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WD 2010/ 014405PCT/ US2009/ 050727 PROCESS OF MAKI NG
ALKYLAROVATI CS USI NG EMM 12 CROSS REFERENCE TO RELATED

WQ\RRROGAT ONS [ 0001] This application clains tPer/US2009/050727

benefit of U S. Provisional Application Serial No.
561/ 084, 166, filed July 28, 2008 which is hereby
i ncorporated by reference in its entirety. FIELD OF
THE | NVENTI ON [ 0002] The present disclosure relates to
a process for producing al kylaromatic compounds,
especi al PROTBIS-GH MAKINGALK €1 aROOANIES, USIDIG EManD? e
et hyl benzene, cunene and sec-butyl benzene, using a
nol ecul ar sieve conposition designated as EMM 12 whi ch
CROKS mp}max T(ama'El T!Elb@-\ll’iPilJIChEDI(')N uni que XRD
features, OF TH'S DI SCLOS

ek) I\/E]l“ééBPléﬁa“%‘} é\?@l%ﬁl@&erl%frtsof Yot ﬁrwa%e%ﬁbﬁp@mtlon Serial No.

sV Gled NAY 83 ROENWHRARNRELR tRErporitdd s BREhcd @ il @Y -ety.
catalytic properties for various types of hydr ocar bon
Eﬂﬂﬂééﬁliﬂiﬂﬁiﬂﬁﬁﬂlﬁ sieves that find application in

ﬂ)@bﬂl Y ST 'ﬂ?@sleh'td QliseiYurf roldd& @@té'lr[ﬁbéexs Obr l{{rdeangO ralkylaroma‘uc
synthetic 15 crystalline nol ecul ar sieves.

@ﬁnnon@e cspedilint @on¢-pkylawenalia cgeppore ere@qamp@sethy enzene cumene
érlet @Eﬁ%n@ 9151?1 %Ilﬁ(ﬁec%lﬁl? ls gtfce oml?ogﬁjiorcf H@gl%na{%a a8 EMM-12 which is

760l |te ese z8oltes an ei'r Isotypes are
deNEM-B2 niily maeriah Bavife EegleiRD Raamewor k Types", eds.

# FﬁGﬁbﬁﬁ OPT;M@%@ Baer | ocher, El sevi er,

her eby |ncorporated by
0803 r enbelechlat dexgenpatiads, bethl Hatueal ged eyralhdtiy, s beenpden®nstrated in
9o Fiondy oSBT Sl e PR Al P pa s Sroteeuer
{itWIPAG Eadmabplidation Of caZeplid inelubloaBnof &t unelallyEcanphgor synthetic

of l.arge pore zeolit cl ude n322|.e, offretite,

ST oIy “Geh ( ERame, WS e BBl g pore zeolites,

ﬁ&ir@eduﬁs pbidtseleFedlitel end@hdl §orZ ecoid] THeee gRNRE ahd meiﬂ <'i\§0types are
pore size from about 5 A to | ess than about 7

an

ﬂq%@mfaég Aflgy ofedepliny amgpprk Tpes”, pdsoW. NFCiRES:- He\réﬂson and Ch.
BRGockdEWi1sFER FifV¥itian od ONVIfis BRBBMREK nfcM@@rai’e@QJy' rb@fence. A large
(1 UPAC 25 Commi ssion of Zeolite hbnegf

iR ApAliEs ceeralliithey Awarcaties ot deast ghouy é P@deglﬂuﬁ@ﬂ ke VFL MAZ,
P:&M‘ @FFZ%A]-ang%ﬁzfrarﬁ%ﬂg%ypeskéoﬂl%l('HtJleAé CAMission of Zeolite
silicalite 2. A small pore size zeolite has a pore
§p@@wflat@m @b@nmlessowatg@ potsszeolitganchige trazgteg offichiigg zeolite L, VPIS,
ke[%ﬁ euid %§011té ' of TTB{QEB t% 1n§;%‘n dissE relsﬁg ’ze§ I%ﬁl(ﬁy has a pore

Famewor k type zeolites (1 UPA i ssi on of

ﬂ&from@bm@r%doaltwtban atla Pl esd ufcluslmlfbr pemplez Gl MES., EUO,

%ﬁgj@&{ﬁ%’ %%ér ﬁﬁ%QZ ?ﬁ%%\/’é’ﬁ WZE-Ag 8‘ y E%angwoﬁklt%'pe zeolites (TUPAC

Chahazioh @f Zzdat Nomeﬂ'qlatgre&l]imhbés oAhi?@n]:dlateemcb size zeolites include

PP, 15 DO St 00 L e

mmre%ﬁd-fﬁanaﬂd)ut 1 4 t6 Ynd thes al:muf 8. om andriedades,dor ¢xaibler EHA, ERI,

gggoﬁ%q’zgég nﬁu%% A O(n?l}l?-}yg?oﬁfoé teﬁl EPAC Commission of Zeolite

Nemaisrinky). ERGhFIENE, smal poFedRHlites ﬁemwzmoh weMCH SAPCB3ASAPO-35,
directiﬁé agent for gynthe3|s of the %6,(U.S” .
Patlént ARG 425 2862, 68752 HexafBty FRONE fri phabpadtcqrcglte T, gmelinite,
hapohty, {frcliH§RilbiRe. synt hesi s of crystalline nolecul ar

sieves MCM 22 (U.S. Patent No. 4,954,325) and MCM 49

[0@0451 PHtSe RgtepjoNo.5t, @3@640@755%5 tg\ams@élmegpolgquéa‘yéleve composition of
LORR ARl PIHOE AN %gntﬁ&fsefr&ﬁda £QctRR mrRuAE @(Lr' ﬁﬁro%%ngﬁreactlon
(U S. Patent No. 4, 667) is synthesized froma

reaction m xture for hydrothernal reacti on contai ni ng

an adamant ane quaternary ammohiumion. U.S. Patent No.
6,077,498 refers to a crystalline nolecul ar sieve
conposition of matter named ITQ 1 and its synthesis

froma reaction m xture for hydrothermal reaction
containing one or a plurality of organic additives.
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10[ 0005] U. S. Patent Application No. 11/823,129
di scl oses a nol ecul ar sieve conposition designated as

WERNBA0HPS having, in its as-synthesized formPENUXRIDEYS0727

diffraction pattern including d-spacing naxi ma at

13.180.25 and 12. 330. 23 Angstrons, wherein the peak
intensity of the d-spacing nmaxi num at 13.180. 25

Angstronms is at |east as great as 90% of the peak

intensity of the d-spacing maxi nrumat 12.330. 23

étmgﬁﬁmg) ﬂinan{dthSlenEiailﬁd‘l tan drandpRbp@intl OnhidID actd b 8RActig2agent for

EHRITD O 1 VLSS BAPEChangad b RBHe T i aho taugh

foahs‘d 1A @ GhtheRTsIOf cF/RAPIE aiottguumltveg ekdna-om (Us. Mt No. 4,954,325) and
stalline nolecular sieve. is

oIo said_cr

%ﬁ#r baent plp- é@%@ P 2et4 BRIesH IRy GeMPesEiAn o enatisr referred to as
ge%hte 8$Z- 8NGO Nardnd NoD&t 2 6B6h L&! ydhesiIOE fibhY § trddclib @nixture for
mol ecul ar sieve is further characterized by the arced
hydootheipblicpiop Copia g R FAYPIItINg CH R ARG e U.S. Patent No.
Gby’/ﬁ@l refeR€o a@ys’f@ﬂnﬁ%&l@{ulaﬁ”sﬁvg C(l)IﬁpJSHirOB K€ Matter named ITQ-1 and its
characterized by the streaks in the electron
mnﬂtefﬂaéltotnomrep%tmemﬁtusﬁ ton gy drathemal giagteqit ¢oprpining @e or a plurality of
&gpg(@ggglcatlon No. 11/827,953 discloses a
yst q Ine MCM 22 fam |y nol ecul ar sieve having, in
[0085]as - Byt tPhiest Agrdichtommo.all/8%3 129 dgélbfes acmwlmmlqm ateve composition
%E%lél%tg% %% Eﬁ/[ﬁgl:agl% %tawg S]ﬁ%g 955%&512'11&@09 f a%ZXSr ¥1 d%%actlon pattern
mebailiny - sl@émgmxm 5713 bR-ts Und #2208 gamgsmms Aridbrein the peak

SR AR B RoRE mingt 40 R SuaRo PR E LI Ry o0ve of
the smaalal inGndTBX bfMgimn fd&bt{t&i‘@‘l i tad B3R 234 Adgstroms. U.S. Patent

?ctatqg-tglg%l 13/&2%,2% nsgfg g%o??f ]tﬁp g% e%aqglgltbgtgqe.}jg(?emg}{ate(l as EMM-10,
{nQQQEalrﬁchﬁurh @kmn@é@%&z of AMits| AICARY Q&ﬂnﬁ'eomfn@sﬁng wat @ik &lith MWW
of the MCM 22 fam |y" or "nolecul ar sieve t he
weKesy squgmsgﬁll ne na@ethéaédleﬁ% ltsetha[rac‘ieﬁquwegtffractlon streakmg from the

BE( ko6 Bkt smeth@sc r@ft@mfrt OMReA cHRRATMR fbleSilard €I ESs further
crystal line buildi ‘unit cell having the MAW

n
shagasieisid by dpo gy I&OAP%WWS etlpctiog diffsggtion gpttern. The crystalline

ALLANYRIRBYs Afh@LRIBMYE By bR strbdk86h P electron dlffractlon pattern along
t hree-di mensi onal space to describe the crystal

e s rditsetepni H-3.hRatenprApalicaipn 2o L4887, ﬁi%ﬁhgvlmeﬁ attmé@hne MCM-22

B e B B3 R0 8, 95 VB et o

meluding apesk 4t idispaom goowianmsif é¥. 83+0nasdengstroms, a destingroshable peak at a
3. Sﬁa% % HQW b(?tl\'lvletlend {97 t% aBguEr%4?7 %n]g?tlronrr%na %n d screte p%ak at a d-
$paoing haymunobetwm Lot llcﬂlhgstrbﬂns oKresisthe ppxleﬂh&nﬁbfl qf tlonde spacing

