @xtroder. ople evedil@metwindtioalstrands
1006 ,angstr n 25 t cunul ati ve pore yol une, at
WA §EI1§£%3 ﬁ?ﬁ%ﬁh%@ E‘&é?%ﬁ@"ﬂ‘g’cﬁ S‘rf%"‘xﬁ. watpthen
: E#ﬁﬂ@é : j JSty trudat

rr%g& 'e"l e4g)§ I'S @gﬁé{’@?%@&dﬂ%ﬁ@h&ﬁ%ﬁp; (glge%f(u?ueaes
wierecsiebed and tikx pottios 13rgarttian henilliindtet Wasiratpined.
exceptions: 5 Volatiles of the zeolite Y powder and
al um na powder were 14.36 weight % 6 and 27.54 wei ght
The erispdatts wadry th€lo caledeadndiansubstantiztly doy eneiobirmentind
7 i na powder s re 747.4 grans and 220.8 grans,
mulledbinel g e Kiaaing GrRstghiS arogtathe. i ric: aci d
of the dry weight of the zeolite and the alumna in 9
this preparation was 0.75% The acid was_ di ssolved in

Baserrgdaing Ware featrd B3 d Neardwo havss.ghgadield aepdsC for
TR aRdthdd 28blet tB394PE" AtdthIbt1BB 13 ems 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 mil/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
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11 then m xed in the Baker Perkins m xer for 3

m nutes. The acid solution was 12 punped in over 8

m nutes while continued mxing. At 10 m nutes after 13
conpl etion of acid addition, the m xture becane pasty.
M xi ng was continued 14 for an additional 30 m nutes.
Vol atiles were 49.0 weight % The wet mx was 15

Ext2 weighi % end @4.8hdeight 86l. respediivele xConcattededwitec acid,

Tor B wadoaied R afoft Sefmirdbinan hyhé'Baker
fﬁfﬂpﬁé Mi%é@tsgﬂ gg%%msT%&efaﬁzedwafé!ﬁheﬁe AR Mefd Afnudbs,

power ] ~Tenperature overshoot 19 was
fllowpschy texacid shlutiontn d@anieytegerAftergnixing fos g@aninyites,

B A AR A, B4 B 5 RS R

e abidtforan 3Houes s Middnd,Be eintiratvasestiiaior extrudaBleatOver the
di aneters 22 |ess than 300 angstrons to be 0.1494

REXGPG MinYtes s agdidonallp grasps pheeienizef waehwps@ddeds The
LI : tom

BT B tRER edriad, el Kl o FPEL LAl

zaoiroriraemt. CBV 760(r) avail able from Zeolyst -27 1

International. The tablets were cylinders, 1/8 inch in

di aneter and 2 approxinmately 1/8 inch in | ength.

Marcurpintrosion FaosiRetess Heved thehsysdmbab@pode dRaketer to be

macropore dianeter to be 815 a\zﬁétrorrs_and t he
efifranastromsidtng Gueialv e POKE merad dirgsters lass3ban

am 5 6 Exanple 6 _
gl?g%‘té‘pg@%%q@%c@?%ﬁ?@{éﬁ@ This catal yst was made by
t he procedure described in Exanple 2 with the 8
foll owi ng exceptions: 9 V4 lles of the zeolite Y
powder and al um na povvder%(g“‘l Ie .7 weight %and 10
26.5 wei ght % rRepecttionedf\Cat8lyst €oppoditeld anount s of
zeolite and al um na

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 fo be -
0.1400 ml/gram. '
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11 powders were 639.6 grans and 276.9 grans,

respectively. The final 12 weight % of the nitric acid

of the dry weight of the zeolite and the alumna in

13 this preparation was 0.75% and 6.44 grans of nitric

acid was dissolved in 14 150 grans of deionized

wat er. The powders were m xed in a plastic bag for 15

15 mnutes and then m xedExamplees Baker Perkins m xer

for 10 m nutes. An 16 a dltlonal 276 9 gr ams of

dei oni zed wat er RigBakslinns alyst Geamppsitete over 17

20 m nutes while n1X|ng The aC|d solutlon was punped

in over 8 mnutes 18 with continued m xing. Mxin %%th
e

Wais calalystiviasimasie Rinthederocedwgl desoribedin Egampieﬂ wi
Yok odeggcegﬁgﬁ%% 40 wei ght % The wet mi x was.
rie

extru and sized. 20 The extrudates were
calcined in a substantially dry environnent in a

Pl e BPABCY pBROSF Shildudfink Havider yie .36 weight %
éu&i 27BREIghD %R Y8§pectivBle rGbiisspamdigaPolints2s #Rlite and
avoi ded. Next, the extrudates were held at 593C for

aliEning pEWSRES were 67 dramsiaruZ28Braramy, reapecively. The final
RRIH 778 e s Ra OF eh G eTBif GRE Zeofte AR Sl in
ﬂilﬁpﬁp@tﬁlorﬂﬁaé 0575 % h JineAHid aagdissoired in 885, Ggléﬁxs of
(T g 31 -28 1 \M%ﬁle72Preparat|on of Cafa \F/‘
oloBIzeR;wWateh Lhg pp WetRMixed Ra Bkaée%aaaéoaég@ pigsand
{Hanfy lﬁtlfe B’hké‘r POKinmbr e ﬂ%&ﬁé?e%boéb?d S Ié.l}:on was

