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| 2 MORDENI TE ZECOLI TE ALKYLATI ON CATALYSTS FI ELD OF
THE | NVENTI ON 3 The present invention is directed to a
nordenite zeolite catalyst having a 4 controlled
macropore structure. The present invention is al so
directed to 5 catal yst conposites conprising nordenite
zeolite and rocess for prepari r_}% 6 the catal yst
COMpoSi téBORﬂgNﬁEZEQUTEMYbA ONCATALYSES ed to
al kyl ation of 7 aromatic hydrocarbons using the

catal ysts and the catal yst conposites of this 8

i nvention. The cat@lBLfi OFahdEHNYEMNEI&IN St conposites
exhi bits reduced 9 deactivation rates during the

al kyl ati on process, thereby increasing the life of 10
Ttheepreaeat msestim'nis dlmmrhtoeda yn{trdemtm aedalttes:a&ﬂyﬂ\haﬂiﬂg:&d

e Ion er on run
Rhralis reeErycllar e heasabifPaaths e difgged to

t
%%ﬁé.?ﬁ%‘%t?é?ﬁf@%‘%ﬁn RE iRl LAS E riebaditiph Bpdting
thevoaigiysbonpoksites. sThelnre&em\mwanjtooas alsprdiredied to alkylation of

oAl by heBipdtis s Fle e FA i o Blvst Blinpastds B tis
invipitiaee mmawéts%n&meafatéwgt €Srap8sitds exHibity ridiced

hal i des, boron'trifluoride, antinpny chloride, 18

deestivationomtes during theralkyation percessn h@ﬁetpﬁow(&aﬁﬁngag‘@the of
tIJl;({:) mét{g'l&@r gr&@{ﬂger E%%ﬁﬂ%?gmp%gﬁéé Hgsuc ncAhg)ytﬂE I

auqﬁatm arlengh thoés.i Thé laetallysw laﬁddhe\cathsmbmpmsnéQ Ibf thlS
e@%Iatlons with higher 21 olefins, such as
ipRre Ao %anahl%pf beingApactisied V"r'th"h@rqméfLﬁ 'ENCHHS%@O“
usual ly in the presence of hydrogen fluoride.
Kyl ati on of benzene with 23 higher olefins is
especially difficult, and requires hydrogen fl uoride

treatment. —24pHe4edROUMIGLIHE INVERTISN S ot
envi ronnent al | ; he above

listed acids is extrenely corrosive, thus requiring

Itfig %&élﬂlnougpto %{y&g Qhégﬂ(gﬁgﬁ%pﬁamaﬁké Qi htg@aﬁ’?tg oﬁ_ewis

ese aclds m g I nvo envi ronnent a

.oAmdi-rliEﬁéd RIchbtgalysss. t Nglicdlvonuaercidl ddbﬁy@tsamidde phosphoric

acid/kieselguhr, aluminum halides, boron trifluoride, antimony chloride,
stannic chloride, zinc chloride, onium poly(hydrogen fluoride), and hydrogen
fluoride. Alkylation with lower molecular weight olefins, such as propylene,
can be carried out in the liquid or vapor phase. For alkylations with higher
olefins, such as Cyg 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 fluoride treatment.

However, hydrogen fluoride is not environmentally attractive.

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

environmental problems. Another problem is that the use of these acids can
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1 1 give less than desirable control on the precise
chem cal conposition of the 2 product produced. Thus,
it would be preferable to use a safer, sinpler 3
catalyst, preferably in solid state. This sinpler
process would result in less 4 capital investnent,
which would result in a | ess expensive product. 5

dhed labsathys aisirable aininol oo dhé pomtise eherhicabearapasifien of the

h b k . 6, ef f i f h kvl i
PG eaaread S P ippiioe pspiabid B s s By sRgr,

GHiSlyRe phaterasly fRb@ld/sthfe. aT6is WHHplet Yrodt@saasulg result in less
cryStalline naterials that possess 8 uniform pores

ceipital vastenents whichniveuldpeswt irea ipsstex@ensiye|psedugthan 9

20 angstrons. Zeolites occur naturally and may al so be
prepared- 10 synthetically. Synthetic zeolites include,
$alid eryataiine, alpainidileste\zedljte Yatalysia dave beepriaemin o be t

et Bl b PSS MR P LR R B i
#e Qs GRblysisre UsRRlP inordsnie LFVRSiBE MATBNalelthat Pessess
used to replace the alum numor silicon in the 14
yniamevrones sithudismetersis Minwpere syrge bat i lapy Hhan

teri.als a mmerci al VAl S [
AP otbsifintine ZoRRTTRAHE Bontor®) A AR STppirbERarsd o
ShfiRstally.hSyhteaicalentiics inciage] for exaimple, FéoastA,ouarL and
appl i cations. Processes for the further nodification
merdaiiten deisase aessibiei te ganepipimedleaiuminophpsehalesiand
. r . -
BERH TR CBRAES, et Flatar8 LT DGR guAe wOH<T
gerrdanilrasmagxaisabgiusgditbee@ace dé ahsninant dresilicamainytbe
matri x, etc. 21 Formng the zeolite powders into
feampwarsliric¥%s nay be acconplished by 22 forming a
gel or paste of the catalyst powder with the addition

of a suitable 23 binder material ,such as a clfa ,an, ..
Thesegzaniite cotabesl matorisls 2 spRMSICial ailpdle s HiRcpRiine
@&##ﬁg&ﬁfﬁﬁ& &g&dlﬁéatiﬁﬁ% l%n'h@l ge ?Weﬁr gﬁlﬁlﬁﬁ%réﬁér‘ﬁbs for

ers may al so ormed I'nto particles
partitdat applications oPracdusedder thedurther cwidificatiah yg enhance

B o B e IR B 08 g o
s‘?f&heéhdforr‘ﬁiirg‘fﬁéﬂiéﬂii]{e Eaaystd RS SRapEd parRidi Bktigdhdifg the

the cataly particl es.
cations in the catalyst matrix, etc.

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

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

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

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

portion of the catalyst particles.



w ~N N Rk W N

11
- 12

13
14
15
16
17

18
19
20
21

22
23
24
25

26
27

-2 1 One problemw th catal yst particles used in fixed
bed reactors is catalyst 2 deactivation. |In nost
hydrocarbon conversion processes, including

al kylation, 3 the primary catal yst deactivation is
caused by coke formation. This catalyst 4 deactivati on
is a serious problemin the use of zeolite catalysts
©Ooe mbklghawitb catdyst pactidlenssed i fxatebed reantorsis patalysm

s etiona Bh sy dr TR R R G s panCliaiig Stylation,
PR prmahZthIgR *lactibstion isfised bynédkel fahﬁgnml Fhid edtalyst

speci es "t hat “cannot diffuse out of the pores
@mtmahongs 2 serious prablemtiedhe Hse ﬁézacéttqa pﬁtaiy%tﬁtf@rr alkylation

Bt s R SR gl oRE LA P is wen
Gedeteficethhy thelteaptivation mechhiishatan mvolveapalymierizatidl of the
@)édrocar bons with nornmal al pha ol efjns or

fndmedagednalesiier ﬁﬁ@c'eaﬁfaat cappopgiffugs gut f the pores
gc!érgg% thele?’ctﬁ[e%%?%{tr@ higthstehay e di scussed

s for eprepara on of zeolite 14 catalysts
and the further shaping and form ng of the catal yst

i.cl ' e use
£6 b6 o200 chpp B EBarath b el pbinglid”,
Kydrobadong i¢ typidsig cohdaetedi tiyethea;taadalym alkﬁflmtloaldf)drammn
of aromatic 17 hydrocarbons. 18 U S
@y@gaamsmlgbmwg@d alphe Qleling PRPrasEhee- Ots*gﬂln flgfing, and.

ials which upon hydration yield a
?:Lr{atll? ab?rocon oI |l ed effective pore 20 dianmeter and

|n whi ch the sorbent and its zeolite precursor are

. . Lo i . _
Rt Rl G k56 B forle 0Ep bR o 2ot
d&%a&iste?arhx?diela%rthgr sﬁiﬂmag apésfo;ﬂngr?stha{cﬁtﬂysjwlic’cl&eand
e patent al so di scl oses ods e
Hes Wil AW WANQUIdTG 45819 Bindri e | et Stsariag Bayaper of
ﬁ%\%ﬁ&r d:?blBE’hp%é %eratzber.tascaté’@sﬂsrfo.cangaﬂeh i Ardnkhic
em cal analyses No. 3, 288, 716

ydrotarbesst hat the high "heavy content" of the 27
al kyl ated aromati c product can be controlled during

Ghe ﬁétk%%@éjo@ﬁ,ﬁf&saggeé the preparation of synthetic zeolite
materials which upon hydration yield a sorbent of controlled effective pore
diameter and in which the sorbent and its zeolite precursor are provided

directly in the form of an aggregate.

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

in conjunction with chemical analyses.

U.S. Pat. No. 3,288,716 discloses that the high “heavy content” of the
alkylated aromatic product can be controlled during the alkylation step and
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1 has advantages over distilling the al kyl ated

aromati c product to obtain the 2 desired nol ecul ar

weight. 3 U S. Pat. Nos. 3,641,177 and 3,929, 672

di scl ose the technique to renove 4 sodi um or other

al kali metal ions fromzeolite catal ysts. The 177

patent also 5 discloses that such renoval of th

tmcbdwantagestdmr digtifangi thesligllated raromatic\gpddct tg th%'" the
eol i,t e cat al for the alkylation of aromatic

4%?HPQ@§WEQH§r éitolefrns by 7 liquid phase reaction.

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

tﬂ'&i%'@irﬁ%%%ﬂﬁﬁgﬁﬁé@%ﬁ@?&éeﬁm HgeBblddfeHgove

gthé}‘%lkaﬁr rhbtal I fréezcdliteecatalsts10The Ul B patent also
wel grn I'stribution or "heavy 11 alkylate" is. sh &rvates

drsx:tosffsl thehsrech tempealiod thesediugt opether ﬁétﬁ"r'aﬁ )

2 te nd th
e L L R G
;ﬁgh& gngg@réa@uéhs Pat. No. 3,764,533. In 14 U S. Pat.
59, 193, a nono-al kylate sul fonate is,

preferred U S. Pat. 15 Nos. 3,288,716; 3,764, 533;
Y.L 7% 198, 764 %3312;2@@61 a9 gnderelys06 dtmaaoeaheavpy

reference for all purposes. 17 U 'S. Pat Y
alkyated seterh mfmeeces naubRkauliongtesane pgerttﬁse@rﬁél ft?éates n

qg% e ﬁgf} ﬂgaog éﬁeﬁldg;?é]@ggulgfwé@ttzdd%ﬁbﬁtron or “heavy
ateh?ef SHden ka Blluecaitigh petforen@tcte aﬁuotamemﬂr@tmnd HOB
sorptlve 20 properties.

sulfoonteseand the Pralkvlater (que'i’atf‘s ﬁhgmnytogrtt%%‘:eam f&éf ive

FBERe 3 In b st o LASOPR o 3.704593, &n

tacsh d?battmmﬁeelztfae aahunnraﬂs,rla*ate:mlifetna’a)i& preferigd.cH US SPat
nmuc | (0] ac | e

Nap. 5268 T16ra4 CAa T ot 6 18550 53 112bd B Rereb,

ney Ho?aaawféﬁer%ﬁ&@r&%t pitpeBes sant | ubricating oi

Ives he process further involves 27
carbonation for nmaking the products nore basic. -4 1

l;f%f PdtaNo. 39 (ﬁig&rs%geg'tﬁe%gé 8f nAclRaARE Tentcds for the
'Kyl at I 'oh o

crystallization of crystallme aluminosilicate zeolites havrng 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,-C4 olefins. The
catalysts are acidic crystalline aluminosilicate zeolites which exhibit much

improved deactivation rates.

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

carbonation for making the products more basic.

A4-



g b wWN -

0w o ~N O

10
11
12
13
14
15

16
17
18
19
20
21

22
23
24
25
26

2 aromatic conmpounds in the presence of an acidic
nordenite zeolite. catalyst 3 having a silica to
alumna nolar ratio of at |least 15:1 to produce a

m xture of 4 substituted polycyclic aromatic
conmpounds enriched in the para alkylated 5 isonmers. 6
U S Pat. No. 5,004,841 discloses a process for
LhBkPahtom 601 ddiBydigdbses 3 paocesst fioc atytglioomfpdlycyche

oHPRG camiauRes T 06 PIAREAGS ARG oo GRNIE 2Bl catalyst

hja\"—h 4 Qiliesqd %ﬁn%%blatrlﬂét%jof 8t Bakyy4ltb ‘br@dﬁll%@é 'nﬁixture of
ounds enriched in the linear al kylated isoners.

substntuuzd pol¥oycl&, arogjatisacamparsiseenriohedriotae para alkylated
.al kyl ation process conprising 11 the steps of

Odﬂ%f’fctl ng a aromati ¢ hydrocarbon feed with an

al kyl ating agent 12 under |iquid phase al kyl ation

57 Bt i9Era plls 825 SRARSEER ftedbeCiol afSISRN & RSy,
afraﬁaﬁafc@mbﬂunlaaw.h A%k Préiente okAnvAlidioenedenhe Qbo@te%fatél?st

50 cc/gin pores having a radius of 450 angstromns
h,as'lr@n@ sd!ca ate allynmaﬁa@laréat@ ef ahieast 191 tﬂéxromeeswmwted

ebivESgte finafit Sompbunts pulec Ktosinelr pismubl FrpeRs
al Iéyl ati \c;ln of aromati coﬁgrrggtjggﬁ \{:lVItth ag gl kyl ati ng
Eohat g d ndbe dih Tt araranieiiady é%ﬁ%%%ﬁé@?’“smg

tIee Bieplaesk ddhtéchmgl 4 BRsthatid kyddcabdrseeangith ahallggatiigcagent
nordenite 20 catalyst is characterized by |ts silica

ungenligwidRhasel alkylatien eonditianp by ths: presanee af a silica-containing

E%ﬁgrfﬁ%%%)glggg %Palﬁéﬂ}lj ﬁ§ ?IE%EBO Icnaff%!&gl; l’tﬂ@’?@%’lyss‘f h39RY a pore

vBlilpsé iof ubedt a26rtet0.§0 cc@atmﬁes haoimgrapiliiebb488 angsteoms
process conprising 24 a_ zeolite al k){ gtl on cat al yst

and q falapist PaRide giroster phnet morR gt Tigerdfént inght er .