PR bofRu J2oo it aup 2 shbvETRg B SbutlY PRYERES jpronsioy or

mﬁﬂspﬂmﬁpﬁﬁuhﬁ@ﬂtQDEH@MNAm§ﬁ¢nihlCkneSS wherein the

PR, ORI MEDEDGAY el (S PLEEEE L8 MPEr ity

meduaay@resse Sf thOREMID FanGiB'), at ﬁ@ealﬁe@fn Wblutlescel | s haVI ng

the MAW franmewor k topol ogy. The stacklng of suc .
b o rfBOlERMGAT S VB UMALR Feim B Cammeonc Bt %@rtemrﬁtql@w%tdmg block “unit
f ashi@n hafg ki @GN Atani Dk 010 10r adQ i asPh@N arrBfgement of
any conbi nation thereof; or nol ecul ar sieves made

by arpgr,omse\gmp]ms tded méﬁg%ﬁyn@nap% HACH Hradlesgribe the crystal as described in
3- di npnshgNale £QMRR ﬂ%ﬁlbxg{)‘rkofyp‘é@* %1@#&&1&0&1 %d)ﬁghé EﬁuMéWtent of
framework topology. [0007] The MoM famly materials

are characterized by having an X-ray diffraction

pattern including d-spaci ng maxi ma at 12.40. 25,

3.570.07 and 3.420.07 Angstrons 15 (either cal cined

or as-synthesized). The MCM 22 fam |y materials may

al so be characterized by having an X-ray diffraction
pattern i ncl udi ng d- spaC|ng naX|na at 12 40 25

~N A PN PN N\ o AN PN~ rU
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20 with a scintillation counter and associ at ed
conputer as the collection system WMaterials belong to

W@ b2 famly include MCM 22 (descri bed i PCTIUSE09/050727

Pat ent No. 4,954,325), PSH 3 (described in U S. Patent
No. 4, 439,409), SSZ-25 (described in U S. Patent No.
4,826,667), ERB-1 (described in European Patent No.
0293032), ITQ 1 (described in U S. Patent No. 6,077,
498), ITQ 2 (described in International Patent

Publ i\xz}ath i mcbporatcdns WKéACk7290) , |1 TQ- 30 (described in

tern nal. Paten Publ i cati on No. rgﬂéOOSl%ﬂﬁ%,bl K 5

38° %Cdl1 cHPYSE ™A (08 apgpramen Nioons! 9eggee, ppylding block, a 2-

w ggm%%%ﬁﬁftilg@g)f ’stﬂ:hg/IWW :ga{n@'ﬂ%)rk@e Lgut%ggs g%ng a “monolayer of
escri bed in en

EMv 199¢ it adstbickpssy pryfaribly onsgrunitcegBFkngsst i on’ No.
&l 82301420k sRREk FAMM 1in CORTOR isBRHd idPorkd SuildRat BBks, “layers of one
Application No. 11/824,742). The entire contents of
the [Ategie shagrqueunk selh Shgss haharg ﬂaf‘ylaef@ff rmapie dhan ogig unit cell

[ Oooeﬂncf(ﬂesé 8 hfle tﬁ%r@ﬁ@crk%ﬁ;‘ ﬁ’l&glgg Bevi gtzlea(s@mld Mlonolayers of one
mol ecul ar sieves descri bed above are di stingui shed

f r omuwéregB ibicloafimit egllyehapivg dhe MY Wi Baradviopk dapotogy. The stackmg of

cat al t
o 1 S 2 B0 o bR g ion.
conmumidoat kshapt, br adyeombinefiergthemefepnal pore syst em of

(bbodTHRAML SigrR Réfe Y Qo AL H T G R G Lension

as beiompinafiort bfemiidiistlopnk dgyM Ve fratl:ﬂeWIOr-ld tapcém@d

PGl TR s B T r R P gt frection

pdtteehe oiclddelngapmmgr klail' ipes .axss 3i7nve.0didnfled. emoloy Angstroms

BRBS oo &' Sl 130 Ok "Ry fitef by Sameterized
byaRdving sokaey hafrac:slb@\b@t&nln aetidbReNsfapidp thaknd g 125205, 6.9+0.15,
| n_a Varl%f%/ Ongr ocar bon .conver si on processes.

Gl e gn Angsirqnys feiihst peleined ey @s-synhayErpp The X-ray
MﬁM’cﬁ&l ddEMeao chaffctize B ecu®P4icd® are B RidelRBy Ltan®¢ Rechniques

mol ecul ar sieves are useful for alkylation of aronatic

edHpbe fdapharubley ahgipecr ay th inpidedpdipgpn agd gaftfragiemeter equipped
Qitﬁ Gl &%ﬁﬁla@orpE&&?ésanﬁoc{ss&[a@&lugdn%t& aﬁDtHQ ceh&ylb@rsg?ﬁaﬁl Rlaterials

npound Mloartl cularly cunene, 10 npri si ng) he st eg)
beflortgotﬁttbﬁc 23 fyuily aclyle M@y- Qér(éﬁi&tlb%i I8 dfypo AN e, 954,325),
Aol fUA L@ub £ UL ORI S NROUG) W90 flendrBBEn s Patent No
arti UId ase condi f1ons an resence o
41826 @ﬁé»aﬁlwla(ﬂcsonbezdamdhymeam Baipntdﬁlmd@%(lﬁé) ITQ 1 (described in U.S.
?B&Q ﬁlloky(i 70%8(@ @@QH&erbe‘ﬁh%{ efn{ér&a_lﬁg al Pate t Ppblication No.
ansal kylati on Cat ri ses xture’or at
WeERSt1729%), Hid-8@ (dmsmmed ytsirmdrhatmealrﬁakeac thilcatmneNeswozoos 118476),

Y3 Qo % Ko el S8 5 50 B BV R EE R g ent o

haze, 5it5),am Cx4- SaXd@Cfﬁ‘tfeﬂaﬁt[U SNnPpaittes. s 36’2§ﬂ9u)j|EMM 10-P (descrlbed in

(TS RS 12 90 26 80 BBl B tn
Ro. 13/2ug12). The dire cbntefis @0the Yatehts e 1M0rﬂ‘d€ate(pheréffﬂbﬁlﬁeﬁ&bnce
at the 15 | ZA Conference in Bglfl%l ng in 2007 di scl osed

EOQES]MWtéﬁ@ Jegorpeeiateddhe M2 MR molerepr Hiaige descbrd above are

&@M’ga%ht% #Gth 86rvahtickal lﬁig@ﬁ)tofe%of@taﬁglaﬂbn cathlynts, RadheRtmordenite, in
pl'icati on 20 Publication 2005/0158238 to Tat sumi et

‘é‘?t they ML Y54 deptanamiv ey £2-Hep pyrtage gaskets aich dowotonpaynigpfe with the

ﬁpﬁh%ﬁ%ﬂa‘l’ﬁor@s‘%énﬁ@fth@ﬂm%@&ﬂl’@&%2757 to Oguchl et al.

di scl osed crystalline MW type titanosilicate
catalyst. A report by W Fan, P. Wi, S. Nanba, and T.
Tatsum (J. Catal yst 243 (2006) 183-191) disclosed a
new titanosilicate nolecular sieve with the structure
anal ogous to MWtype | anel |l ar precursor. J. Ruan, P.
Wi B. Slater and 0. Terasaki 25 disclosed detailed
structure of T|-YNU-1 (Angew Chem I nt. Ed 2005

A N\ ~NAMNT =T - I
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XRD (002) (100) (101) (102) (002) (100) (101)
(102)

WO 2010/014405 PCT/US2009/050727

[0009] The zeolitic materials designated by the IZA-SC as being of the MWW topology
are multi-layered materials which have two pore systems arising from the presence of both 10
and 12 membered rings. The Atlas of Zeolite Framework Types classes five differently named
materials as having this same topology: MCM-22, ERB-1, ITQ-1, PSH-3, and SSZ-25.

[0010] The MCM-22 family molecular sieves have been found to be useful in a variety of
hydrocarbon conversion processes. Examples of MCM-22 family molecular sieve are MCM-
22, MCM-49, MCM-56, ITQ-1, PSH-3, SSZ-25, and ERB-1. Such molecular sieves are
useful for alkylation of aromatic compounds. For example, U.S. Patent No. 6,936,744
discloses a process for producing a mono-alkylaromatic compound, particularly cumene,
comprising the step of contacting a polyalkylated aromatic compound with an alkylatable
aromatic compound under at least partial liquid phase conditions and in the presence of a
transalkylation catalyst to produce the mono-alkylaromatic compound, wherein the
transalkylation catalyst comprises a mixture of at least two different crystalline molecular
sieves, wherein each of the molecular sieves is sclected from zeolite beta, zeolite Y,
mordenite and a material 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.

[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.

[0012] These closely related materials may further be distinguished by comparing XRD
diffraction patterns for d-spacing maxima corresponding to (002), (100), (101) and (102)
reflections for both as-synthesized and calcined materials. The d-spacing maximum
corresponding to (002) reflection is typically in the range from 14.17 to 12.57 Angstroms
(~6.15-7.05 deg 2-6 Cu Ka radiation). The d-spacing maximum corresponding to (100)
reflection is typically in the range from 12.1 to 12.56 Angstroms (~7.3-7.05 deg 2-0). The d-

spacing maximum corresponding to (101) reflection is typically in the range from 10.14 to

4.



Al'l four peaks are resolved. A valley exists between
(101) and (102), wherein the neasured intensity
we@orpecuesl for background at the | owest point BEI/TR009/050727
| ess than 50 % of the point at the sane XRD d-spaci ng
on the Iine connecting maxima for (101) and (102).
Peak corresponding to (002) is not visible. Al other
three peaks are resolved. A valley exists between
(101) and (102), wherein the nmeasured intensity
c00 r eadsecind @873k ge® @, dthet mepdcmg/emhxinmhmco@@bmgiing to (102)

| ess. t han 50 _%.0f the nt e s Ci

isTodioh It Runalg it et o R 5@ ool sk (0355 00, The
ﬁ(ﬂbhm@@ﬁﬂé (Tesiak) anﬂne(rﬂz@@ﬂle ramkenaés&)ef\@e%@ M@qrzzmmm EMM-10,
the peak intensity for i s % | east as great
Yo op aflﬁéhep%taﬂosrlﬁfﬂeﬁg%t%rgﬁ 6?1’01“% ¥-18HR} Agel %F@rﬁmt?eoﬁmtence
Anb2R)the FEMYELG BRI tahvahetioR §RKST GO d-§2PRA R GhiaR Gnd @bn(ea&mmg to (002),

and 5102 are non-discrete or exhibit a valle

WOk (108 handr (8P irgflegtias ffor body sy tbepised @n(b%?é%@qdd’&?ﬁ‘%ﬁaé%
the | owest point being not fgssithan 50 % of the point
at the sanme XRD d-spacing on the |line connecting

maxi nma flor (101) ARIY nt’ilés%)i WO Calcined
2010/ 014405PCT/ US20 Peaks co respo di ng
t oxkB02) m)(lo@lboﬁfe M@i)‘ f??@)VGd(dbﬁﬂ, (100) | (101) | (102)
MCM-22-P MCM-22
Yes Yes Yes Yes No Yes Yes Yes