Vol at e zeol1te powder an um na po

mlnpedfm avend imihtteSovehikk cahtin8ed Miviagg it 198 minutes after

[ es tiv re ndi.n unts of zeglite and
GRRRRan OF atio it Be e BRgnR p5hA Wiin g i rptinued

fo@%ﬁ:\ea"dd.ﬁtﬁiay 30 mﬁufelsn aloltileg ivite 49 ®iveldhe %l tnhbc\fv@z%ﬁ( was
of (gto the zeolite and the alumna in
e)kirtgiqgir @Ipadaan fizads 0. 75% and 12.9 grans of nitric

acid was dissolved in 10 300 granB of deioni zed

wat er. The powders were mxed in a plastic bag for 11
Bherextiudateamere i¢eh:mﬁd<u§1da substaetlﬂyldry epyirehmsntrinca muffle

Pl OB salfe PN b BhBG f SSratE" T °15 7

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 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 to 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 zeoclite Y CBV 760® available from Zeolyst
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13 20 mnutes. The acid solution was punped in over 8
mnutes with continued 14 m xing. M xing was
continued for an additional 40 minutes. At this tine,
the 15 m xture was still a powder. After 3 hours of
m xi ng, an additional 50 grans of 16 deionized water
was added to the m xture. After 3-1/2 hours of m xing,

Riterhdtionall tTHRbIAS wak@oplirferslel/8 mateith diaineten@sd added
to the mxture and another 18 15 grans of _deij oni zed

appreximaielyat§dach B 'engthyi Metausy Hﬁw@ﬂompﬁmﬁ'@eﬁmhfg’ed the

f
Begh fhocRilicte Qhabler 29 bedfelindsuighht ndits POyt Bor?
volemeast diatetats dessithiae 00aargstionedto mommv«gmt es
were calcined in a substantially dry environment in a
muffle 22 furnace according to the foll ow ng

tenperature program 23 Thearapler@idat es were heated at

full power to 593C. Tegﬁer_atura overshoot 24 was
avoi ded. Next, the f at 593C for
one hour and 25 cooled to 149C. Mercury Intrusion
Porosi netry showed the peak nmacropare .26 dianeter t

bhisgatalysigas srasdednuthereroseinieslaseabed i Exampie 2ayith the
ﬁi“?%aﬁiéfceféz’ﬁfgess t han 300 angstrons to b_e 0. 144
gr -

The Mercury Intrusion Porosinetry
results for the zeolite Y catalysts of 2 Exarrpl es 1-7

Al [ - o
(B3 SOBBI 5oy oPond il Rt LRI URAN 5 and
P6 Bnesighes, @@é@éaf SéIyTQI(ﬁ’resiﬁéhdl?i\é aﬁaﬁnaﬂg‘&tefdht@éﬁd alumma
Macr opore peak Conposite rﬂIgra (m /gramdi amet.er

69 grams, respectively. The final
weight % of the nitric acid of the dry weight of the zeoclite 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 149°C. Mercury intrusion Porosimetry showed the peak macropore

diameter to be 941 angstroms and the cumulative pore volume at diameters

less than 300 angstroms to be 0.155 ml/gram.
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20. 42070. 142878 30.42080. 1401006 40.44920. 1491486
5***(. 39140. 084815 100. 4030. 155941 120. 3990. 144900 5
6 * Total pore volunme. 7 ** Total pore volune at

di anmeters |l ess than or equal to 300 angstronms. 8 ***
Catalyst 5 is not a conposite. Catalyst 5 is a
tabletted zeolite Y powder, 9 prepared as descri bed

.above in Exanple 5. 10 I1EBxdmpkpfe 8 12 Preparation of

| sonerized Normal Al pha Oefins 13 TyPi cal ly,

i sonmeri zation of no argfiom gf '- s carried out
as described 14 below. . 1.5 C20-C24 normal al pha
olefin with the follow ng conposition was used, for

T hisscatalystouap maderly ikeracedwri deswobeddp Exgmpde g with the

'- %.-230. 1 Internal olefin 1.4%2
?:Jrulswér&b%t(%@toé "olefin 0.2% 3 Vinylidene olefin 9.5%
(determ ned by carbon nucl ear magnetic 4 resonance

£ro n - inolefin 11 % t L.he

B8 PR oo PRI e b ey 15,28 GEiGhE %anc

28 S0 weigh s %) vagrsttivelyf ICumddpond iy anmbunidofeedliteeasd alumina
8 (570 mIlipeters high and with an inside diameter of
powders werentt&:. 4 grams and 341.6 grams, respectively. The finat

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 533°C for one hour and
cooled to 149°C. Mercury Intrusion Porosimetry showed the peak macropore
diameter to be 900 angstroms and the cumuiative pore volume at diameters

less than 300 angstroms to be 0.144 mi/gram.
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cl osed, seal ed, and pressure tested under nitrogen. 7
’N&xtlal pore wdlloyleat i on cat al yst was dehydrated during 15
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*** Catalyst 5 is not a composite. Catalyst 5 is a tabletted zeolite Y powder,
prepared as described above in Example 5.