25 The presence of water increases the sel ectlvity for

maki ng nono- al kyl ated 26 products. U.S. Pat.
Us,Saae B4, @13641\3;‘5@3@%?%8&%5? eFara@sewCam%ﬁerafe  Zoolite

| i
SHEIERT8, AP SR cHEBEER I B PR i
f@bhuohezariaon atavh takeight aatbo‘rﬁ@to]nsatarbmdﬁ;zmmbsytute(ﬂabomatic
cggg)\é)g@g;e?&% tpg n&?fgeoﬁrbéj % fdolrso}n%?s PrREBcidic morgenite
catalyst is characterized by its silica to alumina molar ratio, its porosity and a

Symmetry Index.

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

products.
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5 U S Pat. No. 5,243,116 discloses the production of
al kyl at ed benzenes by 6 al kyl ati on and/ or

transal kylation in the presence of an acidic nordenite
zeolite 7 catalyst having a silica to alum na nol ar
ration of at least 30:1 and a specific 8 crystalline

truct det d by X-ray diffract

AL SR D 4 S i
10 t t

sgpgtg}p‘gcf f 2 ga/llggh? BL\%S%&%E Sécn&:@'?ﬁ@ﬁeh‘it@ erﬁl\el (fi‘:ﬁalyst

|on 11 activit
h?@@@% Em&@@o ‘ém{ﬁhﬁ%tl@oﬁaﬂeasﬁ 60:6 ancka Syngne
wel

ht 12 percent water b t
abbut heé. o%upmqsﬁs f@bﬂ@d@ﬁpﬁmﬁ'%r@%ﬁﬁ&ai]%& ?% oag,,s&ggg@
al kyl ation process using said catalyst con‘posn t| on and
ol efins 14 contai ning 2 carbon atons

LhBSoReat. NG, 3243, 1rtdisdesessthegyoddaliof gﬁ%{si‘%ﬁtﬂﬂg%cnggsby
aﬁ}%@%@g lgtgo% rr%tgé@ﬂ}élg |?Jl ki) @%Ebﬂze of 6n heREE ARsidehite heolite

eedl n a m xture of benzene,
datdlgst havirg alsdfcans amirdmminetanlrahomyﬂablgaﬁt 30i 1tand a specific

presence of a zeolite taining a
mﬁa&:ne.s@wctweéietqrﬁa%g M{/ ?gﬁa‘gﬁ’ di tion such that
the catalyst 19 is not deactivated. 20 U S. Pat. No.

5,922,922 di scloses a rocesgrél Someri zi ngorat or mal
GiSp Pt Has o, 240 BB0rancha 3 EYdrRiSCIBRS BROGRSSEP LOTERAl yot

Qr}g\[ggpéiopscg @C{?Fg{]&#rﬂﬁagltﬁﬁ rh%vl(rézalﬁyléhéﬁbnanﬁ ttdr%@lky@mn

aromatic

é&ﬁrt?%ﬂmﬁ@remmr@tmmpomﬂora containsigrates tban 35 weight
cat a

yst, which can be ni t
st eatwals SRR NaAPE! PR o Sas patEy SO Posthd the
Pat [ e arm@gm@ﬂanﬁ olefins
%rggéqt%oﬁﬂkﬁ?ﬁ?@gﬁ%fg &%?ﬁ?ﬁa sul fonate of al kal i ne
SsithininER ahrbofhatoatkid 25 catonaaionse al kyl aryl 27
sul fonate contains between 14 to 40 carbon atons and
the aryl sulfonate -6 | radical of alkaline earth
D8t abatl Siof BX458 558 disoinises appropess farihe arpducian ofjinear alkyl

gg&%fn%higﬂdpg%g’;/sg gcpsggrslsl,éﬁ')gg ie%r%s ?h&@ hﬁygggégé linear
glﬁeﬁﬁg %ﬁpgﬁélg%ﬁ%g glgﬁﬂ)de'h‘ﬁnrtﬁé ipfbigdncel ¢ifa Peolite catalﬁ’(t of

tion product by renpyin
@@ﬁﬂ'airﬂﬂig aftransitiorsmetal uakiey REY OB GRAIEIN %@c?ht.haﬁﬂ}q gétalyst

hydr ocar nd then reacting the
is not deac?vate% 9

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-dimensionai pore
system, and then use of the isomerized olefin to alkylate aromatic
hydrocarbons in the presence of a second acidic catalyst, which can be

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

U.S. Pat. No. 5,939,594 discloses the preparation of a superalkahmzed
alkylaryl sulfonate of alkaline earth metal. The alkyl group of the alkylaryl

sulfonate contains between 14 to 40 carbon atoms and the aryl sulfonate

-6-
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6 remai ning al kyl ati on reaction product in the
presence of an acidic catalyst 7 such as a nol ecul ar
sieve or clay. 8 U.S. Pat. No. 6,337,310 discloses the
preparation of al kyl benzene from 9 preisonerized
normal al pha ol efins for making | ow overbased and hi gh
10 overbased sul fonates having a total base nunmher
r@@tabm‘ral@almeobﬁﬂﬂmemies fixad jn 8dvelar pEPOTHGN GRAMPHEEY yst

cpbupe b dret Pip o sJLoRR L M e efiat = 2

angstrons. 13 U S. Pat. No. 6,525,234 discloses a

Li%}?%%ifmé %Oﬁ'g,t él cﬁqscqg%ae{gg rﬁ?%s@? éﬁl rgl;lﬂ‘neol%%ﬂié%l olefin
Jon¥Hi o %H 410,14 tsh FiclibMProddét Hyyrenseving atlepst aportion of the

conpound havi ng a di pole nonment of at ]east 0,05
rmeiaamwatassmgtermmammawmhvdr%gfbcgb@n%ﬂ@& 1gacting (st s

d
O At S SEMETeped sbs ph

su@hsésfé baglb@nardievd 8r bRgers in the Al kylation of
Benzene with Long-Chain A efins over Solid Acid 19

Catal ysts,"” Journal of Catalysis, 138, 386-390 (1992).

Jr@ ?dtSNSS@@QV@@loydlééluges Bt FﬁHpai’@ﬂcdﬁmﬁ dlleylbentériesfroml
WO genera treati ses on zeo

ite are dboaok of, .
lseﬁnﬂrmedSnm@éa aﬂeﬁ@%ma@nsi%@aﬁamsﬁ HBLHng
R Y,
qy%rla%?# %lél % Oﬁ%ﬂi@%t@% gq{tﬁﬁl?%r?ge{t}f%ﬁn% SN&800. The

;ﬁ@béé@ﬂse@HF%&tﬁfﬂsﬁor a408d exidik am@mpmta{m Bach as a

London, UK 1999). 1 SUMVARY OF Tl—% I NVENTI ON 2 The
zeclisehaving weravesage SO e @t ieast SAIGRIOMS: zeolite
catal yst having a 3 controlled macropore structure.
The present invention is also dir ct d to 4 cat

dSitali Nesb Se@d4silinglonss daiocessy yéatg}qjarg 59/ sing a
éq%\r()gﬁ ?ﬁsﬁalk E@ yaﬁeﬁ%‘l g; é}’!?tZZCQﬁH’ﬁﬁélflﬁlﬁegeﬁ@?atﬁfgetﬁ@rﬁatalyst

O processes

[ aﬁgbataupwmmommmcahammmaoleumm ohableast 0.R&i l2ebyes.
processes conprise 7 the alkylation in the presence
of the catal ysts and catal yst conposites of this

It RYRAGWE that Indétesolid tei) sialyats] prddeicedtigi ?aryb@mgmrggvhen
:I)é;]llag:'rgt; ivatrheeﬁgﬁg—%le%ﬁ}as?tégg tSI %rl]vgs%tnﬁer A. Thangaraj, “Distribution of
Isomers in the Alkylation of Benzene with Long-Chain Olefins over Solid Acid
Catalysts,” Journal of Catalysis, 138, 386-390 (1 992). This is especially true

for mordenite zeolite.

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




10
11
12

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

0 ~N O MDA W N

10 during the al kyl ation process, thereby increasing
the life of the catalysts and 11 the catal yst
conposites, as evidenced by the |onger alkylation run
length 12 tinmes. 13 In particular, the present
invention is directed to catal ysts having a nacropore
14 structure conprising nordenite zeolite having a
silica to al um nSUMMARY &F dHENNVIENTHMN r ange- of
about 50:1 to about 105:1 and wherein the peak
macropore 16 di aneter of the catal yst, neasured by
A5d Wrdssit ilNentibn 42 8i#eftad to 2 herientth mohﬂa?caialyeunmhng e

about 900 angstromns, and_the cunul ative pore \égrl U{TE
eriteolled AGIRPPES StrutyEe.+ R PErsend iyention Balse deste 3 6
S8 el ari
?é}ggfs ganpgr eqﬁ%@g{'gﬁgbout 8&%558ﬁ& mlatlglrrs pgf&g‘?rgg fng
7@ qutalisr @rhyositespofte: piesent mvenliarsis albadirecteddadirotasses
bout 40Q an ha
{or prenaration Og@@y%?g%f%{na“%%@%?fm?a‘ﬂhvhﬁfoﬁ%?sés comprise
o 186iSn FRtheSsesbhédoPthet@ita stb%nﬂ%ﬂélgé%rﬁmtésmms
In the range of about 0.05 mlTlTiliters 3 per gramto
iavontior0. 18 nmilliliters per gram 24 25 The cunul ative
pore volunme of the nordenite zeolite catal ysts
preferably at 26 pore dianmeters |ess than or equal to
‘Bho cbtabGs anddhe catalyst coeywsitba rxbibisredrpdadegtivation rates

B e pPASs, DRt it) el BER ottt ano
%@tél@&@odrﬁ?@sﬁe’@ BsARIEncBd 2 thk drddrtamtyathel ru@ﬂ@ﬁgth

referably at pore diameters |ess than
fimeequal to about 300 angstronms in the 2 range of
about 0.08 mIliliters per gramto about O.16
mlliliters per gram 3 Preferably the peak nmacropore
Wt particear, dhe phesatt dnentionds diresteddo icatalyads hawiga a magfopore

SR80 e SEPH ASE 0 e pgor o

fh@r}aﬁg@fof abeut 58QQoataeit 1058 ad whetdin the' Plalangriomore,
nost greferabl y the peak nmacropore dianeter of the

dnamt@n gftheicatalyst nwasuf@ébbﬂsér% esklo. Brtdfd-G3is iess than
8204l 80 2PUPRLS BBsifirs: At Bl ARLYE pERPloLmeiat pdie
diameters less than or equal to about 500 angstroms, measured by ASTM
Test No. D 4284-03, is less than or equal to about 0.30 milliliters per gram,
preferably at pore diameters less than or equal to about 400 angstroms less

than about 0.30 milliliters per gram, and more preferably at pore diameters
less than or equal to about 400 angstroms in the range of about 0.05 milliliters

per gram to about 0.18 milliliters per gram.

The cumulative pore volume of the mordenite zeolite catalysts preferably at
pore diameters less than or equal to about 300 angstroms is less than about
0.25 milliliters per gram, more preferably at pore diameters less than or equal

to about 300 angstroms less than about 0.20 milliliters per gram, and most
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10 alum na nmolar ratio of about 50:1 to about 105:1.
Preferably the nordenite 11 zeolite has a silicato
alum na nolar ratio of about 65:1 to about 95:1. 12
13 The catal yst of the present enbodi nent nay be in
the formof a tablet. 14 15 A further enbodi nent of

the present invention is directed to C st .16 .
pmﬁwglblyt at puapshiarepiegs less thay) of ﬁaude(?gmu? é%%&gﬁ@ms in the
cat al yst. of At ' ek i i dreae. -
on o KIBRS AP BRbRE S SRR Tper a8
meki ng the nordenite zeolite 20 catalyst conposite is

e S e B REP el 0 aafstons i o range
BPANEUCRIRANGSroResROsBdLE 800 drystroarsyenor preferablydbe eak

mecaopareydiameterds hthedangs ef aapul 4L} ag about

=TT ' | k&l 8'diaraéter bf the
7Ofigo3poii, dfic BRSEPYRREE i el okfhe glariéiar
BSfanRN s iahedange oRaboutet S0 strdnys teslyhit G810 angstroms.
catal yst conposite. 1 A further enbodi nent of the
present invention is directed to catalyst 2

iﬂnggﬁ&#gﬁ?e o"%gtﬁtﬁgif gﬁ@ BaRRRY Bf HOHRSENt AvERtioRNas addilica to

resent” invention is directed to the
plursieaIndlar ratio giramat 50y to alauk|1Pstt. cBrgiexblethe mordenite

conprising fthe steps of. (a).conpt | RE. st
%egl»tﬁtf@sp%wﬁi%@ i alige Méﬁ '?a L RS A
in the range of about 50:1 to about 105:1 with a

bi nder in the presence of volatiles to form rp ture
wheraatalystef theipgesent eatbioglirpent may sy indhe form Qgﬁ‘i ?@eﬁs
range of about 50 to about 99 based on the total dry
wei ght of the resulting catal yst conposite, - and
WIRKPER ehitR dirabAt bfl tRe présdritinventibnie daeetedriotheatalyshe
of about 30 wei ght percent to about 70 wei ght
sempesite compT$NEhapi ng the mixture to forma
conposite; 13 (c) drying the conposite; and

.wel ght percent to_ about 99 vveight er cent ba?e on. t he
P2

{a) the mordenite zeolite catalyst of the above invention; and

(b) a binder.