All four peaks are resolved. A valley Peak corresponding to (002) is not
exists between (101) and (102), wherein | visible. All other three peaks are

the measured intensity corrected for resolved. A valley exists between
background at the lowest point being (101) and (102), wherein the

less than 50 % of the point at the same | measured intensity corrected for
XRD d-spacing on the line connecting | background at the lowest point being
maxima for (101) and (102). less than 50 % of the point at the
same XRD d-spacing on the line
connecting maxima for (101) and

MCM-22

(102).
EMM-10-P EMM-10
Yes Yes Non-discrete Yes Yes Non-discrete
Both (002) peak and (100) peak are Peak corresponding to (002) is not

resolved, wherein the peak intensity for | visible. Peak corresponding to (100)
(002) is at least as great as 90% of the is well resolved.

peak intensity of the d-spacing
maximum for (100). And,

EMM-10
Further, peaks corresponding to (101) and

(102) are non-discrete or exhibit a
peaks corresponding to (101) and (102) | valley but with measured intensity
are non-discrete or exhibit a valley but | corrected for background at the

with measured intensity corrected for lowest point being not less than 50 %
background at the lowest point being of the point at the same XRD d-

not less than 50 % of the point at the spacing on the line connecting

same XRD d-spacing on the line maxima for (101) and (102).

connecting maxima for (101) and (102).




peaks corresponding to (101) and (102) are
non-di screte peaks at a d-spaci ng maxi nrum bet ween 8. 8

W@ 010014405 st r ons, wherein the peak intensity oPCT/H82009/050727

(002) is less than 90% of the peak intensity of the
(100). Peak corresponding to (002) is not visible.

Al'l other three peaks are resolved. A valley exists
between (101) and (102), wherein the neasured

intensity corrected for background at the | owest point
bei ng | ess than 50 968 He poi nt at the sa é ¥

d- spaci ig_on t he 1iHANEHE ecting mpxi ma forn?f %and
102). Peak, corfespondi ng to 2

Sisiéle or '8 & Eﬁgulder “bedk .g>eak(2§?2e>ponaln {8 Yes
(MGM)M P\Agks co rgs‘?o ci.ﬁ to é@@q %@% Pgﬁ%%rc'r sponding to (002) is not
cdamidspan 3 ? 1 F\P d %

o are resol VIS b S 11 A cr o ree ks re
anteribl Ut with neasured NEENSi Y Co etp Ee deen
fddwcldsert K und at the | owest point Eﬁéﬁ g q% oy
t hvald.S50 g./Q[of the point at the sane %1 erl ! efor
t Mateht ne [ 01
cimt Bopd o e Lo aﬁgﬁg%? bEE 'foué at?%lﬁgaﬁ At being

e o éos%‘ IﬂQFéH)mt at the
Pegdd.9Be gy, Xﬁﬁ’ﬁ[lﬁ BaRALL Q% f1 e spacipg on the line
And,  pedkaCar FEShaRAA {?91& w L g Pafias on e e
resol veg Ogée? |1 %) €Y P‘Pg;‘ﬁ%tg’gd’i‘aé‘ﬁm or (101) an
i ntensity co Sng 5% bac ék_?he | onest poi nt
bei ng nat te h 50 @6of the point at the sane
XRD d-spaC|ng on %@@Nﬁkﬂ? connectimg maxi ma f{Rh(4301)
and (102)

No Yes Yes Yes No Yes Yes Yes
Peak corresponding to (002) is not Peak corresponding to (002) is not
visible or as a shoulder peak. Peak visible or as a shoulder peak. Peak
corresponding to (100) is well resolved. | corresponding to (100) is well
resolved.
And,
MCM-49 And,
peaks corresponding to (101) and (102)
are resolved or exhibit a valley but with | peaks corresponding to (101) and
measured intensity corrected for (102) are resolved or exhibit a valley
background at the lowest point being but with measured intensity corrected
not greater than 50 % of the point at the | for background at the lowest point
same XRD d-spacing on the line being not greater than 50 % of the
connecting maxima for (101) and (102). | point at the same XRD d-spacing on
the line connecting maxima for (101)
and (102).
MCM-56-P MCM-56
No Yes non-discrete No Yes non-discrete
Peak corresponding to (002) is not Peak corresponding to (002) is not
visible. Peak corresponding to (100) is | visible. Peak corresponding to (100)
MCM-56 | well resolved. Peaks corresponding to is well resolved. Peaks corresponding
(101) and (102) are non-discrete to (101) and (102) are non-discrete or
scattering. exhibit a valley but with measured
intensity corrected for background at
the lowest point being not less than
50 % of the point at the same XRD
d-spacing on the line connecting
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Peak corresponding to (002) is not visible. Peak

corresponding to (100) is well resolved. Peaks
weoorwespendi ng to (101) and (102) are non-di SCPEL/ES2009/050727

scattering. Peak corresponding to (002) is not

vi si bl e. Peak corresponding to (100) is well resolved.

Peaks corresponding to (101) and (102) are
non-di screte or exhibit a valley but with neasured
intensity corrected for background at the | owest point

bei ng ngt less than 50 % of the poil afaxiata thhaospume (XBR
A-_cnact i ~An +tha |+ nA ~rnnA~t | oA~ \ AN

\" | OHM\JI T u U1 CITTC T 17TC CUTITTC U UT ||u VA 4

2010/ 014405R¢iddB2A00 8405 PhaBITcali®0 13] | t Calsinkh@IBnPdtdnaPublication
crystal |mor phobogy): s&iszerigng 20050158238 Fig. 2)
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% @Fced comercially by the liquid phase al kyl ati on
t°'5&nzene with propyl ene over a Friedel-Crafts

pa14]l ysThe pafylar@idtr byms@hdd cpiytephat i mdacimkney for example, are
al. um num ch|.ori de. ho

valuable, eommadity Q-}lg{néﬂ le%cf; %%eelqged industria

monomer and co-production of phenol and acetone respectively. In fact, a common route for

%lomfsratlon or new

Vel , .
y fgr the production of styrene

the production of phenol comprises a process which involves alkylation of benzene with
propylene to produce cumene, followed by oxidation of the cumene to the corresponding
hydroperoxide, and then cleavage of the hydroperoxide to produce equal molar amounts of

phenol and acetone. Ethylbenzene may be produced by a number of different chemical
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systens have been found to be nore active and
sel ective for propylation of benzene to 15cunene. For

weanpi4eps U.S. Patent No. 4,992,606 (Kushneri ckQT/US2009/050727

descri bes the use of MCM22 in the liquid phase

al kyl ati on of benzene with propylene. [0017] Exi sting

al kyl ati on processes for produci ng al kyl aromati c

compounds, for exanpl e ethyl benzene and cunene,

i nherently produce pol yal kyl ated species as well as
plbeesﬁiﬁsd)ﬁeelﬁfomsm@ﬁickyi% etlicpsddsigiificdnt déBedt dfeb/h@rotal success is the

to t ansa | ate the | yal | at ed 0 s .cie
TPph bt i baT Ok Btedia wiy Eulnd &t Toeiiseres Gensbicadiip zom-s
@Toﬁféltt%ﬁly@d dEiahQiIB’Qbf moahﬂyén@ér@%r&fu@%ﬁﬁrocdcs% a@@d@@ﬂ%d in U.S.
hyl benzene or

ec
PrslsiNRy PP bé%%%ew&& 41567 ?%(I%{Fﬁl%ﬁ) a&fh‘%ﬂ 6%§@#&9 or,
018 fraasedtir¥oesOWhibR Bl Rdict iesipativat kythatedl §REe&E &Sthe liquid
to a separate transal kyl ati on reactor. Exanpl es of
s aPipstss fotHredchg atsareng Jeun penzenseand| geppleieiseige @i operates at a

B%Pﬁhfp@ra%?@@lhﬁﬁm v%H&rbhés% c%hllfté‘ljp% bRMhte REAZEIEUMiL Dower yields
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dh& & I - DI 1e -
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the range of 14 17 to 12,57 Angstrons (-6.15-7.

B8y %’élfre the glkglation Hep ﬁé’)‘%rfﬁliﬁl?ﬁd ip ﬂt%@%ﬂ&ée df is fEOII%S“able to

Shddad- tﬁ@tr@fﬁgﬁyfa@diﬁf' stbp Indr TiglR SRS don@itls. Kdowe @ dby operating at

non-di screte scattering between about 8.66 to 12.0
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afticttaplh 3 kHeGr r 1y ies must
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d- spacing maximumin the range from8.66 to 10 13

Angstroms (10.2-8.7 deg 2-0) -but with nmeasured

intensity corrected for background at the | owest point

bei ng not less than 50 % of the point at the sane XRD

d-spacing on the line connecting maxima in the range

of 10 14 to 12 O Amgstrons (8.7- 7.35 deg 2 O Cu Ka)
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nono- al kyl aromati ¢ conpounds using a catal yst
conprising EM 12 nol ecul ar sieve, wherein the EMV 12

worl1e046F sieve has, in its as-synthesized forPea/ESIH09/650727

calcined form an X-ray diffraction pattern including

peaks at d-spacing maxima at 13.50.25, 12.330.23, and
25non-di screte scattering between about 8.66 to 12.0
Angstroms or exhibit a valley in between the peaks at

11. 050. 3 and 9. 310. 3Angstrons but wi th nmeasured

baé@nstddyto additi@tl adndicylDat fodwt Rdthadt prédcingwashntpdbyrproducts.

el not less than 50 % of th oint at the same XRD . .
55 Bt ‘GRF e RGP TheR et P Bk PR STl Gt 1o cxising
dalald20hd@ aiflfdr 9ackdd tHe3 dANGS tacOB: of BV dshltadein eHeh@loduction of
emhodi nents, the nono- al ]g%l aromati ¢ conpounds, conpri se
denifieRsquagamot BY PEIGG BrThAS ABY PERATRA @ ddhigropy lbenzene.

pagobut YhdenzenRrcfdr0023ddeld seta AbNeproedIbadi palicing Liklaromatic

process of this disclosure conprises contacting an )
eanipprads; eigecay] brirongrally lgpmaiqepmpeasts ovid gidlline Belspdunisve.

