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WD 2010/ 014404PCT/ US2009/ 050724 PROCESS OF MAKI NG
ALKYLAROVATI CS USI NG EMM | 3 CROSS REFERENCE TO
WORRBUADEDIAPPLI CATI ONS [ 0001] Thi s applicati on BCHRURR09/050724
the benefit of U S. Provisional Application Serial No.
561/ 084,171, filed July 28, 2008 which is hereby
|ncorporated by reference in |ts ent|rety FIELD CF

a pr ocess for pr oducr ngalkyl aromat i cs - especrall y
nono- al kyl aromati ¢ conpounds, for exan‘pl e

CRESYRPEPREINCE QORI KPR DSEPPUIGATEORRNE, USing a
T nol ecul ar Si eve conpositron designated as EME 13 whi ch

[000H an The: mmiicatRorf glany theabenefitlof H4Yi Repvisivrph eApgiiation Serial No.

6108ELH Fledthi 2 Tt b loeSpS Ry rgfeapnog igits entirety

FIFYDORTHE INVENTIENY denonstrated in the past to have

cat al )i_ I'Cc propertres for various types of hydrocarbon
[008Znv erldF ontesans| diseipgue stedajess to hat popesd Eygppiogdieingnalkslaromatics,
csp SR SRR GG sl APAABLY (BERNRLLAT cRene and sec-

syn crys ol ecut ar 'si v

butpbeiARas cus@plai inekchlae side doatpgeitipn r@s@ﬁﬁt&dtaeSEMM 13 which is an
I.ntermedi ate pore size zeolites, and small pore

Nﬂ%%éﬁ.weéynrﬁegeheeagumﬁgeﬁﬁéf%ﬁemﬁ i sotypes are

ikt e Framework Types", eds.

Ch. Baerl ocher, El sevi er,

[0063]f t h hﬁdectulﬁrs,levzﬁﬁdtenﬂl/su tith hstutad aed yynthary hﬂ)\realb&d damonstrated in

e e S e oo S S G sy SBSiS. Moleuta
Vel Y
sie (eﬁbhpa&éﬁuﬁﬁhcgﬁﬁgﬁmo?ﬁggm&ﬁ nzci:it(g{euﬂr%e r ﬂ’)plol:&ﬁﬁngg or synthetic
crysiﬁlhhar grelepdae steeb.i ﬁ?exsmpwsl orﬁehensaz zerdiees afdludet |1¢rg¢ pore zeolites,
olite Z€eo zeo

imeB@pdialediors g ot ArdoeN ot 8 ikl e ZuRgr e Yein dsgtypes are
desBrilRQr B SAER Jif Zgﬁl%bpl'%ﬁrne@oﬁ( q?)%ésesﬁst Wq{apﬁil\l/%sﬁ A, "@l%n and Ch.

i ncl udes, for exanple, uUQ,
Ba%l@dlerrEBeVIﬁEﬁlfth\/EWman%DOTmhfqhasrembk inoppreratedby trefsrence A large

|
port ST a6 Hsai dgte e af Farat§p0 roRg MRS L. . MAZ FAU.
OFESMBEA ,ZalWl LMOR SitadwokMyge, z&ilitdsc aireC 1 Coﬁﬂﬁissmn of Zeolite

silicalite 2. A spall pore size zeolite has a
Nogiepdatpredrisaseries of largeopdre geoliteraichide umazaitg q&frema zeolite L, VPI-5,
zeoHéA{(,;nggﬁetemr({(mf Sgeﬁpclz gg C‘{X'ﬁ mt%'&%g gorel‘s@é ze%ﬂ% O%G%lely has a pore

sizeZ@ohi hleuNon&nolladsuhey) ab&xapl sl dkhsleg! for Bm‘rﬁplz edlHlt BEEL, EUO,
include ZK-4, ZSM 2, SAPO 34, SAPO- 35, 30ZK-1

MIGARE 32 AERK AFD, THRU FERZ ME Wz Rod d O éﬁﬂnilet‘@f%\ type zeolites (IUPAC
Cobfget bertEer Bagy BT AabEs oA pu Bt ginecpgits et
ZSMeS A Sylyst dSM-2e, M!UM@IL atlicglite\ie and sipioglitti20 M\ srhalimpbteesize zeolite

has?ai‘;g)?% §/‘gﬁ§ g&)ﬁ‘eq%ﬁﬁr é ‘!\etgj rs‘%ﬁg%sal‘%l{ § 8 IR gndr i?l(?lc Ekitso ?orrgxérgxg{eeCHA ERI,
KF?OEQ’VO 1994 Bed/ R ORG24 pe O At TIPAC Commission of Zeolite

hexanet hyl enei m ne, an organi c conpound whi ch acts as
Nodicndatuighxgemes ¢fmmhe®lgescﬁcluﬁerW{2U88PO -34, SAPO-35,

Pat ent yl en n al so
TEhaPQ 3. A A S PR GIEL A PR i, T emetinite
ALBOEVE SndEMopldikk.S. Patent No. 4,954, 325) and MCM 49
éu S. Patent No. 5,236,575). A rml ecul ar sieve
008dhpodi-Bi BatewtNeret 4 8h4(%rebins éqiacaysiadlim melsicilas siggy composition of
t e
mafeed ool P S B i PRRe0 Qond BN BEBPASE 105 APUBihopgal reaction
an adanmant ane quaternary amoniumion. U S. Patent No
6,077,498 refers to a crystalline nol ecul ar sieve
conposition of matter named ITQ 1 and its synthesis
froma reaction mxture for hydrothermal reaction
cont ai ni ng one or a pI ur al i ty of _or gani c additives.
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10such second degree building blocks can be in a
regul ar fashion, an irregular fashion, a random
wo amhioorap4 or any conbi nation thereof; or (iv) PCI/E82M02050724
sieves nmade by any regul ar or random 2-di nensi onal or
3- di nensi onal conbination of unit ceIIs havi ng t he MAW

. L1 I 4
oo T4y Aty OSFA DREAS LA S 8h sen ro
synjiiasisesfnthe MCNIb G GUS. Ppant Ng. ﬁ@é&]@ﬂiﬁékﬁméﬂxy%elmme is also taught

3.570.07 and 3.420,07 Angstrons &@Cther cal ci ne
for gge &\ synthesis p€aystaiting WW Faier MCMetetl-al gatﬁlﬁ)}\khl"s%“ 325) and

pat% @Clta(? it 34 5 D% 6 Bayy A, GRcdfar s@é@e({'{)&‘% %%Hé g’f*matter referred to as

|nc udi ng” d-spaci ng nmaxi ma at
zeobiteQBSTRS BUS Rabent el B82@06D7isAngshesizod ffan thegaction mixture for
al ci ned or. as-synt hesi zge The X-ray diffractjon

hyfﬁgt{hgmg?g ERCHigN CARARMEAN %’é“{aﬁ@nﬁﬂ}l%té’&l?ﬁ/r argngpigngiog. U.S. Patent No.
6 0?’@2@8 Regkshy ash

s A R b b (RS GRIFTO 1 and i
syndleSfSrfmm ametaonaguiyp dor hidrdthernsd irewctidn adntaningoansta@ra plurality of

and &§§00|ated conmputer as the collection system

OTERRYE BFTHYSS bel ong to the MCM 22 family incl ude MCM 22
[0008E S cri Redatdht Uapphicafidt - NN 11429949 38R osed SJ"‘ n%vel molecular sieve

(described in U'S. Pat. No. 4,439,409), SSZ-
COf(lmmfml dedlgziated ) a8, EREY-10ND. hanwggﬁ}rﬁa%) gs EﬂBhﬂsmed form, an X-ray

dlﬂ%%cglgg e glgl Inﬁ \%u 1° ea%]mrfgltgleaxtgn%g% lg);gg& g%gahd |1¥83%0 23 Angstroms,
whédRSGE | Qﬁdm&éﬂls%tﬁbﬁﬂﬁ&i—éﬁ&@ﬁb adifiih f£ubliigeabb XhdNRoms is at least as
W9o711 290) 30 (described in International Patent

grept 51908 ot B PRRK 1%@@9&&8@7 SRcinyONEBUNGE d 2335843 iAmgstroms. U.S.
7 bed U.
Pat%lt%&pp}iggﬁ(gl\ggtsﬁé%%& c? ;W élo?%l(ergl%lré Iclézlir Osei‘? Ic%ng;osﬁgfl designated

as BRIM-A 0382t Sehimoniliice:@htngded foanbent Bs odlcihbe fqrat, @Binprising unit cells
|ncor§$rated herein by reference. 30[0008]It is to be

with s dorelogi esardoirpssaltingrimylesttre sigharis sihatasterized by diffraction

str Eﬁl 3 theA RV llaz[rﬁmgirﬁ%ﬂtqg ltﬂesp&{?e{tloﬁ r':fl‘feo&grﬁﬁﬁllng Rtlecular sieve is
e pore ZeOItea ation catalysts

furirher denicteized by tN@rE&lBk@MMdlédﬁZﬁ@Eﬁﬁ&Bﬁ&Qﬂaﬁehﬁﬁhe crystalline

surfa poc

MCM 22 Bt er |'s have 1 e
mO\{ﬂﬁP]@h S 1§dE Wﬁ?tela%ﬁ‘él By %ﬁ 1r0t}}eleﬁe§trppl tdéf%ﬁ%ﬂon pattern along

ar I | [ .
B

22 fopdy owplecata sieet havingy én e avesyethesiksl ﬁmnclan Ré&vay tlifraction pattern
. re s e ari.sing from esence of both .10.

incBiis Sk A Bt Mgt el Py BT RS G s cd ifiRiidekte peak ata
d- s% ARESmekiafSe bethicwe 1 257 teat 1y 1N AR dRY 8d /hén-88crete peak at a d-

aving this same topol ogy: MCM 22, ERB-1, I1TQ 1,
spapigi- @amm bemices 8. Gelblﬁrw@gmmmwhqml the sl doleasity of the d-
V. e f na.v

spaplpf R RKE o8GR 1 287 o POBE LT Misslinf il s St Mo of the peak
mtefnam bytths@auhgmashﬁMﬁ atl 23MIVPRAnMEMnAES, MCM 56,

wo9Z-25, and ERB-1. Such nol ecul ar sieves
IOOQﬂe 1éfhﬁstélf1%| MEM-2 kapnikt moterish € omeatsréal o ripo RL-22 family” or

“mEIREWIEXGOR! F thd Ma@tfgﬁl b1y’ @sl E ﬁ‘@ g?ngﬁrla ?m%gl oses a

process for producing a I'C aromatic

0 articularly cune risin «
O CorbRiepitng SRV FUAT gt gamg}oalnﬁﬁs{‘ﬁe%%%%ﬁﬁeﬁlf\ﬁ@@% block “unit
al kydliaha/hLtharmayi ﬁmﬁ@nmuagolu@ydem ahit kelasd a Badtial @brangement of
l'iquid phase conditions _and in the presence of a

t r afeE Rxhlﬁt qsdﬂec{;@ttgﬁ?ﬂmp@ﬁlmmg te fescribe the crystal as described in
nono- al kyl aronmati c aromati.c conmpound, 15 wherein the
transal kyl ati on catal yst conprises a m xture at | east

two different crystalline nnlfcular sieves, wherein

each of the nolecular sieves Ts selected fromzeolite

beta, zeolite Y, nordenite and a nmaterial having an

X-ray diffraction pattern including d-spaci ng maxi ma

at 12. 40 25, 6. 90 15 3 570 07 and 3 420. 07 Amgstrons.
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(101) (102) (002) (100) (101) (102) MCM 22 MCM 22-P

MCM 22  Yes Yes Yes Yes No Yes Yes Yes Al four peaks
wae@onesol ved. A vall ey exists between (101) apdr/s$ma9/050724

wherein the nmeasured intensity corrected for

background at the | owest point being | ess than 50 % of

2 2 ﬁtrl%g thAIHr?gS] %rtt;azxélgﬁ}aes %@%@i q’ygpsa’c T?%Z Qfﬁtl{%@e’%(dd 1"%he entire content of

cor whshanuicorgotated BG2ferdnse;not  vi si bl e. ot her three
peaks are resolved. A valley exists betvveen (101) and
erein the neasured |ntenS|tX(£o rect
B

(lﬂbac%a}esﬁ‘?a SIGVEP haage, B oFIRMBR; §5 ZfRaRY %%ng/o Rpck, a 2-

t hegipRhfbnAtilinb o r §@6WW ﬂarﬁ&@&kﬁg%eoﬁhlf s foﬁﬁwa monolayer of
connecting maxima for (101) and (1

EMwrkeQunityed tiekndNeh pdiferablgtome ¥amityeld tholmem screte
Bot h (002) peak and (100) peak are resolved, wherein

t it 002) i I
GiibooBRaL S ERenidk ARG, At bka 96 GER n R Rl dpyers of one
( 108) mofeUihbA &he udBaeH tﬁ&kﬁ@&pmrm th® 1dy&P &1 naRd tHahQslke unit cell
Peak corr espondl ng to (002) is not visible. Peak

cortheckpewds mpde drom seyking peekingr erslindiag at Rask, tweemReolayers of one
cor | r

ox h\!lrgts ?ﬁgp ﬂn f Smé %?ﬁls) he{%ﬁngmaas VI \gr gx?]/%r?(t t%golgéf e’ﬂ-{e s&acklng of
f orsuch second degree building blocks can be in a regular fashion, an irregular fashion, a

random fashion, or any combination thereof; or

(iv)  molecular sieves made by any regular or random 2-dimensional or 3-dimensional

combination of unit cells having the MWW framework topology.

[0007] The MCM-22 family materials are characterized by having an X-ray diffraction
pattern including d-spacing maxima at 12.4+0.25, 3.57+0.07 and 3.42+0.07 Angstroms
(either calcined or as-synthesized). The MCM-22 family materials may also be characterized
by having an X-ray diffraction pattern including d-spacing maxima at 12.4+0.25, 6.9+0.15,
3.57+0.07 and 3.42+0.07 Angstroms (either calcined or as-synthesized). The X-ray
diffraction data used to characterize the molecular sieve are obtained by standard techniques
using the K-alpha doublet of copper as the incident radiation and a diffractometer equipped
with a scintillation counter and associated computer as the collection system. Materials
belong to the MCM-22 family include MCM-22 (described in U. S. Pat. No. 4,954,325),
PSH-3 (described in U.S. Pat. No. 4,439,409), SSZ-25 (described in U.S. Pat. No. 4,826,667),
ERB-1 (described in European Patent No. 0293032), ITQ-1 (described in U.S. Pat. No. 6,077,
498), ITQ-2 (described in International Patent Publication No. W097/17290), 1TQ-30
(described in International Patent Publication No. W02005118476), MCM-36 (described in
U.S. Pat. No. 5,250,277), MCM-49 (described in U.S. Pat. No. 5,236,575) and MCM-56
(described in U.S. Pat. No. 5,362,697). The entire contents of the patents are incorporated
herein by reference.