7 Example 8
Preparation of Isomerized Normal Alpha Olefins

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

below:

C20-C24 normal aipha olefin with the following composition was used for this

Example:

Alpha olefin 89.1%
Beta olefin 0.5%

-20-



- O W ~NOG O R W =

-t -l

T G Y
A s N

17
18

19
20
21

22
23
24

,,.‘.25,.

26
27
28

- 9 pressure and then cooled to 100C under nitrogen.

Benzene was then 10 introduced into the catal ytic bed
in an up-flow manner at a flowrate of 11 195 grans
per hour. Tenperature (under adiabatic tenperature
control) was 12 increased to a start-of-run
tenperature of 182C (neasured just before the 13

cat al grﬁ;émbis@l)aflandﬂf%he pressure was increased to 14.6
at nos herg g eg tenperature and pressure had
| i ned’ &%t gt[;tu ?'P @Y%4%rt-of -run 16 conditions of

28 2C ?lﬁgvl:déheﬁol%h PN mind£Ey cﬁ?ﬁb‘n‘#‘i@cle&oﬁ‘%gﬁégﬁ% 9 L

enzene an C20 24 NAO at nol ar ratio
and drdsedancespedtioscapgl 18 al umi na, was i ntroduced

in an,up-f{l qw, manner.. h eedreacedt

cat a BEohRd ke Bi80n 4% |detrRd BE3EREsY SoecOsrrpy)
internal catalyst bed 20 tenperatures increased above
the inlet tenperature. After about 8 hours 21

‘bhe sprreagipha elafisavas pumpsdigr-fewdiaropgl.a iixedbed saaetor

t
GO BUTRS Rn T Win eI SRR HATAER of 2557 il Rteis
CohtSiNkmpeS gedrhbofgblid befinusornetitalionaVEhe arictavueds optrated
this time, the olefin 24 conversion was 99.45% 25 26

ispthermelyiahi 695 Ataiguiddediavsi spreavelosity 05 Renjour and at

%ﬁﬁaﬁﬁﬁeh82§§ %e 27 collected during the course of
stillation to renove excess 28

aromatic hydrocarbon anal ysi s showed that greater

TRERRBL SRR S LB o wa bl Botied yRLRIduidns

dlleptidat Tien redulthigyartib g bhethedeiseridrioptdmiafin dentathsTae

al kyl benzene alk | at [

d d
STt Pl sbsteg (bl Bei-clne N anacalerd,
tr sffed idtin, 3 VAiviihb 1) Bnd Bighain SRHeHt than e
m}mnﬁémdrmdﬁn usi ng

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
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6 the follow ng conditions: 7 Reactor tenperature was
60C, SC3 flow rate was 73 grans per hour, alkylate 8
flow rate was 327 grans per hour at a SO3 to al kyl ate
nolar ratio of 1.05. The 9 S03 was generated by
passing a m xture of oxygen and sul fur dioxi de (SO2)

10 through a catal ytic furnace containing vanadi um
Ouinghesite/20%as diargéd td thee faslibéd repaton d‘éh@i’dxadtbmae gently
quonlc acid had, the follow ng pr 13 has .
‘GWaEﬁFFé ver@loagngin oike & 'Héx’ﬂ?lﬁg @@ngg h\/\é‘?fbﬂ’iy Qt} Cé‘?gySt n
[

e Hat0r, LoVl shcko (R Ay I Henametrith 3 oram
160G midometerghiluptddatBelsie as itersiticlpacking! based on

the total weight of the crude al kyl benzene sul fonic

17 acid and placed in a four liter four-neck gl ass

TR Rtorf Was BtbnintibSed s%ta%m |aﬁ§g)ré§s@'b€l§§teﬂﬁtﬁhﬁﬁlrﬁﬂigen

agitator rotating at between 3 and 350 r

Nexidbe sdtylation eatdlyat was dehydnetedidering 1ﬁ1hqur$r@t éPQ°C undera

AFRRHEoSL BT of AEUEH sy SR i e PAH o

m@@&@’@t@mehf‘tﬁnoleﬂtd T undEifiegérdBeazédewsistthen
stlrrl@g and nltrtoyg as was bubbled 22 through the
intreducad 6 theeprtabylia defiip @pdinsiow raannerat aiewdats of

ﬁ%ﬁg’ta[ é@r %ouf @é}gﬁéfamﬁt(hb}&%‘zsd@bgm teﬁ trﬁggtéoqt%gh%l) was

meriegbbd &b atdtertiof-ogu Mmpé"ﬁatLHenﬁt16ﬂ2r’ @l (mesastihed fish defore the
é | ben ene ulfonl c 25 acid. é @17 The fi nal
§ I RTBRF YT NATINRERFSERdOf ¢ glippgpheres.

properties based on the 28 total weight of the
product: weight % of HSO3 was 15.76 and wei ght % of
WhenHRieperatae 8nd pressBse hadlinag oot andesiFmiapfarbcDﬁ-r@n of

s e

t%?&eﬁ@@ddf@zo%m%lt tymald 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
terhperatures 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
collected 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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4 fitted wwth a stainless steel nechanical agitator
rotating at between 300 and 5 350 rpm a gas inlet
tube (2 miIlineters inside dianeter) |ocated just
above 6 the agitator blades for the addition of CO2, a
distillation colum and condenser 7 under nitrogen
gas was charged 123.7 grans of centrate. 8 9 The
centrate was a m xture ofg isltgdge fractions
previ ously produced durln 10 t e purlflcatlon of hi gh
QO 161 S H G S =u:.-'u:..‘..: 11
centrlfugatlon and decanta ion and was added to the
reaction mxture of this 12 exanple for recycli t he
Thaaiivlberzenetaikydelet radeced e in EHempleS fkbova WS Wonated