SOMMERR'GF §1AS BISCROMURYE yst conprising EMV 12 under
me orm nmono- al kyl aromati c

ounlissome\WDbodmonts,1this §5FCTYr ¢ SHOGIP 815 @ml?tiO_n process of producing
L7 ATBSTEe BN {62 Syl DSnpASaP T U s
ahacinitipt EMN-1FFinglgedsr, sicvn dasa ppigred epnthésadednformBmRi lFcalcined form, an

1 2T1. T. | Figure 1.sh

SR PRl TPy 1P B IR i hacgor 14.17
BEEN%LE[@S@E&ORI@“SWCM delgrt-0 Od ko) Ddrspdci@2adxAhim pathe mrge of 12.1
PR MR e 2 838 i3l RS0 U, Bl Mermcon s
glo€ wmert Angsabink ot &dibitpualleciatbeowsn thepaaka hsyingn d-spdchgrmaximum
docunents. cited rein are f i nc te y . )
bferERcs Py inal Bt i Liaaeg PR Red bifiy Hpacing maximun
hOho eRas ifohefbs W 1d13 hagproasemd.2i8mv et 2-onb@ndttf Measatel intensity
jurisdictions in which such incorparation i

S )
preterted £ packerynd piifie lowssiRomt eing pejvess thanp’s obthg point at the same
RRDES-{fadhg URRRMink lcBhdesti Baxihs el RAEELNI0. 1480089 Angstroms (8.7-

7.35 deg 2-6 Cu Ko) and in the range from 8.66 to 10.13 Angstroms (10.2-8.7 deg 2-6 Cu
Ka).

[0021] In other embodiments, this disclosure relates to an alkylation process of producing
mono-alkylaromatic compounds using a catalyst comprising EMM-12 molecular sieve,
wherein the EMM-12 molecular sieve has, in its as-synthesized form and in calcined form, an
X-ray diffraction pattern including peaks at d-spacing maxima at 13.5+0.25, 12.33+0.23, and
non-discrete scattering between about 8.66 to 12.0 Angstroms or exhibit a valley in between
the peaks at 11.05+0.3 and 9.31+0.3Angstroms but with measured intensity corrected for
background at the lowest point being not less than 50 % of the point at the same XRD d-
spacing on the line connecting maxima at around 11.05+0.18 and 9.31+0.13 Angstroms.
[0022] In yet 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 compound in the presence of a catalyst

comprising EMM-12 under alkylation conditions to form mono-alkylaromatic compounds.
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fromany lower limt to any upper limt are
contenplated. Wiile the illustrative enbodi nents of

W@ baodi4ed osure have been descri bed w th partiRCl/E81009050727

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

fromthe spirit and scope of the disclosure.

Accordingly, it is not intended that the scope of the

[ol024]ns 7&]5)5[36 anlke dthbe faeéto ob ehel prégehteidlvéntioh kiealleXaomt appaadhd from the
h herejn rat her that the

scri pt et but
B e U TEE R ot TSk RS AGRET  t he f eat ur es
BRIDEDESCRIPEION\GI THEWIGURE €si de in the pr esent

dlsclosure i ncluding all features which woul d

{0023t e gMigared qlipyaing itRD PAEFIRSFVESY Stipy éé%@g&a% ?%E%aﬁlpi%le
BETAIRENDIRCRIPEIONSCl Osure pertains. [0028] As used in

this specification, the term"framework type" is used

Ingoduciog ense described in the "Atlas of Zeolite

BEEVORY hYRRS pate@to 11cit@9@%&ﬁ%ré&@&e$€sﬁl@ﬁ By A®1 methods, UL

nunbering schene f he Periodic Table Goups is used
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e R R e | PR PR St el s o
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S EESROT T R RaRTo g Gk 8F ek T3ge P8 oy Shiles in the an
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il (0P proge 8@@@|¢5f§5@ 'ﬁ@ev Hesraiphbhmistierhe gremaicy and descriptions sct

foeRdickdi®mas rastte Nhashdiclal By 80E6S il adhcompassing all the features of
2010/ 014405PCT/ US2009/ 050727 crystall oglﬂaphl ¢ chang
pragtabioroyeita which sesidpdr thsrpresantrdiglgsyrer inclydipg gl |f¢aﬂ1=§es \Which would

Jydag@lab ¥qu1@aﬁéﬁ§sttﬁere&%%’cﬁb Chi AEAA URSar CB Wi MGh VA 180 RYertains.
changes in unit cell parameters and/or a change in

W03t al Aspagdetnr this meﬂﬁeajtonatheﬁamg &framewdils tener Ue usgdein the sense
JEsR4 A MeFARLS & ?hte ERGleudt H;’%r Q@’aﬁ’(ﬂﬁs inrelative

I ntensiti es, can al so occur a'result of differences
[082%at | dmusditent, thefnuampeney deherde HothedBrivdioAableGranpeis used as in
filhLi t hermal and/ or
?ﬂegmoafq%gﬁ Ifl‘ﬁ’lplgé gf"fl’%’ 63528%7 @%Pﬁges in diffraction
Kd{avé?romietdanﬁfrmm Haiteuat i ve of i nportant differences
for,co

S, is arin
BRI S T TG ap e oo apb TG By A TE TR ). ana he
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nmeans peaks having a nonotonic profile in-between them
(successive points either consistently increasing (or
warayhngoeven) or decreasing (or staying even)Pai/ukions/ 050727
noi se). [0034] The term "di screte" peaks (al so
"resol ved" peaks) in XRD as used herein neans XRD
peak(s) which are not non-discrete (unresolved).
20[ 0035] Figure 1 graphically denonstrates the XRD
pattern between 5 to 11 degree 2-0 of the product of
&yﬁﬁl‘lﬂgﬁlplil.c aﬂaﬁgemi‘a&yr@@edrrﬁsefesélf/@d oo phgellyedesbBed lines. Typically,
bac H cﬁ t he wg 0| n{l bet ween d- SE aci n% 4 b
PrCt %‘lgfe%\ﬁadlem A BN RN R GL PRSI R dioR @ change
meysfaa @gﬁn&f}omﬁoﬁa changd th thSstARESE. rﬂhﬁ%,mlﬁ@ﬂ’,‘fﬁ&@ Nh@edi@dSchanges
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‘é‘rf&la{lYf‘emt?&?lH?S EHLRIFR OB B FoRwt Pi er&flcets (e CHRBIEGRIERIn amework
EMPoSEibh, Ohtrlrk RRJ Aegbb OF %@féeﬁlhﬁé 2M30hemBPacd/HY hﬁfrothaﬁlal history.
| owest poi nt ‘%ﬁ?m nt % The di stance between t oi nt
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&@lbﬁsleﬁzﬁd form an X-ray diffraction pattern including

aving a d-spacing maxi mumin the range of 14.17
[0632]2. 5ThcMags t‘XBDBhs(tm@n%bE o8k che gscB-hore@uis Is(at)nedeXRD peak with

13, 50, 25 h
(‘%gdrlif ({egnidzpeg% %{1 ﬁn,ﬁak is .?9 @n’g%%g%algé 05 e%\\?{ﬁggegoaclgground noise
QOéllO/ 014405PCT/ U82009/ 050727 0), such as, 12.330. 23

non i Scr atteri et en ab ut 8
(P OHE Bn Sy Bt DRy 655 T Gat et Mo RRss T hercin
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12. 0 Angstrons ( 5 de such as,
301181@@@ %lncra%ﬁalgdoast%%&wﬁ@) ﬁ?rﬁ%mg.@r Sﬁ%(élgreé(ﬁ@émfhﬂlb?ﬁlse)
t oTﬂ@teﬂrﬁ “BRGstr PEAks (alsQ) FeBIvEd UBGLD-i0)XRIS UE sc@%erein means

310. 3 gstroms, wt 5 nmeasured intensity
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thf: pmiusMOﬁ lgxanplQ 1 Ahpsmeaspisd (lgerrsﬂy cgge@edyfop bagkgraigd at the lowest
goaﬁg(t%%ér%g drg%éélg%‘ maklﬂlgelﬁ %J ;qgeef O{)(g% ﬁ%n@gbo{%rggslrgm} %nd in the range
émbcﬁcﬁdmnt(lsm Ah@tromﬁp@memntﬁd aveld. tie theodistEMMbEBvaeaghe Jowest point
I I el X- T
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KB (hf&)aamg ])BthE Oowdst pdlﬁt (B3Ot ®3Th®dlsiamuerbetﬂ%sn: thetp@int b and the point

C terl 8.85 to0 1
BER BP0 B9 RF R B e Bk Wikt Py 981 G BER, L, gesiroms
&d3ihGhea raﬁggﬁbfrﬂ&% oot 0.%8 Mgm&m glek $anteeXRDtdsspacing of the lowest
corrected for hackground at the | owest point being not
PRLS FRIER™Y W4°0f the point at the same XRD d- spaci ng
gbmpdr@ichivngieEOMENMML-INg maxi ma at around 11. 050. 18

15and 9, 310. 13 Angstrorrs [0038] In furft her ) )
OR8Ydi ririome cnhadRisas ol CoaposHHonrRAttch et EXIM-12 sy py greynthesized

138 anll T 8dcin&Y vt xady Hmrmu@ﬁl gaﬂtemn ﬁ@hﬁh{g%aﬁsq{amngaand spacing
X-ray diffraction pattern_including

HE BT AGN AReRRgE %t143175? 12.87 @egﬁwaﬂss‘ﬁ% 7 @5 @eg Ar@g%lt K@hguch as, at
[ NsM0ets, f L %Mg SRR M Srandd G IQQWB%'S%'AQ&ME@BSI (Qf7 30105 deg 2-
EMW 12 further has, I n as-synthesized form and

calcined form an 20 X-ray diffraction pattern

i ncl udi ng peak at d-spaci ng mExi rum at 6.90. 15

Angstronms. In yet further enbodi nents, the conposition
matter of EMW 12 further has, in as-synthesized form

and in calcined form an X-ray diffraction pattern

i ncludi ng peak at d-spacing maxi numat 3.96 0.08
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[0039] I n other enbodi nents, the conposition matter of
EMM 12 has, in as-synthesized 25 formand in cal cined

WO or1o14ans X-ray diffraction pattern includi ng PEEKS2089/050727

d- spacing maxima and relative intensities at 13.50.25
(MVS), 12.330.23(MVS), and non-discrete scattering

bet ween about 8.85 to 11.05 Angstronms (WS) or exhibit

a valley in between the peaks at 11.050.18 (WS) and
9.310.13 (WS) Angstrons but with neasured intensity

@)owce at,ad.38e0.2haek goodindetatcatttitng vesh apait |8t66be 11 An@ttroms or

S 50, % of t he nt. at the.sane .XRD
ST Ty SRbg e i GRS MRS h DT Hak B ghf nee of 10.14 to
140 09QstdbBrsaBd-793 3dd3. 118), Agsk QNS OSi(yD and a d- spacmg maximum in the

2010/ 014405PCT/ US2009/ 050727 _Tabl e I nt er pl ana
HnEHEA §GO(Rf0-Rofagstioms (1 srdidey 2-9). Fe - a1 203 ppssgoms, with

eakgred intbhs¥y c@@eo’é@?oﬁbaiﬁ%ro&nd\&t\ﬂ& beQotht Bdifle 316'[ M@lssﬁhan 50 % of
10. 13> d >8. 66 15 WM broad 3.96 .

the yant #thpagmg 3D dopesranmyhalineconpeqygg d-spacing max1mum 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 2-8).