[0008] It is to be appreciated the MCM-22 family molecular sieves described above are

distinguished from conventional large pore zeolite alkylation catalysts, such as mordenite, in
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WO 2010/ 014404PCT/ US2009/ 050724 are non-di screte or
exhibit a valley but wth neasured intensity corrected

wo eroloakygr ound at the | owest point bei ng not PEFES100A050724
50 % of the point at the sane XRD d-spacing on the
i ne connecting maxima for (101) and (102).

that 188 l@CI@IOﬂ' ﬁlﬁf&ﬂﬂg' ge 'iﬁlrﬁlg Q& Pbck IO Whicdl o 1 |cl)min61§1)lcate with the

resol ved And pea s correésponding to (101) and
M)angum@nqum@ne&BJm@hksm&muhwdws@a0|ng maxi mum bet ween

100§302) The UL DHERR oBart i TR N harty arng NGVIF opoloay

are kPN ayeRAaKatE9415 RRRANGN OB QO&Q%éms Sridieg erinSth@ pRsertklof both 10
ot her three peaks are resol ved. all ey exists

andbl@tmersber¢d 0ngs. dhe Atlagof ZeQAheFennwwomleTm§Lnsee@ five differently named

matg8 5% bbdnd TR0 Bl MENBER T, QT e S S6725

[00 ﬂﬂ]s Paqhp $1OM-2hRinliiynBoleiRAeSéved GavebdeBodid to bd Qiddfubinth variety of
(102) Peak corresponding to (002) is not visible

hydgecaghpnecogresiod @roqsesgk.. Expanttescarlyiedpéa éam@y meleceoyicye are MCM-
22 Vﬁpl\/\l/ rélgsg)fdl\%d% ';}ge!él ﬁ k3 Q7 5P nrc]ipggg f oSlgcgor%zﬂea&lar sieves are

oul"der "pedk. correspon

usefid foi CMylatsorwe! lardregidl V@dpou‘ﬂd@ For eR&ajs, TSI apOAN NongS 936,744
to (101) and (102) are resolved or exhibit a valley

disgdertes i Processalon meedlvcHize i gneip-dbylawmatig afrema%@R@pe% particularly
t t o
curfilnet Smp S O AU pP RGN o FoBRAIGTald Al b Bhpdfl wih an
alkﬂamblmarbﬁfané I:thboamtﬂ updd2)t. leanefaksalclmqmeqqhmedbanghm@s and in the
(101) .and éﬁg are esoIve exhle% a val| ey
Pfe%ﬁn%oﬂ%%{%ft?ﬁ #Hip ental YtSS/tOd’é? g fhecnppa &@m%wamaftw compound,
whérB® heWRRk Qﬁb\%n Q%E%Qt I%egaat Bhixtlr cr& %t %8f ditRent crystalline
poi nt at t e’ sane C|ng on t | ine connecting
molvenxlansicfasy whdiih) caehdf (thﬁf)ﬁ))olecular sievé@eialseleclﬁd dopondiling beta, zeolite

Y S Rt bk s eSS B PRk A king i
at 104990525 6:+095; F5 QY @f dSLad0er7 Afkstroms.

[0011] A report by J. Ruan, P. Wu, B. Slater, L. Wu, J. Xiao, Y. Liu, M. He, O. Terasaki at
the 15 IZA Conference in Beijing in 2007 disclosed ISE-MWW and ISE-FER materials, the
former made from MCM-22-P material as starting material. U.S. Patent Application
Publication 2005/0158238 to Tatsumi et al. disclosed MWW type zeolite substance. U.S.
Patent Application Publication 2004/0092757 to Oguchi et al. disclosed crystalline MWW
type titanosilicate catalyst. A report by W. Fan, P. Wu, S. Namba, and T. Tatsumi (J. Catalyst
243 (2006) 183-191) disclosed a new titanosilicate molecular sieve with the structure
analogous to MWW-type lamellar precursor. J. Ruan, P. Wu B. Slater and O. Terasaki
disclosed detailed structure of Ti-YNU-1 (Angew. Chem. Int. Ed., 2005, 44, 6719) similar to
ISE-MWW. Another report by P. Wu, J. Ruan, L. Wang, L. Wu, Y. Wang, Y. Liu, W. Fan. M.
He, O. Terasaki and T. Tatsumi disclosed a methodology for synthesizing crystalline
aluminosilicates with expanded pore windows through molecular alkoxysilylation of zeolitic
lamellar precursors (J. Am. Chem. Soc. 2008, 130, 8178-8187).

[0012] These closely related material may further be distinguished by comparing XRD
diffraction pattern for d-spacing maxima corresponding to (002), (100), (101) and (102)

-4 -



10

Peak corresponding to (002)
correspondi ng to (100)

is not v
is well

i sible.

Peak

resol ved. Peaks

weoerpespondi ng to (101) and (102) are non-di SCPEL/ESINN9/050724

WD 2010/ 014404PCT/ US2009/ 050724 [ 0013] It
crystal

refREE6 Y

can af

mor phol ogy, size and
354 BOHAALOMR g $dd0%nd OLalBFY Xmlihtald! Fikag!
ect catal aV|or especi ally regar

i s known that

td .
'ﬁg&ng maximum

coreaxpahdisg t(H(;QOZ\)'Irtﬂ!ecanni 1$t§qin¢dlliytm th& [rﬂ@]:&}dfhd4 17 to 12.57 Angstroms

LB RERE) Gy RabrHeCE i ECREH earePaMiDh taf 100) rfiction i

typf¢ ihNHLSAddeafd¥ 201 4 he. 5@%%@%%%@

nononer and
- Spacagpeatimuel yorrdsporidaeg fo @ 0d p nefleetiom it typicelly inéhe range from. 10.14 to

reﬂéE@&UﬁQyﬁiUWﬁl thé @4

the corres

co- production of phe

acet

NATAGC

one

rocess .which

12 B b2 57 B e 6 B o @ff%l%@wmcw&espﬂndmg to (102)

\%Vfﬁﬂn 866001 12

ond I Ng

2010/014404PCT/

g%-e Cu Ka). The d-

3 BRe@fonih@0 QLR DY Cu Ka).
S2009/ 050724

Theyfellopae o lae(,Tablndl)t srsmmatizegly thgedifkrentes bgtdeop MOM-2 MCM-49,

El\@ah@r Me5EsE gﬂfg;}‘egp laB?%

ar a unt

eaaage§1 L hen&byafa acel ogelfased on the

ex1§t€ﬁdﬂ @dlor PO CRARRE Sf XRTE dBFAGRAaNBICAr Bapadhd) hﬁ)(ﬁﬁia &orresponding

to (,Qﬁ

ni fi cant d%gree of commerci a
ELOA).IY P b

presence of a solid,

aci di

success is the vapor
1 Q&%) reftasriensionboth astshiythesiecd andichlgined materials.
%ﬁ 5 5 zeolite catalyst.

Exanpl es of such ethylbenzene productlon processes are

doceri

f\grl |n II Q Dafnnfc I\Inc

Q 7'—'\1 504 (I(nn\/\n\

UCTOoOUCT1

4,547,

505 (KresggksgmﬂeAmQHG 218 (Fh
5 whi-ch_has achjeved QIﬁhIfIP

g) .

t_comercial

[ 0015] éamrl@ar

o TO

XRELes
pthylh

nroces
5

=4

5 {@ohhe Idiae d phasg B qeess

enzene flrom benzene and ethyle

f ofooRs ¢
ne_Si1 NCe

iuquﬂg

(101) | (102)

oper at
count ef
10 of
4, 891,
of ethy
No. 5,
| iquid
ME¥E22 of
liquid
a Frie
phosph
howeve
f ound
of ben

es at a | owgfcfemmpr at ure t han
part and hence tends to resu

t he vapor
t in | ower

S

Dy oduc s For exanplie, S.
45§p%ﬁ|rms) descrl es the I?qu

P nt

b It
No+,

i d phase

b svn%he

Yes
Si S

Yes

e use

“Héhze

ﬁﬁ%ﬁ i e
318 B Ky and f

8 F@efﬁ% FOPFD
@ua f Y/ iha dgveast qemb%lz%

heispacairg oh e liak gonneatimg mlagimad e,
r forZe@l)iahé{l¥R3ed cat al yst syst
to be nbre active and selectiv
vene to cunene. For exanpl e,

VaH;eta whﬁaEas U. S, ISaR
ngst

o

d conﬂ@ﬂ@V%1fy
Iees wj ad (APDpyrhessin the greasured
dian & & phihe apit psthe spae KiRUI afinensity ¢adree®d for background at

t

$102) is not

fie peaks are
Y €Rists between (101)

thivborveest poeiritding less than 50 %
esfizthdpoiat Aekensame XRD d-spacing
€orf BE 1iRE OPHeatindMaxima for

U. @01 Padagny2)No.

use of MCML22 in

4,992
the |i
[0017]
al kyl a
and cu
as wel
t her ef
ENIREG) €5
benzen
produc
recycl
reacto
pol yal
reacto
t he -al

506 (Kushnerick) describes the
nui d phase aghkwylal.pon of benze

ne with propyihgne.

Xi qti ng al ka ation processes for producing
[ 0 nds, r xa &thylb ne T
% L1 her entI V Dg\{)gu%é&%tg v%kf}f at ed sgg%i es Non-discrete
I at ed
D}Pgﬁdn({g S% Eulhfﬁ gs%% % t e t hplgeag cgrrf: Ofldl t (002) is not
]35 - SIS g}?;ﬂe % F:gaondmg to (100) is
e<,0 St i Ekaé gae@a?% ﬂ}?onoal w ’éﬁs ic
A ApleRsRY WVPE@ﬁ@@H%mbr cumene, either by
imﬁ polyalkylated speci es t % he alkylatlon
r_or, nore frequently, by feeding the 2
Jushesd species to a separate tlf?f‘éh%%ﬂfkeﬁp%dﬂ%toUODaﬂd(loz)

r. Exanpl es of catal ysts which

kpdakis comespbndin®iveltl Dt) agddDs,

fapen-diseigtayyeehibit a valley but

swich negsua¢kmteasitoeorrected for

of benzene with ethyl ene or propyl ene,
transal kyl ati on of pol yal kyl :

ed spe

and in the
cies, such as
are

pol yet hyl benzenes and pol yi sopr opyl benzenes,

i sted
MCM 49,

———

in U S Patent No.

MCM 22, PSH 3, SSZ-25, zeol

o — o, .

te X

T |

5,557,024 (Cheng) and i ncl ude
zeolite Y,
zeollte Beta aC|d dealun1n|zed 30 nDrdenlte and



nono- al kyl aromati ¢ conpounds using a catal yst
conprising EM 13 nol ecul ar si eve,

wodienu4e4 sSi eve has,

inits as-synt

wherein the EMA# 13
hesi zed f oP@T/HAZHOS/050724

calcined form an X-ray diffraction pattern including
peaks at d-spacing maxi ma at 13.18+0. 25, 12.33+0. 23,
30 11. 06+0. 18 and 9. 25+0. 13 Angstrons, wherein said

t—11 ﬂR-l-ﬂ 18 - and—-9..25+0..13-A

nast-rons—exhi-bit

uuuuuuu

Angst r g
backgr g
the int
i ne cc
2010/ 01

gasyipd pigpsibsenrsated frensi
Upaekesaund gethe st popdbrine Beli n
deps thap SP &t piktheypointaé thegame XRD
Adde dispaping anghelinreonpseting  at
mnmdpr US2bag/(®80D724 11. 06

r?é‘thﬁ{h

87 TSBUSEIE PTSTIDE 08U8Y, 0B anlgPH6kemiigaj S lowest point being

try)t }‘eéq ‘ghé%‘ti(é‘g) gf g}e point at the
gSaF’éé@J? ﬁﬁWCS{B ooyt line
@ﬁﬁ@g mgxigy fei{d01) and

0. 18 and 9. 250. 13

ANgstTd
l ess th

ms—whererm sard—EvVvWw13Tnote

an 1.6 MA%mthSS[Z@@ZZ] In oth

cutar—streve has

er enbodi némiatnedt he

nmono- al
et hyl be

Kyl al O tTT—T npounos (..U”pfl
nz&pe, |cuiene |andesed- byl b

st at—tEast—oneg of
| nYes Yes

Mgﬁ?}r @2' J
mHelll A1
cfr‘s%m%d 9

eBP" i

Bty

range d
to 500
nol ecul

er —emnbodiments;the process
dsalssarepridieg R0 kyd H00hg
ats welbreerteadi ¢ in the presenc
ing EMML3 under al kylation c
l|iyidar omat i ¢ conmpounds. [0024
rents, the as-synthesized cry
EWRAks goresponding K EY) akd dORed
i| @rrsnongliscentopaals aiatespagingt 13,
gtasrmern helveeoh 8 te binprgstrems, t
fwig@in tho pFBOTehwdly oh thei(BRR) iin
Hesa then 9DBOR Biel prals mimmsigsgiabd s
41008i eve further conpri ses,

enZéne. | 513823

of thirs disctosure

Atpek torygspending to (002) is not

evigible aAlt athalf thest peaks are

onghiltedoAyallay ekptsrhetween (101)

| dnd (D¥2ewherein the measured

sih@hdiiyrerremédeonbakground at

uhel Brvesigdotit Beihg 28s than 50 %
iRy wiint at e sadkle XRD d-spacing

edi8é Bhddodndcfing M@xima for

thelyaagm2pf 1 mn

, the EMM 13

inits as-

synthes
di ffrad
3.420. ¢
EMM 13

tion patteMCMAOIRII ng peaks

H P\ [ g el [ i ad £ "
FZCSU 1T UTTIiT At 11T CaAarcrirircu IOWIII

" VAT A
alr - A=Tay

at 3.570. 0FCHP

o J A e 1 rr\r\nr\ ) + |
 ANgsul UIlb . A 1T Ot 11

+ I
I dASPCELL S, U1

e fresth

510026}
nmoMNecul|ar Ys$ ev er Y@@np

Yes

ri 9¢s, jnYass ps-Yes

synt hegi
di ffrag
[0027] 1
nol ecul
relatic

ﬁ@}t
1\l%oﬁ arn
at | eas
| east 4
nol ecul
and in
f ol | ows

~

ILBU ILIHIdHU IH LdILIHBU I

tPeadncquaspoadmgitn@0Rdis not vieblk
ror yed shotilder peals.Jealt sqrresjrnd
ao (I90emsavellassobved.onposi tion i
nshi p: 20X203: (n) Y02, wherei
Aodgpri ses at | east one of
d gallium Y is a tetraval en
tregeowspendingion 1 Gln andgePdani

eruesol @ed of pxttibiea aalley pnt Widls i z
ancasired/mtehsity @riegediiora, on a
theckpgsounfl antbé &svest point ibeieg npter

gré@fef thaB BB Y4 )IMBO peidt A IR sHRO 3

n—anm—X=t ay

Realp c@@esp_@dmg to (002) is not
vigblear ei méhdulder peak. Peak
nooadesgonding boe(10®)lisiwvell resolved.
n Xis a trivalent

| Ammd,num  bor on,

el enment conpri ses
ureekssaeerespopgdingto (101) and (102)
eate fegolmed drexEhivia valley but with
mmeastwged nbersitheasiested for
trackgyb@sl aofhe YOLst prant being
oYgRahthne b YdMfitls point at the

an al kalXRod-spidia) dnnke Bad doanevh@l ,  aathe RRI3 dapaciriggartheline

noi et y.| nhaxirAa for €foay feid 16bodi ment ,  |consecting Magipaufbr (101) and

to aboyt 150, nore preferably frompahomt 30 to about

60— nlsepe prafcrrad enbcdinnpt’ Xi-s—alum-num-and-Y

is sililjcon. [0028MeMswwre enbodi ment's, the EMMIAE-56

cal ci ngd—rpleeut-ar—sheve—has—a—ecoHH-di-re—3padsoerpti-on

capaci tly &lo | gastyed50 | Ansl-éisérgre prief ela@bl y atesl eaStnon-discrete
lest-g——WD-2010/-014404PCT-US2009/-050724

lﬁé@&%ﬂ Tireslecaredpontiingto {0a2ek aotofisiblae| Prak s@ndsporavertd (@) is not

shal | heean®ragpad@gto {100kt f ol | ovkiblg. Bk abhdponding to (100) is

descri ptresdied Aleghy @srespahdingppe@nned (chél solvddRPEks corresponding to

DESCRI F QUO B ahd $1OYVEretnb& discrete or

DETAI LED DESCRI PTI ON | ntroduction [0031] Al |

" Bh@ON 0-ard nlbn-fis&elREcatleBRS0] Fi
N I' P 1o

pat ent applications, test précedure
nmet hods, UL nethods, and the |ike),
docunents, articles, publications,

pat ent s,
s (such as ASTM
priority

manual s, and ot her

docunents cited herein are fully incorporated by
reference to the extent such disclosure is not
10|ncon3|stent mnth_the present |nvent|on and for al

oy e e I T S

o, .




fromany lower limt to any upper limt are
contenplated. Wiile the illustrative enbodi nents of
W0 b@odi«ed osure have been descri bed with partiCi/agi009050724
it wll be understood that various 15 other
nodi fications will be apparent to and can be readily
made by those skilled in the art w thout departing

mtho enirit nd _cecobe-of the dicelocuire

fro
rrurrrorpcopri Tt ullu \J\JUP T I. LAY 4 | Y AT T

Accordiingly, it is not intended thatexb‘ﬁéa§8%‘i¥é’”6f”“?l‘?§asured

cl ai s |appended hereto be |inited t|dNEweysREprbdder baskeround at
descriptions set forth herein but r/dbhleivestpamt bgigg not less than 50
cl ai ms |be construed as enconpassi ng “aPf the peint #dhq fegs XRD d-

of patentabl e novel ty which reside |ispadingongheHeggonnecting maxima
di sclosure, including all featur es vibi @Bl veod (W220be

treated as equi valents thereof by tthose skitted T the

art to |whiPessurspie(LEi28¢30d 83438, }E}ér‘l)al ns. CpBOBA[IAS2005@I$82 38 Fig. 2)

this specification, tnhe term“framgwork type TS5 used
in the|seXee des¥fd bad Mesthe YA las oY zeol iviee Yes | Yes