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

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

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

the total dry weight of the catalyst co_mposite.
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14 (d) calcining the conposite in a substantially dry
environnent. 15 In step (a) of the above process, the
tenperature is typically at |east 15C, 16 preferably
the tenmperature is at |east 20C, and nore preferably
the 17 tenperature is at |east 27C. 18 The above
process further conprises addition of an shaping aid

Afurthererobgdimendofiihe prrapntigvention splitasted te ¢alalysbove

G oRhsos R M BRI BMARSRECS 'S [y cally carr ) ca”

out at 21 tenperatures in the range of about 1 00C to

bout 200C. Calciping in step (d).in

Fernaggen ampodimaiy o) M frasgat biBntith 5 futdo 19 i€eracges for
prapafing decabilystmipcEiedrapadingthd spRGfin a
substantially 3 dry environnment. 4 The binder in step
(a) of the above process for making the nordenite
zeol (ighe cont&AMeS MoRdésitePedIe PaRHe? haRirel a 8ilica to alumina
prefefably the binder is alum na. The volatiles in
step (a)mplarratio iprtbesesge of abaui 5@ 1ttaabept 484; 1 with a binder

zeolite .7 0Si y SE r id. :

o of er adyfie REEe of $ORfd o R ARHUA wfEtdl 138 Heiont
step (a)ratib of fife MREYSHIRY 26616 i RIngaRli aiput BE towbdenhbbe
zeolite 9 conposite further conprise a_polysaccharide,
10 The \hasgdioretheitatal dey weightiol the resuding edtalyst camposite,

Ere pr oralnBrRthe MRl fodbte 2BPLLIE BRTB R abAw

to 12 aBuivefghit peragnt tpaboetT eleightpemcattture. 13 In
step (a) of the above process, the weight percent of
the nordenite zeolite is 14 preferably in the range

of utsHpingeinghhixaeeasforrh@ emposif) wei ght per cent
15 of the mxture. 16 A further enbodi nent of the
present invention is directed to catalyst 17

CoNpR§i t@gingaHe coyngdaftenhnaye process: 18 Anot her
enbodi nent of the present invention is directed to a
process for 19 nmeking an al kylated aromatic

co | tdMEInFETRE icohipdsRB i acdubitaritially @s Enoiénmept.
aronmati ¢ hydrocarbon with at | east one ol efin under

al kylation conditions in 21 the presence of a catalyst

IRE3te}H Ga PorTRE BBBE BréddsdCHy RnfRuTafure i g/ piengfenilést 15°C,
preferably the temperature is at least 20°C, and more preferably the

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

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

-10-



10
11
12

13
14
15

16
17

18
19
20
21
22
23

- 24

25

22 zeolite having a silica to alumna nolar ratio in
the range of about 50:1 to 23 about 105:1 and wherein
t he peak macropore dianeter of the catalyst, 24
nmeasured by ASTM Test No. D 4284-03, is |less than
about 900 angstrons 25 and cunul ative pore vol une at
pore dianeters | ess than or equal to about -11 1 500

(}mgaingammmﬁasu tlael abgvegTagers<s tymically Gasded it af
tﬁlﬂgﬁ{atér%fﬁé g 5%%9%?* Q%ht%b tgreﬁ%ufm lddoPClifsitantially

oCess nay fu er conprise in step
drpbniiénrheact i vation of the 4 deactivated zeolite
catalyst with a suitable solvent flush, preferably the
solvent 5 is an aromatic hydrocarbon. Mre

ﬁLee&ﬁaé.binysteb &) @Ftﬁ@ﬁﬁhcﬁ/emrdcesmfob omakieg thebmordente zeolite
e above process further conprise hﬁﬁ the
iniydsitedsl aarioerganic MeterpRiefePBl. th@ Em&*a% GHHtg

hydr ocar bon of the above process is benzene, tol uene,
xyl ene, 10 cunene, or m xtures thereof. Prefgrablk,
Teevalatiea steps(aaemﬂmgrqwss doreaking the mrdgnie 2ROl

o s o et G arkh SAUBRERIathy BRE 4O IS EARE acid

al pha ol efin, an |soner|zed 13 olefln a

branched- chaj n Iefl n I f i
Hhensics 42 8 s aBbuTh R ol RELFRng TS boote
MSI@ ﬁ&ﬁﬁgpﬁo@bﬁﬁ’éd [pdsithafi@ecar bon 15 at oms,

preferably from about 18 carbon atons to about 28
carbon atons, and 16 nore preferably from about 20

'@?%?&%tu%%(?ﬁ%?é ﬂuﬁﬁ%ﬁn Sépqal hrtheairoosss fonenakig the mordenite

n olefin may have from about 6 carbo
:aacmtm compabiteare preforabdy hoiheaenge of phawit @ piejght R&fpent o

t 8 carpon_at { 50 carbon 19 atons, and
%%‘F'QF‘QBFSPGP?% '5'@88'% carbon atons to about 18
carbon 20 atoms. 21 The olefin of the present
embodi be a art| I
R (R L adng EhaR Habes, e WO TR o e ordénite zeolte s
@%fér%[) H tﬁé PHRge o abHlitdEwaidht perdunt to about 90 weight percent
rtial’ly-branc

ed-chain olefin has from about 20
cfdthbanixt#d. at ons t o about 40 carbon atons.

A further embodiment of the present invention is directed to catalyst

composites made by the above process.

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

making an atkylated aromatic composition comprising contacting at least one

. aromatic hydrocarbon with at least one olefin under alkylation conditions in

the presence of a catalyst having a macropore structure comprising mordenite
zeolite having a silica to alumina molar ratio in the range of about 50:1 to
about 105:1 and wherein the peak macropore diameter of the catalyst,
measured by ASTM Test No. D 4284-03, is less than about 900 angstroms

and cumulative pore volume at pore diameters less than or equal to about

-11-
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25 The process of the above enbodi nent of the present
invention for making an 26 al kylated aromatic.
conmposition further conprises the step of isonerizing
the -12 1 normal al pha olefin with an isonerizing
acidic catal yst before contacting the 2 aromatic wth
the olefin to prepare an al kyl aromatic product where
5@6 anyteoms Smdsurs iy ASE'N:@'BSt 6. D284-03, inteqdal to or less

omatl c %gro?arbon IS aryl, and at least 4 20

i “tﬁfﬁ‘eiP%fr%(ﬁm, at least 75 wei ght percent

of the aI kylated 5 aromatic hydrocarbon is a

nono- al kyl ate. 6 The isonerizing acidic catalyst of
he ahpye OrenasseBay Hirtharcopisisedip ster entthe eactiviagipn of the
I I

A ti‘ggts Iifé! cﬁ ajjgstt%\?@"%g%antg@gte%gggﬁéh r{ﬁ'eﬂa[r?ﬁl? tRE S¥Ivent
B)Qrd&rpnvﬁtlosﬂwdmsaMna\t\&mmgﬂetmahlysﬂmear@fnét&:slwdrhmrboﬁ is

5 angstrons. More preferably, that solid catalyst is
%e’Pﬁﬁ"@cul ar sieve with a 10 one-di nensi onal pore
system As used herein, the average pore size of a 11

at a| yst refersolytothe es Wthin the. acti
'E'a@ BPBYe PRGesSH! uﬂﬁ%ﬂ%@ﬁswﬁ{%@tma ¢hey a&ytéiﬁtégrwa%y

i bi nder or support used therewith. 13 The
%?ﬁe %yﬁgn process as descri bed above is carried out
wi thout the addition 14 of wat er and using dried

[ e
TEOBRASY LSRR AN JUEL 8t DB ke e,
qQrmers soranixtureb Uheof .o Peafeddbly, nbe easraatm id benzene or toluene.
deactivation of the alkylation catalysts of this
invention. 17 The al kyl ati on processes of thé above
"Bt oldifinE tise abevé prddiss maphavd frohzaboutl chsbomnatoms to
|ncrease of at least 50 hours in the alk Lation run

89 carhen aemar ddve dlefin mayrke apRRNG elefincan isanerized
Ef %g{;ﬁwéﬂ%\ﬁ' L3hifo kopﬁﬂtﬂi%%rtﬁef&ﬁmq{h%r algﬁ%ieﬁ*{n ordfle
ne a

angstrons and’a cunulative pore Vvo
ipomerided mitfier mabrémeﬁﬂom Iaanubﬁ cammi atbmémﬂamtgsmr carbon

"%hgﬁﬁt eHE‘?ft@h Y "Hn'{ﬁ 1&{/ @ﬁ&yﬁ%@%ﬁgcﬁg@s and

hSﬂﬂBre?éra'B frém at?(ﬁlt@'ﬂ)dcaff%ﬁ aRfrﬁé ?6 abbift 24 eaibrt élérznf The

al kylationrun length tine is at least 100 hours
braeched-ahgit Jefim thayabane somoahmub §i carsonfatems do about

1R o TR pRetele i iAol £ chubPo S e ¥ 55180 cBroon
dtbwreh and éndriesfrefarably frdih dbous 12 carbibrt Stdpeaeeasout 18 carbon

_atoms.

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

atoms to about 40 carbon atoms.

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

alkylated aromatic composition further comprises the step of isomerizing the

-12-
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| BRI EF DESCRI PTION OF THE DRAWNG 2 Figure 1 is a

graph show ng the reactivation of Catal yst Conposite

3. 3 Preparation of Catal yst Conposite 3 is described
in Exanple 4 and its 4 characteristics are given in
Tables | and 11. The data used to generate the 5
graph in Figure 1 is given in Table IIl and was )
reMal @rhn dlefiawity &y isemasizirgs acidis: ¢alalysbbefose eantasting the

SERHE P, GERTRS Brohiond 4f ) Ehob BB DO SungBlst than

4@ heighttpeecertart tho alkyRteX atdraatie hpdrodarinopedard, ard sideast
shown in the graph. 9 DETAI LED DESCRI PTI ON OF THE
10weioht oeragntCeiefaphlyadeast Ahweiakt pereant of theakyeted

Qrgn?&ltlgyﬂ‘ﬁﬁggad,gg)g@ ing%wﬁrk?%_bon. 12 The term"2-aryl

content™ TS I ne e percentage of total
al kylate (the 13 alkylate species in which the al kyl

' . f.ro i ' . .
FRElSonbik Aol SRS SUEL boTRABHES ¢fineltetf invangion
for n\?}]kimgwan r:]aillqzlétéd @ﬁo:matis efdmpfr?sttim?iie lptéferélﬂ%thesa@olieﬁ:atalyst
in which the attachnment of fhe al ky 16 chaip tqg . the
havinget east age metah otgR whigh diasishavaraag Pore sikeigfless than

. T N " . i . .
Sl biv] Mol LN B0 Bt SRBTALAN 1 kL igvowin
pa-dimsensonahpore sipstech. t As used hereinpthet avdrage ipot@size of a

GRebehEetonifEFamates daniT L s RaTBoR§rerest, and does no
iROLYERIOréabt SRy Mac@i € binderop _@g?ﬁﬁrt isgheRereham. et hyl ene

and containing a 21 substanti nunber of branches
wherein the branches are al kyl groups having 22 from

ety B RO &5, Qe3c el Hikive 12 CRREPEWATL the adaiton
of ovatenphdusing diedrammaticrhydrataibonrayid elsfin$eet]. hikisbelieved
s heatin he, cat al [ . 25 subst ant,i al dr
BROMR SfRanc ol WatsT BlRod the olkyfioh mroggstoniiRules fheah
ihEredse Gyl RE aéactRaRon of HY MRPlatioR lcatdlpsts RY tHYk irfiéntion,
Intrusion Porosinmetry 2 as used herein refers to that

part of the total volunme in mlliliters per gram
The alkylation processes of the above embodiments are further characterized

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

and more preferably the in the alkylation run fength time is at least 100 hours.

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

preferably the flush is with benzene.

13-
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3 derived fromthe graphical, cunulative pore vol une
di stribution, neasured by 4 Section 14.1.6 of ASTM D
4284-03, or the correspondi ng tabul ar presentation 5
of the sanme data between defined upper and | ower pore
di aneters. Wien no 6 lower dianeter |limt is defined,
the lower limt is the |owest detection |limt or 7

| owest radi usBrtas ESCRIPHAN OmThik BRAVWING\STM D
4284-03. 8 The ternms "dry basis", "anhydrous basis",
and "vol atiles-free basis" shall refer 9 to the dry
higiugnfl i9h graphishewingtheoeiactvationref\Catalyst Camposite 3.

RIS p LD Cimpgiis ¥ o fse BT B MEE 4 fithhsun
SiediaRristigs hRegideadt Tubleed dirt ikl Yok slatd dsédth gehelays the
conposites of this invention in the reactor wth a

giaphdpIFdows| 1isrgiven ireTablen !l apdavaseeliasted imsiy abyktionn
a
IeBlcub A REhUNARY o8 dUochBea 5F ERaNRAC 70 el 1imhgraldre, which
isthd tdmpe'raiunm@frthetf@ed paterrmgtthwegd:tbr ﬂ;éfdre:lze Céadrt]lbﬂ
zeglite, co te or raw mater,i anmpl es en t hey
Lﬁ’éﬁt“@é IOP?"J‘S@SQL\“’%HHW"HB eg(ﬁr@n t he

tenperature S greater than or equal to about 18 538C,
the "l oss-aon-i n|t| on" broxi mat es the percent
vol ati| es. i TAREDR SERCRIZHON S THE Q

"m cropore" as used herein fol low 20 the definitions
set forth by the International Union of Pure and
Applied 21 Chenmistry (| OHAAINITI®NSsi on of Physi cal

Chemi stry, in Manual. of Synbols and 22 Term nol ogy
for Physicochem cal Quantities and Units, Appendix |1
Plee i ralkyialas meaasmmalkw@;ecbawr@ﬁﬁabwocarb@m | 0i d and
Surface Chem stry 24 Part 1, Adopted by the | UPAC
Council at Washington, D.C., USA, on 23 July, 25
Ty lemPE-atyl epntentiiisdieined agdithepecsentage cbiitalgplkdate (the

RPN sPat Rk PO AR BB et teort the BRERHIRESTee in

thaNese I ki AbrAp@tess 1S httaciedR) the hromatit fipey) Esat is
Pores of -15 1 internediate size (2.0 nanoneters <

Garaprisest oldhase chemical spapiesdn ahigh thecattachpgntaf the alky!
cHE WP e Sromatic 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 fo about 30 carbon atoms. Mixtures of ethylene

- and higher olefins are also contemplated.

The term “cak_:ining“ as used herein means heating the catalystin a
substantially dry environment to about 400°C to about 1,000°C.