[0037] In some embodiments, the composition matter of EMM-12 has, in as-synthesized
form and in calcined form, an X-ray diffraction pattern including peaks at d-spacing maxima
at 13.520.25, 12.334+0.23, and non-discrete scattering between about 8.85 to 11.05 Angstroms
or exhibit a valley in between the peaks at 11.05+0.3 and 9.31+0.3 Angstroms but with
measured intensity corrected for background at the lowest point being not less than 50 % of
the point at the same XRD d-spacing on the line connecting maxima at around 11.05+0.18
and 9.3120.13 Angstroms.

[0038] In further embodiments, the composition matter of EMM-12 further has, in as-
synthesized form and in calcined form, an X-ray diffraction pattern including peaks at d-
spacing maxima at 3.57 £ 0.06 and 3.43 + 0.06 Angstroms. In yet further embodiments, the
composition matter of EMM-12 further has, in as-synthesized form and in calcined form, an
X-ray diffraction pattern including peak at d-spacing maximum at 6.9+£0.15 Angstroms. In yet
further embodiments, the composition matter of EMM-12 further has, in as-synthesized form
and in calcined form, an X-ray diffraction pattern including peak at d-spacing maximum at
3.96 = 0.08 Angstroms.

[0039] In other embodiments, the composition matter of EMM-12 has, in as-synthesized
form and in calcined form, an X-ray diffraction pattern including peaks at d-spacing maxima
and relative intensities at 13.5+£0.25 (M-VS), 12.33+£0.23(M-VS), and non-discrete scattering
between about 8.85 to 11.05 Angstroms (W-S) or exhibit a valley in between the peaks at
11.05+0.18 (W-S) and 9.31+0.13 (W-S) Angstroms but with measured intensity corrected for
background at the lowest point being not less than 50 % of the point at the same XRD d-

spacing on the line connecting maxima at around 11.05+0.18 and 9.31+0.13 Angstroms.
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M VS [0040]In other enbodi nents, the conposition
matter of EMM 12 further has, in as- synthesized form

waedoom4enl ci ned form an X-ray diffracti on pae@BD82009/050727

i ncluding peaks at d- 5 spacing maxima at 3.57 0.06
(WM and 3.43 0.06 (MVS) Angstrons. In yet further
enbodi nents, the conposition matter of EMW 12 furt her
has, in as-synthesized formand in calcined form an
X-ray diffraction pattern including peak at d-spacing
maxi mum at 6. 90. 15 Angstrongagl¥2M broad). In yet

furthaor o nrll eRts t ha f‘f\m\f\elflf\h mmtt ar nf 4& 12
I—lv vl

T UT U T1TTCT A2 B | T I TI\ A\ A w ) HJ\J' LA N ! TTALU U LT \JI
g ; ive Int 160

nt ; n
fnrm an 14(1:75\/dn>1‘2f52r‘f| on pa tern 10 incl |MT\{:S1 neak

at_d- qnarl%?ﬁ?rﬁﬂx?iﬁ;l’n at 2 96 10 08 Annm‘rnrMVS?\lVQ

broad) . [0b%1]d alebhe preferred enbodinentsW-Bhe X-ray

di ffracti Hhldatk eB.A6of the crystalline nmol ediBar sieve

EMM 12 furt hédrt hEs peaks at dispaci ng maxXiVed, landl

intensities3.96s806d in Table 2] [0042]1n $HWS, broad

enbodi nent s3.51he.0%-ray diffragtion pattern wimMt he

crystallinesapleogl ar 15si eve| EMM 12 of thiMg-vs

di scl osure further 1 ncludes a d-spacing nmaxi num at 282
%strorrs [0043] . In sonme enbodj nents, the EMW 12
BfR1pi ¢ B aﬁheres‘&ﬂ?%@@mtﬁqahﬁycwmlt@mmmr 96 EMMpler fugher has, in as-

%Eﬁf%gl%d fo%rhn&%q calcinB® lf(ﬁ*ﬁf Gn )pfa%f &FARlidh ?e[tﬁight ﬁlrcluhfﬁgrbeaks at d-

1.tnol es/ g, re preferably greater
Pacing It g atei/%hi@d}ﬁef aﬁ/ + G WalMeVS) wangstm In yet further
%nl%cﬁﬁﬂ#&ﬁg the RBPoIRS m?tge? ?Eﬁfﬁl{-\b GhARE fis hﬁ@%ﬁ@?%&% form and in

. es/ g, conpared up to about 200
adainddNivind. @n 20rag nleffra@n petterh exlugingprealvigivd-PacinChexingal at 6.9+0.15

. ) h

RARSBL oD, a1 Y0 260 SN B 200 S efhr o e

ﬁlirtbmehasatieraisayntbefsizbmfsrnd|as¢|1osqatoeneda§0r1h,avm ray diffraction pattern

C oton terns_of 0s .of 0

1?8@?31%‘8%4 at t- shacm max1m %b? O?)%:An%st Qms o(?& g/ﬁslgrﬂad)

[oasige ofn ﬂ(ﬁhet preféﬁbd Eﬁlb’ﬂd@@ﬁs,l the Dhimy rchfﬁgetm]f pddeO&- e Tiystalline

and R/ X203 ran of 1-4 V\O. . . o .
B Fe e aas B L E 6867 Beoresh: fbaniiemusima ol g gived in

mplerul ar sieve material of this disclosure may be

repared by cal ci n| n s-synt hesi zed EMM 12 under
RFA; ol w¥pecomaRRaRs (R BntbEcien puiks of fhe hfederolecular

Qévet BRIV 981hG iR REtHR: fubRMRstNEsasing WakiRRS] #©8+2 Angstroms.
EMV 12. Process of making EMV 12

[0043] In some embodiments, the EMM-12 exhibits an extraordinary high collidine
number of greater than 150 pmoles/g, preferably greater than 200 pmoles/g, more preferably
greater than 250 pumoles/g, even more preferably greater than 300 umoles/g, and most
preferably greater than 350 umoles/g, compared for up to about 200 umoles/g for EMM-10
and 120 pmoles/g for MCM-22.

Chemical Composition of as-synthesized EMM-12 and calcined EMM-12

[0044] The as-synthesized EMM-12 molecular sieve material of this disclosure may have
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 0.005-0.1; and

R/X,03 in the range of 1-4.
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5[ 0046] I n sone enbodi nents, this disclosure relates to
a net hod of manufacturing an as- synthesized

w@eotsed4bi ne nol ecul ar si eve EMVI 12, t he met hoRICT/US2009/050727

conprising the steps of: (a) providing a mxture

conprising EMM10-P fam |y conposition and acidic
conposition, optionally a spacing agent; (b) treating

the m xture at treatnment conditions to forma product
conprising as- 10synt hesi zed EMM 12; and (c)

foessver Thyg chlh'ﬁe(aCEMMt e ahddetutar yssdval ﬂxlhtﬁﬁaln‘@ﬂ ﬁﬁfuld&klosure may be
Si ev 004711 n so f 0 nts

SEEh b B8l i NPT NE bynde g Boatet comBions thgemove o
Tedsx tHérrﬁ&Jd)rdy Bgtha ofgamt €120 RIFFon$1hB gs- gmeglee&ﬁlww g

Si/Al2 in the range from 15 10-infinity, preferable
E¥¥$¥%§@%@335M§@—250 and aci di c conposition

Emmr | SiN@nRtentb8@SlenQ ntﬁlscaﬁscra)lsﬁré |rt9até"scﬂodu m&Hd MrhdhuBeiuding an as-
drochl ori c acid; oxallc acid, wherein said acid has

a/n%ﬂé@m%ﬂmnn@ﬁcuﬂaé gigv BMY1-b2, thsgathod epmpisyg the steps of:

f bl han. 1N
e TR RS S s s

di et hyl di ebiposytioni daioegllyangadiet aget hyl si | ane (TECS),
20preferable TECS;, and (2) treating the m xture of
step (b1) t@mh@ehéﬂﬁﬂtmemndﬁmbﬁn$nﬁﬂheneﬁmmth@mﬁudcompﬁﬁnga&

treatment conditi rise a tenperature in the
range of %ﬂ”ﬂ Eﬁggﬁdjgt in the range of 1-24 hrs,

t |1 th f
o 008 RNt St i e PR Peﬂoéeﬁuﬁarlgvg%ﬁp?. ses

ﬁan 10- fﬁ soﬂf@pkéfer%%%ﬂﬁﬂeﬁﬁ th@gé @nﬁws@eﬁl E“Mﬁpp?fs ttﬂaﬁ@ by a process
and optional 'y a spacing agent, wherein the wel

¢camrirismef the sol id content of the EMV 10-P fan1|y

co rrp C |
OO UL B SO ESHIE s
the ENM41005hﬁmW“|Hmﬂmdwpoﬁom1@hnmrh)nostﬁb and @idic composition

follow ng c&?ﬁesn%g( :iltel as? onse) of n%%f g%d ?qultrlgraglftde yrd?ochforlc%% oxalic

of the tr erature an
al so |i st eddj whdrainl @1d3'<101d ‘M@ a concentrat10n of less than or equal to 10 N,

2010/ 014405RCT/.US20Q9/ 3. Useful
Pref err ed F g?%bé %assﬂlagg £ QP }ogal yr %F@gmg agent comprlsngg at least one of
dimethyldiethoxy silane, diethyldiethoxy silane, and tetraethyl silane (TEOS),
preferable TEOS; and
(2) treating the mixture of step (1) to treatment conditions, wherein the treatment
conditions comprise a temperature in the range of 50-170°C for a time in the
range of 1-24 hrs, optionally with a stirring speed in the range of 0-1000 RPM.
[0048] The mixture of step (a) comprises EMM-10-P family composition, acidic
composition, and optionally a spacing agent, wherein the weight ratio of the solid content of
the EMM-10-P family composition over the acidic composition and the weight ratio of the
spacing agent over the solid content of the EMM-10-P family composition are listed in the
following table (Table 3). Useful and preferred ranges of the treatment temperature and

treatment time are also listed in Table 3.
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Solid content (w) 0.001-1000 0.01-100 0.1-10 Acidic
conposition Spaci ng agent (w) 0-2 0-1 0.01-0.5

w@Eidiaeent ent (w) Aci d concentration (N) BCD0$2009050727
0. 001-5
Table 3
Useful range | Preferred range Most preferred range
Solid content (wt) 0.001-1000 0.01-100 0.1-10

Acidic composition

Spacing agent (wt)

Solid content (wt) 0-2 0-1 0.01-0.5
Acid concentration (N) 0.001-10 0.001-5 0.01-2
Temperature (°C) 25-250 50-200 90-170
Time (hr) 0.01-240 1-48 1-24

[0049] The following solid content over acidic composition weight ratios are useful lower
limits: 0.001, 0.01, 0.05, 0.1, 0.5, 1, 5, 10, 50, 100 and 500. The following solid content over
acidic composition weight ratios are useful upper limits: 0.01, 0.05, 0.1, 0.5, 1, 5, 10, 50, 100,
500 and 1000. The solid content over acidic composition weight ratio falls in a range
between any one of the above-mentioned lower limits and any one of the above-mentioned
upper limits, so long as the lower limit is less than or equal to the upper limit. The solid
content over acidic composition weight ratio may be present in an amount ranging from 0.01
to 100 in one embodiment, alternatively 0.1 to 10, alternatively 0.1 to 5.