Framewor K Types, 20071 @}UU\.LL TAS uSed hereimn, the

nurber i| Aig! @%Wf@ﬁlés Foreselied. Pomailedi ¢ Tdblethgeqyples arsregedesdl. A valley
Y¥EVIVL  Creifts beiveetnd O Bragid i EED. whyrale we exB @ (b8Yween 11011985} 02),
mBerial RayhePossdaed Dicnbityaenricond fat t er  WBeBGhT measured intensity

i nt er pl| &adgrospdat thglbwest' peint Wenglesal |cotrattaion bacRegstd dithe lowest
uni t s (Man Sadeof thepoiel atlicweme XREhsi |tpoas beihg tebethhn 5%, of the point
1/ 10, widepsiigm thatisneinhgcetiof miakimas t|radthg eshe KRibad-giaoivg on the line
backgr ¢dierd]01) and 02punt ed as 100, vebenedsing Medmaifért(101) and

the use¢ of a profile fitting routine&i@r second

Aaori ot Al avar i + him The i ntensitiec area uneorrectad
UCIIVGLIVC al uUIILIIII, LR A ™S T CITST T C9o T C T U 1T T ot TtT

for Lonentz faagrspo{JacChziatiiable 130 ef flec CalcintheUSMI080158238 Fig. 1)
I nt ensif+es—ate—g-vref—n—-terns—of —tthe—syrbels—VS—wvery
strong|(g¥reat er Yean |60Ye0 100)es S-|steaNg |( giveat er  Yes Yes
t han 4¢—to—66)—Mredi-um-(greater—than—20-'t6—40)—and

W weak | A0l foar i268s. repdrted fiaHidi ba06inderAt faadpdakadre resolved for Si/Ti
diffragtion data |listed as single ||ibigsrthimy7@onsi st of
mul tiplie overl apping |ines which under certain

TediENt ilons, such as differences in | OMY three peaks for Si/Ti less than 70.
2220/ 014404PCT/ US2009/ 050724 crystal | ographi c changes,
may appear as resolved or partial |y A edlelemdsbetmesa (101) and
Typi cally, crystall ographi c changeg (t@), wheeditide naneed intensity
changes in unit cell paraneters and/cofredcdclionbagkeronnd at the lowest
crystall symmetry, without a change |ipoint b&ngleEdbhiuS®Y of the point
These mnor effects, including changeseisimé BRBUd-8Rcing on the line
i ntensiities, can also occur as a re&uhﬁecmgﬁgglﬁqalf@r(@(ﬂgand
in cation content, framework 5 conpgsption, nature and

degree'of—pore-filling,—and-thermallandlor

hydr ot hermal history. O her changes in diffraction

[0PB8 t erinss 16RWNnRRati cBFltaf RloptR1dRl, éli@&lﬁta%?l%gaq{oyagélgﬁgﬁﬁon or new
between materials, which is case for conparin

x-ReMiERclipn: lans jafFet agatatst dehayiag, cwegially nmordie cmwstsamvny and
Sa@ng PSH 3. [0036] The i nterplanar spacings, d's, were

con3|dered broad if they exhibited peak width 10 of
[0@skbut Thes allylapporagic agonirmiufidsh d‘blg examdple ecthylbederms abd) pnene, are
Vatu%%lg%%l tryodxtglcﬂgm&a%n\%dﬁigh Im%g%eg A qs{}}'zltm% aff%' ]éhggprg gon 1 styrene
mérener md ®-gedictiod oﬁ;ﬂlem[anﬁ @akonai réslpeﬂivekyr Ly fadetiico@ehon route for

is at |east

o TR Tt Ebroste i oo B Sl o benvene it
pmpme db PedRtE cul@RK Sollodes By "dkiMa660 oY @’ cp@ak $9 thecokREponding
--as used herein neans peaks having a nonotonic profile -

i n-between them (successive points either consistently

increasing (or staying even)7er decreasing (or staying

even) within noise). [0039] The term "discrete" peaks

(al so "resol ved" peaks) in XRD as used herei n neans

XRD peak(s) which are not non-discrete (unresolved).

20[ 0040] Figure 1 graphically denponstrates the XRD

pattern between 5 to 11 degree 2- O of t he product of

e A — o N 1 L Y Y




10

15

20

25

30

Angstrons with nmeasured intensity corrected for
background at the | owest point being |less 15 than 50 %
woRowheupoi nt at the same XRD d-spaci ng on t heP¢CT/nB82009/050724
connecting d-spacing maxi ma at around 11.050.2 and
9. 310.2 Angstronms, wherein said EMW 13 nol ecul ar sieve
u
by and Moyl S Mo TPl Pl ssoepl g pmounts of
phehdsan(i aceime. sﬁﬂlyﬂesm]ednﬁ}orbm nduded tah aiunedr fofrdifferant chemical
dlffractlonll att ncl u g eaks at d- 20 i
prodesied QO pigeP e Breshicion Sigidtoqtudiin aomTRbshscess s the
Vapbmﬁé allNAtar orewinedicn® ik %th)llé?l% 0P ésEth:noF@%l‘?J Ridic zsM-5
3 further has, in as-synthesized formand iIn
zeolitglcatahesti Esampleanf duchahylbérizeme piodnctjya precessdsreze desicniged in. U.S.

Padfiingo RioBaTkER D ToRE SISkt pime ARERLS it 15

[00F3)rt hﬁhoﬁh@ﬁprobéhs agti Sy RADRBiA RS sfoRlBadNEbrhRee R %h&%é’s is the liquid
form an X-ray diffraction pattern including peak at

phage- grogess g n@féumgneﬁwlbzsz@e gom (beaBnARgd tethyene @44 pperates at a

o 050 BTROTTERL a3 RPRRBHAH TR o Y fover st
of b¥=p’ra&udﬂd f Fooedabhle, ﬂaSt Eit@ntl Ne! MQ@P@S@@QK@B% @Esc@b@@ﬁﬁ' 1R¥id phase
xima and relative intensities at 13.50

Synthesl%,@é ghylengaye vihd zeolite diata. awhereprse . $ nPwenwvé@n %¥3.795 (Chu)
deSﬂgﬁ‘?@g eh% g}ﬂl\&%ﬁ%&%&éﬁé’l UIC? sg g Basts f et %%lbernze%s {roms

nmeasur e orrec
[0016)ck g€ omaak Abs fdremh@V\@Satrs ﬂﬁbﬂﬂ tpr(kt&ic&g cb@ﬁi&rélﬁl@n b$QhdoIRfiid phase
t at the sane XRD d-sp a0|ggﬂon the |ine

alkYE%WHeei @Zﬁ‘@eswgb. m@pﬁs% r?é(e%ta Lriedtratts gsplyst aparticularly solid
pho h%ﬂg Feid IS ALATR 91]e4i§&é§g/a lir%egfg? / ? QZezﬁased catalyst

able 2 Interp anar paC|ng ( ensi
SySt¢m$ daxe boén Kvuvs tb4bd?n0‘fe cictrvel 2nd BeledtPueS for >prdpyidiZonl of benzene to

2.0 > d 14 d >8 66 WS 6.0 0.1
cump T 0's: B To 0N v YRO2 e sl dessgbanth wresd MCM22
1ntHél 1%%@6%\/&365& b QLA wRITBRYYRRAL S, the conposition

er of EMW 13 further has, ih as- syntheS|zed form
[00167ﬂ1d i EXleféﬂg: i ahlesdatf@r mrocassex- fcay pdidutingc a]kgtarqnamce rqompounds for

exarp o SRG-BREER e KSR hReRe e 1o et papvel as the

demfbﬂbﬁﬁhdﬁﬂiaﬁed bRRUEOMIOS tHeRTordBAdRTal @b tRMMIkAakUiht NSlyalkylated
has, in as-synthesized formand in calcined Torm an

speciesr ifh dideirtional aromapafeass dor meinude hgnzseak toaproduesp adximglal mono-

o by 518, FAELOB N My DhGER). ol Iyt

polyhllnyidn@i spades ito @8- alkpldnesi zactof O(Bl’mlrgﬁﬁ lﬂl‘éqg@iﬂiﬂ ngd feeding the
an X-ray diffraction pattern i ncl udi ng pea
P"lyﬁﬁ‘ygt%ip%%?‘ﬁ@t%%l’ﬁ%ﬁ ansalkyl

ak
tiop reagtonn fEnplgs of saalgsts which have
beerpﬁs%ﬁq?x thd QQ}‘J@L&{‘ OP%{;H'?HE E%@c‘ié'se %cﬁ%%ﬁé’ﬁ{&%f I:}eﬂger?( Wity ethylene

fraction” patter crysta
or propylene and in the transalkylation of polyalkylated species, such as polyethylbenzenes

and polyisopropylbenzenes, are listed in U.S Patent No. 5,557,024 (Cheng) and include
MCM-49, MCM-22, PSH-3, SSZ-25, zeolite X, zeolite Y, zeolite Beta, acid dealuminized
mordenite and TEA-mordenite. Transalkylation over a small crystal (<0.5 micron) form of
TEA-mordenite is also disclosed in U.S. Patent 6,984,764 (Roth et al).

[0018] Where the alkylation step is performed in the liquid phase, it is also desirable to

conduct the transalkylation step under liquid phase conditions. However, by operating at
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[0029] 189In(some entbpdim@BS Thie dBBIBSUIO rdd@8 (oddn alkylation process of producing

mono-alkylaromatic compounds using a catalyst comprising EMM-13 molecular sieve,

wherein the EMM-13 molecular sieve has, in its as-synthesized form, and in calcined form,
an X-ray diffraction pattern including peaks having a d-spacing maximum in the range of
14.17 to 12.57 Angstroms (~6.15-7.05 deg 2-0), a d-spacing maximum in the range of 12.1 to
12.56 Angstroms (~7.3-7.05 deg 2-0), a d-spacing maximum in the range of 10.14 to 12.0
Angstroms (8.7-7.35 deg 2-0), and a d-spacing maximum in the range from 8.66 to 10.13
Angstroms (10.2-8.7 deg 2-0); wherein said peaks having d-spacing maximum in the range of
10.14 to 12.0 Angstroms (8.7-7.35 deg 2-0) and d-spacing maximum in the range from 8.66
to 10.13 Angstroms (10.2-8.7 deg 2-0) exhibit a valley in between, wherein the measured
intensity corrected for background at the lowest point of said valley is less than 50 % of the
intensity point at the same XRD d-spacing on the line connecting said peaks having d-spacing
maxima in the range of 10.14 to 12.0 Angstroms (8.7-7.35 deg 2-0) and in the range from
8.66 to 10.13 Angstroms (10.2-8.7 deg 2-0); wherein said EMM-13 molecular sieve has less
than 1.6 wt.% Ti.

[0021] In some embodiments, this disclosure relates to an alkylation process of producing
mono-alkylaromatic compounds using a catalyst comprising EMM-13 molecular sieve,
wherein the EMM-13 molecular sieve has, in its as-synthesized form and in calcined form, an
X-ray diffraction pattern including peaks at d-spacing maxima at 13.18+0.25, 12.33+0.23,
11.06+0.18 and 9.25+0.13 Angstroms, wherein said peaks at 11.06+0.18 and 9.25+0.13
Angstroms exhibit a valley in between the 11.06+0.18 and 9.25+0.13 Angstroms but with
measured intensity corrected for background at the lowest point being less than 50 % of the

intensity point at the same XRD d-spacing on the line connecting d-spacing maxima at
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T5 0.6667 0.3333 0.3575(4) T6 0.3894(5) 0.0
0.3050(4)  T7 0.4215(5) 0.2108(2) 0.3593(3) T8

WQ20502¢48) 0.1251(3) 0.4450(2) T9 0.6667 0. 3BEBUS009/050724
010 0. 6667 0.3333 0.0562(1) 0.010 1.0 011 0.5420(3)

11.06+0.18 and 9.25+0.13 Angstroms; wherein said EMM-13 molecular sieve has less than
1.6 wt.% Ti.

[0022] In other embodiments, the mono-alkylaromatic compounds comprise at least one
of ethylbenzene, cumene and sec-butylbenzene.

[0023] In yet other embodiments, the process of this disclosure comprises.contacting an
alkylating agent with an alkylatable aromatic in the presence of a catalyst comprising EMM-

13 under alkylation conditions to form mono-alkylaromatic compounds.

[0024] In other embodiments, the as-synthesized crystalline molecular sieve EMM-13 is
further calcined under calcination conditions to form calcined EMM-13, wherein the
calcination conditions comprise a temperature in the range of 300 to 700°C for a time in the

range of 1 min to 500 hours.

[0025] In some aspects, the EMM-13 molecular sieve further comprises, in its as-
synthesized form and in calcined form, an X-ray diffraction pattern including peaks at
3.57+0.07 and 3.42+0.07 Angstroms.

[0026] In other aspects, the EMM-13 molecular sieve further comprises, in its as-
synthesized form and in calcined form, an X-ray diffraction pattern including peak at
6.9+0.15.

[0027] In yet other aspects, the EMM-13 calcined molecular sieve has a composition

involving the molar relationship:
X203 I(H)YOz,

wherein X is a trivalent element comprises at least one of aluminum, boron, iron and gallium,
Y is a tetravalent element comprises at least one of silicon and germanium, and n is at least
about 10. In the as-synthesized form the EMM-13 molecular sieve has a formula, on an

anhydrous basis and in terms of moles of oxides per n moles of YO, as follows:
(0.005-1)M0:(1-4)R:X;,03:nYO,

wherein M is an alkali or alkaline earth metal, and R is an organic moiety. In a preferred
embodiment, n is from about 10 to about 150, more preferably from about 30 to about 60. In
some preferred embodiment, X is aluminum and Y is silicon.

[0028] In some embodiments, the EMM-13 calcined molecular sieve has a collidine

adsorption capacity at least 150 umoles/g, preferably at least 250 pmoles/g.

- 10 -
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0.2710(1) 0.1282(2) 012 0.3876(5) 0.1037(2)
0.1681(4) 013 0.5408(3) 0.2704(2) 0.2230(3) 014

W0206074404 3333 0.2991(4) ~ 015 0.3725(2) 0.0 OPCHUS{08)/050724
016 0.5 0.0 0.176(1) 017 0.5 0.0 0.318(1)

[0029] These and other facets of the present invention shall become apparent from the
following detailed description, Figures, and appended claims.

BRIEF DESCRIPTION OF THE FIGURE

[0030] Figure 1 shows the XRD pattern between 5 to 11 degree 2-0 of Example 1.
DETAILED DESCRIPTION

Introduction

[0031] All patents, patent applications, test procedures (such as ASTM methods, UL
methods, and the like), priority documents, articles, publications, manuals, and other
documents cited herein are fully incorporated by reference to the extent such disclosure is not
inconsistent with the present invention and for all jurisdictions in which such incorporation is
permitted.

[0032] When numerical lower limits and numerical upper limits are listed herein, ranges
from any lower limit to any upper limit are contemplated. While the illustrative embodiments
of the disclosure have been described with particularity, it will be understood that various
other modifications will be apparent to and can be readily made by those skilled in the art
without departing from the spirit and scope of the disclosure. Accordingly, it is not intended
that the scope of the claims appended hereto be limited to the examples and descriptions set
forth herein but rather that the claims be construed as encompassing all the features of
patentable novelty which reside in the present disclosure, including all features which would
be treated as equivalents thereof by those skilled in the art to which the disclosure pertains.
[0033] As used in this specification, the term “framework type” is used in the sense
described in the “Atlas of Zeolite Framework Types,” 2001.

[0034] As used herein, the numbering scheme for the Periodic Table Groups is used as in
Chemical and Engineering News, 63(5), 27 (1985).