89 eeCREat Bl o POR BRI Bl PR 7k WP Foactor

O dstere abisd BAY Nyskrmxmater mRilieCdibricten) aabkiovat fow hodk using
rans of carbon di oxi de, and 22 grans of 100 Neutral

e folowing gonditidng: ed. 16 Next, 40 grans of nethanol ,
207 grans of xylene sol vent, 281 grans 17 (0.59 nDIe)
of the al kyl benzene sul fonic acid (HSC3 was 15.

R@agﬂ@r tompaeaddre was 60°¢ haOp fiow r%wgﬁﬁﬁrmperelwn alylate

gy, 277 A THET b PR ot e PR T3l cf FR5. The

803 v\%is %&ﬁérﬁfemby p3sdifig Bohbiurefofeadygen ankysdifox dﬁtﬁude?@) )

xyl ene sol vent 21 and 94.2 qgrans_of
MeouGinaIcailiGBaC] 6PN tHIING ¥ahEUBHRHER &V2Qact or was
22 cooled to 25C. Next, 35 granms (0.79 nole) of CO2
was added to the reaction 23 nixture t hrough t he gas
The edsuitiie cander alB@benrencesulignid acidiead ’ehm:feﬂmingq:roperties

ereatorln eased t bot32
Bansbsa o o by ghLaEhemsofutt dhaedghitsh A3 S0 uds 6 1 and
méc{);,&phg% P840 438 Xysene sol vent and 131 grans 26
ano was then added to the reactor concurrently
with 0.9 grans of CO2 27 over about 1 m nute. Next,
Ple Qﬁﬂﬁse\ﬂzlbgﬁg NESuRsiie %cfcﬂvé??llltﬁ%a%lﬂ{ 10VRight2R ﬁ)‘b

m nut es ete erature o e reactor.
Nﬂuiralaiab.@nt pi iaabd wn tﬁé ®iabweitiht of the cr,eldemikydbsrhzmmulfonic

T TR
ét@épﬁl%hﬁﬁl&ﬁ“é@%éﬂ ﬂbtdﬂr%ﬁat t%{wlaeﬁ 34)0%1’@359frp1908 covdenser

about 1 m nute. rans (1.25 nole)
and a gas inlet tube (2 millimeters ms:de 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 mixture between 30-40 liters per hour for between about 4 to

6 hours until the weight % of H.SO, 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 welght % of
H2804 was 0.15.
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30

2 was added to the reactor over approximtely 60
m nutes while keeping the 3 reactor tenperature at
approxinmately 38C. 4 5 The water and net hanol were
then distilled fromthe reactor by first heating 6
the reactor to 65C over 40 m nutes at atnospheric
pressure, then to 93C 7 over 60 m nutes at atnospheric
pressure, and then 130C qug inutes at 8
atnDspherlc pressure. Thé_rg%%%#g1ure of the reactor
atian ebearbongtedgoyamases atkyha renre gylfonates
atnnspherlc pressure and next held at 110C for 10 30

m nut es at atnospheric pressure. The contents of the
Teach bler fmsrenadkeeactdt eqoidped with hp@m@(an@ceohngaw@ddy and

ithe RUAG 9RInie ¥Bupenyanical Gitald aiotig arherdEes g and
dhe rpﬁﬁdé '@Btmleﬂ-ﬂjﬂé‘(ﬂ mdlifeRAS fsidegiahitasr) 1esmye flisthbove

centrifugation. The xylene solvent in thé 14 product

thaﬁgﬂaé@r bipdeis fy th@@dﬂﬁ@ntcn‘ec@z,@@étmat@nmh@na\aéﬂ condenser

GRRTHrSB i s R 88 bt St "o S0

mllimeters Hg vacuum for 10 m nutes. The vacuum was
replaced 17 with nitrogen gas and the contents were

Hre s%tﬂanedlv%amtxslrem ¢ elwdepdtagtiens peeviensly prdycedgluring
SERRARRRh oPUERCRERrbAag, Gukbhind Biigid At dtes b

Mdm@etroﬁ@ndﬁbc%tagm and-whas ladn!ewas tHérelctibBkhinase of this

424, of sul fur was % . of
@@mp'@ﬁpgtﬁ% ﬁ%@ten@ﬁf féﬁ&eoV@éo?ﬁtescwggti@fd&FBN of

' %6 304 Contred 4 %W&@M@é%rﬁﬁz%?ﬁﬂ%@ SBWenVBﬁS ;’dn‘i@active

actlvatlonRaes of 26 in Al'kylation
ddciotr sulforzife, (R gy aalchmm madmldﬁ andh eakitky cathanate,