[0050] The following ratios are useful lower spacing agent over solid content weight ratio
limits: 0, 0.001, 0.01, 0.05, 0.1, 0.5, 1, and 1.5. The following ratios are useful upper spacing
agent over solid content weight ratio limits: 0.001, 0.01, 0.05, 0.1, 0.5, 1, 1.5, and 2. The
spacing agent over solid content weight ratio falls in a range between any one of the above-
mentioned lower spacing agent over solid content weight ratio limits and any one of the
above-mentioned upper spacing agent over solid content weight ratio limits, so long as the
lower spacing agent over solid content weight ratio limit is less than or equal to the upper
spacing agent over solid content weight ratio limit. The spacing over solid content weight
ratio may be present in an amount ranging from 0 to 2 in one embodiment, alternatively 0 to
1, and alternatively 0.1 to 0.5.

[0051] The following temperatures (°C) are useful lower treatment temperature limits: 25,
50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, and 200. The following
temperatures (°C) are useful upper treatment temperature limits: 50, 60, 70, 80, 90, 100, 110,
120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, and 250. The treatment
temperature (°C) falls in a range between any one of the above-mentioned lower treatment
temperature limits and any one of the above-mentioned upper treatment temperature limits,

so long as the lower treatment temperature limit is less than or equal to the upper treatment
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0.01-2 Tenperature (C) 25-250 50-200 90-170 Tinme (hr)
0.01-240 1-48 1-24 [0049]The followi ng solid content

W@Ep/0sEddli c conposition weight ratios are usePdl/Ub290E050727

limts: 0.001, 0.01, 0.05, 0.1, 0.5, 1, 5, 10, 50, 100

and 500. The following solid content over 5 acidic
conposition weight ratios are useful upper limts:

0.01, 0.05, 0.1, 0.5, 1, 5, 10, 50, 100, 500 and 1000.

The solid content over acidic conposition weight ratio
femptaturdlinit. e @@ atrehivedperatiye mdaiebeqfresttdn an amount ranging from 25°C

BoHE: ot raRatmeppaereih 22 RE SuteBiagic o 170

[oos2]t i $hd @ﬂ@wtn@ai?ne@r(hr@%@kefmolomemﬁ@n@ns For Redtmedth @. 01, 1, 5, 10,
solid content over acidic conﬁgsml on weight ratio

B 30r Qs Kb a‘i‘qwlSQnT]éFn%H?]‘t’mg SR e isrtio o et limipier rr??tment L

on\), eoadisoEN, 106! 56 PR bEba0. OThe tife 1Y) @ de@intdt k€Y a range
0.1 to 5. [0050] The fol fowing ratios are useful | ower

_eswesnrigy 2ge At the whevesmentignedolqtventimelmh for tigatmsny ang any one of the
QOOVQ nQQtlone@ tiBre Bithits Qor]treagheﬁt c:]-long Qgthl 1ower Tlih% limit for treatment

followng ratios are useful upper spacing agent over
5dpss dhanoen amel ethgybppor diedlimit ert tseatr@en@oﬂhe ton@for typa@ent may be

;grgélent B a2 an:lmﬁn‘.]' ra‘igmg%%u‘? td h§0 ﬁp&&' &1930% a‘?t\él%ﬁtw%ﬂl i % 48, and

ntent wel I's I'n a range between any “one
@iferltaheelfalbm/%‘l 15 nentioned | ower spaci ng agent over

I'i de\GRn EPL 'c%?& Skl o l[imts and any one of the
%mee%@mrp@v—mc i ng agent over solid content
0e53Yht ESEM-00Pi famils corspmsitlom gs asd hbreinl compriscs ;aakeasm gne of EMM-10-
?%grﬁ%)ocjsﬁ}/ogr%sgfos?cp 1ntcﬁ§t % %;%18%‘[1%81\10 é%#nig@ e(}ts g%trreta of which is
aphisahtheyen gyt réf’ateh@:)l arni tas s&l’ﬂi&s&p@CMﬂ@[-@y efanslgl intblecular sieve
cont ent i ght na es
T g ARG a9 PHED APTURH BB Mok 2205 Sty fovhich i
&rﬁlogmher@ﬂdy angra{ce;at ively 0.1 to 0.5. [0051] The

loBsior ot B BIRRED-Pictmpeidaiselispto imgvetahne gccultss cve geienated as

BR04-18-30havid). in 3R 0as-sIoflesizbd Oorrngh R0y dlfa@ctiodl pdWnNBicluding d-
t enper at ures g%* are usef ul g per treatnent

raspe PgKipagat |1 25 oy 12613:+0.24 Anggrongowhergig thejpagk intensity of the

d-spacing maximum at 13.18+0.25 Angstroms is at least as great as 90% of the peak intensity
of the d-spacing maximum at 12.334+0.23 Angstroms. In addition, the X-ray diffraction
pattern of the EMM-10-P molecular sieve further includes two XRD distinguishable peaks
with d-spacing maxima at 11.06£0.18 and 9.25+0.13 Angstroms, wherein the peak intensity
of the d-spacing maximum at 11.06+0.18 Angstroms is at least as great as the peak intensity
of the d-spacing maximum at 9.25+0.13 Angstroms. Additionally, the peaks with d-spacing
maxima at 11.06+0.18 and 9.25+0.13 Angstroms may be non-discrete peaks.

[0055] Further the EMM-10-P relates to a crystalline MCM-22 family molecular sieve
that has a total surface area of greater than 450 m?/g as measured by the N, BET method, and
preferably has a ratio of the external surface area over the total surface area of less than 0.15
after conversion into H-form by exchange with ammonium nitrate and calcination, wherein
the external surface area is determined from a t-plot of the N, BET.

[0056] Additionally, the EMM-10-P relates to a MCM-22 family crystalline molecular
sieve that has a morphology of tabular habit, wherein at least 50 wt% of the crystalline
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120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220,
230, 240, and 250. The treatnent 25 tenperature (O

WO 2010914405 a r ange between any one of the PCT/US2009/050727

above-nentioned | ower treatnent tenperature linmts and
any one of the above-nentioned upper treatnent
tenperature limts, so long as the | ower treatnent
tenperature limt is less than or equal to the upper
treatment WO 2010/ 014405PCT/ US2009/ 050727 tenperature

mbRtdlar Jibe hdvead FBRtal tiHREragdite thay 1bgnpa§$@a§urémbﬁnhe SEM,
anmpunt ranging from 25C to 250C i n one enbodi nen

picfesbhagicytel hary Gain ¢s 2eraturedpy thel STEY N Brefoyably a@@@t {58 Wt% of the
%1’?88’11114 ngﬁg*llgmﬁe\feqlab? Wcﬂgtaﬁ Bﬂg%egsm’f)ag&{t dﬁ%%{lﬂ”a@) El%‘é@lged by the

3B, and 150. The followng tine (hr) are useful upper

g7, 000, Bt At iERARDL b A203, 3 s;%%%em (3210\’1{}16'(?111015 elsed herein by

tefeeaicaeditcldsad b S0Vl caysradiingeMbst- Q\Eéﬂm@nmoﬁﬁlﬁatoile\tehlewmg, in its as-

ab ve- nepti one tlne I m.t or tr at nt and

ST B o et ST B TGRS il b g M gpaximum of
tz FRDMB M ngs&Oms, aN@is@tulshebld pyugrattal depdcingi Iﬁa)iﬁlﬁﬁm between 12.57 to
tre airrent IS |l ess than or equal to_ the upper ti

hom {4 FoAngstiedy dh e nordiscieterhsak ara dRagt Xnﬁﬂv%@veen 8.8 to 11

Rﬁ RE, Wher@h tl@d”fpééﬁtmtéﬁﬁlgldﬂghci ﬂﬁgaciklgtrﬁaxlﬁ@ml HtvIRE 12.57 to about
odiment, alternatively 1 to 48, and 10alternatively

1|_4 ]570 AzlgstrO(nqp) ENMS1hap Pl gf,hecmqudgepql‘rdnof the d-spacing maximum at
[p@g@]zgm gtgmgg fam |y conposition as used herein

ri ses at | east one of EMM 10- P conposition

H’i0§ | os&lr EMM31&P poglisstoscdnndy. Scﬁ@t%rﬁmbcallpﬁm 11/897.953, may be
{nh esb ence%lﬁ%lﬁ[g é)lfmx\M}b ﬁafnllgsa gdﬁ? %C%?mhﬁélgﬂ 4 1$)Mste in Ta le 4

and as-synt hesi y nol ecu
S|eve 1500np05|t|on di scl os€abled U. S. Patent

Appticgtion No—11/ 827,953 "tf: entirety of which is
setuf

encl 0s &2 S n by reference® 0054] The EMM 1 dErgferred
conposYOy/ohOsel ates|t o a dfysin&hity ne nol ecul ar siseite,

deS| gnﬁt@)dY@s EMVLl - P, haY'tJ‘H)OOb” Its as- synt hegi;zed

L + 1ol
IUI ||| ah /\ |ct_y UIII actt+ohn BGLLCIII |||\..| UUIllg u

spaci ngfne¥>im at 18. 180. 2898118392, 330. 23 Angst 9-6193>

wher eiOHIhez*ﬁeak i nt ensi ty0.061-05¢ 20 d{spaci ngo0.1-0.5

maxi nmu Old 180. 25 Angstreg@ bS at SIdSt as gr@@dl as

OﬁO/ n'F e D'JI/ inf noi tv A cnng e im at
TGO P T LTI Lll\/ U \’Pu ||3 TTUANT ||u||| AT