-14-
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3 The term"Mercury Intrusion Porosinetry" refers to

the ASTM Test 4 No. D 4284-03 used to determ ne pore

vol une distribution of catalysts by 5 Mercury

Intrusion Porosinmetry. Mercury pore distribution was
measured 6 using a Quantachrome Scanni ng Mercury

Por osi neter Model SP-100. The 7 software version used
Thie ltémn immwatlwboiesvdlﬁnﬁl obtinediby W&Eﬁ@ﬁmtrugwrf Bomsmetry
8 tension used in the calcula ion is 473

86 HBP A BB 2018 HuhE ARG the loiaiakima 11 sultEss B6E aram

J%‘ﬁvécﬂrr&ﬁ: th8 rﬁﬁncéfl Eﬂﬁ‘\u%tﬁ!%ﬁfbre FBfimé Hfh@:%utﬁjrpl?ﬁeasured by
efin" nean ose 11 stral chain olefins W't hout

Segimrf 14.41G otlAGT dkDot284-0Y) orUham:omeagondm@Habular pzesamatlon

S S B0 e S5 e B, o
i@)@léﬁ@%m&%r fhflt ISdefiNed Mk I@\l\f@hﬁmﬂ liefrieToweb# datetion limit or

derived from pol ynerlzatlon of ethylene. 15 The term
lownesheadivs pieasuresd by Sestioe 1766 piBASTM £h428463.
conversion of normal 16 alpha olefins into isonerized
olefins having a | ower alpha olefin content (the 17
“d'be: krenshainy bBSIsbé‘amhy;droa& basis”.Ga)d “violajihes-frieattasiall shall refer
[ cont e ,double. 18 bond n

Bk dhy R calale e ¥ikduat raRdRalfialy aRing oaed Bhameta
dﬁdé@géﬁg s@a&h*@a’sﬂﬂﬁ{@ RGO ddie,t erm

"partially-branched chaln olefln is defined as the
ol efin product of 21 isonerization of nornal alpha
Pﬂ\@férﬁﬁ“ﬂﬁ%ﬁ* 85 sk %e?éﬂrrﬁ@ar‘&f c&’fté&ﬁ'ﬂj the: diéa&?«atécﬂbﬁ%i sts
than in the starting normal al pha ol'efins. 23 The term
apbestalyst copposites ahthisinveation peitelrepsion withea suitakle solvent,

eak 24 dia he di,angt er t hi
Hiron 0 eoBgR Rhacafhan o e GBBRbF i Mg FrGIVEEE gpo gptayst
danhgositese distribution, as defined by section 14.2,
reaches a 26 maxinum in the nmacropore range

determ ned by ASTM Test No. 4284-03 for 27 the

TRE RS PEFHignition (ON2ESLYEY hefdin Mdarly B@SMrcent weight
invention. -16 1 The term "peptizing" means the

laps pbihsi ZﬁO*'tﬁg compgeite gy raw matsriafsamplas erE%f]otheM arpdgated to
AL IR IVEhER 1Rl W B3k A GG B Sucl ' BB

he a ion o
538°C, the “loss-on-ignition” apprommates the percent volatiles.

The terms “macropore”, “mesopore”, and “micropore” as used herein follow

the definitions set forth by the Intemational Union of Pure and Applied
Chemistry (JUPAC), Division of Physical Chemistry, in Manual of Symbois and
Terminology for Physicochemical Quantities and Units, Appendix I}
Definitions, Terminology and Symbols in Colloid and Surface Chemistry

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

(500 angstroms) are called "macropores”. Pores with widths or diameters not
exceeding ~2.0 nanometers (20 angstroms) are called “micropores”. Pores of

-15-
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4 The term "percent volatiles" as used herein neans

the difference between the 5 actual weight of the

catal yst conposite or the raw materials and the wei ght

of 6 the material on a substantially dry, anhydrous,

or volatiles-free basis, 7 expressed as a percentage

of the actual sanple weight. 8 The term"SAR' or
ihseririechatesizd (0 manpateters < width ortdiambtersbb@nanatietersy are
si§ i con oxide to alum num oxide; nol SiQ2:nol A1203.

G BROPI®E uf fi ci ent water to shape the catal yst
material" nmeans quantity of 11 water required to nmake

an acid peptized mxture of zeolite a | Uy 2
Padiams Wiateona tusion Hageinafiareas eibedss i fest
Nb B! £ig4.H8 Ill.ltsgt? }tg'?@fé{ﬁﬁé?b&er w8 diStribiBioR'o? ¢aBilysts by

formng a ca aggregate from zeol 1 te powder
Merauryintrusien Forasioietitye Mextuby pdes distibddion wgs memsured

i he pawder. in,a di 16 .The t VLat
ARG g aacheine Saaniny NEFUAY foforiritecionst 561 fig  Jhe
S5Ttwaré Jersien ksl By thefigstfurhent iRev2 a4 ghatw £0/29/98)E Sufface
milliliters per gramderived from 18 the graphical,

tenaignaideddngoe saloplalion igiddBrdymesi et qesditigtenand the eorgact

ASTM. 4284-03) or the correspondi ng tabul ar
%i@é%%%?:agﬁr%%&the sane data. 20 As used herein, all

percent ages are wei ght percent, unless otherwi se 21

ecified. 22 not, ed ,aboy. t he,_present, i nvention is
T st e MebRRh g SIS v g R P BB OT B For o
Sty SHn SRTRIS! it féﬁéi?ﬁiﬂbzﬁﬁt dEfrebioF alkih Bramdhimg/ #i which
of 724 the present invention were characterized b

thercarken tmeaostdauble bend sesides pamariy asltheefﬁradmy“a%pha”
RBGIT Pt EBEh EhalY Lo Dol O ik & (P alpha gefins

arerddrivied\itord Qotyrietizeten(ghothylensus - 17 1 pore di aneter
(pd). Mercury Intrusion Porosinmetry also is used to

determne 2 the macropore peak diameter fromthe

TS tatat Tiematialphd dlfin ReveridatibA®thdansIhdedon@ersion of normal

(apd). The graphs are used to _characterjze the

dphaolafing igfo isamerizeg olefingthaving Adewar aiphaplgtimceatent (the

dSihé Bk)ﬁd ?@Bé{w&éér?cﬁ‘ﬁﬂd Eh AiYRLr AP bIHR @ntdiit§the double
present 1rnventi on -
bond is in positions other than between C4 and C), and optionally a higher

degree of branching.

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

higher than in the starting normal alpha olefins.

The term “peak macropore diameter” as used herein means the peak
diameter (i.e., the diameter within the macropore region at which the
differential plot of pore size distribution, as defined by section 14.2, reaches a
maximum) in the macropore range determined by ASTM Test No. 4284-03 for

the macropore peak in the catalysts of the present invention.
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6 when used in alkylation of aromatic hydrocarbons
with olefins exhibited a 7 reduction in deactivation
rates as neasured by increase in alkylation run 8

l ength tines conpared to zeolitic catalysts known in
the prior art. This result 9 was unexpected, since it
had previously been believed that increasing the 10

Fhe tate guptiaing” nidehsciabaliysérsivnldidaigecagregaties f binder

activity, but was likely to also 11 increase

prIfisiesy ixdusiing Bv@ete%!umlnae igknEich smaller PHMasy Rarisles by

flet 12 the catal ysts of the present
[ %v%{}({fﬂl%}ﬁgu% er standard al kyl ati on reactions 13

conditions. Results of the deactivation experinents

' »l : I
6 Y Pk R et Ly T8 pEITRIARLILS GRAEAE bgioen e
dduskeseight ohthencatelgst coraposite oathesraew mddarizsl ahy the weight of
i bstantially |longer run length 16 tines congared to

raaterebon gopyhstantall HI%'t%nh pugPrySfatigs/ace hasis, |
%ﬁgtérl utslsgr]ﬁeg?é'?lﬁgénor d%%?%%hggﬁ‘%é?w\é ar#g}syst 18

conposites of the present i nvention. 19 The nordenite

' a i%‘?
E’F‘ggéerﬁ i@% é%?g?ﬂ QB%I so exeﬁil(obl? ﬁﬂntlw)%;fgglt%ghé}ﬁ)e%fu?mcon
oxidé e alumaibuin mmdembesm;_arrbi weed 21 with a flush
using a suitable solvent, such as an aromatic

hydr ocar bon, 22 preferably benzene. This was

P thrrrS‘fSMthG@tgﬁttesm;be/tW catalyst tnaz@w’r ireand Juantity of
al kyl ation catal ysts cannot be easily reactivated._ in

\meu remiEed Iy akt anacidapliedmidure it zealie apd Almiga
.{gqm@,l %ygﬂﬁu@gblgeﬁggsyst s are conpletely 25

|vat e reactor bed nust be changed to renove
the deactivated 26 zeolite catalysts. In the case of

'hlﬂa-etém{ 45!5\ &F“ugf %gldstegsrgeﬁ{sm ML ts'me f)?(?(fésﬁ:gtfo@ng a catalyst

conposites o I nvention,

agepagakedroms 2calite deidéleom ehirtfuraof zé@:teldnyil bitdempowaters by
the olefin feed stream.is stopped while the aromatic
WW&&F’B‘Q&P@&?"Wt’”ﬁ 18- t 0 be flushed through the
reactor for a sufficient 30 nunber of hours.

Econom cal ly, the use of the nordenite zeolite

ha 'éW‘s tatal pere voluec 9?&!'9@@ by d‘ﬂ%@é’ﬂ Bdrugfon 'ﬁ@"%ﬁ@?@)ﬁ as
I
IR R AT et B totbl SehelolBhRTR s PUF BRARIRAEA from
thegraphicalk auaiuative proepoiimeslistautien (Segtisneld. 1.6 of ASTM

Sﬁ%gﬁ[ﬂ?})%r the corresponding tabular presentation of the same data.

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

specified.

As noted above, the present invention is directed to catalysts having a
controlled macropore structure comprising mordenite zeolite. The catalysts of
the present invention were characterized by pore volume distribution obtained
by Mercury Intrusion Porosimetry, ASTM Test No. D 4284-03. Mercury
Intrusion Porosimetry provides a graph of cumulative pore volume (pv) versus
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4 zeolite CBV 90A(r) avail able from Zeol yst

I nternational having a nomnal silica 5 to alumna

ratio of 90:1. Any available simlar nordenite zeolite
may be used 6 for preparing the nordenite zeolite

catal yst conposites of the present 7 invention. It is
believed that nordenite zeolite having a silica to
pbradiaenetat {pal). Svibetume dmnabion Pobisihetn dhisbisutsetidb: determine

DR eeeobi gt ool e it dGudhnbrdeia PRIBOIIgd by
BBIaYThpAPL TAO BretitRSABludcBUNRI M R SdtaRSH GTithe

I nto tablets, 11 extrudates or any ot her
pregemt inMestipnepar ati on of extrudates requires the 12
presence of a binder, such as alum na. The tabletted
catal ysts do not require 13 the presence of a binder.
Murdenijs zedliticroatalgsisanid eatalyst coreppsitetesf thaypréesentigvention
conpressed to.forma tablet. 15 The alkylation ...
PR Rt e s SeahorS il it rybited a
kftion 39 dRBEGRIDN riles 34 EaRUIRNhPIRFERR indiRdatiderun
nordenite zeolite catal ysts and 17 catal yst

engtio imessonnparkd tpizeolifie catalysta known i iberirinrast This result

S PRRRERA Snet i ML Blevin by RRETRM s P REeTng e
elirface aterl ofthe Watdihst WoGiEenErehBY @ tacivity biewas likely to also
al kyl ati on reaction 20 conditions. The aromati

ngeraedewiivatign Katesi mglative depdivation mtes ey ,d%t@rmined for
iy . ! L

HREAEARLYof B8 PRI o A G5 i RS otons

evnditibns., Results ebthe dasutivatidy eaperim@dsaregivarcin Table Il. The

wherein the al kyl group has from about,kK 4 carbon atqns
Frdtn 206 sotabetison Rasis of MIRLATeSHR! Bveier exfon

r- -
e B o T e B b et 19 S gt
timeseompargd td hwrdesité asoliteafatalyste thatl doyhaet have i mheropore

Ao o ARG SIRPRHS o IeCBPRITIE st gatalyst
@?ﬂ?bsit@oﬁﬂ cpafégém ial&on. | N addi ti on, normal al pha
0

e
efins may be isonerized to -19 | obtain :
partial |l y-branched-chain olefins for use in al kylation

TREFhdrABniké zEORe c%tmggt_&:z,eemd EAM4R/BE ESHpoditRSEF the Préséntd
artially-branched-chain olefins my be 3
wivphtion Risbi exhibitast unexpeicted resulls & thelir- abilityita be reactivated
\tmrth 'asﬁ‘ubs?\ttiJéiHé %dsu?tla%fé Q&Ver?tr,] %uch as an aromatic hydrocarbon,
preferably benzene. This was surprising since generally prior art zeolite
atkylation catalysts cannot be easily reactivated in situ once they are
deactivated. Once the prior art zeolite alkylation catalysis are completely
deactivated, the reactor bed must be changed to remove the deactivated
zeolite catalysts. in the case of the mordenite zeolite catalysts and catalyst
composites of the present invention, all that is required is that at the end of an
alkylation run the olefin feed stream is stopped while the aromatic |
hydrocarbon continues to be flushed through the reactor for a sufficient

number of hours. Economically, the use of the mordenite zeolite catalysts
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4 vinylidene olefins. 5 Procedure for Isonerization of

Normal Al pha Oefins 6 The isonerization process may

be carried out in batch or continuous node. 7 The

process tenperatures can range from50C to 250C. In

the batch node, 8 a typical nmethod is to use a

stirred autoclave or glass flask, which nay be 9

hedcetblysj cbhq)c@a'ies obthe Wehtdnv&rﬁiqmﬂoaaﬂw@tioh of aromatic
ontln o] fficiently carried out

ﬁwjgc?f ‘ﬁgﬁ E?B%é%@gﬁﬁﬁg? Pg%es in a fixed bed 11

process can range fromO0.1 to 10 or nore meight hourly
Eace veI80|t 12 1n flxed bed rocess g . .

188 meriey é?t%ﬁt?'é’?*su COMROSIGE NH0E RECRARELUSING prdenite

?:é’b!ﬁé UWQ@ﬂ@évé?Ebb%jfr&h ZedRMREA IR aPhadhg |aef?(§hlntal silica

50C under vacuumor flowng 14 inert, dry gas
ta:t:a!uvmal mtio ofR0: ﬂeﬁp\graa»tadablecsﬂmﬂaremoaim&heu zegliilemay be used

ata 15 adj.usted to,the desired r tion
frifaiing o mar B phe GavS, EFRhoes ik prisantea.
ﬂib@nmacn% belidvedeRbt FoRdatitel RBlitdBaving a silica to alumina ratio
gartlally branched, isonerized 17 ole |n i's

alwut PRt aed abouhi0PAmawbe ysed dercthedreparation of the
X | ef
bR s eonaSRis e phchee ANerSRE™ er

ol efin, 19 tr| substituted ol efin, and vinylidene

fi hi tent th t he
Eh EpeRO B R PSS bl BE b & o g avit,
AtARiteS of i ﬁj’/ ofirkpBpe 2T hal prpavation dPlexBLAARIS requires the

hydrocarbons with normal al pha olefins, partially- 23

Wﬁﬁﬂ@%@ atvinder; susheas abnipaeflhadablgtad maﬁmmdiq:mﬁ rgquire

BeFirbBen Y #Pingef, koM mitaBfit PEDR AR ncl be

G:CEmpr(elseedltsfdryrpadaH)lby carried out with an aromatic and
an olefinin 26 ' nolar ratios from1l:2 to 25:1.