§ Bled oh Satryapie ol 22 itofpo Seufr HBht Slisqpte.
9 above 29 The al kyl at | on reaction was carried out as
SER B R E e el 209 FRRb Son B AP Brars
(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 (2.1‘6 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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-35 | tenperature exothermwas neasured by neans of
appropriately located 2 thernocouples in the catalyst
bed. Using tenperature profile data froma 3 catal yst
run, the position of the tenperature exothermin the
bed was plotted 4 as a function of tine, in hours.
The deactivation rate of the catalyst is the 5 slope

df4 yhiras bf CO.iovet abbuiE henstep NeX1PsB grathd (1: abahyle) 6f CO,
were eval uated at 6 standard conditions
é 9;5?%@%%9" EH%R!I%’B‘@&%’Y@@I 'BH]UFGE/S Wﬁtﬁe Kgaping the

R A SRR are the Gatal yst

Conposites 9 prepared in Exanpl es 1-7 and shown in
ble | abqv t he xce tha 10 Cata
B statbr 378 ethahe) weip S eIS] fionsing gt aaigt heating

G Adackdr 146558 RRY '4bem%u'téh glaé%hﬁ)sbheﬂig pﬂ_@o%hré ﬂ‘\@ﬁ to 93°C

conducted during al kyl ation of toluene wt
oyened imindtes0 attmospmarmessmw ahgiber @ae%ﬁmvet 36 iminates at

PUPETRTR MeSowe. 1deriemeraligs BF aiediaapif as el detFBhsed to
3h B3t avePB0 PHinGRBZRA MY pRerft ﬁ%@sizfé &R neRrvad at 360°C for

al pha olefin at a tenperature of 180C. The nolar ratio
8f migutasnat atmospheliapresauiisThe COm'S?ﬂlbé@i:ﬂ?ﬁ\f garion wesedken

Ph PR R HPoiGURRIoT abk R SPGBt ARl Gafbwent olpps

atded ity the tgacialibibwdd bekadigrats uiixyRnkel soleirtuThe sediment
I ntrusign Porosinetry Rel ative PropertiesDeactivation

iRathe rReadustyes thepdsmavedipneentrifupstian. pie xylenesgeyent in the
product was distilled by heating the product to 204°C over approximately

45 minutes at 30 millimeters Hg vacuum and holding the product at 204°C
and 30 millimeters Hg vacuum for 10 minutes. The vacuum was repiaced
with nitrogen gas and the contents were allowed to cool to room temperature
to afford the carbonated, dverbased 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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16
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20

Macropore Conpositein Zeolite (m/gram (m/gran)peak
Test 1Test 2 Catal yst SAR*di aneter, A

180600. 4610. 140116786- 2**80600. 4360. 1569316146
480600. 4490. 1491486-50 -36 5100600. 3910. 084815- 23
680600. 5960. 182166467- 7656. 70. 4880. 270137690-

8706. 70. 4650. 2001591100- 980600. 5750. 174151373-

%gwgggtﬁﬁgg%é; g'teakilg@ﬁggmﬁfa'gﬁg dfg)bid[ﬁﬂa'iely located
44 5 1 44 1631157-4
Be6BURIGE i Qy%b%g g’élﬂg t@ﬁ‘ﬂ?@%‘ﬁ?ﬁ'ﬁ@@ta from a

&Ssg)@PRnf“lﬁQ p&éi%&%‘ﬂth’%“teH&é}QRﬁe ‘é&é@re’n@%ﬁ U be8 was plotted

4210.1361256- 38 2 icato alumna ratio in
aba fongtiradi time, indwolurs. eTbe\Aieectwaion*ratma%ﬂwsxatalyst is the
t he Cat

SO T 1S e g Rmmdere phr fof SR ESANAR % SRiRatd ot
Q@ﬁﬁ@ﬁj é&wﬁtlér& diabheratutOprasdad, AR Sphdapeioc®pand the
bat ch of catal ysts conposites prepared in the manner

deactivatipy sates were measured.

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 Il is a mixture of batches of Catalyst

Composite 2 in Table I.

Test 1 was conducted during alkylation of toluene with an isomerized Cy to
C.s, 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 Cy to C,4 normal
alpha olefin at a temperature of 180°C. The molar ratio of toluene to olefin

was 10.

Deactivation rates are shown relative to the deactivation rate of Catalyst
Composite 8 and Catalyst Composite 11 and are given in Table I} below.

Table 1l
Mercury Intrusion Porosimetry Relative
Properties Deactivation Rate
Catalyst | % zeolite | Nominal | Total PV* | PV <300A | Macropore Test 1 Test 2
Composite in . Zedolite {ml/gram} | {mlfgram) peak
Catalyst | gaAR* 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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di ar cﬁﬁ) r edu i H%am i §a1't4i60n r
the 100

87067646502001
bejsg bourgh by amnth°00>505t | 9.155 | leverIghat
54

Taﬁe IjTT;T ISQEd
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pared

because, although t hey bot h. dlffer sllghtly in the

’%‘é“ﬁéa?‘?? o ﬂgﬁtlvwgﬁdfﬁ?g‘aﬁé? AR Rt ore 107

g and p03tt 1hab(“il wefse||:)raetpla¥§d deﬂgzt ? I)I/sqrb(gr%tpgsne 2

lnﬁ%ee X except that Catalyst Composite 2 in Table I contained more than
one batch of catalysts composites prepared in the manner of Catalyst
Composite 2 of Table i.