X-Ray Powder Diffraction Pattern

[0035] The interplanar spacings, d’s, were calculated in Angstrom units (A), and the
relative intensities of the lines, I/l,, where the intensity of the strongest line above
background, I, is counted as 100, were derived with the use of a profile fitting routine (or
second derivative algorithm). The intensities are uncorrected for Lorentz and polarization
effects. The relative intensities are given in terms of the symbols VS=very strong (greater
than 60 to 100), S=strong (greater than 40 to 60), M=medium (greater than 20 to 40) and
W=weak (0 to 20). It should be understood that diffraction data listed as single lines may

consist of multiple overlapping lines which under certain conditions, such as differences in
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018 0.3951(6) 0.1062(3) 0.3279(3) 019 0.5453(3)
0.2727(1) 0.3786(4) 020 0.3519(7) 0.1759(4)

WO 201087448) 021 0.1806(5) 0.0 0.4320(3) 022PCT/US2009/050724
0.2928(8) 0.1464(4) 0.5 Extra-framework: T23 0.4499
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crystallographic changes, may appear as resolved or partially resolved lines. Typically,
crystallographic changes can include minor changes in unit cell parameters and/or a change
in crystal symmetry, without a change in the structure. These minor effects, including changes
in relative intensities, can also occur as a result of differences in cation content, framework
composition, nature and degree of pore filling, and thermal and/or hydrothermal history.
Other changes in diffraction patterns can be indicative of important differences between
materials, which is the case for comparing MCM-22 with similar materials, e.g., MCM-49,
MCM-56, and PSH-3.

[0036] The interplanar spacings, d’s, were considered broad if they exhibited peak width
of about 1.5° or more at half height determined as 50 % intensity value from the peak
maximum to the baseline.

[0037] The term “XRD distinguishable peak™ as used herein is defined as XRD peak with
clearly defined peak maximum, which is at least two times of the average background noise
level.

[0038] The term “non-discrete” peaks (also “unresolved” peaks) in XRD as used herein
means peaks having a monotonic profile in-between them (successive points either
consistently increasing (or staying even) or decreasing (or staying even) within noise).

[0039] The term “discrete” peaks (also “resolved” peaks) in XRD as used herein means
XRD peak(s) which are not non-discrete (unresolved).

[0040] Figure 1 graphically demonstrates the XRD pattern between 5 to 11 degree 2-0 of
the product of Example 1. The measured intensity corrected for background at the lowest
point between d-spacing maxima in the range of 10.14 to 12.0 Angstroms and in the range
from 8.66 to 10.13 Angstroms, represented as B, is the distance between the lowest point
(point a) and the point (point b) on the line of the background correction line at the same
XRD d-spacing of the lowest point (point a). The distance between the point b and the point
(point ¢) on the line connecting d-spacing maxima in the range of 10.14 to 12.0 Angstroms
and in the range from 8.66 to 10.13 Angstroms at the same XRD d-spacing of the lowest
point is represented as A.

Composition Matter of EMM-13

[0041] EMM-13 is a new MCM-22 family material with unprecedented XRD pattern

indicating expanded structure and increased access to the interlayer region. It shows a unique
distinctive combination of XRD features in the calcined form comprising peaks having a d-

spacing maximum in the range of 14.17 to 12.57 Angstroms (~6.15-7.05 deg 2-0), a d-
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unit cell referred to the unit cell axes a = b, c.
U so is the isotropic tenperature factor for each atom

spa%ﬁ@ﬁn%igﬁ?ne nqtgg rr] gtpyqf égglcphgéé_lxggs%foﬁgf(g 9%y7 é? %E:g? r2 Gf) 02{ d-spacing
mafin@irh Shi & lratbesds 1YL IO 206 ANEMON(8.7aCENALED - aﬁ@cf'd -spacing
locus in the crystal. [00501In sonme enbodi nents,

maEanlZBﬂ the| rengeeiions 8 thiot ). BnAngstroawr(df. ﬁ& ?/ dég i9); Wherem said peaks
nb 0
oL AT B T BT o SR s

‘; spabh@ﬁna)ﬁﬂluﬁﬂﬁi &%/ iAngHem 866 € P0aBesBRIYmI(eab a7 HE%Q 0) exhibit a

300 pnol es/ g, and 10 nnstgfreferably greater than
vallsypingagtyjeene grisetiedhe meapted inforpity oxorrpmcﬂ dey gaqk@rouswt the lowest

pm?lpoia%i &%lgy ‘?ﬁ%g alg 56 9% \/\/};/&%%A 1 %%tg p{ohnt nt 8{%% t)eR]B% -spacing on the

eory,
hn&&i&k&ﬂr&%ﬁﬂﬁﬁkbﬁé&ﬂﬁ)@ ﬂ@?&?@mﬁﬁﬁlaﬁm&ﬁngﬁbﬂ 101eftBB0 Angstroms

c-unit cell paraneter fixed in the expanded form as

(3-14 é5ﬂeé@cﬁ)§6ﬁ pHedares feom 86 t@%@dﬁ@lgsr@@ﬁﬁ)@m 8 Jrdegf2-0); wherein
saléf‘ﬁl\/ﬁ\ylnl%t}ﬁéle&ﬁ% %h%g 188 aﬁéllﬁ)%vp@dTlENM 13 [0051] The

as- synt hesi ze ecular 'sieve material of this
[00d2Fkcl dsusome Iafm)boﬂmlemtﬁ n&r@mﬁdsmmnamm BRANA- I3 IesUInSFsynthesized

whi ch can. obtained fr a reaction mxture for

forpyapddp Ws foT@h A S asoAn RALEB dpduding peaks|eh flispaging maxima

at B.%@).4 N9 382p0h, é'fﬁt %h%l{rl(:\% v?lﬁzgn betSREh H@ﬁ%k@%t AP and 9.31:£0.2

cati On an oxid erren
Angstummwrth nmasmd dlﬁemitytmmélfembackgmmm e lewgst, point being less

[ ecting a ent her ei.naf t er
tha 5P 55 S G Gt KR Bt st REE e cRhec e rsgpeing maxima
at d%liﬂdUFIQ)SEthZ A pltilper Kﬁéstfoﬁﬁc%&@lmw FIPIML 13 molecular sieve has less
osition, in 10 terns of nole ratios of oxides:

ﬂmN@ weB3liin the range of 10 to |nf|n|ty or in the

O R R Bt P 0B B, e n o

synthédiz¢3 fomd asdlliRicaliRy ot af D@}ayocflﬁlia{&t@n %ﬁ@th§é!h§m§%éaks at d-
be 15 prepared béocaIC|n|ng as-synt hesi zed EM\ 13

spagingapaximp @t Aat/i‘oh 06 di3t430h §- 0o A ngstrome. b yat éa@lnerten@odlments the

AR 1 B80S L B 4o SO LI, i o,

X-rag Hd’fraﬁdm&ﬁ%ﬂﬁnﬂnﬂlﬁg pkal atsi-acingaiirhad ap GQH) QS Ardgh@dms. In yet

%tita |un1 pr.ef erably Iess than 1 w. nor e
furgrEbingnis e CoMBR SRt 1SV hbGUUSF bess it phesized form

and Escsa:ll&llﬁﬂ"fogml f Iégorr(féﬁiédrr% bR %chﬁ)caﬁg Peak Qt}c gxﬁz{ﬁeﬂégmammum at

0054]1In s od nents di s
396eﬂh@&éngmmamnethod of manufacturing an as-

R T T R T s A
for@QmRth ShIBGe MEN 2 4n K -8R0 BEI bR AR @RIGdiR® peaks at d-spacing maxima
and relative intensities at 13.5+£0.5 (M-VS), 12.33+0.23(M-VS), and exhibit a valley in
between the peaks at 11.054+0.2 (W-S) and 9.31+0.2 (W-S) Angstroms but with measured
intensity corrected for background at the lowest point being less than 50 % of the point at the
same XRD d-spacing on the line connecting d-spacing maxima at around 11.054+0.2 and

9.3140.2 Angstroms.
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the acid treated crystalline nol ecul ar sieve. [0055]In

sonme preferred enbodi nents, the as-synthesized EMV 13

is made by a process conprbﬁhg%' 30(1)providing a
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LTI T \./Il T OIOUT Ty VWiIrTCST ST 1T o

of .less than or pmlal tnw1$) N,

preferabl@13é§§”iﬂ%n 1N, optibnally a spaci n§-Sigent

conpri si ngd-9t- 0.East _one of di et hyl di et ho¥Msibraade,

di et hyl di 8t96x9.08i | ane, and tetraet hyl siwavg, {ré&0S) ,

pr ef er abl g sFEOSpsand 5(2)treating the m Xt ung.\ef step

(I) Tot rga@@@béconal tions, Whereinm thet rﬁ/pvgent

conditions conprirsea tenperature H—the—r ange of

50-250C for atine in the range of 1-24

[00u5]s, Gptotiud adnhbodivhéis, aths tdohdpoBitio Rtr i0T KNIRI-N3MRIRK&S has, in as-
0- 1000 RPM 0056 The mi xture of step (a) conprises

synfhresazod i 2 tméégmi,. an X-mpidligpsclion ahttym dndpdiog myaks at d-
f
e 3 VR 8, ST o o e

embchﬁmmm's ohe cmapd)sin@f mbhe cIEMMIY3 ageet hay ef a§ E\ﬁltﬁf&izled form and in
nt of _the 22-P are listed in Table 4. The

calgipgshioEntn XgAu i raﬁsond?aﬂgwscleéwg.n%k figkSRaeEgrARTInuUM at 6.9:0.15
AnbSIBRE! GV Sor rohd)S & ?&%ﬂhéﬁ&nb&&ﬁfeh@s tﬁ@% %g%ﬁ% ?}%tttellr of EMM-13

r anges of e treatnment t errper ature an
furthere hhss,smeals symthcalzee frm Tatl & @alciﬂ&éf folmy angK-rRy ediffraceédn pattern

incfyd58 e g Brebie o g 0 ek DR At Yo, broad).
[005PRCI N sBRE PreteMbd lebgdiQnelatso tl%lXOrag c?_ﬁ%a'cﬁloﬂ: gﬂﬁ&ﬂtof (tWE krystalline

Acid concentration (N)
molecular sieve EMM-13 further has peaks at d-spacing maxima and intensities listed in

Table 2.

[0047] In some embodiments, the X-ray diffraction pattern of the crystalline molecular
sieve of this disclosure further includes a d-spacing maximum at 2841 Angstroms.

[0048] In other embodiments, the composition matter of EMM-13 may be defined by its
crystal structure. The crystal structure of EMM-13 may be defined by its unit cell, which is
the smallest structural unit containing all the structural elements of the material. The unit cell
of EMM-13 has P6/mmm space group and atomic coordinates of tetrahedral atoms (T) and
oxygen atoms listed in Table 3 and with unit cell dimensions of a = 14.198(2) and ¢ =
27.647(7) A, wherein said EMM-13 molecular sieve has less than 1.6 wt.% Ti. Since the
tetrahedral atoms may move about due to other crystal forces (presence of inorganic or

organic species, for example), a range of £0.05 nm is implied for each coordinate position.
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Preferred Y02/ X203 10 to infinity 15-55 H20/ Y02 1 to

10000 5-35 O fl Y02* 0.001-0.39 0.1-0.35 OH Yo02**
w@2@0001420569 0.1-0.5 M Y02 0.001-2 0.1-1 R/ Y02 BCD032009/050724

0.01-0.5 Seed*** 0-25 W% 1-5 % R HM HM

[0063] After crystallization, the MCM 22-P product has

e EVBRTRI e R E B TGP B AR o

whed Q218284 M X203 0.005-0.1 R X203
Chemical Composition of as-synthesized EMM-13 and calcined EMM-13

[0051] The as-synthesized EMM-13 molecular sieve material of this disclosure may be
prepared from an MCM-22-P precursor, which can be obtained from a reaction mixture for
hydrothermal reaction containing sources of alkali or alkaline earth metal (M), e.g., sodium
or potassium, cation, an oxide of trivalent element X, e.g., aluminum, an oxide of tetravalent
element Y, e.g., silicon, an organic (R) directing agent, hereinafter more particularly
described, and water, the reaction mixture for hydrothermal reaction having a composition, in
terms of mole ratios of oxides:

YO,/X;,05 in the range of 10 to infinity or in the range of 10 to 50;

M/X,03 in the range of 0.005-5.0; and

R/X505 in the range of 0.01-10.
[0052] The calcined EMM-13 molecular sieve material of this disclosure may be
prepared by calcining as-synthesized EMM-13 under calcination conditions to remove at
least the majority of the organic template R from the as-synthesized EMM-13.
[0053] The as-synthesized or calcined EMM-13 molecular sieve material has less than
1.6 wt.% titanium, preferably less than 1 wt.%, more preferably less than 0.5 wt.%, and most
preferably less than 0.1 wt.% of titanium.
Process of making EMM-13

[0054] In some embodiments, this disclosure relates to a method of manufacturing an as-
synthesized crystalline molecular sieve EMM-13, the method comprising the steps of:
(a) providing a mixture comprising MCM-22-P and acidic composition,

optionally a spacing agent; and

(b)  treating the mixture at treatment conditions to form a product comprising as-

synthesized EMM-13; and

() recovering the acid treated crystalline molecular sieve.

[0055] In some preferred embodiments, the as-synthesized EMM-13 is made by a process

comprising:
(1) providing a mixture comprising MCM-22-P having Si/Al; in the range from
10-infinity, preferable from about 10 to 150, and acidic composition

comprising at least one of nitric acid, sulfuric acid, hydrochloric acid; oxalic
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di phenyl silicone, nethyltrisilicone,
tetrachlorophenylethyl S|I|cone nethyIV|nyIS|I|cone

o o — . o o o
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10 wherein Ris a reactive group such as hydrogen,
al koxy, hal ogen, carboxy, am no, acetam de,

wo eo1alokashsi | yoxy, R, R2 and R3 can be the sankCHESR0D050724
can be an organic radical which may include al kyl of
from1l to about 40 carbon atons, al kyl or aryl

carb lic aci.d wherein the organic .porti.on.of alkyl
meipat Il <Pt Be 0% a9 B Brke iRy fnd i gne of the
ab&Rhaitihe@Rppdr Hatifg AbOHIovEA sQIRT &Q{ﬂé]t‘w@igh AR 1iB8ts, so long as the
further substituted, alkylaryl and arylalkyl groups
lowas sppeing BEeny cabosalid7cantend iyeight 3atia Hntiiois lessahen or equal to the upper

B BEAPh b9 QRSB Bl 3 St ERGlR coment wee
ratloang Be phdsesit Wi @8 aff@YntdbeLnD o e 2 iR Bd2ihb&difich@ARSatively 0 to
or. disilanes include, as non-limting exanples,

L, andrdieriptigels Myl 9i0-3ne, phenyt ri met hyl si | ane,

i et hil s syl di slane. Usef ul
[OngL ox%Gﬁfghé\?ﬁlg?%ﬂp%%%ﬁ% %ang Pg‘qf@ggs{ve%{%eeatment temperature limits: 25,
50560, consoydo.ogen band202038 kKydals@n1d, oc®Ss and 200. The following

[0073] The. . term "aromatic" in reference to th

) - e
temneaigs 416 STaPSSHH UPPCIERRHBRIN denpRisre hajis:pd), 687048050, 100, 110,
tagk rHenny4 e [ a r
12 BB IRTBOT I 4, P9 HA208h 0%, L SEBRSR. e woamen
tengmelgtriet (OC e thllanal aunsghbdtiveert ey o of tlendbopelmenticheilower treatment
ounds of %gparonatic character that

teﬂﬁ% i ggf%cl%{;?%?w EOMEBUQRSAUpPeh FeAmgRigiemperature limits,
P : g Lot o

o ERULULCIAS (Gl oot R B elpor e

tempeavereilionic dinp drentaisent teatpecdnre baayabdqytsneth dvemedunt ranging from 25°C

ssess at | east one hydr atgmdirectly bonded 1o .
o BT Sl h SRRk B SRR ARG A heE RS Sl o 170
[00301L0/ OAABARGIH: W AQRAHARORAuIIbREL fithb i@ tsWol RefMEN©D.01, 1, 5, 10,
nore al kyl, aryl, alkaryl, alkoxy, aryl oxy,
20,630 PB.al Gdy pnd h). Te folkaveing tinwss e argrengps upherttindo limdts for treatment:

L SINEEDEAS 3 10 e300 20T 9G] RN Lo o

betatih bRAC 6iecof hapbbaeentnel esweehae liGAfsIBLRCatmBRAthnd any one of the
phenant hrene, with benzene being preferred. 5 [0076
abaugraeiionsd wpper Hmeyimigy fon Featmeat s lomgiss thsy lewentimg dimit for treatment
. it r 16 c 1 r
s FAPRE G058 L Ao TP SRR 00 0, 5 gt may e
presa@ut o an abheue; raagthgnfioeh IUBUBIA in $rcosmibdatimbnt] aki@ndtively 1 to 48, and
car bo tops. [0077] Sui tabl e al kyl substituted
ah%ﬁ%ﬂﬁ51€h"%pounds i ncl ude tol uene, xyl ene,
(1| Sopf@ayibenzene, n-propyl benzene,
al pha- met hyl napht hal ene, ethyl benzene, nesityl ene, 10
[0068) endlhedyiodhed-P podydt hredizdneed ipdétBatenmsned,954,325. The entirety of

0; di et hyl benzene, . m di et hyl benzene, pdi et hyl benzene,
“mF@d%ﬁfP%Qﬁg meQXH%%VWB nzene, pentaet hyl benzene,

[oopgt amgichvichanzene; dsclosdd 4y U PASAINNLDAMEANSS5 may be made by
1,2,3,5-tetranet hyl benzene; "1, 2, 4-tri et hyl benzene;
crygtabizgig a mixtere hgvibg azemeosiiemhin mplaotatiedisted in Table 5.
p- butyl t ol uene; 3, 5-diethyltol uene; o-ethyltol uene;
pet hyl t ol uene; m propyl tol uene; 4-ethyl-mxyl ene;
di net hyl napht hal enes; et hyl napht hal ene; 15
2, 3-di et hyl ant hr acene; 9-et hyl ant hracene;
2-met hyl ant hr acene; o-net hyl ant hracene; 9, 10-
di met hyl phenant hr ene; and 3- net hyl - phenant hr ene.
Hi gher nol ecul ar wei ght al kyl aromati ¢ conpounds can
al so be used as starting materials and include
aromati c organi cs such as are produced by the
al kyl ation of aromatic organigs with olefin oligoners.
Such products are frequently1 éferred to in the art as
al kyl ate and i ncl ude hexyl benzene, nonyl benzene, 20
dodecyl benzene, pentadecyl benzene, hexylt ol uene,
nonyl t ol uene, dodecyl tol uene, pentadecytol uene, etc.