Process tenperatures can range from about -20 1 100C

Tioe a&glﬁsoa&@&tnmniawe)@arfie@ subby ang cohgéntimidliyigown
the process Is preferably carried out in the

o B'agé% Ehﬁ@&waﬁm :apfz?%waa the m%@%nltﬁa;e%e satalysts egd
U IRBEE RSN RR0  BR AR BRI B o
wates.s Thbaarbmahblmtiromybdnmsheacted with bhe ob nmhmel Gleflhs in the
SERSREORE S SRS LS oS ATl SRR URASC SRS aliSn TBSSuon
conditions. The aromatic hydrocarbon may be single-ring or double-ring,
preferably the aromatic hydrocarbon is a single-ring. The aromatic
hydrocarbon may be an alkylated aromatic, such as a mono-alkylated
aromatic, wherein the alkyl group has from about 4 carbon atoms to about
80 carbon atoms. When the aromatic hydrocarbon used is a mono-alkylated
aromatic, the product of the alkylation reaction is a di-alkylated aromatic.

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

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

80 carbon atoms. In addition, normal alpha olefins may be isomerized to
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6 out in a fixed bed process. Space rates in a fixed
bed process can range from 7.0.01 to 10 or nore

wei ght hourly space velocity. 8 In a fixed bed
process, the alkylation catalyst is charged to the
reactor and 9 activated or dried at a tenperature of
at | east 150C under vacuumor flowng 10 inert, dry

gaigin péitialy-dednochadi-cain bleingiféuylisd incatkglatioh yedction of the
cool ed to anmbient 11 tenperature and, a flow of .the

Bresrat inventien-ot Bpsp resulifgorartialisbranahsdudwn olefips may be
of
GRbagens, of-BRRRs, MBS (TR ERE R Qe i
'aibsahdﬁrtelHebmmm e point pressure of the aromatic 14
hydr ocar bon feed conposition at the desired reaction
tenperature. After 15 pressurizing the systemto the
Besiedate furdsemerzatidreoft ompealaAlphe Olefingicreased 16 to
the desired reaction tenperature. A flow of the olefin
is then mxed with the 17 aromatic hydrocarbon and
Thé @arderizativh Procysy mbh ecairfiby sut inMhatch ereoatinddlis mode.

ef fl uent conprising al kylated aromatic drocarb
The eiracss lBMPETaIUERCANBNGRJET B0 @ﬁatzftdéﬁydf‘é'a%gﬁﬁﬁﬁ' mode,

%ﬂj@éﬂﬂ hddi9td ﬁgé g%tlrr-glaeatﬁéﬁﬁé o?gl%ié’gtfl sk, | P]ch may | be

car on conp then remnmove
Isé¢ated 1o tige demembrmdtlon terdperatdey. Agontimows pmcgssishaost

) k h il di } .
AR AOTT St DB osPaSn SPEcogaiasa adied Bed s
BRAoSORBATANS 1 G108 10, ABFORRIGHE RN hece abRks!

cat al yst™ conposites are conpl e
deactivated, the al kylation reaction sI ows down or
{ c
PP Red B8 3600 B  ebfher IS EaBHI 1PpRIERS th e foaclr and
Q(ﬁwyam(j/uedmezcaat amembatatnmmfoslt Iemétﬂtfé)éCmndanfvapummsar flowing
|n|n e acli eS|tS|n 27 t zeol i
Wa!Fa ré R/%‘Ft"’a iga,thgy ew&r%é%oﬂﬁle 'B@"‘@Héﬂ%‘é}ic?t&’m 1S
écﬁ[]@fé@ to:%ﬁe dBsirse ?é‘édt%ﬁﬁ@ﬁ)p@%tﬁ@bﬁ& 2R of heCAbfh ¥t s
cat al %St conposi t es. 29 deactivated nordenite
lzuéroﬂuc@:l C halrga@tgr aﬁldeatacmtywn@mmwhak%bsar@heg;usmmerlzed

QBRI {1’ oThe P Moo BB el Pl iy ggotains

Pealffersht olgfin HRtERIBAL (alphaysiehe asdia ol dataria ofdint | nue
to 3 be flushed through the reactor for a sufficient

irsubstityied elafiny and vinviigene olefing angiranekingisenterd ghan the
m%ﬁlerized olefin.

Procedure for Alkylation of Aromatic Hydrocarbons

Alkylation of aromatic hydrocarbons with normal alphé olefins, partially-
branched-chain isomerized olefins, and branched-chain olefins may be

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

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

molar ratios from 1:2 to 25:1. Process temperatures can range from about
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5 EXAMPLES 6 Preparation of Mrdenite zeolite

Al kyl ati on Catal yst Conposites 7 Exanple 1 8

Preparation of Conparative Catal yst Conposite A 9
Mordenite zeolite catal yst conposites were prepared by
the follow ng nmethod: 10 Loss-on-ignition (LO) was
determ ned for a sanple of a commercially 11 avail abl e
o0 URto hbomaﬂd"()e /‘GBMéB@A(mQ haew aitigibbeilifig poirdethleysocess is

PERSGO0t Cgod oub  edtaid Phike < B AU AYoR Taecsey mayber
?%gtbd olth BgchQQtéé'nﬂﬁg?&@ﬁwoB% 3R tMebalth HHasd Bfﬁ?(‘!él‘i’ﬁ&hod

percent 1.4 volatiles in the nordenite Zeol’i't
isdodse dsfimed astedlavers glass ﬂasia witicic ovaydoechedted atmbthe

f . h e a m num oxi de. ava l.e from.
Jesititt R RlinE N bartai, A g S Bl B S g tiiBply Bified
bisnARIEDE® phtdss| & acé%aﬂeshﬁtﬁf@w%é@ﬁﬁm%@s%amas@é from
% Next, based on the results obtained fromthe 18

Q.01 tosléeorgmar@wefghtrbpaémspeceefeIQCttxa powder and 175.7
grans of alum na 19 powder were wei ghed out to give a
total of 520 granms of nordenite zeolite 20 powder and
I fixedibed procassntheaalplation catalystischarged 19 the réaatosand

wd
ARy bY Gl e B MRS Sl 51 417053 o0 ey or flowing
iflelte dryadek. dAktenhctRatibal thd dTkyisti®s catkiist RBvold &5 ambient
concentrated (70.7% nitric acid to give 0.7 weight %

empssatuse andabiow of the armaliy lydrecarbre cempamsidgrtntseduced,

' L up I
ORI 0 oL B R BOPE R B RN b edlne e
seitgi tise ptéssarellls?éboide&ﬁelbm}e poinPpredsareithefaromatic
dej oni zed water. -22 1 The t otal anmpbunt of water and

siresarkop feed semposkioncat the dssired reactipnfgmperature. After
r@ |ﬁ€tg‘» ﬁénﬁ@%@’ﬂ kg lp\‘eéﬁ%f@tﬂ&%m@@kﬂh? f%sin&\%%sed
cu I as

I'1 ows Volatiles i1n
tmdbe idesired welactionrteng@ratuaes A(fi88 ofjthenolefin isl thenwelxgtitwnh the

-- 520 grans_dr i ght). atllesm e .al.um na
omete HEoErheY g e odlow greribetalaistad ERcior

EMast Hpidhg Blidtatdll Brdmals h?dro@aﬁﬁinubh%dtéd olefin and

consi der ed to be 100% vol atiles. Thus, if all the

exsees arematic hydrocarbon compound is collected. The excess aromatic

hydrocarbon compound is then removed by distillation, stripping, evaporation

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

Reactivation of Deactivated Mordenite Zeolite Catalysts and Composites

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

deactivated mordenite zeolite catalysts and catalyst composites are

-21-



W N e

10
11
12
13
14
15
16
17
18
19
20

21
22
23
24
25
26

7 materials were conbined, the volatiles would be

420.9 grans. To give a 8 m xture of 650 granms (520
grans zeolite and 130 grans alumna dry basis) 9 dry
powder with 42% vol atiles, the total weight of the

m xture nmust be 10 1120.7 grans. Thus, an additional
49. 8 of deionized water nust be added. 11 To the
eactieatedial thénendict an, a[ls}ﬂa@rrarm lf stoppimgi the dlefat fredngtream

added over a, 12 nut es, us
Ganeaparer and pepmiting Hs @%&5%@9@@%&5@@"&@ cqnginue to
I\%‘ﬂhsﬁ&?tﬁ@u% 15t réa'&%r"fb%Q%uﬁfétﬂrﬁtnﬁ% Roréivabout

Xing was then resumed 14 and the so utlon of nitric
h@hdurswtomcmtﬁﬂdmwi%ed over 10 minutes using the 15
peristaltic punp. At the end of acid addition, the
tenperature of the wet 16 m xture was 78C. M xi ng was
continued for a total timXAPUBSM nutes, with 17
occas_onal )
t he i
wet mxture consi st ed of | arge srmoth cI urrps and t he

wet 19 mi xture tenperat s 42C. At this point,
the volatiles were 20 41%@“;‘3\3@%% % 21 The wet

m xture wapy %@Hgﬁ%f U@JE%QH\J& éétglﬂfvét'@dfﬁb@éate A
asymet ri c quaarl e rnserts, In

extruder. The wet long cylindrical strands were dried

%rdgrﬁhegne]% Ezglrai){%é QSH{p%SQJQQe"é)Egaﬁé\‘ \Mg & fbllowi Q'?ﬁ’éthod

were t Ive extr I engt
dianeter ratio of 2: 3 The extrudates were S|eved 25

S R Bl T BB iy

Mab@ﬁoaﬁdr?ﬁlech@ohmma\bmt awanlable ﬂdnr@écﬁlyﬁ Ihternatienal,
e Aidlede im0k oo SO0 bl eAHRS e saote 0,598°C fo
PRbAr. gf h%?@)fé)%ﬁi’éingd Wk P55 "/r‘%ﬁﬂ ;S}BQfd%g ot[;? gi%ﬁd;%rt

A tot rams of ‘extrudates were
vlafiles inr thel mordmﬂ@rzeahte)pmwéew heishoved. flihe L@kofraidat es

AR el e ol Gapeagp SudaRE Bl Oxne Haleb TR

~ \ABfh GREMNdR Tondhary W5§aeférhﬂrﬁ@m)y _ﬁtfﬁtiﬁﬁrﬂi@sgm%ie to 538°C for

Preparation of Catalyst Conposit
1 hour and was 26.01 weight %. Next, based on the results obtained from the

LOI, 588 grams of mordenite zeolite powder and 175.7 grams of alumina
powder were weighed out to give a total of 520 grams of mordenite zeolite

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

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

dissolved in 294.3 grams of deionized water.
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9 Mordenite zeolite catal yst conposite was prepared
follow ng the procedure 10 used in Exanple 1 above,
with the foll owi ng exceptions: 11 Volatiles of the
nordenite zeolite powder and al um na powder were 12
11. 63 wei ght % and 27.54 weight % respectively.
Correspondi ng nordenite 13 zeolite and al um na
pbedetat ameuat b wated @ﬂe]ﬁB?MtrEﬁéble ngeded to bbtain a final

S S5, A et e 2 R follows.
RORARISINIRE Snélaenie &Sglltfa (Homﬂa%r Hrd EBera ﬁi%CtSSQQgrﬁﬂr t%tat

grans of water was ad over 15 mnutes. The acid

weight r—oﬁﬂﬁ/\asamgdadwwhb)v afolatilesimtieealumtinapowkeparant

4D . SHAU L o0 G el eitbt G S ambeng yeighlly niric acid

b6lIoHen & Shitsidéreli%o 420G 00% Wbmllé@STWt‘ﬂ Al Asvedaw
mnutes. At this point, the mxture was too 20 pasty,

gwtenals werasomiuned. tbe Nolablesogoul he 420. wgrﬁmSh el hoivera
ﬁ'%%’tSFe 8{659 ér’laryé?@d égnr%%él‘?écﬁlte ? ér%@ raa 8ry basis)

rusi on ture was

dnyi eslvdei witd 420iveiatiies nige total Weigmsif diné: naktluye ehiust be
nvi ronnent._23 Mercury | ntrusion Porosinmetry showed
E%O-Eéﬁﬁ%c?m&@ A8 agidi 9 Spfisieionized ‘Y‘@t%rn%%'ﬁ Bergdded.
and the cunul ati ve pore volunme at dianmeters |l.ess than
25 300 angstrons to. be 0.1661 m/gram 1 Exanple 3 2
P & pawdsrs @fth@smfaeyép arafsoef delonized water wateagded over a

BRI P gAY pE RSN TSR A o soppod s

Hat e walis \% heVobar lcbelsl (1] s¢rbpﬁd elowrt, el\/lb«hvgiwasahdn reshumed
al um na powder were 163\NEI t % 27.54 we t
3’ W&%@@ti%@f Pitricacid i wiitef; Wes aAge pg%goi@aritw the
o} r
?%‘l‘ép%'i‘?. Pufm: "“jE*%%*?%%%é%??%ﬁﬁ%%ﬁ@??&
e was 76 @%Mwmgl wasicontirmed 608 tgtahtisieodf 4(Dm|nutes with
dei oni z ed wat er

) f 1
St Bl G ol 1R e e SR LB AL qddgf the
RiGrig period NHbaset ikitire coRSisas é*f Iéﬂgé@t’n@btﬂ&ulﬁﬁﬁ @rﬂﬂﬂ‘% wet

over 10 m nutes, which point the tenperature of
mixtuiedemieraise 166,42V x i Mghigapoiob the Holatlesoverso

ﬂ_&g\,@eﬁgh&_tm s tinme, the

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

and the portion larger than 1.7 millimeters was retained.