Effect of silica to 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 lil, 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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11 conpared to Catal yst Conposites 10, 941,

Table 1V Mercury Intrusion PorosinetryRelative
PropertiesDeactivation Rate Catal yst%

zeol i t eNom nal Tot al

PV* PV <300ANacr opor eTest |

and 35. 12

Conpositein Catal ystZeolite(m /gram (m/gram peak

SAR*di anet er,

A 980600. 5750. 174151373

1080600. 4030. 15594135 . 13 Takke filect of cunul ative pore
vol une on deactivation rate 2 Wthout being bound by

any thedry, it |s be||evedME||3§f§Ir{trQ¥Y§r’iP&9mﬁ1@§{ Relative
cumul atijve 3 ppre volune at porprogéraget ers | ess | iheagtivation
or equalf to 300| angstrpns results in 4 |ower Rate
GEatCFIV [‘J/ il[e ﬁomlnaln e}lqu ’PV%D@A)S[Macn%OSI eSTé\81
?ggpﬁ PR 5| Gibie D ﬁrilfaamg Jr@g@ s PO GBI

and 1§§ta[xgtesp§§,§4 ve gl rrpo<>| te
164 Khao r ol 1 e Aaart H vn a
conﬁareo t Cat 9 st dbﬁﬁ@sl &1&% 38, 166 ‘*abl e v 67
Mer gury {I ntysi pn Por osi Relp
Pr ngnr%/i nc_,d;_g_t__v_aﬁ ?nn Dﬁfﬁhgy /c O/n 7nn|1|5? 100

i nNom nal Tot al

SAR* d| ar{et er

wher ei n

PV* PV <3OOAI\/BcroporeTest 2
Conposi teCat al yst Zeolite(m | gram (m / gran) peak

A 1680600 4440. 162124454

= 2 @I\ r@ductlowrrdeaq;twatlon rate
havi ng a rracropore struct ure conprising zeoli te Y

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

diameter has an effect on the deacitivation 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 Test1
Composite | in Catalyst | Zeolite | {(mligram) | (ml/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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3 the peak macropore dianeter of the catalyst,
is less than
about 2000 angstrons and the cunul ative 5 pore vol une
of the catalyst at pore dianeters |ess than or equa
to about 500 angstrons, neasured by ASTM Test No. D
is less than or 7 equa

mliliteEfegtedf qinaimtive pSredvolline dradeasthiatioh refeai m 1
wherei n the cunul ative pore volune at pore 10

nmeasured by ASTM Test

4284- 03,

di aneters | ess than or equa

WVﬁﬁéuiﬁﬁﬁﬁ?
3. The ca

4 No. D 4284-03,

to about 0.30

to about 400 angstrons is

PROHY byﬂnﬂh@@ryﬂlﬂ i ibelib s s tHR lovgémiy thb2curddiative

yst of claim2 wherein the cunmul ative

por e

RITEVPIINAE ab apée diamptarsdess thareasequito sP0anastroms results in

Igaﬁrﬁpgéﬁbdﬁgﬂﬁﬁﬂéynﬁn

ers per gram

1693 CaiAlsR6ibosiies 76 2Rd 18 differ

Ghiynbgtied ouiiidativenpdretviolemeoté2 soad 168, mSmaomelgt&nd Catalyst

| anmet er

Nl

| ess than or e

3@@@%% éaaatﬁ highgr gelaly

ua

to about 3
eactivatian gatge

B4 Fafiparey o,

S
1

ﬁg 3gl aim 4 wherein the cumulative pore

site
o?the %2 catalyst at pore diameters |ess than

or equal to about 400 angstrons is 23 in the range of
about 0.05 mlliliters per to about 0.18
milliliters per 24 grant:%giég% 6. The catalyst of
et-at-m-5rwherein—the—ecumgtative pore voture—of—th 27 -
catal ys{ at pore|dianetgrs M@@%Wﬂﬁaﬁ‘%PWE&ﬁﬁFyto tmf
300 angstrons is| 28 injthe range but 0.08 | PG
mlliliters per gramto about 0 16 mlliliters per E@

aatyst 30 % Z®lite in | Nominal | Total PV* | PV <300A Macropore Test 2
omposite Catalyst Zeolite | {(ml/gram) | {ml/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 clains,
wherein the peak 2 macropore dianeter is in the range
of about 700 angstrons to about 3 1800 angstrons 4 5
8. The catalyst of claim7 wherein the peak nacropore
dianeter is in the 6 range of about 750 angstronms to

1 abounIMg&00 angstrons. 7 8 9. The catal yst of claim8
wherei n the peak nmacropore dianeter of the 9 catalyst
is in the range of about 900 angstrons to about 10

2 1490 aA%%ﬁél?Q%avﬁd—aHaér@po@‘ﬁr&ﬁ&@ &’oﬁﬁ?%ir\}é%oﬁtﬁef @herein

the preceding clains, wherein the zeol| has a
3 S| | i catheopeakimageonode diarogtenbbtite catalyst ngasured bg ASTM Test

| f
+ zeol i WOV ALELR B0 1 aiighl AhO0 ARCRLSING g symutative
5 30: 1t porb@ltim@Qifthe tétal fs‘i al porel BRintatb A 168§ tiin & Ul Lo about

11 wherein the zeolite has the silica to alumna 1
6 rati o 990 apesiroms; measuegsbeyr APAM TesONooB 4284-033s less than or

24 14. e&-\?ﬂ tg%tb%bmtgogéplﬂﬁ%rgﬁ)@g% t he preceding

clarrB erein ih the formof a
8 t abI et The catal yst of claim13 wherein peak
_?re di aneter of the 25 catal yst is in the rangm
abo be satalyst ¢ clabms! wherain the euvlativgfiare yelumesatprere

10 cunrul a:?r'a\‘r?et@fér BsY H4HEr Shut S GbBLAIES Shgstréins id 288 t¥4n about
11 0.30 milliliters per gram.