Y o, I




15 20 [0081] Reacti on products that may be obtained

fromthe process of the present disclosure include
weethyglobanrene fromthe reaction of benzene w tPCT/US2009/050724

et hyl ene, cunene fromthe reaction of benzene with

propyl ene, ethyltoluene fromthe reaction of toluene

W th ethyl ene, cynenes fro?n$h§ reacti on of toluene

wi th propyl ene, and sec-but¥ &nzene from the reaction

of 2§eQ§£ﬁ§ne and n- but enegj.Rarticular]y prefeﬁéggmd
he

process rEchan-sE-of—the—drSel-osure rel ate t

pr od\€Yi¥eR30f cunmene by ﬂﬂélaﬁmyyatlon bf benzends-8kt h
propmygngognd productlon ph)gynmlbenzene by the 535

atky pof—benzene—wtHh—et ||‘y’| ene—f0 82] The

:,reaé§éﬁb§bcan be partiall§98} é@npletel in t he0JlrQ3d d
phasnlaﬁdfean be neat, ooogosbree fron1|ntentqpngg
adri xmﬁ dirtutirom—wth rer—matertat—or—t ||c‘y' can
be hr ?_30i nt o |cont act %t he cat al yst 01-1
conpoEfY@pn with tihe aid of.oopprier gases or di hbyents
suchas or exanpgi e, hydr methranerand/or
nit rr$a d*,*tkr 0083] Q‘pp al kzl :Qt‘ W/P)r ocess pf thig 1= Wt%
di scl oRire may be |conduct edHMich t hat the or gani ¢IMI
reactants, 1.e., the alkylatable aromatic conpound and

e a t t 0
o0 A B ARG e HCREDUALR, SOIBRIIUN Iy tr i
lmmdmn@dﬂmder effective 35alkylat|on condi tions. Such

conditions include a tenperature of fromabout OC to
about WD 2010/ 014404PCT/ U886/ 050724 500C,

pr ef from agout 10C out260Q, a pressure of
Mﬁ% 20 to jhmn‘ 250 e@ a-a, preferabl ysl?rF’j meél’

aboOA MO0t 0 about| 5500 kP& @afindy nol ar frati o of 10-150

aIk t e aronatlc co al'kyTating agent of

fr o.}/}f‘.h\gl'ﬂ)glgi 0 abo'rﬁ)gg)@g Otlonr ef Zr Mmabgui____
O.S.fUP%Oabout 10.1, and a flekd MEIght hourly space

vel ocity (WHSV) bgsed on thgphal kyl ating agent of from

bttt 1 . 0N KHe 1
about—0—1—to560—hr—1,—preferably—f+romaboeut—0-21-te

abqut .100 hr4[ 0084] When benzene is al kylated with
QQ~eP%§¥@h%¥¥%¥%¥%Huce et hyl benzene, the al kyl ation
[0064ACTTHIMCEfC 9&%&5@&! IYseﬁﬁ‘chng A Blosuft 5%43%?% gl Q%ﬁ@te and a

under conditions including a tenperature 'of froma
solvarg0 Che aicato aolu&O O@npmws et peast mnahifymbrgamcammt subBO4S, tndtric acid

sure yp to.about 20400 kPa re. .
hyorfPdRs G5ty Pt Sod GuoRisSagt sy Thiio grclsceig! RRLacetl acid or
any @mBInNRInWTind1Q4Hit ¥ci8 BAC Bro¥fic Aeidt Yre@é%bl& Sl a@éﬁ%glu@@ls nitric acid.

the ethylene al kyl ating agent of from about O.
The gpJgent comphisesiat least engofevatemimephanpb m}an@mc@oxﬁ: amﬂ (hbl@ﬂlylsulfone
Cﬁ 1; and a ratio of benzene to ethylene in the
al' Kyl ati on reaction zone of from about 0.5:1 to about

[0065])0 IThdcad coreegffioabd fth® abidie é@n{;‘z@nibnrmlnalthe fﬁﬁg@ of 0.001 to 10.
T eg}eferablé fromabout 1:1 to about 30:1 nol ar,

Lomang pi concsmiralisstare usefyl dowprolimits @ @LOlerIOér 0.0350. 1 0.5,1,2,3,
856] I ne Lo
S M e RARR L Sl o Rk o R TR e 05. 01
0.5, l i0i 4, peages, Gonatl 10.AMs abidl&ioud&rm@tlan faelap@aaangee)eﬁﬂ&eeﬁ@ny one of
}12%0 about E%gc eferably up to about 150C, , from
the apgyeieRpRBcdgoy “12 any; ol elsthg raéowmaﬁfeﬂne megdlmlts so long
S : 0
as tﬂéagwgr andv\gl lgsst alg or ¢ ﬁ@gg?g@v %r((:)lgnﬁ }%g@%i %gg&ératlon may be
presgnt opyt ameurdIrkndiag frog (QEntd Soh dne @mba&mlﬂnt ,Qltérdativdy 0@1 to 4, and
It %gou{(égg ?r-l, 20 preferably fromabout 1 hr-1 to
ACTUBoGY 50" hT-1; and a ratio of benzene to propyl ene in
the al kyl ation reaction zone of fromabout 0.5:1 to
about 100:1 nolar, preferabl ¥ 0.5:1 to 50:1 nol ar,
nore preferably from about 171 to about 30:1 nol ar,
nost preferably fromabout 1:1 to about 10:1 nol ar.
[ 0086] When benzene is alkylated with a butene to
produce sec- butylbenzene the 25 reactlon may al so

M I I T L N T T Y L o ] N L o




10

15

20

25

30 treatnment. This thermal treatnent is generally
perfornmed by heating one of these forns at a

wo esippradure at | east 370C for at | east one mi PCL/@SENL 050724
general ly not |onger than 1000 hours. Wile
sub- at nospheric pressure can be enployed for the

er t at nospheri c pressure.is ired fo
[Ooéﬁas gﬁisle 0 (g@%)t g@@ AFidIc somposttion @En‘ﬁe Pl ‘ﬂﬁs S%I?fe’ﬁeover acidic
compesition methhatatias isWRlROLEY Bhk4d O e tHISRORR SR A solute and solvent.
tenperature up to about 925C. The thernal treated
(ilpﬁggﬁ@ﬂgﬁgﬂéarticuIarIy useful in the catalysis of
rta ) ctio
OOéﬁer ng 15‘1¥a‘fll eg‘%%r%‘%ﬂé i §te p%lé Yy )g/n 3a. spgcuﬁ%?%qnt The spacing

agexhymkeﬁxj]ema@ndg@m&mbﬂﬁmf pdeEhng 8 rp@ktyl tﬁb)ﬂ &inl $tabBisRs te prBeursor in
exp@gﬁ catal ysis of certain or % hydr ocar bon,

¢ ey G- r”é&lélglt%glstlﬂﬁfr@pgn?@@kr?é 18P0 e both gyenthesized and

Ry S

prmddlﬁga sﬂﬁan mbiQ 6 Pha? 6t stdbiBH2th @ﬁacun%oﬂ%x@&ﬁied4”o&54 663,

615; 4,983, 276; 982, 04Q; 4,962, 239; 4,968, 402;
l""é] oooEEHeples0hppmpaygds iormmggzmc I3derganysompounds of gatetravalent
I m% @13 #R3kend; B/ Ond/cr A1 BeRBni
e n 422€ne§ch I ncor por at y ﬁé%%?n (ﬁﬁéérﬂﬁgem3§nggﬁmﬂwon
Comph@ndd esngarpgtrmanuﬁnt henmama:l ytorgnaoe&mium)ns:ompounds organoboron

10§5P91]Th MM 13 cC stallé ecular si.eve of this

comBPuIfSe s SFEnGARTHEI § SOBWOPR o %y GEEPAPOBRPUSS compound.  The

orgapasilitail ﬁll@dtﬂ%p&iﬁﬂ@ﬁﬁ&'dﬂ@ﬁ@@g B sildNBe RiddeC %ﬂ?&) €&, siloxane,
be in the formof a powde a granule, or a no 3

andpﬁ@@@dndu@ugﬁmdwmﬁmnéﬂﬂm&ﬂak@as|n cases mhere t he
t al I S nD de uch as by extrusion e cr

100638 *¥Fbole” RO oPAC G g U b Al Gighgnclude the
folldwigg: extruded. 15[0092] I't is desired to incorporate

the EMV 13 nol ecul ar sieve with another materia

resistant to the tenperhtBres ahd other conditions

enpl oyed in al kyl ati on rqcesse . Such materials

i ncl ude active and in ¥e—at-gri-al s and synthetic or

natural ly occurring zeo |%es as|{well as inorganic

mat eri al s such as cl ays ilicajand/or netal oxides
such as alunmina. The larté? may Be either naturally
wheR&€ U, isdy@bgéd) filgideompuRkyd @h@i | HANSI, D&lﬁ&irvp ok aﬁ&go Qikyl. The
gels 20 |nclud|ng m xtufes of silica and es.
hydrogabert S@Sﬁﬁleefrs@nemhy comipimnicern dntowibioht 1 earBMMiatiodas and preferably
sieve, therewith or, pre
are BKGEH Bhyo NS Ry i sl EMIDNRS Mt SThg Brdod 31k BT R, g integer at
leastt D afdh g&gﬁallyhﬁ 100 RxEleSIfONtARHHUO N 05 R T8 trhMedMarOheibh€of the silicone
cataly Inactive materials suitably serve as

Coma?tms*eerméoxeé iz gpcrally hehweamabhgnt 8o ab@m/%(} @@Qwndi prefgrably about 150
" r
0 o AR e s YR B B PRI E e ntigytsicone
pherfybmetBglsitioote, ol | i ngnetihe r at ehgdrop@adicons). Thesehylhydrogensilicone,
erials . m ge i ncorporated intg naturally occurring
Phef&ﬁwgogeaﬁbwn% PRIGAHOPEISHigENG saﬂtﬁﬂuw@pm@bmﬁ@n@ht@trachlorophenyl
51 USHeRUARBGIRAL, ¢ BR ¥ifLofnd |
me Hg"lper a<t3| %g dlot éon € el?}L malt eordléa Sfipl&ﬁggﬁfc?hﬁa methyltrisilicone,
tetragdppphenyddtiyl-siliapne Inm’uh)dsmba]sﬂdens dndr eﬁllyh/nq&mh&()t&t THet silicone
esi rab . rovi de .a cat.al yst havi good crush . .
comb et Ak i T B GEh o0 amplE haSape s cibgisioxane,
octaREBYRIEofdh@sitibAd, Yekadhe RAKi 1QarfloMa dat leyclotetrasi
pong?-l|ke 30 naterlalgﬂugﬁeselclgy blndeﬁg Hé&gﬂﬁggﬁﬂm“m&
enpl oyed normal ly only for the purpose of inproving
the crush strength of the catalyst. [0093] Naturally
occurring clays which can bé conpo sited with the
EMM 13 ol ecul ar si eve i ncl'ddé the nontnorillonite and
kaolin famly, which famlies include the WO
2010/ 014404PCT/ US2009/ 050724 subbentonites, and the
kaollns connonly known as D X|e Nthbnee, Georgi a and
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silica-alum na-thoria, silica-alumna-zirconia
silica-al um na-magnesi a and sili ca-nagnesi a-
waemoneam a. [ 0095] The rel ati ve proportions of PET/NE1099/050724
di vided EMW 13 crystalline nol ecul ar sieve and
inorganic oxide matrix vary wdely, with the crystal

VSR P R BT 3 R comahSeemn e o
groggyyposite is prepared in the formof beads, in the

range of about 20 to about 80 wt % of the conposite.
[007¢] 00dbFirhe stloxansni mgd exetysilesancef lisdtdemhodinrAimsitiaf  example

e AR AR 30, 8B L0 SRR R B b penasonane,
hexRawtheldistoxaye, Di f f r act baamb@PRiEliBamder x-ray d%é&ﬁetﬁﬁﬁé?rasﬂoxane,
ano

obL ined on a Bruker D4 instrunment in Bragg-Brent
hexaey g‘émllsl}o’ﬁl?»h peATEYEelciresilonanca rledapenplnyclothisiloxane  and

Od@@%ﬁﬁ%ﬁﬁggﬁgggg%ngtructural characterization extended

_ n"20. Intensities for Rietveld
[007Hf i nkisefnt silees, eisilaas] & JkOFsIARs CANLHO URMMIS GBBSituted silanes
h I ndexi ng of powder patterns were carried out with the

avingdhe geperldommilar nc.  program JADE. [ 0098] | ndexi ng of

powder patterns were carried out with the tool in the

MDI I nc. 25program JADE. After construction of a trial

nodel (facilitated by the styucture building nodule in

Cerius2 (Accelrys, Inc.)), ﬂts fit to the powder

diffraction profile wasRmad8€i-vi&;Ri etvel d refinements

Wi th the program GSAS as dedqcribed in A. C. Larsson &

R B. von Dreele, Ceneral Siyucture Analysis System

GSAS, Los Al anps National Laboratory, Los Al anps, NM
whergo R is 8gpastivengsouphsech asimginogd, sikoky] haegemtcarBoz @ hmino, acetamide,
. netrigally wth the 30 program DLS as described in
il SRS REckard i cdniothe g ol st 1 Seaie gndieatthich may
inchSpuk psofRedrh NeWERBbuPIPEABM afohs; ZRy1 &1k &itbdGltic AR Wherei

El ectron density maps generated’mﬁ?h égxs c%ﬁﬁgmﬁégi%hmenlﬂm
orgagieportign [ob edeyd cad@insi bimhbat Gfscarbort Mtemsnintd thelakyl group contains

' it h rius | s .ensure that the

sbol 8 apht £ESarlbsuih iy B TP SerSub e aE S arebind bl eroups

conthinkeaboV7 20KH 0368 $QBRCTS2PR A AP ARG allyr %Iﬂgp for an alkyl silane is

refipenments to avoi d unusual bondi ng geoiretries. For
betwepp a??l&r}é\nérakwtﬁrﬁagb%orpm qhain lyng}gq.slumurebmaiy mpodienged.
re L . I - n ist.ances (1.61 .0.03 .