12. 330. BéY%qstrorrs I n addpf)?bﬁ the X{ray 0.01-0.5

di f fraggee@rr+=pattern|of the oBEMLO- P nmol ecul ar si-8w%8RY%

rurtner Tpciudes t )&H& ar,st] nfgwlg 2‘2'0_'1§e§’§62-cd%qu§tnn%sah(5)

vvherel n the peak intensity of the d-spacing maxi num at
095960. é@ewgﬁulmna the MM HiP pa%dugfr t 2 §EMpQfHiopggkmolar ratio
idenshibly s250f the d-spaci ng maxi num at 9. 250. 13

Angstroms. Additionally, the peaks with d-spacing

maxi ma at 11.060.18 and 9. 2bablg3 Angstroms may be

MON-Oi SCT peaKs |_UU55J F —the EMWI0-P e al
IR 8T aLFs

to ac ine MCM22 fam ol ecul ar Q!Q\_/Q‘_”

has a YOvahOsurf ace| ar ea df)ttgméamer than 450 n2/ g as

measur ed; Ryo.t he N2 BET net ha@s-oand

R/ X503 1-4

R Meg-diquat-5 salt(s) Meg-diquat-5 salt(s)
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preferably has a ratio of the external surface area

over the total surface area of less than 0.15 30 after
w@oanvetegddn into H-form by exchange wi th anmonPCnUsS2009/050727

nitrate and cal ci nation, wherein the external surface

area is determned froma t-plot of the N2 BET.

[ 0056] Additionally, the EMM 10-P relates to a MCM 22

famly crystalline nolecul ar sieve that has a

nor phol ogy of tabular habit, wherein at |east 50 wt%

@6he Trsy Bhtat| AppEcatidONIO 108171954 (iR HSHOAREHRS Orc2oked hereln by

Iecul r sieve have reat er__t han
IR oy e Bl RSN e PR g e S aR Thedh yithesized
nmoalsloﬂemm@@d iy $. heatdEM ppitffog Nk y1/8187, 958 aista b eWMchestalline

of the crystalline nol ecul ar, si eve ve a crystal
MM deailymodgsylar sigvo8vIpe-ip 48 %éagﬁ?%d@rm He SRy diffraction

ﬁt@%ﬁ&lﬁh@% apRdienta-Haahd aakinkm Noro, 3@%&2 %r%@%ms' b Qlistinguishable
0]

entirety whi ch i s encl osed herein erence
PRk @f B lepacing BgEMUgY ebvean| i2nd W%Zl“flgn‘i“llgﬁtr%$ ad i gpn-discrete

ﬁéaﬁ Vfa @@ﬁ/a'cﬂl% max i §et§1§et§8’@¥d"ﬁsA1¥£g01{1§) Wﬂereﬁﬂhgpéa%}{ntensny of the
diffraction pattern including d- spaci n

grapacgrmaimup bggeen 32 Aﬁg@,@boyhﬂ 1£A@g%1tomﬁ du iegfhﬁlbn go%@l&he peak
i%enﬁt)ﬂ “of p&%:’]gggmg'n Iﬁﬁﬁ Waeho %éi(}r’% t@nﬁg&% T Lk- synthesized

Angstronms a I screte pea paci ng
eranxionitinm bEY\ie Batei8 ABpticativn NDO 1 ABRTS58 awry, fusthes cempriseh ERD peaks at

PSPAEATOR0RL 32 0 2P 00, MLV RS

p3lepttomof t he d spaci ng maxi nrum at 12. 330. 23

OB AR TSP M5 B REDORES e Smpgiin o
OrSy Shtahtl Appliogioa Na. >411A82’Q9$’Bat\nbllngesa/anmnpmsreta|tmm int¢nsitidd @ubstantially
r gl 0 lljffﬁo%g&l n Table 4. 15Table 4 Reactants Usef ul

PEF e / X203 10t0|nf|n|ty 15-55 H20/ Y02 1 to
10000 5-35 O f/ YQ2* 0.001-0.39

Table 6
Interplanar d-Spacing (A) Relative Intensity, I/I, x 100
14.17> d >12.57 M-VS
12.33 £0.23 M-VS
11.1t0 8.8 W-S
441+0.1 W-M, broad
3.96+0.08 W-VS, broad
3.57+0.06 W-M
3.43+0.06 M-VS

[0062] The solid content of an EMM-10-P family composition used in the weight ratio of
the solid content of the EMM-10-P family composition over the acidic composition and the
weight ratio of the spacing agent over the solid content of the EMM-10-P family composition
is calculated by the total weight of tetravalent element oxide and trivalent element oxide in an
EMM-10-P family composition.

2) Acidic compositions

[0063] The acidic composition useful for this disclosure comprises an acidic solute and a
solvent. The acidic solute comprises at least one of inorganic acid, such as, nitric acid
hydrochloric acid and sulfuric acid, and organic acid, such as, oxalic acid and acetic acid, or

any combination of inorganic acid and organic acid. Preferably, the acidic solute is nitric acid.
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0.1-1 RFYO2 0.001-2 0.01-0.5 Seed*** 0-25 wt% 1-5 wt %

weRNpB1digiuat -5 sal t(s) Me6-diquat-5 salt(s) PCT/US2009/050727

[ 0059] After crystallization, the EMV 10-P product has
a conposition in nolar ratio listed in Table 5. Table
5 Reactants Useful Preferred

The solvent comprises at least one of water, methanol, ethanol, acetone and dimethylsulfone
(DMSO).

[0064] The acid concentration of the acidic composition is in the range of 0.001 to 10.
The following acid concentrations are useful lower limits: 0.001, 0.01, 0.05, 0.1, 0.5, 1, 2, 3,
4,5,6,7,8, and 9. The following acid concentrations are useful upper limits: 0.01, 0.05, 0.1,
0.5,1,2,3,4,5,6,7,8,9, and 10. The acid concentration falls in a range between any one of
the above-mentioned lower limits and any one of the above-mentioned upper limits, so long
as the lower limit is less than or equal to the upper limit. The acid concentration may be
present in an amount ranging from 0.001 to 5 in one embodiment, alternatively 0.01 to 4, and
alternatively 0.1 to 2.

[0065] The weight of acidic composition as used in the solid content over acidic
composition weight ratios is calculated based on the total weight of acidic solute and solvent.

3) Optional spacing agent

[0066] Optionally, the acidic treatment step also comprises a spacing agent. The spacing
agent useful is any agent capable of providing a silicon moiety that can stabilize the precursor
in expanded form (i.e. having the distinct (002) peak at 13.54+0.25 in both as-synthesized and
calcined forms).

[0067] Examples of compounds for spacing include organo-compounds of a tetravalent
clement, a trivalent clement, and/or pentavalent compounds, such as, organosilicon
compound, organogermanium compound, orgnotitanium compounds, organoboron
compounds, organoaluminum compound, and organophorphous compound. The
organosilicon silicon compounds may comprise a polysiloxane include silicones, a siloxane,
and a silane including disilanes and alkoxysilanes.

[0068] Silicone compounds that can be used in the present invention include the

L]
LT

wherein R; is hydrogen, fluoride, hydroxy, alkyl, aralkyl, alkaryl or fluoro-alkyl. The

following:

hydrocarbon substituents generally contain from 1 to about 10 carbon atoms and preferably
are methyl or ethyl groups. Ry is selected from the same group as Ry, and n is an integer of at

least 2 and generally in the range of 2 to about 1000. The molecular weight of the silicone

-19-



10

15

20

25

Y02/ X203 10 to infinity M X203 0.005-0.1 R X203
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WOD1201430014405PCT/ US2009/ 050727 [ 0060] U. S. Par&r1S2009/050727

Application No. 11/827,953, its entirety of which is

encl osed herein by reference, discloses a novel

crystalline MCM 22 fam |y nol ecul ar sieve. The
as-synt hesi zed conposition disclosed in U S. Patent
Application No. 11/827,953 is a novel crystalline

dudpodad érapibyey ispdneilly detwebiea@uh@yiongouti20,000 8nd preferably about 150

afﬁl_gs 35@8 algef?é%{’{g%{gedl 12%%(%.{0% di ffrf@.mt | Onei ylgggng%ﬂethylsilicone

ﬁhﬁﬂﬁ%ﬂw@n@lsgén%gm§mabLehp@?%xﬁgoﬁﬁd span@gde%mmﬂwone
maxl| mum bet ween t about str
PRSAYIHY G eBpiHoOHIE alkuRPTapy, ﬂg&ﬁa%|e%“ﬁ%%f?ﬁi?@%@mntetgac@lorOphenyl

fnSthl ﬁﬁﬂ&l&l@r@lcoi@@erﬁieﬂylémﬁsﬂ@&fé i rdtpﬁ@@lglycoﬁé t Rthyltrisilicone,

d- spaci ng nmaxi mum bet ween 12.57 to about 14.
s arerhsnylghylesidcqna motpdsingsitignsc p@ékethﬂv@ﬁ@lwneofThe silicone
LS odnd RAQI A0 b BXda YR Bhy Q@cy%ﬁ@ 2l Ror %9&9%515 H%me{mi%yclotrlslloxane

as-synt hesi zed 10 conposition of

M@nqtbdwcmtwloxmel, soxpphyasl %\}ptmaylp#m rang @#pphegﬁgydmasﬂoxane
%f tlf%sesp oﬂﬂdsnﬁé}b 9R, 3k u§edszs w0 a@&ﬂg&res“’%@thocﬁher functional

Angstrons and d- spaci ng nmaxi mum at Angstrons.
g©®®1]FurthernDre, the X-ray diffraction pattern of

t he as-synthesized conposition of
[0069] Useful siloxanes and polysiloxanes include as non-limiting example

hexamethylcyclotrisiloxane, octamethylcyclotetrasiloxane, decamethyl cyclopentasiloxane,
hexamethyldisiloxane, octamethytrisiloxane, decamethyltetrasiloxane,
hexaethylcyclotrisiloxane, octaethylcyclo tetrasiloxane, hexaphenylcyclotrisiloxane and
octaphenylcyclo-tetrasiloxane.