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

muffle furnace using the following temperature program;
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13 m xture was too pasty, so m xing was continued for
20 mnutes wwth the mxer 14 cover off. Volatiles

were 40.41 weight % at extrusion tine. After

extruding, 15 drying, sizing, and calcining in a
substantially dry environnment, Mercury 16 |ntrusion
Porosi netry showed the peak macropore di aneter to be
The e&Budaigstare meatetita 563 "Cuoveraivoveoley ihendialdrat 883°C for

i,ameters |ess tha 3Q0 angstrons,,to be 0.1617
iR doiess shold ta Sy e, 4ol orclPh et diates were
jte 3 21 Mordenite zeolite catal yst conposite

was prepared followi ng the procedure 22 used in
Exanpl e 1 above, with the foll ow ng exceptions: 23

il ' | i na
et 8 3n PO BT SERAIIST A, 2 pak
maspEEre vidmeteCof 1680 andstigmsoardkea cumul@bezenk ivolinae at

| um.na .powder s re 582 91 _gr apd 175.03 grans, 26
Fetiue Bey arcapl fostting on B % Alowrsy 5 ot am.
was di ssolved in 27 300 grans deioni zed water. The

powders were dry mxed for 10 m nutes and -25 1 179. 12
grans of water was added m%é]m nutes. The acid

solution was 2 gigsaa0¥for LTIOM CompPLite i s POi Nt
the m xture had™a i C iqurd consistency 3 and the
tenperature of the m xture was 23C. Heat was applied

Y18rddMiteDethle cé‘tab@.t E@l’ngyt'ég%@ ﬁ%ﬁi@ﬁé%ﬁo%ﬁg@ﬁgﬁﬁx{%ﬁrum

streamof alr was Inje € m Xl ng
usediinyExdmeplei kabowe, wilht e follewing éhaeptibnst nut es under
these 6 conditions, the volatiles were 42.55% and t he
m xture | ooked rubbery. Mxing 7 was continued for 10
Violatikesof the henrtenitslzeolie dowaler aint. aldhinahpowger were t he

PP Bt B bl S i
%&%é‘h Hltﬁnh"@spo%déﬁ V\Fg}Q?I/Q%.@g%rﬁQQnH%%SQF%Q 10

he m xture 'was ol at1 Fes were 41. wel ght
respativiehy Gascarttratednitrioedid, @5.& grandsli wasdisisoRed in

iutes with. application of heat. The 12 t rat ur

e grams, deiprizedatsh; Ehe RpwdsS Wara iy Bk Tgbmgsps and
80.3 gramis of vdtbiRas HaGeWRivet Bliringtda dTiRe atidsdlitioh was
consi stency. . The m xture was then )

added over 10 minutes at which point the temperature of the mixture was
23°C. The steam/water mixer was adjusted to give a jacket temperature of
48°C. Mixing was continued for 30 minutes. At this point, the mixture was too
pasty, so mixing was continued for 20 minutes with the mixer cover off.
Volatites were 40.41 weight % at extrusion time. The mixture was then

extruded, dried, sized and calcined in a substantially dry environment.

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

300 angstroms to be 0.1661 mi/gram.
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14 extruded through a 1/16 of an inch, asynmmetric
guadril obe die inserts, in a 15 Ramextruder, dried,
sized and calcined in a substantially dry environnent.
16 Mercury Intrusion Porosinetry showed the peak
macropore dianmeter to be 17 645 angstrons and the
cunul ati ve pore volune at dianeters less than 18 300
angstrons to be 0.1617 niExampled9 Exanple 5 20
Preparation of ?ﬁ \ \ 5den|te
zeol i te cat al yst—¢oHpc c—Was prepatred ol l ow ng the
procedure 22 used in Exanple 1 above wth the

exce ons: 23,V Ies
T ARVB GRS ey BlawBtellne ScPBeg iR rofgpes 1
ARGt RicOilloMng @aRptibhyel y. Correspondi ng
nordenite 25 zeolite and al um na powders were 1182.2
grans and 356.1 granms, 26 respectively. Concentrated
Vhiatiles &Qhé’zeaﬁte%cﬁ{}@éf‘sand’\aﬁnﬁhé pelverwbre 21,6308e@he and
dei oni zed water. The powders were dry mxed in a
21 .8dtweighhlp, r@ﬁpemselz eeiespenging ameuntgraf zeockejand alumina

oSG Gardint Ao Sin A0rd0R eBorfh oL PO Hel

ﬁﬂuﬁomﬂa@tmé’@e frdm\25.8aglaath GVAD.7 ¥ niticadi@ andB0d @ﬂaﬁms of
the m xture had a consistency of a 3 thick

‘I“P'Qaitz@d Ayatet. hédfi@‘i}rﬂ@t%'t was 863 gramsy &ﬁ%fr 0 wrigutes af dry
o B2 oBRALAS" el wits bBCTOUE 15 i dest Nt 4RCHSS

soitkort Wesriddedgvedn dohainutes, dvhich beintrthd eneperaturerof the
m nut es under

e ol S A s iecHor SRt s S, te
%ﬂuz@%&@%&ﬁé@tygﬁ,’& Hhiuﬂ%@(%uﬁﬁmmhga sfgf‘CZ%’ﬁﬂdﬁﬂﬁj ROkl theBmixer

e tenperat e mxture
¢m@x@ﬂ Nibtileg wede Al 41 warghdddiat estmagionitiriengAfter egibuding,

t th t. f d.l I 10 ‘m xed
e Shind- Ao dealbbRin AL Sy ety Buarvroarne Metiios
miriBientParosibletpy sRaWR@thépeak MadrbhsreRRAMbte rttB %e
tenperature of the mxture was 41 C and the

65 angsteamswand the copwlative: prre valumse a’rﬁ@m@ttersﬂassdhén

BRI B IR, 1, e v

Example 4
Preparation of Catalyst Composite 3

Mordenite zeolite catalyst composite was prepared following the procedure

used in Example 1 above, with the following exceptions:

Volatiles of the mordenite zeolite powder and alumina powder were
10.79 weight % and 25.72 weight %, respectively. Corresponding mordenife
zeolite and alumina powders were 582.91 grams and 175.03 grams,
respectively. Concentrated nitric acid, 12.9 grams, was dissolved in
300 grams deionized water. The powders were dry mixed for 10 minutes and
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14 asymmetric quadrilobe die inserts, in a Ram
extruder, dried, sized and 15 calcined in a
substantially dry environnent. 16 Mercury |ntrusion
Porosi netry showed t he peak nacropore dianeter to be
17 570 angstrons and the cunul ati ve pore vol une at

di aneters | ess than 18 300 angstrons to be 0.1711
17992 afams Of WateMeas adided Bveu st afinlesosTeadiy stbhﬁlmlntwas

for the nordenite zealite catalyst , 20 conpo
s SEiEs. 1 Jon Pt IRe e a3 T9ak R gopsistency

AR Y iR ggtrgg@;%@%éﬁ@ég 2&@?2{%} g\?as‘%g%ﬁiddstb the mixer

toqapesht eémpegatary {ond6°g. amsdleanemfeaur Qmsgajectads)"nto the mixing
arative A***(Q, 4620, 1587100 3440Q. 166

FABA 00 EY HreEigbie 200 GUTeR DAY BHGed pads hess o7

ré?ndlt@kakhe{’%lﬁtd\é@m 42255% a-FRit lﬁb rﬁ&hﬁe“l@bkﬁ@rﬁbew . Mixing

aneters less than or equal 300 angstrons

\@as abymuadjﬁmpdﬁl mmupewﬁhmteaﬂd@si heat engdn Al this pomt the

ca site for obtainin d I
B of et S e SRR ok 25 R A i o

ﬁk&drﬁ@fmrwmwnmeﬁhéw&mé wWaAResHMUBBB and 1 ieheperatire

the binder 6 was not adjusted between 45C and 50C for

ofithe pnixtose sEsoH 6 Vﬁletlirsswrpaﬂfbaﬁi Wweighit%l Mixing was

- TRAR B dh o RT MBS vt deffiohaf b Radh “Td

t@ﬁipﬁét@de betheegiktdzGras 47°C and the volatiles were 39.93% at this
time. The wet mixture had a clay like consistency. The mixture was then
extruded through a 1/16 of an inch, asymmetric quadrilobe die inserts, in a

Ram extruder, dried, sized and calcined in a substantially dry environment.

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

300 angstroms to be 0.1617 mi/gram.

Example 5
Preparation of Catalyst Composite 4

Mordenite zeolite catalyst composite was prepared following the procedure

used in Example 1 above, with the following exceptions:

Volatiles of the mordenite zeolite powder and alumina powder were

12.04 weight % and 26.98 weight %, respectively. Corresponding mordenite

zeolite and alumina powders were 1182.2 grams and 356.1 grams,
respectively. Concentrated nitric acid, 25.8 grams, was dissolved in

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

2 minutes and then dry mixed in the Baker-Perkins mixer for 10 minutes
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9 and 50C for the preparation of the Catalyst
Conposites 1-4. 10 Exanple 6 11 Preparation of

| someri zed Normal Al pha Aefins 12 Typically,

i sonerization of nornmal alpha olefins is carried out
as described 13 below 14 C20-C24 nornal al pha olefin
wth the follow ng conposition was used for this 15

Bxrnd bes. 7lerathPbpvatce was KRicH §oerlib Btuaes! Themcl Station
18 Internal olefin 1.4% 19 Tri - substltuted olefin 0.2%

@@S‘adﬁ?ﬁl‘ﬂ@ﬁé Ogniswtes. AABIHS prink the Rudtupy had Aggansistency of a
glr anc(ﬂjld g?l QHélt%ﬁngépat{l%l&%ﬁ% g %d’ )@/P?’%?%as gpphed to

i ne rare
teanixertc tmsae the fackét félnq)eTanJmlto 4bpha Aostedam ofai was

ROt itia tae (RGO sRamer o 4y Mesiidug: SATdPng 35, 3
A rhih (RSsSIrder 48 ié;@éﬁdnmﬁ& 1150 VOB \péresﬁ w%oérﬁf i

|somar| zat| on. react or was oper at ed _
tesnpdraturalwas 36°QL6BXiag weasl dapdindet dohtl m"yutepaitwhlch point

teceGtnatatire of e Elati waf PP:CrancaBaPariR aned ruovery
nﬁé.t éﬁ'ah)mt?é:héﬂﬁhﬁﬁg férszzmmmagl bhixiure Jorded Rirg& elufiths

The resul tln%/I partiall -branched i sonerized olefin
aothmiked well. Midingfwas ﬁonmm for @nsadditinnal 8rmlnutes without a

AR T A B8 M ol B Bhe RiRLI et 4150 and the

wolames iwge@B08% attthRtirhéle The wet-rixeure Madeﬁd@hféiken 7
Exanpl e 7 Preparation of al kyl benzene conpositjons 8

qysigtaney., Tapyixire sypsohen ed thipuebcal 24 eilimetars,
AQJRet . 8084Ab6E i mserts, in a Ram extruder, dried, sized and

calcined in a substantially dry environment.

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

300 angstroms to be 0.1711 ml/gram.

The Mercury Intrusion Porosimetry results for the mordenite zeolite catalyst

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

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

Comparative A*™* 0.462 0.1687 1000
1 0.344 0.1661 574

2 0.346 0.1617 768

3 0.329 0.1617 ‘ 645

4 0.318 0.1711 570
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9 partially-branched-chain isonerized ol efins and
branched-chain olefins was 10 carried out as
descri bed below. 11 12 A fixed bed reactor was
constructed from15.54 mllinmeters Schedule 160 13
stainless steel pipe. Pressure in the reactor was
mai nt ai ned by an 14 appropriate back pressure val ve.
WW@&ﬂ@@méObmﬁnﬁ heaters were constructed 15 so that
Adjabatic t erature con coul d be

At R E b oo el dimetzes lsayhsis PbRIPEHE SOR stoms: 70

wma REt Bathp¥she WRES sk ad %d)ﬂ'lbﬁi%ﬂl@é%aﬂeﬁ A chtpdsite for
Bﬁ'lraﬁdl %%a%?at j{\ Ié dfrbéta 5&0(% e§ Q%nﬁe@ RE tO

dl %Edzrﬁ 98& e binder
p%% e
mifieg of rute; %ezqi'e B8 mheh 45C

g@%ﬁDyC\fwbmt@apmtlpe of Iﬁ'éﬁ‘ et y%&%ﬁp@%ifeénwal undum to
ensure a 22 high packed bul k density. After charging,
the reactor was cl osed, sealed, and 23 the pressure

was tested. 24 25 The al catal yst was then
heated to 2BReHAIRAGH of 1sthdriel NoMHl A Olefind || OW Of
nitrogen measure daimrprent _tenperature and pr essur e

and 27 dehydrated for 23 hours at 200C. The catal yst

Bflod2 RlfCuRRn il e oM S catiod A desprpee
belor® up-flow manner at a flow rate of 200 grams per

hour. Tenperature (under 30 adiabatic tenperature
control) was increased to a start-of-run inlet -29 |

CSPOS! RoriA afdhalSidfin Wiaherfenbing tcobfiovitRni was nséaforsthis

bed) and the 2 pressure was increased to 12.66
bxamplshieres. 3 4 Wien tenperature and pressure had

i ned out at desi red start-of-run 5 conditions of 154C
and 12.66 atnospheres, a feed m xture, consisting of

6 benllpha clein 830%4 NAO at a nolar ratio of 15:1 and

dri engt e&eﬁﬁblé@at ed
Internal olefin 1.4%
Tri-substituted olefin 0.2% ,
Vinylidene olefin 9.5% (determined by carbon nuclear magnetic
resonance spectrascopy)
Branched-chain olefin 11% (determined by infra red spectroscopy)

The normal alpha olefin was pumped up-flow through a fixed-bed reactor

(570 millimeters high and with an inside diameter of 22.3 millimeters)

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

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

atmospheric pressure.
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7 alum na, was introduced in an up-flow manner at 200
granms per hour. As the 8 feed reached the catalyst in
the reactor, reaction began to occur and internal 9
catal yst bed tenperatures increased above the inlet
tenperature. After about 10 8 hours on-stream the
reactor exothermwas 20C. In the first 57 hours 11
Piie sddctamneffluds d@inﬁ}hiﬁquhé‘pert&iiI?lbrdﬁdiemmnémmd aledfois
to 98. 8%(Run 12 Period 1) hi s omi

ellestadst T %@%@qn%wwbwmh%@ﬁ%ﬁ@@# iy %ﬁa@ﬁé}m

I flush,
BRereff eloriinButch Gfitholefih, HoH OB ah W RIESRN. | T et
trissybstiited-elafmsanddngakeee-oléin )k and Badchingsdontent thaortke
Feed was contjinued until 351 run hours (Run 16 Peri od
WN-1SOGRFERd Y1 un hours). O efin conversion was
initially 98.9% 17 during Run Period 2 but declined

to 98.1 % at 321 run hourg ang further to 18 95. 3% at
351 run hours. A second | ush was perfornmed at

351 run 19 hp Bfaalk IbBHt'éﬁe cOhbBEitibhg second
benzene fl ush, Fesunmed again to start
Run Period 3. Feed was cont| nued until 550 run 21

[

Tcay, GG A RYGhaE ydfeTaliss At oo Hibblefis,
parflalysbranched- chAirt|bomér:laedMmsfana‘slbrambeaﬂmhelrﬂdefm@was
23 a weeke d Fe(ﬂ flow was resuned after the third
GUrs Rt AP §ﬁ°rftl5'3' RYPW- 24 Run Period 4. At the

begi nning of Run Period 4, olefin conversion was 98. 8%
25 and at 942 run hours the ol efin conversion was

A Exaddbetreactonwaasosstppied framg 15f54milbaatdrs Gahedule 160

uld have contl ued | on

b
Sl e o PSS lE e B ihs RS hined by A1
AAFEPHatt BHRMRe¥RITE vaRe. CTHd RRichst hd hégtetdhRef®bbRstndied

the run. After distillation to renove excess 30

st hah adiabalia teropersbure Gamiio) spyddieomaintaingd dyriagttee course of

438G RN B8 8 oret 50 AigRs oy
ARunpdesysarticles wdsasatkieddn Beabbitoratofdhe Redator wof prlolizie a pre-
h%agtglone ?\Iext 100 grams of Catalyst Composite 3 was charged to the fixed
bed reactor. Finally, void spaces in the catalyst bed were filled with

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

E

the pressure was tested.