[007Z]nd 8’1_‘ %@étlfe?:l%ler:% e%gﬁgﬁnég frg%lg%t%ssg?nz-f.ng 1ng0<?x%glp%s2 dlgleghyhé}zenylsﬂane,
phenygiiigbthy lsjarfey md¢thysildner ardhigexhm@ (WA nd. @FdcNB NBIYxyWBhes are those

.ﬂgﬁgd%glly.relgﬁgd buéugffter each refinenment stép, the
wi SHPtone sHiequdidmeenbed of the bonding 5 geonetry was
Alkaserteéded. In addition to unit cell paraneters,

background and zero shift, profile functions were al so
[007B)f i teoni“apmoatie” tihecfmeded td tte dlkiylaiablewasmanerebmp®snds which

n at .t he al . R-values did not necessarily.
ey B3B3 e T SRS et enurecognived

scope NTARSIhEMd&SUINA - subftitSBY B lin&B SR Ted 3 IsS ta?@ P{)@nﬁﬁéﬁ compounds.
made for preferred orientation, expected fo

Comppuapsls-Hraararamaticiehagactar dhatpopieat ¥ heteymitan naysdsdby/ useful provided
' .- A .Younq, i.n:. The 10Ri etyveld t hod
sullEEREEIR IS i it QR g PSRt Regps refeciaos,

[007#] 1 BubSitfed eeordtRa®nldUA hive a0 \WRIdlylatSt hdBfmEn &t $8sREs at least
be neasured by 't he Brunauer -

| ecul ar sieve ma (

one E}ﬁ@ﬂgg@- Fem direqtsendgdttnghe gaimajicaniindeyst | Bhe desmtiptiimgs can be
of nitrogen (tenperature of liquid nitrogen, 77 K).
The internal surface area (ZSA, n2/g) may be
cal cul ated using t-plot of the 15
Brunauer - Enmet t - Tel | er (BETE measur enent. The external
surface area (ZSA, nR/g) i$s ¢al cul at ed by subtracting
the internal surface area fromthe overall surface
area measured by the Brunauer-Emett-Teller (BET)
measurenent. M cro-pore volune (Mpore in cnB/g) is

I o o



10

15

20

25

30

WO 2010/ 014404PCT/ US2009/ 050724 [ 00102] For prelim nary
intensity data collection, diffraction filns were
waoelegobwisaed on a flat bed scanner and, after theCT/US2009/050724
i ndexing, the intensities of individual spots were
estimated with the program ELD according to X. D. Zou,
Yu., Sukharev & S. viol | er Ul tram crosco 53
S“b?‘%%i)m WP WOFE IREL éﬁilas?ik%é!la R Sy vloalkyl, halide, and/or
othdn@¥eus iRt do Wot mddFepd RAR ARYaltylakchd@2dton® 121) package.
S%rmet ry-related reflections were averaged and no
[007r enbyitabdy r swoniatn wampapplsi adcltide t benzehas, i maphthalene, anthracene,
[ factor magnitudes..In so cases i.t wa
napfihhgtit v ip sBoalR B MiSRanisda i et bespe etered
[00FD. Gendrhilp tlﬂ‘@ﬁlﬁ?/l Bhoup® the@n Heapesd: a8 s@bgtftl%ntsbgﬁj the aromatic .
Joyce Loebl M. Il1 mcrodensitoneter and the pea
compppd copfaig fxem dntoeahouhd? sabbn tatwns aihtsndy ties ab&drl to 8 carbon
(o] [ t hr eer di pensi onal set, common
amn?%? Fé_clac ig%%glgifl* fo%%)nl%saé%|8'élltr121Oe4 7onEs W e used 10f or
[00Eqal | Sgtadie slkyl t@bithetedt RedmaR Uopipdsa®d iBlule koluene, xylene,
. Dorset, Structural Electron Crystall ogfr aphy. Pl enum
1soprgpy begeene, [ monapzibeatenel ednhagnethylnpplibalensn ehylbewsnpe, mesitylene,
duréhk! Yok f C ' re.cartied out wth
i SR, REHBEAR T bR GB BRERnS in-elnyibenzene, p-
dietleylbatzens tistantylporamny iwvhedilsdnzdd e AasthyBERcA8! Rinf@tkthylbenzene;
th the Fortran program ZPOT after phase approxi mat€s
12 £ m ST eIRERSeRac t LiPd T meplbsuacaed. 1.2.4-tiethylbenzene,  1.2,3-

trimbO9MRALCREY 081l MBRShON ALy b g defined. uni |
rlmc:e?l reci ’pr%ggz)g‘ﬁgg%g&( gebr?glg)ﬁ‘?e? @%%usqg\}gﬁ‘ t&[‘%ﬁ?,ea e'ttﬂgfltoluene, p-
eth}’@bhl_en@nmurrd]rﬂtah_ndned 4vitleyirnofcytehe, ﬂiﬂx:ieﬁl@yhﬁ%ﬁhiﬁﬁi%ﬁﬁabthylnaphthalene;
L.eci,.pr o attice. ing the usual gold powder
2. 3-SR e S e iohche HomeHBRTRSC:of ey lanthracenes 9,10
dim&ByPh&iaBthedtict af®Blm&RHLThelS U t ,
lmaby;rgnces in et ﬁese npl)I Ig%;{sr,glet héﬁﬁﬁ?t HE%W %@W%&g@ u%ng?']ammatlc
comgpyyls isan ayodist uspdpe dtadingonaienas aod Ticluddatiombeodeanics such as are

i ohal .Tabl.es for Crystall ography. Vol une A
e T R AR e T e p—
freq@intlyctofigres] Werig fhound & AmyRte3 2Rl datiagetheksi X'&ﬁ“&
entropy and | ilkel i hood vai ﬂ; th:cal progr amhfﬂg%{é&%gg%rgl éenzene’

dodgeglbenzepe, G pemtndecylbenzgimank hemdiolene BricopletesncPr ododecyltoluene,

SRy B8, 9L 05 80} Rl o 4 g i i

lze &t Zeol |
alkytlgsop attaded o B ardagid ek varlies iBsi¥e GosK&ouCs to about Cj,. When
Pal at i miﬁ Z. Krjst. 222 (2007) 47 to further
CUmefies St Peivenairs g desited produpty dheprasent plogess amedused deseptably little
by-pEduRts SaA TR b K8l h qur.e. o J4Loaeeordi ng to .
PR PR HRRAE ahd Ul o TRl TR Ep{ s made in
suchAu@ar(ce90@Yy bg 9&s tHansbead 00fwipuh.l factori al phase
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the production of cumene by the alkylation of benzene with propylene and production of
ethylbenzene by the alkylation of benzene with ethylene.

[0082] The reactants can be partially or completely in the liquid phase and can be neat,
ie. free from intentional admixture or dilution with other material, or they can be brought
into contact with the catalyst composition with the aid of carrier gases or diluents such as, for
example, hydrogen, methane and/or nitrogen.

[0083] The alkylation process of this disclosure may be conducted such that the organic
reactants, i.e., the alkylatable aromatic compound and the alkylating agent, are brought into
contact with the presently required catalyst in a suitable reaction zone under effective

alkylation conditions. Such conditions include a temperature of from about 0°C to about
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500°C, preferably from about 10°C to about 260°C, a pressure of from about 20 to about
25000 kPa-a, preferably from about 100 to about 5500 kPa-a, a molar ratio of alkylatable
aromatic compound to alkylating agent of from about 0.1:1 to about 50:1, preferably from
about 0.5:1 to about 10:1, and a feed weight hourly space velocity (WHSV) based on the
alkylating agent of from about 0.1 to 500 hr™, preferably from about 0.1 to about 100 hr!.
[0084] When benzene is alkylated with ethylene to produce ethylbenzene, the alkylation
reaction is preferably carried out in the liquid phase under conditions including a temperature
of from about 150°C to about 300°C, more preferably from about 170°C to about 260°C; a
pressure up to about 20400 kPa-a, more preferably from about 2000 kPa-a to about 5500 kPa-
a; a weight hourly space velocity (WHSV) based on the ethylene alkylating agent of from
about 0.1 to about 20 hr', more preferably from about 0.5 to about 6 hr'l; and a ratio of
benzene to ethylene in the alkylation reaction zone of from about 0.5:1 to about 100:1 molar,
preferably 0.5:1 to 50:1 molar, more preferably from about 1:1 to about 30:1 molar, most
preferably from about 1:1 to about 10:1 molar.

[0085] When benzene is alkylated with propylene to produce cumene, the reaction may
also take place under liquid phase conditions including a temperature of up to about 250°C,
preferably up to about 150°C, e.g., from about 10°C to about 125°C; a pressure of about
25000 kPa-a or less, e.g., from about 100 to about 3000 kPa-a; a weight hourly space velocity
(WHSV) based on propylene alkylating agent of from about 0.1 hr! to about 250 hr',
preferably from about 1 hr! to about 50 hr''; and a ratio of benzene to propylene in the
alkylation reaction zone of from about 0.5:1 to about 100:1 molar, preferably 0.5:1 to 50:1
molar, more preferably from about 1:1 to about 30:1 molar, most preferably from about 1:1 to
about 10:1 molar.

[0086] When benzene is alkylated with a butene to produce sec-butylbenzene, the
reaction may also take place under liquid phase conditions including a temperature of up to
about 250°C, preferably up to about 150°C, e.g., from about 10°C to about 125°C; a pressure
of about 25000 kPa-a or less, e.g., from about 1 to about 3000 kPa-a; a weight hourly space
velocity (WHSV) based on the butene alkylating agent of from about 0.1 hr'' to about
250 hr‘l, preferably from about 1 hr™! to about 50 hr''; and a ratio of benzene to butene in the
alkylation reaction zone of from about 0.5:1 to about 100:1 molar, preferably 0.5:1 to 50:1
molar, more preferably from about 1:1 to about 30:1 molar, most preferably from about 1:1 to

about 10:1 molar.
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as- synthesized EMM 13 as- synt hesized MCM 22-P MCM '

22-P MCM 22-P AI203 2.3 2.16 2.1

[0087] A summary of the molecular sieves and/or zeolites, in terms of production,
modification and characterization of molecular sieves, is described in the book “Molecular
Sieves - Principles of Synthesis and Identification”; (R. Szostak, Blackie Academic &
Professional, London, 1998, Second Edition). In addition to molecular sieves, amorphous
materials, chiefly silica, aluminum silicate and aluminum oxide, have been used as
adsorbents and catalyst supports. A number of long-known forming techniques, like spray
drying, pilling, pelletizing and extrusion, have been and are being used to produce
macrostructures in the form of, for example, spherical particles, extrudates, pellets and tablets
of both micropores and other types of porous materials for use in catalysis, adsorption and ion
exchange. A summary of these techniques is described in “Catalyst Manufacture,” A. B. Stiles
and T. A. Koch, Marcel Dekker, New York, 1995.

[0088] To the extent desired, the original metal cations of the as-synthesized material can
be replaced in accordance with techniques well known in the art, at least in part, by ion
exchange with other cations. Preferred replacing cations include metal ions, hydrogen ions,
hydrogen precursor, e.g., ammonium, ions and mixtures thereof. Particularly preferred cations
are those which tailor the catalytic activity for certain hydrocarbon conversion reactions.
These include hydrogen, rare earth metals and metals of Groups 1-17, preferably Groups 2-12
of the Periodic Table of the Elements.

[0089] The EMM-13 crystalline molecular sieve of this disclosure should be generally
dehydrated, at least partially. This can be done by heating to a temperature in the range of
e.g., 200°C to 595°C in an atmosphere such as air or nitrogen, and at atmospheric, sub-
atmospheric or super-atmospheric pressures for e.g., between 30 minutes and 48 hours. The
degree of dehydration is measured by the percentage of weight loss relative to the total
weight loss of a molecular sieve sample at 595°C under flowing dry nitrogen (less than 0.001
kPa partial pressure of water vapor) for 48 hours. Dehydration can also be performed at room
temperature (~25°C) merely by placing the silicate in a vacuum, but a longer time is required
to obtain a sufficient amount of dehydration.

[0090] The EMM-13 crystalline molecular sieve of this disclosure especially in its metal,
hydrogen and ammonium forms can be beneficially converted to another form by thermal
treatment. This thermal treatment is generally performed by heating one of these forms at a
temperature at least 370°C for at least one minute and generally not longer than 1000 hours.
While sub-atmospheric pressure can be employed for the thermal treatment, atmospheric

pressure is desired for reasons of convenience. The thermal treatment can be performed at a
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temperature up to about 925°C. The thermal treated product is particularly useful in the
catalysis of certain hydrocarbon conversion reactions. The thermally treated product,
especially in its metal, hydrogen and ammonium forms, is particularly useful in the catalysis
of certain organic, e.g., hydrocarbon, conversion reactions. Non-limiting examples of such
reactions include those described in U.S. Patent Nos. 4,954,325; 4,973,784; 4,992.611;
4,956,514; 4,962,250; 4,982,033; 4,962,257; 4,962,256; 4,992,606; 4,954,663; 4,992.615;
4,983,276; 4,982,040; 4,962,239; 4,968,402; 5,000,839; 5,001,296; 4,986,894; 5,001,295;
5,001,283; 5,012,033; 5,019,670; 5,019,665; 5,019,664; and 5,013,422, each incorporated
herein by reference as to the description of the catalytic reactions.
[0091] The EMM-13 crystalline molecular sieve of this disclosure can be shaped into a
wide variety of particle sizes. Generally speaking, the particles can be in the form of a
powder, a granule, or a molded product, such as an extrudate. In cases where the catalyst is
molded, such as by extrusion, the crystals can be extruded before drying or partially dried and
then extruded.
[0092] It is desired to incorporate the EMM-13 molecular sieve with another material
resistant to the temperatures and other conditions employed in alkylation processes. Such
materials include active and inactive materials and synthetic or naturally occurring zeolites as
well as inorganic materials such as clays, silica and/or metal oxides such as alumina. The
latter may be either naturally occurring or in the form of gelatinous precipitates or gels
including mixtures of silica and metal oxides. Use of a material in conjunction with the
EMM-13 molecular sieve, i.e. combined therewith or present during synthesis of the EMM-
13, which is active, tends to change the conversion and/or selectivity of the catalyst. Inactive
materials suitably serve as diluents to control the amount of conversion in a given process so
that products can be obtained economically and orderly without employing other means for
controlling the rate of reaction. These materials may be incorporated into naturally occurring
clays, e.g., bentonite and kaolin, to improve the crush strength of the catalyst under
commercial operating conditions. The materials, i.e. clays, oxides, etc., function as binders
for the catalyst. It is desirable to provide a catalyst having good crush strength because in
commercial use it is desirable to prevent the catalyst from breaking down into powder-like
materials. These clay binders have been employed normally only for the purpose of
improving the crush strength of the catalyst.
[0093] Naturally occurring clays which can be composited with the EMM-13 molecular

sieve include the montmorillonite and kaolin family, which families include the
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subbentonites, and the kaolins commonly known as Dixie, McNamee, Georgia and Florida
clays or others in which the main mineral constituent is halloysite, kaolinite, dictite, narcite,
or anauxite. Such clays can be used in the raw state as originally mined or initially subjected

to calcination, treatment or chemical modification. Binders useful for compositing with the

- present crystal also include inorganic oxides, notably alumina.

[0094] In addition to the foregoing materials, the EMM-13 molecular sieve can be
composited with a porous matrix material such as silica-alumina, silica-magnesia, silica-
zirconia, silica-thoria, silica-beryllia, silica-titania as well as ternary compositions such as
silica-alumina-thoria, silica-alumina-zirconia silica-alumina-magnesia and silica-magnesia-
zirconia.

[0095] The relative proportions of finely divided EMM-13 crystalline molecular sieve
and inorganic oxide matrix vary widely, with the crystal content ranging from about 1 to
about 99 percent by weight and more usually, particularly when the composite is prepared in
the form of beads, in the range of about 20 to about 80 wt% of the composite.

[0096] The following examples reflect embodiments of the invention and are by no
means intended to be limiting of the scope of the invention.