12

13 3. The catalyst of claim 2 wherein the cumulative pore volume at pore

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

17 4.  The catalyst of claim 3 wherein the cumulative pore volume at pore

18 diameters less than or equal to about 300 angstroms is less than about
19 0.20 milliliters per gram.
20

21 5. The catalyst of claim 4 wherein the cumulative pore volume of the

22 catalyst at pore diameters less than or equal to about 400 angstroms is
23 in the range of about 0.05 milliliters per gram to about 0.18 milliliters per
24 gram.

25

26 6. The catalyst of claim 5 wherein the cumulative pore volume of the

27 catalyst at pore diameters less than or equal to about 300 angstroms is
28 in the range of about 0.08 milliliters per gram to about 0.16 milliliters per

29 gram.

30
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27 about 500 angstrons is in the range of about 0.05
mlliliters per gramto 28 about 0.15 mlliliters per
gram 29 30 15. A catal yst conposite conprising: 31
32 (a) the catalyst of claiml; and -41 1 2 (b) a
binder. 3 4 16. The catal yst conposite of claim15
WhEr ei Thé Batdlyst@eany ond oF ihé pRicdirfy tlRfhEamérein the peak
material. 6 17. The cat al %/“sat conposite of claim16

wher ei MAEHPOsE fissnetes isaing

range of gbouthé0-angstiares to about

con‘posjlé(ﬁ%gﬁg&wmgne of clainms 15 to 17, wherein the

zeolite

IS present in the range of about 40

4 wei ght percent to about 99 weight 9 percent based on

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

30
31

32

th

ht of the catal yst conposite.

t ot al dr){ wei ght . >, 10 19,
@ !&S%g@img wherain the peakyrEcepere iapetariis i the

The calBg Fataly i
Yis Waﬁgé% d8ut %%0 %I}é\ﬁ%@%@% AbodP 2860 ggg%@)%ﬁ.t  he

per cent
t ot al

o about percent base
dry weight of the catal yst conposite. 13 20. A

roce for, pr ring _a catalyst conmposite copiprising:
12915 T Cate bl Flaim £ whShels Damek magrenars Slamatar el the
pr esencRaRbt 4oh Md HRye &F abdut 0ROy sHoridoSaB¥ig! €i N

t he wei ght percent of zeolite Y is™n the 17 range of
about DG angdfons.09 percent based on the total dry

wei ght

18 of the resulting catal yst conposite, and

wherein the volatiles in the 19 mxture are in the

range The abRWst 3PaMEbABof gﬁé gﬁéﬁed‘irﬁb ABRHS, vAteréfh MR Adlite Y

percent of the m xture;
t o f orliAsa stligpde ialusnina ratio of about

11.

12.

13.

14,

15.

2 (b% shaping the m xture
:1 to about 100:1.

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

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

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

in the form of a tablet.

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.

A catalyst composite comprising:

(a) the catalyst of claim 1; and

41~



23 24 (c) drying the conposite; and 25 26 (d)
calcining the conposite in a substantially dry
environnent. 27 28 21. The process of claim 20
wherein in step (b) shaping conprises 29 extruding.
-42 1 22. The process of claim20 or claim 21, wherein
1in step (a) the weight 2 percent of zeolite Yis in
the range of about 50 to about 85. 3 23. The process
2 of any(tgneabfnd@ll’ai ms 20 to 22, wherein the binder in
; Step (a) 4 is a suitable inorganic material. 5 24.
The process of claim 23 wherein the binder is alum na.
4 6 26. The carabgstsonplositenf erimolfs whetdivs thtdbihdel. a suitable
wherein in step (a) the 7 volatiles in the mxture
5 are prBQERNG RaeiAly ange of about 40 weight 8 percent
to about 60 wei ght percent of the m xture. 9 26. The
proges I : : [ :
5 et B 3G ealth Eeinote L oyl WAL KL RREE S Smina,
prepared by the process of any one of clains 20 to 13
7 2618.14Tha satadyst sopposie of oy opeafaidimg tntoat kywiaareth the zeolite
aromat{,¢c_conpasi tion _conprising:.16. 17 contactin .
B Poast isPEBALY BeTpRREEEABRR 0 BRiatt PrEcit 16 kot 85 weight
9 ol ef i nperk8ntiswiyd Gh e RitaIQUty GRIGHHJF NS chilydi@oRipRBRACE
of a catalyst having a 19 nmacropore structure
conprising zeolite Y wherein the peak nacropore 20
10 di Poret Phe cﬂﬁgrs%sﬁm itéef Malisis Wherekh ﬁ?&ﬁ?&ﬁe Y i§ grésént in
t han about 1 2000 angstrons and the cunul ative pore
11 vol unethefranpe of abalil/s3 weigh petcent 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