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

adiabatic temperature control) was increased to a start-of-run inlet
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3 in Al kylation Reactions 4 5 Deactivation rates of
the nordenite zeolite al kylation catal ysts were
nmeasured 6 during the alkylation reaction simlar to
the alkylation reaction in Exanple 7 7 above. 8 The
al kyl ation reaction was carried out as described
above. As the alkylation 9 reaction was exothermc, a
Afthd 0P 18X REAS YRS jIBEasebRAhB AN a) kY the
appropriately | ocated thernocouples in the catal yst
pregsulgswag) inceearadiiont466 atmpspheres. data from a
catal yst run, the position of the tenperature exotherm
in 12 the bed was plotted as a function of tine, in

- WhhstempPegatd e ahd paédsune hatidinetl out 3t Hesirahsiaitysitruns

the slope of this line in cenptineters per, hour

rendiiionzeof11pATEd 1&E0cHMosPBeres 8 faed BNXUFR ISP
B&Hféﬂe"ﬁcﬁbk&g& NAG traqgjol'a‘?rllgﬁcg‘gf 15\ and]tiri&iab@éﬂéétﬁlated
andard of te

were eval ua at s rd conditions nper at ur e,

pluasisaneas mbddutéd fpac eipvitdve cianneaat 200 graink yeatioon As the

run | engt were neasyred in hours. 17 Copparative, .

festapgare i atnyal A tageprBpdparin Dearrt i Bd afgatemal

¢ a!y%?bgd‘?émb&a%ul’%gqn&gﬁwd aBovaleEinlet tér?lg@l’tﬁu_re. After about
eactlvation test was conducted during al kyl ati on of

8 bopenen-sireanathe eadaerathermiwas@0°e. dnhe figst S [pHas

t al efi t { t f 1
Sihgat hsthlstin Soplots il frdlebed Rorh{00% 1gFad e 1
géﬁéd 12 2AN0HY béint, ARe chtaly @n@idhwa9flusiddhith befeanesit t es -

and 4 prepared as described 23 in Exanples 4 and 5
20QIgrams gpr Bour durings hdheurse| bellovdng the henzgng flugh. dhe

G O 5 PBRALER P S BERO p rit
thergECastlBerud howrs, Féed wascéntindea irit 351 run hours (Run
Period 2 from 57 to 351 run hours). Olefin conversion was initially 98.9%
during Run Period 2 but declined to 98.1% at 321 run hours and further to
95.3% at 351 run hours. A second benzene flush was performed at 351 run
hours during 17 hours. After the second benzene flush, feed flow was
resumed again to start Run Period 3. Feed was continued until 550 run
hours. Olefin conversion was initially 98.5% but declined to 98.3% at 519 run
hours and to 97.0% at 550 run hours. A third benzene flush was done during
a weekend. Feed flow was resumed after the third benzene flush to begin
Run Period 4. At the beginning of Run Period 4, olefin conversion was 98.8%
and at 942 run hours the olefin conversion was 98.4%. The run was stopped

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

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

olefin was achieved during most of the course of the run.
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it CAl %vercury Intrusion PorosinmetryRun G onpos ( um
( Total PV* PV <300 A Peak Length e)na

)(m | gram) (m / gran) Macropore (hours) Mol ar

Rati oD ameter, A 316290800.3290. 166645293

416690800. 3180. 162570200 A17090800, 3610. 159100030 2 3
45 6 Exanple 9 Procedure for the Reactivation of
Deactivated Catal ysts |rEddiyed i on reactions 7

Cat al yst Conposnte 3 prepared,l n Exanpl e 4 was used
3 ferdeagu tion Rates of the, Latalysts

Conpar at |ve Cat al yst "pglbhqqé%d%ﬁgar ed in

Deactivation rates of the mordenite zeolite alkylation catalysts were measured
during-the alkylation reaction similar to the alkytation reaction in Example 7

above.

The alkylation reaction was carried out as described above. As the alkylation
reaction was exothermic, a temperature exotherm was measured by means of
appropriately located thermocouples in the catalyst bed. Using temperature
profile data from a catalyst run, the position of the temperature exotherm in
the bed was plotted as a function of time, in hours. The deactivation rate of

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

- deactivation rates are determined from the relative alkylation run fengths. All

catalysts were evaluated at standard conditions of temperature, pressure, and

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

Comparative Catalyst Composite A was prepared as described above in

Example 1 and shown in Table }.

The deactivation test was conducted during alkylation of benzene with an
isomerized Cy to Cos, low alpha content olefin at a temperature of 170°C.
The molar ratio of benzene to olefin was in the range of 10:1 to 15:1.

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

length of Comparative Catalyst Composite A and are given in Table |l below.
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9 Exanple 1 was used for conparison in the
reactivation experinents. 10 Characteristics obtained
by Mercury Intrusion Porosinetry for all three 11
catal ysts are shown above in Table Il. 12 The

al kyl ati on reactions for reactivation of the
deactivated al kyl ation catalysts 13 and cat al yst
conposites of this inventipgblegdre conducted as

descri bed above 14 in Exanple 7. 15 The inlet
tenperature was recorded at the start of the

CataR5tY T A 2Rlr83CT IS9ia: THEzeoté |1 N RilrciSTRRERR V’Bl%s*n%tr?he Alkylation
COmp &gperat(q,{)e of t}g}@m?@ed qaiering the reactor hefore Run

17 r eact i|oncigxeiibdr m has Td»@d/evop@ak <3DBACt i vBéakon | Length
of (.at al yst Conposite 3 and |I18/@empariat/gree) CatMacspatre | (hours)
Conposite A was observed when the position of Plrmetep A

20

gexotiher gzAOVeEC framgde|i g 59 z0ng; 185 the @45 203
reagtar 1ce |t atallyst 20 (“nrmnc | t es_werle
4conr|etaBﬁ dEdCtlﬂﬂted t&e aIKy$t8|(w10662t|on A8 200
stopped T~y stopping he fipn-f I to
At he reaagé nd t reacﬁgf mazwggifluéhgég t h 101 30
2 benzene by contlnuing the flow of the benzene feed for
about 16 23 hours to about 60. -32 1 At the end of
t he benzene flush, the al reacti on was again
3 started by 2 beginning tﬂgﬁ¥ﬁé§ﬂgf the olefin feed and
4  the al kyPpd¢sure gaciheMeaiivativn 0fBdativatéd Wangigerd
until the position of the exotherm agaln noved away
5 fromthe inlet 4 zondndgkd 8BRS Two reactivation
6 experiments were run with Catal yst 5 Conposite 3,
S rea
7 CRehB LRI e MESRE ¥ el R fpp spupperivo the
8 reatiNatiin éxpinémtys f@ﬁnmﬂvd\ﬂakhlgﬂﬁr@@hgoém A prefdred in
hours, a nuch |onger period than Iin the case of
9  Examplest wesHsss fpécgmpsﬂm inottie neactivptiosspnesiments. 9
I |
10 GgteRicifict B ATE, AL hyBaRp Rk Rar, [ (ifbe
11  catalgsistard &tmwmaﬁxm*rml e 1111 Tabl e Il Catalyst Run
12 The alkylation reactions for reactivation of the deactivated alkylation catalysts
13  and catalyst composites of this invention were conducted as described above
14 in Example 7.
15  The inlet temperature was recorded at the start of the alkylation reaction. The
16 inlet temperature is the temperature of the feed entering the reactor before the
17  reaction exotherm has developed. Deactivation of Catalyst Composite 3 and
18 Comparative Catalyst Composite A was observed when the position of the B
19  exotherm moved away from the inlet zone, of the reactor. Once the Catalyst
Composites were completely deactivated, the alkylation reaction was stopped
21 by stopping the flow of the olefin feed to the reactor and the reactor was
22  flushed with benzene by continuing the flow of the benzene feed for about 16
23  hours to about 60.

-32-




e ~N O G H W N =

10

11

12

13

14
15

Inlet Al kylation Benzene Fl ush

Experi ment Conposi t eNunber Tenperature Run Tine After
Run C( hours) (hours) 13115457*18 13216229417
133170198Weekend end ~ *** 13417236316 13517230 **--
23115418425 23217496 ***43 233190217-- 3Conparative
11764443 A 3Conparative 215924-- A 12 13 * The

APIHeLEAd BF tnérbéﬁzetnl@eﬂusnr ﬁ@céiﬁgaﬂbﬁfreébtmgb&gamesialtt@d by
i ncrease ra 4 whi ch was presuned to indicate

HegonmeEdlovon! tbstale fead bt akdaten 1easeR A alowed o

Lot BT Al S S PAA pyT e

péved bEthearesioturt G’I\Ncpﬁacﬁdatﬁfn expdrimestsavdreuah, wittbCatalyst
hours, would be sufficient to reactivate Catal

st 3 .
Esmpsisitec, whlqmwamrewtatat%fq%@W%&@gﬁd@%ﬁé@ﬁehgdﬂth a
B8HEche fitdh.| EohpabRivet¥&iyst A was flushed once with benzene for

43 hours, a much longer period than in the case of Catalyst Composite 3,

without being reactivated.

Table lll below and Figure 1 show the reactivation data collected during the

alkylation reactions conducted as in Example 9.

Table ili
Experiment Catalyst Run Inlet Alkylation Benzene Flush
Composite | Number | Temperature {| Run Time After Run
(°C) {hours) (hours)
1 3 1 154 57 * 18
1 3 2 162 294 17
1 3 3 170 198 | weekend end ****
1 3 4 172 363 16
1 3 5 172 30 ** -
2 3 1 154 184 25
2 3 2 174 g6 *** 43
2 3 3 190 217 -
3 Comparative 1 176 44 43
A
3 Compzrative 2 159 24 -

* The concentration of the unreacted olefin was observed to increase rapidly
which was presumed to indicate deactivation of Catalyst Composite 3. A
benzene flush was conducted to reactivate Catalyst Composite 3.
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4 that the al kylation run could have been allowed to
run for a longer period of 5 tine. 6 *** Conparative
Catal yst A was observed to deactivate very rapidly. A
7 benzene flush of 43 hours did not reactivate
Conparative Catalyst A 8 **** The benzene flush was
started on Friday eveni ng by stopping the flow of 9

? dﬂ% Hﬁ&eﬂﬂﬁmﬁkﬁ&M@ga%ﬁo BPpLAME of
unt | U %Y &%’:@ §R gB lt I me
%mpr;e 3. 11 heAa'&rZa DY et %Z% S( PHE{‘U%BS"GVGd

hitva lkrgtio rere rpyid h?é’@l QF Bi eegtfooeﬂod of

anrna molar ratio in the range of about 50:1 to
about 4 105:1 and wherein the peak nacropore di amet er

S B Yl b o
SHehqus gl net reactiveln QPW@ ragtv

dlaneters Iess than or equal to about 500 angstrons

k. ri%r ot %v%pﬁﬁ%ﬁ kil

ve
R G o1 WSS Mo s Sarted.
about 400 angstrons is less than or 13 equaI to about
0.30 milliliters per gram 14 15 3. The catal yst of

claim2 wherein the cunmul ati ve pore volune at pore 16
di aneters |l ess than or equal to about 300 angstrons is
| ess than or 17 equal to about 0.25 mlliliters per
gram 18 19 4. The catalyst of claim3 wherein the
cumul ative pore volune at pore 20 dianeters |ess than
or equal to about 300 angstrons is less than to 21
equal to about 0.20 mlliliters per gram 22
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23 5. The catalyst of claim4 wherein the cunul ative
pore volune of the 24 catal yst at pore dianeters | ess
than or equal to about 400 angstrons is 25 in the
range of about 0.05 milliliters per gramto about 0.18
mlliliters per 26 gram 27 28 6. The catal yst of

1 cl giLmiSaherein the cunul ative pore volune of the 29
catal yst at pore dianeters |ess than or equal to about
300 angstronms is 30 in the range of about 0.08

2 m il i | Aterslygeiaii@amacrapord sttuckrd@drpriding hforBehite 3dolite
gram -35 1 7. The catalyst of claim1l wherein the

- 3 peak nﬁawag@r%hf@ﬁ tonaluening malar relie in the mnge affabgbbdP:1 to about

4400 an
cat al yg§5 ‘é’ﬁ?n@q%e E‘Q%ﬁ{}%gé poggﬁj ?@%‘Fﬁé?g e &ﬁalyst,
5 di anet areaseredwby ASTMSTeangs Df 4282008, id (3sahgn tabo0s to
angstrons. 6 9. The catal yst of claim

s ahor oi 468 ﬁegﬁfé@wsr?é@rtasmlda%\fﬁep@rﬁ \Gimaer @%ﬁ@@l‘)&ﬁéﬁt pore

isin
7 angst rg%@?é@g&%gﬁﬁp h%q%ag?% ygta “é ané&gﬂﬁé’gﬁ ?%%ed by
8 pr ecedABI M Tesinbo. DIABEHES,tid Exssthde o equallid abeolt 0130 milliliters
has a silica to alumna nolar ratio of about 65:1 to
 about B8 9raM> 13 11. The catal yst of claim 10
10 Wherein the nordenite zeolite has a silica to 14
alum na nolar ratio of about 75:1 to about 90:1. 15
11 162.12. Trre@ataéyﬁloygtaimﬂ whpraimeh@tumhlatipe@oeeiwn@me at pore
f ;g: gfdlaﬁ_rg%les Igsé %ncgrt eaqLYaﬁtto ch»ut1 ZOd angsﬁroms is Iess than or

13 equal to about 0.30 milliliters per gram.

12

14

15 3. The catalyst of claim 2 wherein the cumulative pore volume at pore
16 diameters less than or equal to about 300 angstroms is less than or
17 equal to about 0.25 milliliters per gram.