Experiments

Powder X-ray Diffraction

[0097] Powder x-ray data were obtained on a Bruker D4 instrument in Bragg-Brentano
geometry with monochromatic Cu Ko radiation; the pattern used for structural
characterization extended from 1.2 to 80° in 2. Intensities for Rietveld refinement were
extracted from the continuous scans. Indexing of powder patterns were carried out with the
tool in the MDI Inc. program JADE.

[0098] Indexing of powder patterns were carried out with the tool in the MDI Inc.
program JADE. After construction of a trial model (facilitated by the structure building
module in Cerius® (Accelrys, Inc.)), its fit to the powder diffraction profile was made via
Rietveld refinements with the program GSAS as described in A. C. Larsson & R. B. von
Dreele, General Structure Analysis System, GSAS, Los Alamos National Laboratory, Los
Alamos, NM, 1994. Sometimes the framework would be optimized geometrically with the
program DLS as described in Ch. Baerlocher, A. Hepp, & W. M. Meier, Distance Least
Squares Refinement Program, DLS-76. ETH, Ziirich, 1977. Electron density maps generated
with GSAS could be used to locate additional atoms in the unit cell, tested first with Cerius?

models to ensure that there would be no collision with framework atoms. Care was taken
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[0099] The overall surface area of a molecular sieve may be measured by the Brunauer-

Emmett-Teller (BET) method using adsorption-desorption of nitrogen (temperature of liquid
nitrogen, 77 K). The internal surface area (ZSA, mz/g) may be calculated using t-plot of the
Brunauer-Emmett-Teller (BET) measurement. The external surface area (ZSA, mz/g) is
calculated by subtracting the internal surface area from the overall surface area measured by
the Brunauer-Emmett-Teller (BET) measurement. Micro-pore volume (M-pore in cm® /g) is
determined by nitrogen adsorption/desorption (nitrogen isotherm).

Collidine number measurement

[00100]  The collidine number of a molecular sieve may be measured by TGA, A sample is
dried at 200°C to constant weight (weight change less than 1% for the period of 1 hour). The
weight of the dried sample, the sorbate, is then measured. The sorbent, 2,4,6-collidine, is
delivered by a sparger maintained at 3 Torr collidine partial pressure and carried over the
sample by nitrogen passed 200 ml/min for 60 min. The collidine number is expressed as
micromoles of adsorbed per gram of the sorbate.

Electron Microscopy and Diffraction

[00101]  Selected area electron diffraction experiments were carried out at 300 kV with an
FEI/Philips CM-30 electron microscope using a selected area diameter of 0.25 pm. In some
cases, three-dimensional tilts were made around a defined reciprocal lattice to map out a 3-D
reciprocal lattice. Bright field electron micrographs were obtained at 32,240 x direct
magnification. The field-limiting aperture passed diffraction information out to d* = 0.08 A™.

All exposures were recorded on Kodak Biomax MS film.
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[00102]  For preliminary intensity data collection, diffraction films were digitized on a flat
bed scanner and, after their indexing, the intensities of individual spots were estimated with
the program ELD according to X. D. Zou, Yu. Sukharev & S. Hovmoller, (Ultramicroscopy
53 (1994) 271 within the CRISP as described in S. Hovmoller, Ultramicroscopy 41 (1992)
121) package. Symmetry-related reflections were averaged and no Lorentz correction was
applied to the derived structure factor magnitudes. In some cases it was difficult to obtain
suitable peak integration with ELD. In this case, films were scanned on a flat bed J oyce Loebl
Mk. III microdensitometer and the peak areas used as an estimate of their intensities. For
merging data into a three-dimensional set, common reflections from separate zones were used
for scaling one set to the other as discussed in D. L. Dorset, Structural Electron
Crystallography. Plenum, NY, 1995.

[00103]  For electron diffraction studies, structure factor calculations were carried out with
the Fortran program SF and one-dimensional electrostatic potential distributions were
obtained with the Fortran program ZPOT after phase approximates from a known structure
were provided.

[00104] Three-dimensional tilts around defined unit cell reciprocal axes (generally a*)
were plotted to give an undistorted view of the three-dimensional reciprocal lattice. Using the
usual gold powder standard for calibration, the dimensions of the complete unit cell could be
measured. From systematic absences in these plots, the unit cell symmetry could also be
estimated according to Th. Hahn (ed.), International Tables for Crystallography. Volume A.
Space-Group Symmetry. Kluwer, Dordrecht, 1995.

[00105]  Structures were found from a 3-D dataset using maximum entropy and likelihood
with the program MICE according to C. J. Gilmore, K. Shankland, & G. Bricogne, Proc. Roy.
Soc. London 442 (1993) 97. 1t is useful to utilize a typical zeolite density histogram as
described in Ch. Baerlocher, L. B.McCusker & L. Palatinus, Z. Krist. 222 (2007) 47 to
further discriminate among trial structural solutions culled by a maximum likelihood figure of
merit according to C. J. Gilmore, G. Bricogne & C. Bannister, Acta Cryst. A46 (1990) 297.
Instead of full factorial phase permutation of identified reflections, a Nordstrom-Robinson
error correcting code according to C. J. Gilmore, W. Dong, & G. Bricogne, Acta Cryst. A55
(1999) 70 was used to speed up the calculation.
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Materials and synthesis

Example 1: Synthesis of MCM-22-P with Si/Al2 ~ 60

[00106]  The synthesis mixture was prepared with 184 g of water, 1.5 g of Usalco 45, 22 g
of 10 % NaOH, 17 g of hexamethyleneimine and 23 g of Ultrasil. It was reacted at 150°C
with 100 RPM in a 300 ml autoclave. Product composition and structural porosity
characteristics are listed in Table 7.

Example 2: Synthesis of MCM-22-P with Si/AI2 ~ 23

[00107] The synthesis was analogous to Example 1, US Patent 4,954,325. Product

composition and structural porosity characteristics are listed in Table 7.

Example 3a: Acid treatment of MCM-22-P (Example 1) with silane to produce EMM-13 as-
synthesized and EMM-13 calcined

[00108] Mixing 30 grams of 1 M HNO; solution (obtained by mixing 3 g of concentrated

acid with 27 g of water) with 0.3 g of spacing agent (silylating agent) dimethyldiethoxy
silane, and followed with adding 3 g of as-synthesized MCM-22-P sample of Example 1. The
mixture was reacted at 170°C for 24 hrs. The product was filtered, washed with water and
dried. The as-treated material was identified by XRD as EMM-13 as-synthesized. The as-
treated material was further calcined in air at 540°C for 4 hrs. The calcined material of
example 3a was identified by XRD as EMM-13 calcined. Product composition and structural
porosity characteristics are listed in Table 7.

Example 3b: Acid treatment of MCM-22-P (Example 1) to produce EMM-13 as-synthesized
and EMM-13 calcined

[00109] Mixing 30 grams of 1 M HNO; solution (obtained by mixing 3 g of concentrated

acid with 27 g of water), and followed with adding 3 g of as-synthesized MCM-22-P sample
of Example 1. The mixture was reacted at 170°C for 24 hrs. The product was filtered, washed
with water and dried. The as-treated material was identified by XRD as EMM-13 as-
synthesized. The as-treated material was further calcined in air at 540°C for 4 hrs. The
calcined material of example 3b was identified by XRD as EMM-13 calcined. Product
composition and structural porosity characteristics are listed in Table 7.

Example 3c: Acid treatment of MCM-22-P (Example 1) with silica to produce EMM-13 as-
synthesized and EMM-13 calcined

[00110]  Mixing 30 grams of 1 M HNO; solution (obtained by mixing 3 g of concentrated
acid with 27 g of water) with 0.3 g of fumed silica (Cab-0-Sil), and followed with adding 3 g
of as-synthesized MCM-22-P sample of Example 1. The mixture was reacted at 170°C for 24
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hrs. The product was filtered, washed with water and dried. The as-treated material was
identified by XRD as EMM-13 as-synthesized. The as-treated material was further calcined
in air at 540°C for 4 hrs. The calcined material of example 3¢ was identified by XRD as
EMM-13 calcined. Product composition and structural porosity characteristics are listed in
Table 7.

Example 4a: Acid treatment of MCM-22-P (Example 2) with silane to produce MCM-22-P
and MCM-22

[00111] Mixing 30 grams of 1 M HNO; solution (obtained by mixing 3 g of concentrated

acid with 27 g of water) with 0.3 g of spacing agent (silylating agent) dimethyldiethoxy
silane, and followed with adding 3 g of as-synthesized MCM-22-P sample of Example 2. The
mixture was reacted at 170°C for 24 hrs. The product was filtered, washed with water and
dried. The as-treated material was identified by XRD as MCM-22-P. The as-treated material
was further calcined in air at 540°C for 4 hrs. The calcined material of example 4a was
identified by XRD as MCM-22. Product composition and structural porosity characteristics
are listed in Table 7.

Example 4b: Acid treatment of MCM-22-P (Example 1) to produce MCM-22

[00112]  Mixing 30 grams of 1 M HNO; solution (obtained by mixing 3 g of concentrated
acid with 27 g of water), and followed with adding 3 g of as-synthesized MCM-22-P sample
of Example 2. The mixture was reacted at 170°C for 24 hrs. The product was filtered, washed
with water and dried. The as-treated material was identified by XRD as MCM-22-P. The as-
treated material was further calcined in air at 540°C for 4 hrs. The calcined material of
example 4b was identified by XRD as MCM-22. Product composition and structural porosity

characteristics are listed in Table 7.
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609 66 311 15 7.25 2.75 1.7 0.21 17 145 609 547 62
245 16 8.62 1.38 3 0.5 17 90 642 588 55 212
wo-e@d/oPuet r eat nent 10 Benzene [00115] Benzene MEBUS2009/050724

obt ai ned from a conmerci al
passed through a pretreatnent vessel

sour

ce.

The benzene was
cont ai ni ng equal

parts (by volunme) nolecul ar sieve 13X, nolecul ar sieve

4A, Engel hard F-24 d ay,

frominlet to outlet),

and

and Sel exsorb CD (in order
aﬁfnﬂ hr ough a pretreatnent

vessel containing MCM 22 ca yst f eed
Expmpler eat rfent | 15 fat erijal s3vere [dri egi | n fa 260C Jovep, b
for 12 hours before usspﬁhesﬁr&ﬂmhmg [00TT6] Propylene
SWAs opt ag'neq froma conmercral speglnalrtn 2§:§ iuw ce
S IR SR ARG O e Ak i ) T A
O e A er "G ade] nrogof. 00115 N 14dadn wa
RO pliri ty gra je and obt|ai ned frdm @35onmerci al
Tdfdci It1$0c1a es source. WO 150
Tingoh€)/ D14204PCT/ US2009/ 050724 60-70
Acid treatment conditions
T(°O) 170 170 170 170 170
Time (hr) 24 24 24 24 24
Product Characterization and Properties
XRD MCM- | EMM-13 | EMM-13 | EMM-13 | MCM- | MCM- | MCM-
22-P + as- as- as- 22-P 22-P 22-p
trace | synthesized | synthesized | synthesized
ZSM-
12
AlLOs 2.3 2.16 2.1 4.88
Na 0.4 0.0339 0.267 0.0789
SiO, 78.9 85.3 78.7 76
Si/Al, 58.32 67.13 63.71 26.48
Product Characterization and Properties after Calcination in Air at 540°C for 4 hrs
XRD MCM- | EMM-13 | EMM-13 | EMM-13 | MCM- [ MCM- | MCM-
22 22 22 22
BET 410 485 463 396 436 472
ZSA 378 456 404 327 329 362
MSA 32 29 58 68 107 110
M-pore 0.152 0.18 0.16 0.13 0.13 0.15
Collidine 214 153 124

Example 5: Synthesis of 40/1 MCM-22-P

[00113]

molar ratio of reactants: silica/alumina = 54/1, OH/Si =

35,R/Si=

mixture was heated at 170°C for 70 hrs and product isolated by standard methods.
Examples 6-16: Synthesis EMM-13 with 40/1 MCM-22-P

[00114]

The preparation was carried out like above but with a gel having the following

0.15, water/Si = 0.58. The

Examples 6-16 were conducted by mixing concentrated acid with water to form

acid solution according to Table 8. Various amount of spacing agent (silylating agent)
dimethyldiethoxy silane, were added followed by as-synthesized MCM-22-P sample of
Example 5 according to Table 8. The mixtures were reacted at treatment conditions including

a treatment temperature and time according to Table 8. The products were filtered, washed
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Exanpl e 17 [00119] Three 65 wt. % EMW 13 cal ci ned of

Exanpl e 3a and 35 wt. % al um na catal yst were prepared.
wabesoi44bt ee catal ysts were tested for benzenePCT/US2009/050724

al kylation with propylene to formcunene. 5 Test

Sequence for Cunmene Manufacture in a Fi xed Bed Test

'%$012g%ﬁTHeﬂfx eri ment was conducted in a fixed bed
widy wateppng (et dral¢ipatinadt the peodgstinasoariesheutgo rait ator#0°C for 4 hrs.

i i o react . .

Tk NG hiRriah i Pt DR BB B 340 £ 5P g cqfned mateias
of Bkappled Jisandsi3z Bowte idehtiZidd g XRMas EMMded i nto the

3/ 8" reactor. The catalyst bed was axially centered in

the m ddl e furnace zone. The 10 catal yst was packed

with inert sand to fill the interstitial void spaces.
Reaction conditions were 130C, 2169 kPa-a and the
benzene/ propyl ene nolar ratio was 3/1. Wi ght hourly
space velocity was 1 hfl on a propyl ene basis. [00121]
At reactor start-up, the reBdideB was brought to
reacti on pressure of 2169 kPa-a with the ultra high
urity |nitrogempousyémheat ed tjo0 react]i on [eNT¥aked vk, au® T [Coidne
156@eprii or tjocdb jsseduci ng [tike|thenzene [fred| J.of | Mdopore,
MHRRS— TRk Yo e dldoveds (D qquiLLbeet p260f #51umoll
ay Pr&or ey TNE0UuCh g T PrAPY{7He 1O G 6% 53 350
st eady’|st at28l beinre datla wasi col| eatjed.  Theor East O 6o 244
Yas cobred*o 130C ungar —beigens ] Hw and ghep u | 1| s
propyliene Wes i nsroduggd.  Ppygdugt Siere —coldect,gdrang T34
Emaj,¥%_zbd fof _130%8ays ofl-stregmioRerdl t s shews| Bévat  ss 327
Dri-sopgopybhenzede Dy EB)—S¥arLunBhe %6 | 40 | T8 5
Lsopropyl benzene, T PB} nol a4 ratiHg of tihes20s09 6 311
.odu§ S fgg; iiﬁth@ f-8nge 98fl 120 ¢80 18%]| FRanmi7e] | fe 245
Fz)ula_ 09 grarof —pettet—6t—65— w06 EMH-13—(B8ahpite | 212
3a) and 35 wt. % Versal 300 alum na (conmercially
Fecd\Rattadahentf rom UOP) was used for benzene al kyl ation
with ethylene to form ethyl benzene. The catal yst was
Benzgipeci ned for 2 hours at 538C 25[ 00123] Benzene
vl &t ' ? ?yle s. conducted b QB?Y ing a
(00F13 B Pher bh BP0 RS SSuB pale Bend was passed
thraughoz [ppateeatean t essed| con@indh g ﬁqﬁalnﬂr)]@ﬁsuqb@’ GOIORE) $dMLular sieve 13X,
Eg zene(gag thyl ene (benzene/ethylene ratio of 3.5
molgghigE Sicvers. Faglbard -G amd Seloverd 4D Groglanvnasge to outle)
j 0 - of the
o P Al Wit SIEML 25 BB A1 08 pretratment
matgrialls yeeeeldiyd igas26ORC onat fagi 2 hbyrs bEfvee gdn@l yst
Pnpe[fornance was assessed by a 30 kinetic activity rate
€41i¢t ant and di et hyl benzene/ et hyl benzene wei ght ratio

[Ong?ﬁr PAopyRitE SwasT BBtafMYH ﬁ‘&ncgt@hﬂﬁércigp?p%%\.h?cgéés& tqu%E and were

r.gnole/cc)-1 and a selectivity o asure
polysperdiradeny| benzene/ et hyl benzene wei ght ratio. WO
EmeRA9! 014404PCT/ US2009/ 050724 CLAIMS: W claim 1.A
““%TUCeSS for manufacturing a nono-al kyl aromati c
[00Br Y maEiley | G RRAWHELindHkéin RICOMBRTFCISIPFBEARY BGef QMACHdNGks polymer
a feedstock conprising an al kyl atabl e aromatic
gradgonpound and an al kyl ati ng agent under al kyl ati on
; tion conditions wth a catalyst conprising a
Dﬁ”&%ﬁgcular sieve having a framework of tetrahedra
[00528) s Nitrogig edashyltraxyge puiadyof¥ade hfteobtelnedRMN al corlrféftial specialty
framewor k being defined by a unit cell with atomc
E3E8PEFnat es i n nanoneters shown in the foll ow ng
table: Atomx/a y/b zic U so occ. Ti 0.6667 0.3333
0.1126(2) 0.00649 1.0 T2 0.4652(5) 0.2326(3) 0.1754(3)
T3 0.3901(5)
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0.0 0.1897(4) T4 0.6667 0.3333 0.2403(4) T5 0.6667
0.3333 0.3575(4) T6 0.3894(5) 0.0 0.3050(4) T7

WQ@20IRA5¢B) 0.2108(2) 0.3593(3) T8 0.2502(5) BCLBSHYSY50724
0.4450(2) T9 0.6667 0.3333 0.0 :

Example 17

[00119]  Three 65 wt.% EMM-13 calcined of Example 3a and 35 wt.% alumina catalyst
were prepared. These three catalysts were tested for benzene alkylation with propylene to
form cumene.