15 (a) contacting a zeolite Y with a binder in the presence of volatiles to
16 form a mixture wherein the weight percent of zeolite Y is in the
17 range of about 40 to about 99 percent based on the total dry weight
18 of the resulting catalyst composite, and wherein the volatiles in the
19 mixture are in the range of about 30 weight percent to about
20 70 weight percent of the mixture;
21
22 (b} shaping the mixture to form a composite;
23 |
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.
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22 dianeters less than or equal to about 500
angstrons, neasured by 23 ASTM Test No. D 4284-03, is
| ess than or equal to about 0.30 milliliters 24 per
gram 25 26 29. The process of claim28 further
conprising sulfonating the alkylated 27 aromatic

1 COpPPOSThé 9fbde,@,sfo%raam@bﬂ<mbﬁﬁ o4 ﬂheF@ﬁ ifs '(B?MeCweight
acid. 28 -43 30. The process of clalim 29

2 conpr i @erﬁgn#@‘aZﬂqltt&thmm thekpghge ofl aRout o0 abogtiBT.oni ¢
acid wth an al kaline earth nmetal and carbon dioxi de
to 3 produce a carbonated, overbased al kyl at ed
3 ar2¥mt The puidesaaf anyoneofiaima 24 toc2? sviiereirpthedindergn step (a)
an al kyl at e%{b?ronat G coagg %Iatl on conprising: 6 7
* cont actith"@P's BE9aR &3P at i ¢ hydrocarbon with at
| east one olefin 8 under al kyl ation conditions in the
e of 9 claim20. 10

r e of the catalyst conpo
s 8185 e Brosiass o Sl 2 whAkeR e BnOPRIS A R mat | ¢
hydrocarbon is benzene 12 or toluene. 13 14 33 The

rocess of claim31 wherein the olefin is an
6 D151 TG Rrocess o8 S aNel SRR 20 o2 bRaTingtap () the

oI ef| r£af
UL I AR 88 oropdf i od ekt 50 A
8 18 at qrescet takandut 80 mgbbpeméntrm‘.thé@mxﬁﬁe%. The
process of claim 33 wherein the al pha olefin or the
i sonerized olefin 21 have from about 6 carbon atons

9 t 2Gborthe pdoess lob olabh@Bwherein the volatiles comprise water and an

10 acid.

11

12 27. A catalyst composite prepared by the process of any one of claims 20 to
13 26.

14

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

16

17 contacting at least one aromatic hydrocarbon with at least one olefin
18 under alkylation conditions in the presence of a catalyst having a

19 macropore structure comprising zeolite Y wherein the peak macropore

20 diameter, measured by ASTM Test No. D 4284-03, is less than about

21 2000 angstroms and the cumulative pore volume of the catalyst at pore

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 about 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
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22 23 36. The process of claim 35 wherein al pha
olefin or the isonerized olefin 24 have from about 20
carbon atons to about 40 carbon atons. 25 26 37. The
process of claim 33 wherein the branched-chain ol efin
has from 27 about 6 carbon atons to about 70 carbon

at . : T [ '
lbrgﬁhgﬁécﬁg?e;&o?fe%ﬁgs rg% n?d%g oﬁ%%cgﬁggﬁglhyﬁ?ed
2at ons awmbiusulihic acidavitteam atkalifé eafth rietd® andlearbon dioxide to
process_of claim38 wherein th ranched-chain ol efin
3 haeCf 1 BIOUSE A RbORaten PER A0 AROT S FOU 208 SUB SR,
gatoms. 3 4 40. The process of claim 33 wherein the
olefinis a partially-branched-chain 5 isonerized
50l 8fli nAvrecessfarpsodiaiig an ladey/ldted mraiatic compasition comprising:
atons to 6 about 40 carbon atons. 7 8 41. The
process of claim40 wherein the

7 par ti akbitabiing ehRGsEoRé Brdrhafiehydedarbdnokith bileBasohd BMEfin
about 20 carbon atons to about 40 carbon atons. 10 11

8 42. Thengenalkylstion cangitionsinsthedirasercesaf the catalystinonmegsite of
9 conpri g'{aﬂgzbZ sul fonating the al kylated aromatic
conposition to forman alkylated 13 aromatic sulfonic
1p0acid. 14 15 43. The process of claim42 further
conprising reacti ng? the al kylated 16 aromatic sul fonic
11 acPd- withg Pipcensiefidaim ehwhrTeiBthe arraatiahydiecaibeniigdenzene
to 17 o@:ﬁ%ifee a carbonat ed, overbased al kyl at ed
12 ar omat ngsu onat e.
13

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

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

16 |

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

18 atoms to about 80 carbon atoms.

19

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

29 38. The process of claim 37 wherein the branched-chain olefin has from
30 about 8 carbon atoms to about 50 carbon atoms.

3
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10
11
12
13
14
15
16
17

39.

40.

41.

42.

43.

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

about 12 carbon atoms to about 18 carbon atoms.

The process of claim 33 wherein the olefin is a partially-branched-chain
isomerized olefin wherein the olefin has from about 6 carbon atoms to

about 40 carbon atoms.

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

The process of any one of claims 31 to 41, further comprising
sulfonating the alkylated aromatic composition to form an alkylated

aromatic sulfonic acid.
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 suifonate.
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