18 |

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

20 diameters less than or equal to about 300 angstroms is less than to
21 equal to about 0.20 milliliters per gram.
22

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

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

27

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

29 catalyst at pore diameters less than or equal to about 300 angstroms is
30 in the range of about 0.08 milliliters per gram to about 0.16 milliliters per
31 gram.
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19 13. A catalyst conposite conprising: 20 21 (a) the
catalyst of claiml1; and 22 23 (b) a binder. 24 25

14. The catal yst conposite of claim 13 wherein the

binder is a suitable 26 inorganic material. 27 15.

The catal yst conposite of claim14 wherein the binder

i s7al uThdgataRfst bPclaiiel whbAliY e SOAMORTCHEHATE FaMefitSs in the
of clainms 13 to 15, wherein the 29 nordenite zeolite

i s pregdge af abpHb 490 agestiematio @bosbd0R egastre@scent to

-36 | about 99 wei ght percent based on the total dry

wei ght of the catalyst 2 conposite. 3 17. The

cag.al yFie cazihes of elarh TWhersid he\bediemackdisorertist@bidrés in the
zeolite is 4 present in t ange of about 60 wei ght

he rang
per cenfi@ngg of ghiout 480 ugglemsHo sbpEk AP0 BASEHOMS- t he
total dry weight of the catal yst conposite. 6 18. A
catal yst conposite prepared by the process of claim
139. 7 TiSe cétapysb oéshirh@ wherghathengeak necadyat diamptesiof ¢he

conprising: 8. contactin rdenite zeolit

havi ngcaga@ﬁ 'ﬁdé\?%% rAdme r@‘ﬁ%l%fégoﬁr&siré?m%fzq ?Pqtﬁgopzfﬁ‘@@tmms-
of about 50:1 to about 105:1 with a binder in the 10
presence of volatiles to forma mxture wherein the

wel@ht T catahist ol any bnemf des ptecediy claams,swihereirhthe mordenite

f .abpout 50 t t 99 2 t I
ooy e B e obing Bubdigte of BBt b Bifbugst
wherein the volatiles in the mxture are in the range

of about 14 30 weight percent to about 70 weight
pettenthecatalyst of glaimd:0 wherel) thenamprdenitenzeatitechas a dilica to

R N e

envi ronnent .

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

in the form of a tablet.

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

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

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

16. The catalyst composite of any one of claims 13 to 15, wherein the
mordenite zeolite is present in the range of about 50 weight percentto
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18 20. The process of claim 19 wherein in step (b)
shapi ng conprises 19 extruding. 20 21. The process of
claim19 or claim20, wherein in step (a) the weight
21 percent of nordenite zeolite is in the range of
about 60 to about 90 22 based on the total weight of
1 the m xbalit®D9 weiht pdRRnPbASES &N he B5tHI mabhpbﬂh%aiéiyst
to 21, wherein the binder in step (a) is a suitab
2|norgaﬁwﬁpﬂﬁﬁ%r|al 3 23. The process of claim 22
wherein the binder is alumna. 4 24. The process of
any one of clains 19 to 23, wherein in step (a) the 5
3 volat i The catalygieoniposiie of alagm gitesbetein the erdenitpezexdlite is

+ 300 el fidhe 8088 bEERS e BBOE pRraelf 1 Shofad Bient
5 the V%@béh?ﬁa%ﬁ lth?@tdt@!tcﬁy \A@@‘lt%‘f thé Cﬁfﬁlﬁt c%nﬁ:ﬁ)sﬂé

cat al yst conposite prepare he process of claim
19. to 11 27. A process for produm ng an al kyl at ed
6 afP@atA%afé]%%rﬁﬁdﬁlegﬁgﬁéﬂeﬁ' helgroE e aeéialg 13t
| east one aromatic hydrocarbon wth at | east one
ol efin 13 under alkylation conditions in the presence
of 14 he éé% t 6 28.
! Thtciag pr% s‘zé of E arm @9 efﬁ%t% 3?6%@%?%%%"@'%2’
wherein the catalyst 17 conposite is reactivat ed W th
g an ar ti r
 tep 0P ol STRHORERERIBEh1S 20ine Ravhh £31icd 16 ARG Hger rati
9 react i vat ed thetrange béah@n650‘1 ttshboﬁl10522 vﬁﬂl ablrMeBd:eﬂﬁa
for preparln an al kyl at ed gom&t C, conpositi

10 conpri si ngpre ence ghyaatiegdo farm 3 AR AVhaTBIRNE weight percent
11 hydrocar bogy pbkderte 2B is M thePtfige of about 50 to about 99 based

12 on the total dry weight of the resulting catalyst composite, and
13 wherein the volatiles in the mixture are in the range of about
14 30 weight percent to about 70 weight percent of the mixture;
15 (b) shaping the mixture to form a composite;

16 - (c¢) drying the composite; and

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

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

19 extruding.

20 21. The process of claim 19 or claim 20, wherein in step (a) the weight
21 ‘percent of mordenite zeolite is in the range of about 60 to about 90

22 - based on the total weight of the mixture.
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24 under al kyl ation conditions in the presence of a
catal yst having a 25 macropore structure conpri sing
nordenite zeolite having a silica to 26 alum na nol ar
ratio in the range of about 50:1 to about 105:1
wherein 27 the peak macropore dianeter, neasured by

1 ASEH TeRé phscess dt&pd-dhe of ddinisS19 8531 tWREreaP M biBEr in step (a)
angstronms and the cunul ative pore volune of the 29

2 cat al yista ayitghle haggamemeatsrigess than or equal to about
500 angstrons, -38 | neasured by ASTM Test No. D
4284-03, is less than or equal to about 2 0.30

3 m B34 | Thepsogass qficlaim 22 whegsin tiihbinges isegleimita.cl ai m 30
further conprising a step wherein the catalyst s
conposite is reactivated with an aromati c hydrocarbon

4 f | 24.h. The pro@&ss of mmypmecefsdaistsetd tf 23) whenehiingtep éanthe
the catagl yst .c osiite is 8 reactivated wth .

S benzentOIRNIBS Y 5 WK e rEseatinghe Tagoe,abatel 35.vaight

6 30 10 BerceWhRy é’d)dhttdﬂﬁmégﬁﬂ"ﬁé#c@nt dfnavAR@gRr bon is
benzene or toluene. 11 34. The process of claim 33
wherein the olefin is an al pha olefin, an 12
is r4 idF, o ' f ' L

7 heveo] ¢ ey i PRnaRIn S ORI colnifgelhaien'aRd an

8 the ol @fidn has from about 4 carbon 15 atons to about
80 carbon atons. 16 36. The process of claim 34
wherein the al pha olefin or the isonerized olefin 17

9 ha26.f r Aroatdigsttcobnpasiteqre phieashy theglroues$6f claimvdo.
atons. 1s 19 37. The process of claim36 wherein

10 3l pha olefin or the isonerized olefin 20 has from
a t . age .

1 P R b a0 BRI o] AYfatcd SRR SORRRRigR konitising

12 ol ef i ncartactingat least one aromatic hydrocarbon with at least one olefin

13 under alkylation conditions in the presence of the catalyst composite of
14 claim 13.

15

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

17 composite is reactivated with an aromatic hydrocarbon flush.

18

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

20 reactivated with a benzene flush.

21

22 30. A process for preparing an alkylated aromatic composition comprising:

23 contacting at least one aromatic hydrocarbon with at least one olefin

24 under alkylation conditions in the presence of a catalyst having a

25 macropore structure comprising mordenite zeolite having a silica to

26 alumina molar ratio in the range of about 50:1 to about 105:1 wherein

27 the peak macropore diameter, measured by ASTM Test No. D 4284-03,
28 is less than about 200 angstroms and the cumulative pore volume of the
29 catalyst at pore diameters less than or equal to about 500 angstroms,
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23 about 6 carbon atons to about 70 carbon atons. 24
25 39. The process of claim 38 wherein the
branched-chain olefin has from 26 about 8 carbon
atons to about 50 carbon atonms. 27 28 40. The process
of claim 39 wherein the branched-chain olefin has from

129 abonteabdrezbispASTM TESt No. BLIRSU-0F is RissaRar b @BuUald about
-39 1 41. The process of claim34 wherein the olefin

2is a p830mAllilferseR@R®- chain 2 isonerized ol efin
wherein the olefin has from about 6 carbon atoms to 3
about 40 carbon atons. 4 5 42. The process of claim

4 4130heThe rprdxtasspﬁbrddim $tyf1.btrmg chaprishay & steipg.mberiemdwe €atalyst
ol efin has from about 20 carbon atons to about 40

5 car bonCaTBRSIte i3 regcul\@teg%tﬁpﬁrbg@gat@ hydrasgreen flught her

¢ Characterized by an increase of at least 9 50 hours
in the alkylation run length tine conpared to

7 noBaenil he pracasstsi¢ly of clamdiingherefretile cedalysipaomaposite is

di amet er_greater. thi)n 900 gngstrons 11 and a
8 cunul at9aFEVASH ViR ﬁQZ‘a‘ﬂeﬁU di aneters |ess than or
equal to 12 300 angstrons is greater than 0.30

mLlilifers per gram 13 44. Th rocess of ¢laim43,
5 Whibei T REodae Al 200 a6 QAT B Snvheran tedtmalie

tinme Cﬁ?m% dend ysts having a silica
10to al u na&ﬁ%ﬁo@ﬁsﬁ%@ rat Pgtcﬁgérgé't han 50:1 and greater

than 105:1 and having a peak 16 nacropore di aneter

11 %ﬁfﬁ e’fh% Agad Qe %mtsré)%e?é?ﬁ tte Sfé‘f‘i]'lliéhh‘gsﬁplﬁﬁ%ga,lgn

Ume at "pore di anmeters |6ss than or equ
12 angst r somegizedodefin, 2raheimed cRainl diefin bemixtpes theessofi s
at least 75 hours. 19 45. The process of claim44
13 wherein the increase in the alkylation run length 20

14 U1 88 CORPRFGSE Of BRI Ivhehdh @he 8lctin 14 RS 3ibdlut USRirbon
to al um na nol ar
15 atoms to about 80 carbon atoms.

16 36. The process of claim 34 wherein the alpha olefin or the isomerized olefin
17 has from about 6 carbon atoms to about 60 carbon atoms.

18
19  37. The process of claim 36 wherein alpha olefin or the isomerized olefin

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

21
22 38. The process of claim 34 wherein the branched-chain olefin has from

23 about 6 carbon atoms to about 70 carbon atoms.

24
25 39. The process of claim 38 wherein the branched-chain olefin has from

26 about 8 carbon atoms to about 50 carbon atoms.

27

28  40. The process of claim 39 wherein the branched-chain olefin has from
29 about 12 carbon atoms to about 18 carbon atoms.

30
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21 ratio less than 50:1 and greater than 105:1 and
havi ng a peak 22 macropore di aneter greater than 900
angstrons and a cunul ative pore 23 volune at pore

di aneters |l ess than or equal to 300 angstrons greater
24 than 0.3 mlliliters per gramis at |east 100

1 houns. TRe pré&estthof cldif B4 AHeSin Yhe BleBhnd a(befrtiéltgb@n’f anched-chain
characteri zed by an i ncrease of at |east hour s

Zi n t heisgmeyizediaefin wherein §isolefindas drapaebgut 6 carbon atoms to
nmor denj Y. having a silica to alum na

3'rml ar EB %ﬁ? g%lg%bha;éﬁlgo: 1 and 29 greater than 105:1

4 and haV| ng a peak macropore dianeter greater than -40
1 900 angstrons and a cumnul ative pore volune at paore

5 di 4Aet 4P8 precess of dajand bwhergiathe 9a@@dy~5>ﬁ@§thash%ham isomerized
¢ 9reat eBIeﬁP s(%ré)in?g'o\'tl{}]bbtcﬁf Sont 88bous 40 ‘%téoﬂ— Bfoms.

process o c alm ereln e Hcrease in 1
7al kylation run I'ength 5 tine conpared to nDrdenite

cat al s having a. si o alumna_nolar 6._.rati
s o4l ! ThR phoroshiiainat Buirias ahomsbereeal bl RRJIGiGAse of at least
o peak 750%&%%&%%@@1&{ nﬂfl@ﬁ%ﬁrtarﬁé‘or P ROROr

and a cunul ative pore vol u e dianmeters ess
10 t han ocatatystd hawng@m@macmmr@dm@er g@eatérathad B0 angstroms

1 o oces NG BRI Pk limer A pore, dasaele’s lpsBan of Sdual t

12 al kyl aBO@ﬁnQé'ﬂPoﬂn@ﬁle‘batérlthbh'U?S@ﬁﬂmmé%jPéP g deni te
catal ysts having a Silica to alumna no 12 ratio

| ess than 50:1 and greater than 105:1 and having a

13 Peak 1PhaRESQRRIGT RIS WhetiR M InchElde aﬁgﬂe@naﬁétro?mn length
and a cumul ative pore 14 volune at pore di anete

14 | ess t lae comparedito nworgeoitangwlystsbaygne at silica tbalttvama molar

15 0.3 m ||'a!t|JoI Iéés? fhan50:1 %) %r‘e%teq‘tthaﬁ ?815 1100d Ravmg a peak

16 macropore diameter greater than 900 angstroms and a cumulative pore
17 volume at pore diameters less than or equal to 300 angstroms greater
18 than 0.3milliliters per gram is at least 75 hours.

19 45, The process of claim 44 wherein the increase in the alkylation run length

20 time compared to mordenite catalysts having a silica to alumina molar
21 ratio less than 50:1 and greater than 105:1 and having a peak

22 macropore diameter greater than 900 angstroms and a cumulative pore
23 volume at pore diameters less than or equal to 300 angstroms greater
24 than 0.3 milliliters per gram is at least 100 hours.

25

26 46. The process of claim 30 further characterized by an increase of at least

27 ‘50 hours in the alkylation run length time compared to mordenite
28 catalysts having a silica to alumina molar ratio less than 50:1 and
29 greater than 105:1 and having a peak macropore diameter greater than
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11
12
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15

47.

48.

900 angstroms and a cumulative pore volume at pore diameters less

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

The process of claim 46 wherein the increase in the alkylation run length
time compared to mordenite catalysts having a silica to alumina molar
ratio less than 50:1 and greater than 105:1 and having a peak
macropore diameter greater than 200 angstroms and a cumulative pore
volume at pore diameters less than or equal to 300 angstroms greater
than 0.3 milliliters per gram is at least 75 hours.

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

than 0.3 milliliters per gram is at least 100 hours.
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