Test Sequence for Cumene Manufacture in a Fixed Bed Test

[00120] The experiment was conducted in a fixed bed 3/8” OD tubular reactor in a
downflow configuration with an 1/8” internal thermocouple. The reactor furnace was
controlled in isothermal mode. Two grams of catalyst sized to 14/20 mesh was loaded into
the 3/8” reactor. The catalyst bed was axially centered in the middle furnace zone. The
catalyst was packed with inert sand to fill the interstitial void spaces. Reaction conditions
were 130°C, 2169 kPa-a and the benzene/propylene molar ratio was 3/1. Weight hourly space
velocity was 1 hr' on a propylene basis.

[00121] At reactor start-up, the reactor was brought to reaction pressure of 2169 kPa-a
with the ultra high purity nitrogen, and heated to reaction temperature of 150°C prior to
introducing the benzene feed for 24 hours. The catalyst was allowed to equilibrate for 1 day
prior to introducing the propylene to achieve steady state before data was collected. The
reactor was cooled to 130°C under benzene flow and then propylene was introduced.
Products were collected and analyzed for 13 days on-stream. Results shows that
Diisopropylbenzene (DIPB) over cumene (isopropylbenzene, IPB) molar ratios of the

products fall in the range of 12% to 18%.

Example 18

[00122] 0.9 gram of pellet of 65 wt.% EMM-13 (Example 3a) and 35 wt.% Versal 300
alumina (commercially available from UOP) was used for benzene alkylation with ethylene
to form ethylbenzene. The catalyst was calcined for 2 hours at 538°C

[00123]  Benzene alkylation with ethylene was conducted by charging a fixed weight of
catalyst to a well-mixed Parr autoclave reactor along with a mixture comprising benzene and
ethylene (benzene/ethylene ratio of 3.5 molar). The reaction was carried out at 220°C and
3893 KPa-a (550 psig) for 4 hours. A small sample of the product was withdrawn at regular
intervals and analyzed by gas chromatography. The catalyst performance was assessed by a
kinetic activity rate constant and diethylbenzene/ethylbenzene weight ratio after 4 hours. The
EMM-13 catalyst has an activity of 3 (hr.gmole/cc)”! and a selectivity of 10.1 measured by

diethylbenzene/ethylbenzene weight ratio.
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010 0.6667 0.3333 0.0562(1) 0.010 1.0 011 0.5420(3)

0.2710(1) 0.1282(2)
W 216814:4)
0.6667 0.3333 0.2991(4)

012 0.3876(5) 0.1037(2)
013 0.5408(3) 0.2704(2) 0.2230( 3) PCT/O8209/050724
015 0.3725(2) 0.0 0.2473(3)

016 0.5
CLAIMS:

We claim:

1.

A process for manufacturing a mono-alkylaromatic aromatic compound, said process
comprising contacting a feedstock comprising an alkylatable aromatic compound and
an alkylating agent under alkylation reaction conditions with a catalyst comprising a
molecular sieve having a framework of tetrahedral atoms bridged by oxygen atoms,
the tetrahedral atom framework being defined by a unit cell with atomic coordinates

in nanometers shown in the following table:

Atom x/a y/b zlc Uiso occ.
T1 0.6667 0.3333 0.1126(2) 0.00649 1.0
T2 0.4652(5) 0.2326(3) 0.1754(3)

T3 0.3901(5) 0.0 0.1897(4)

T4 0.6667 0.3333 0.2403(4)

TS 0.6667 0.3333 0.3575(4)

T6 0.3894(5) 0.0 0.3050(4)

17 0.4215(5) 0.2108(2) 0.3593(3)

T8 0.2502(5) 0.1251(3) 0.4450(2)

T9 0.6667 0.3333 0.0

010 0.6667 0.3333 0.0562(1) 0.010 1.0
011 0.5420(3) 0.2710(1) 0.1282(2)

012 0.3876(5) 0.1037(2) 0.1681(4)

013 0.5408(3) 0.2704(2) 0.2230(3)

014 0.6667 0.3333 0.2991(4)

015 0.3725(2) 0.0 0.2473(3)

016 0.5 0.0 0.176(1)

017 0.5 0.0 0.318(1)

018 0.3951(6) 0.1062(3) 0.3279(3)

019 0.5453(3) 0.2727(1) 0.3786(4)

020 0.3519(7) 0.1759(4) 0.4087(3)

021 0.1806(5) 0.0 0.4320(3)

022 0.2928(8) 0.1464(4) 0.5

Extra-framework:

123 0.4499 0.1812 0.0686 0.025 0.355
124 0.2477 0.1232 0.0360 0.025 0.160
Approximate

025 | 0.663 | 0.452 [ 0.0 1 0.025 | 0.099
2. The process of claim 1, wherein said molecular sieve further has a composition

involving the molar relationship:
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0.0 0.176(1) 017 0.5 0.0 0.318(1) 018 0.3951(6)
0.1062(3) 0.3279(3) 019 0.5453(3) 0.2727(1)

WQ@28786(4) 020 0.3519(7) 0.1759(4) 0.4087(3)PCT/OR09/050724

10.

0.1806(5) 0.0 0.4320(3) 022 0.2928(8) 0.1464(4) 0.5

X203 . (n)YOp_,

wherein X is a trivalent element comprises at least one of aluminum, boron, iron and
gallium, Y is a tetravalent element comprises at least one of silicon and germanium,

and n is at least about 30.

The process of claim 1 or 2, wherein said molecular sieve further has, in the as-
synthesized form, having a formula, on an anhydrous basis and in terms of moles of

oxides per n moles of YO,, as follows:
(0.005-1)M,0:(1-4)R:X,03:nYO,

wherein M is an alkali or alkaline earth metal, n is at least about 30 and R is an

organic moiety.

The process of claim 2 or 3, wherein said n is from about 30 to about 150.

The process of any one of claims 2 to 4, wherein X is aluminum and Y is silicon.
The process of any preceding claim, comprising less than 1 wt.% Ti.

The process of any preceding claim, having a collidine adsorption capacity at least

150 pmoles/g.

The process of any preceding claim, wherein said molecular sieve further has, in its
as-synthesized form and in calcined form, an X-ray diffraction pattern including peaks
at d-spacing maxima at 13.18+0.25, 12.33+0.23, 11.05+0.2 and 9.31+0.2 Angstroms,
wherein said peaks at d-spacing maxima at 11.0540.2 and 9.31+0.2 Angstroms exhibit
a valley in between and the measured intensity corrected for background at the lowest
point of said valley is less than 50 % of the intensity point at the same XRD d-spacing

on the line connecting d-spacing maxima at 11.05+0.2 and 9.31+0.2 Angstroms.

The process of claim 8, wherein said molecular sieve further has, in its as-synthesized
form and in calcined form, an X-ray diffraction pattern including peaks at 6.9£0.15,

3.57+0.07 and 3.42+0.07 Angstroms.

The process of any preceding claim, wherein said alkylatable aromatic compound is
selected from the group consisting of benzene, naphthalene, anthracene, naphthacene,

perylene, coronene, phenanthrene, xylene, n-propylbenzene, alpha-
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Extra-framework: T23 0.4499 0.1812 0.0686 0.025 0. 355

T24 0.2477 0.1232 0.0360 0.025 0.160 Approxi mate 025
w02@681490452 0.0 0.025 0.099 2. The process of PCT/abro09/050724

wherei n said nol ecul ar sieve further has a conposition

i nvol ving the nolar relationship:

2010/ Q14404PCT/ US2009/ 050724 X203: (QQYO@ wher ei n

a t Medyinaphthaleatrent odistprbarene: algthghenzgpe, p- deitbenzene,

al uptdiskihylBQILHe, ';Sé?fﬂaxﬁaﬁylgéﬂﬂehélm 1‘5 3.8 atéu%E{h%%hféﬁE 1,2,3,5-

el ement conprlses at | east one of [Tcon an
ger tetmaingthylbenzens; i1s2, a{tnd:thﬂbttnmh@uﬂ 23Dtrnﬁeth9ﬂhmzpn® cestsutyltoluene;

past ot TRt Fs i RuE Deri ocst e g TRt pyitoluene;
an ananeyg le@@sdlﬁleﬁ@%dpﬁtﬂa%&s Shy IRHRR1Gf; 29-88%tR%Anthracene;

n nmol es of Y02, as
(o @@Qxyim@cem, 4) R thyimhram@r ei n M-insthytendirkahe; 9,10-

i,ne e n,is t Iea out,, 30 and R
T AR D s
in said i'S fron1ab ut 30 tQ about 150, 5. The
Lo OEE% DRSSl ABh STeSPURE AT Vicpen Salghakikighl jrematic compound

al ugy e@Q@leystloﬁe §f$én§9rﬂ?angna§ ﬁ@cess of any
precedi ng claim conprising an 1 w.%Ti. 7.

12.Therpt ?1%@@5:% o(l)gn c&{nt?é: @ga gqueé%h %Qu{i gﬂw %&%g%%llsr?‘eqécrt]eed from the

adsor ption cap ac

pr ogesp cOilisuamg off bmf @6li aleholspaldehydas fatliyh hslded an®neautes thereof.
sieve further has, in its as-synthesized formand in

13.cal ThérprbctRIdNan prefeliny ctHiml HdeieiPshidalklRiilg lap&lt YBinpGises at least
peaks gﬁ)d-spac?ﬁb na??na at 13.18+0. 2%5 fzgsg M@ ses A e

11. o cthydens. propylens andibigienasons, wher ei n sai d peaks
at d-spacing maxi ma at 11.05+0.2 and 9. 31+0. 2
14.Angthe pneceesklof biny @esedidgeylaim, bétweesaidnalkylhgomeastioe donditions

intensity corrected oun | owest poj nt

of - GNP FRRGRLHTLEh RS 6 Wb s0b W SRS hte M about 02
POi R atdfut DHGOOSIFEa, ¥Rt $RRF b Qlk?ﬁtaﬁ)tbeaﬂohﬁﬁc € P@l‘iﬁd 0%lkylating
d- spaC|n? maxi ne at 11.05+0.2 and 9. 2 Angstrons.

9. dusat p dvas gbaft G1:ditm ouphereand @afedd mrllé’rt tHoarly space velocity
[ h .1 th d
oo LTS RARH e shPiabihgpftd B PP ATREET LIS MR i ng
t 6.9+0.15, 3.57+0.07 3. 42+ t
15567 g Brosfiscl i gine @qmcleaf?f crEi kKB eroRRge compound
al kydrapradeb e bawRAR! isaidC oA, | Sochf! 8GhFGkel " @MVIdAE, said mono-

group consi sting ‘of benzehe, napht hal ene, ant hracene,
nap#kpareardic aromatic compound comprises ethylbenzene said alkylatlon reaction

gﬁ[}%olan?iqleo‘n(s: WANES te?rpp%?a% nrte horf Hota agouet NS08 RS ag(Yut %‘BBZ(?, a pressure of
from about 2000 to about 5500 kPa-a, a molar ratio of alkylatable aromatic compound
to alkylating agent of from about 0.5:1 to about 50:1, and a feed weight hourly space
velocity (WHSV) based on the alkylating agent of from about 0.1 to 20 hr'".

16.  The process of any one of claims 1-9, wherein said alkylatable aromatic compound
comprises benzene, said alkylating agent comprises propylene, said mono-
alkylaromatic aromatic compound comprises cumene, said alkylation reaction
conditions include a temperature of from about 10°C to about 250°C, a pressure of

from about 100 to about 3000 kPa-a, a molar ratio of alkylatable aromatic compound
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met hyl napht hal ene, o- di et hyl benzene, m di et hyl benzene, p-
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T paRee SR N R e LA ) ARELELD §RCCo, gy 50, o
of olasfuraof fiaminc ebrit 4, toadbdeh§elEskPah, kymol ratite 6f alkdlatable aromatic
m xt ures ther .13. The_process of any precedi

of . di ng )
cl aCPPPong 6 Ak dating agepy, P& {romyabaye Bt5: b éhpbqud #9: 1apnd a feed weight
| eagby aef vably ARyl -
procqggpg% any p%L@ggﬁxgb%#ﬁfﬁﬁﬁaﬁggg@ggggﬁgOfﬁ%nlJﬁﬁtOJt0250
al kif"ation reaction conditions include a tenperature
of from about OC to about 500C, a pressure of from
18about proc@s tfar mboufhct@SAOH nidia-adkyl@offatia bron@dtic @offpound, said process
al kyl at abl e aronmati c_conpound to, al kyl ati ng agent of
fr oﬁ?fa%%%g gonfaciing féﬁfg“@HCkS‘@@}”IS’élﬂdm@Hﬂé@é Rearqypatic compound and
hou ' . [ ..
ngory MISREGE MERORACY IHEYh B ARghisRs R Tualk comprising
of EMMelde of clains 1-9, wherein said al kyl atabl e
aromati ¢ conpound conpri ses benzene, said al kyl ati ng
agent conprises ethyl ene, said nonoal kyl aromati c
aromati ¢ conmpound conpri ses et hyl benzene, said
al kyl ati on reaction conditions include a tenperature
of from about 150C to about 300C, a pressure of from
about 2000 to about 5500 kPa-a, a nolar ratio of
al kyl atabl e aromati c conpound to al kyl ati ng agent of
fromabout 0.5:1 to about 50:1, and a feed wei ght
hourly space velocity (WHSV) based on the al kyl ating
agent of fromabout 0.1 to 20 hr-1. 16. The process of
any one of clainms 1-9, wherein said al kyl atabl e
aromati ¢ conpound conprises benzene, said al kyl ating
agent conprises propyl ene, said nonoal kyl aromati c
aromati ¢ conmpound conprises cunene, said al kyl ation
reaction conditions include a tenperature of from
about 10C to about 250C, a pressure of from about 100
to about 3000 kPa-a, a nolar ratio of alkylatable
aromati ¢ conmpound WO 2010/ 014404PCT/ US2009/ 050724 to
al kyl ati ng agent of fromabout 0.5:1 to about 50: 1,
and a feed wei ght hourly space velocity (WHSV) based
on the al kylating agent of fromabout 0.1 to 250 hr-1.
17. The process of any one of clainms 1-9, wherein said
al kyl atabl e aromati c conpound conpri ses benzene, said
al kyl ati ng agent conprises butylene, said
nmonoal kyl aromati c aromati ¢ conpound conpri ses
sec- butyl benzene, said al kylation reaction conditions
include a tenperature of from about 10C to about 250C,
a pressure of fromabout 1 to about 3000 kPa-a, a
nmol ar ratio of al kylatable aromatic conmpound to
al kyl ati ng agent of fromabout 0.5:1 to about 50: 1,
and a feed wei ght hourly space velocity (WHSV) based
on the al kylating agent of fromabout 0.1 to 250 hr-1.
18. A process for nanufacturﬁﬁg a nono-al kyl aromati c
aromati ¢ conmpound, said process conprising contacting
a feedstock conprising an al kyl atabl e aromatic
conmpound and an al kyl ati ng agent under al kyl ati on
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