[0070] Useful silanes, disilanes, or alkoxysilanes include organic substituted silanes

having the general formula:

R

R—Si—R;
Ry

wherein R is a reactive group such as hydrogen, alkoxy, halogen, carboxy, amino, acetamide,
trialkylsilyoxy, R;, R, and Rz can be the same as R or can be an organic radical which may
include alkyl of from 1 to about 40 carbon atoms, alkyl or aryl carboxylic acid wherein the
organic portion of alkyl contains 1 to about 30 carbon atoms and the aryl group contains
about 6 to about 24 carbons which may be further substituted, alkylaryl and arylalkyl groups
containing about 7 to about 30 carbon atoms. Preferably, the alkyl group for an alkyl silane is
between about 1 and about 4 carbon atoms in chain length. Mixtures may also be used.

[0071] The silanes or disilanes include, as non-limiting examples, dimethylphenylsilane,
phenytrimethylsilane, triethylsilane and hexamethyldislane. Useful alkoxysilanes are those

with at least one silicon-hydrogen bond.
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U S. Patent Application No. 11/827,953 includes val ues
and relative intensities substantially 15as shown in

waaibhe180s Tabl e 6 I nterpl anar d-Spaci ng (A) ReP@I/USM09/050727

Intensity, 1/10 x 100 14.17> d > 12.57 M VS 12. 33
0.23 MVS 11.1 to 8.8 WS 4.41 0.1 WM broad 3.96
0.08 WVS, broad 3.57 0.06 WM 3.43 0.06 MVS

[ 0062] The solid content of an EMM 10-P famly
conmposition used in the weight ratio of the solid
Atkptacioi Potesshe EMV 10-P fami |y conposition over the

Ldic osition .and the 20 i ght .rati o of
BRLEL - FEORRD BrBRienE tehterge b ety i Rs i £ pognds which
Mabé MscEll P Bsddt tb&@Nhdr&in GRdotsel dldedtoby i moM@ﬁo@IwMﬂtsgm recognized
of tetraval ent el ement oxide and. trival ent el enen

P el i inghdesvaliod gubstifuted; ang uagipieed MoRo- @é)pﬂwmliar compounds.

CORPRRLS bOMSaromatic character that possess a heteroatom may also be useful provided
sufficient catalytic activity is maintained under the reaction conditions selected.

[0073] Substituted aromatic compounds that can be alkylated herein must possess at least
one hydrogen atom directly bonded to the aromatic nucleus. The aromatic rings can be
substituted with one or more alkyl, aryl, alkaryl, alkoxy, aryloxy, cycloalkyl, halide, and/or
other groups that do not interfere with the alkylation reaction.

[0074] Suitable aromatic compounds include benzene, naphthalene, anthracene,
naphthacene, perylene, coronene, and phenanthrene, with benzene being preferred.

[0075] Generally the alkyl groups that may be present as substituents on the aromatic
compound contain from 1 to about 22 carbon atoms and usually from about 1 to 8 carbon
atoms, and most usually from about 1 to 4 carbon atoms.

[0076] Suitable alkyl substituted aromatic compounds include toluene, xylene,
isopropylbenzene, n-propylbenzene, alpha-methylnaphthalene, ethylbenzene, mesitylene,
durene, cymenes, butylbenzene, pseudocumene, o-dicthylbenzene, m-dicthylbenzene, p-
diethylbenzene, isoamylbenzene, isohexylbenzene, pentacthylbenzene, pentamethylbenzene;
1,2,3,4- tetracthylbenzene; 1,2,3,5-tetramethylbenzene; 1,2,4-triethylbenzene; 1,2,3-
trimethylbenzene, m-butyltoluene; p-butyltoluene; 3,5-diethyltoluene; o-ethyltoluene; p-
ethyltoluene; m-propyltoluene; 4-ethyl-m-xylene; dimethylnaphthalenes; ethylnaphthalene;
2,3-dimethylanthracene; 9-ethylanthracene; 2-methylanthracene; o-methylanthracene; 9,10-
dimethylphenanthrene; and 3-methyl-phenanthrene. Higher molecular weight alkylaromatic
compounds can also be used as starting materials and include aromatic organics such as are
produced by the alkylation of aromatic organics with olefin oligomers. Such products are
frequently referred to in the art as alkylate and include hexylbenzene, nonylbenzene,
dodecylbenzene, pentadecylbenzene, hexyltoluene, nonyltoluene, dodecyltoluene,
pentadecytoluene, etc. Very often alkylate is obtained as a high boiling fraction in which the
alkyl group attached to the aromatic nucleus varies in size from about Cg to about Ci,. When
cumene or ethylbenzene is the desired product, the present process produces acceptably little
by-products such as n-propyl benzene and xylenes respectively. These by-products made in

such instances may be less than about 100 wppm.
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[ 0063] The acidic conposition useful for this
di scl osure conprises an acidic solute and a 25

W@ 0108405 The aci di ¢ sol ute conprises at | eastPOHESWNI/N050727

i norganic acid, such as, nitric acid hydrochloric acid

and sulfuric acid, and organic acid, such as, oxalic

acid and acetic acid, or any conbination of inorganic

acid and organic acid. Preferably, the acidic solute

is nitric acid. WD 2010/ 014405PCT/ US2009/ 050727 The
pot1ent Reforpté sﬁﬁalﬂﬂhg |aaﬁi:‘xtur® 0e bﬂfzetwait(&ﬁcne rmed/barg@kne constitutes a
etha nd neth IsuI ne O) . [0064] The
G e aRE bl o e GO bAE: BORaH bl CORSEEon 1 in t he
[oangle OThdalHdtineQgddds thIﬂlﬁa)f 18 dsefm MGh@grokss of this dlsclosure generally
concentrations are useful lower limts: 0.001,

@c]@ge any ailph:ﬁlcS)r alj_omaélc oganlc gogrlpmsld h@vmg ongor %Hr& agalla-lﬂ?ealkylatlng
419k 26 a@lecmse@ﬂ&ﬂ @lth ARG ILKSBH Mt hd, etfe? bly with
FACHN N W o

th alkylpEing gfoyp @éﬁéiéﬂ’tgrfﬂim brio Farben jafpmy. r%@@l%@f w&t@hle alkylating
A Hts gfbeolﬁfnstsﬁ‘&l ARANENEERb é'h%dthla Q%ﬁes shdh Jsst@@)ganW 1-butene, 2-
one of the above-mentione P [imts, so
biriene| erweobutylenet ands theenpgtengsa plcghole @aalluswfb of ﬁ@neﬁi@é\pls dialcohols,
t S
rfamoltlols ﬁféhq GREIGRA %tﬂ&ﬂo@r}hé'P%n p%ﬁ)ésoglﬁeblﬁgénols afthe pentanols;

anount rangi ng From 0.0

dil¢hyderatuch edsy fO(IJm@ﬁlelwdeAacemhﬂ@aIptmmtdﬁhseiley b@tytkllcteby® and n-
{éag%?lglhella% ta\éﬁ Itaﬁthf ha? desas% dl? A m&fl’ rﬂ%ﬂlsol{llh% %ﬁl\xgaﬂﬁ?a%dth{: Irﬂro%yfschlorldes
thal bmlyhtcﬁbbrlkiess ea:hdo nhet rm:ntycbt dﬂomkes .0 Iaﬂ<ytafonaut1|c dcempsmindg, esuch as,

Rttt af SRR @nG GRATHPETReMe sp oty shfiures of these

mmmnh@eﬁawalmpﬂmsefgl agenat, .foerﬁanﬁlp,q&bp)gene 1bd pi@paiol mixtures.

ul apabl e V|d|n a silicon, .
M7y Vebet aRiE ot 58 £rbl pPublip@isres i oh Ao process
bfothi® (Ilécldgureh aNdcogliddhe nitk&lds e lethyRae) pro@adncabutdns S4hd 2% pentenes

I n, both as-synthesized and caIC|ned forns)

1/BiSE PICERAABIIBN S FPGHR ST IR RY Cigh dhel @as. gas plant off-gas
Qn@ANRs SAYBRYPRPyefiec, ict ahfhaa &Rt &8 BhtainhgtighVALBRL refinery
el ement, and/or pentaval ent conpounds, such as,

B g AMPENY/ PrOBYICEDS A ilvare @ﬁﬁ&ln%l@é%twarﬁgmﬁ c5AhBtHALe, a typical
BEO N JIGMN Bk PFRAVAIR. f,859RARRBAPQRiFmOTPounds,

or ganoal um num conpound, and or ganophor phous conpound

The organosilicon S|I|&ﬂn4£onpounds me¥oledepri se a
PBbhyesi | oxane incl ude sil3-gones, a siloxahe, and a

Ethylane i ncl udi ng di sil an®% and al koxysi l-dnes.
POpP88] Si | i cone conmpoundstihat can be uséd in the

propglert i nvention includ25the 25fol lowideg: Si [ 11 0
Raputageer ein RL i s hydrod@f, fluoride, hgdroxy, alkyl,
sBataky| , al karyl or fludrd-al kyl. The h3drocarbon
Butbsssi t uents generally epatain from 1 t&32about 10

Paitdnon atons and preferably are nethyl @# ethyl

groups. R2 is selected fromthe sane group as Rl, and

008¢J aanmtietgmodm:fts that rh:edﬁ obanzddrogrethe rpa}cbs)s off thetpnesent disclosure
{ngllﬂge St%%lbgnzter?e fa lflltle reac 10n 0 IBgnzgr?é iy le grleﬁ\eelc rrﬁ%neo ror% § reaction
of benzene with propylene, ethyltoluene from the reaction of toluene with ethylene, cymenes
from the reaction of toluene with propylene, and sec-butylbenzene from the reaction of

benzene and n-butenes. Particularly preferred process mechanisms of the disclosure relate to
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WO 2010/ 014405PCT/ US2009/ 050727 conpound enpl oyed is
generally between about 80 to about 20,000 and

w@eabor4ahd y about 150 to about 10, 000. Repr esePCHUB2009/050727

silicone conmpounds include dinethylsilicone,

di et hyl silicone, phenylnethylsilic one, nethyl

hydr ogensi | i cone, ethyl hydrogensilic one,

phenyl hydr ogensi | i cone, fl uoropropylsilicone,
ethyltrifluoroprophysilicone, tetrachl orophenyl 5
ﬂietplmductﬁmi hﬂlélﬁ?ﬁelﬁy |b$i thd: alpRtionp b batzetehyltls ipkdpgRAE and production of

dji phen ltrisili ,

?Eﬁpg¥ %%%Eﬁw Fég??q%%mgﬁﬁﬁ%ﬁhylvinyIsiIicone
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be |inear but be cyclic as fo % npl e
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RS ARENVHICIE LRRIOLIBmbbXANGith MEXRARITEMAVIEr gases or diluents such as, for
cyclotrisiloxane and octaphenyl cycl ot etrasil oxane.

MaRples Bdregens RebacEBdPORIRBE Ay al so be used as wel |

FN) %' l'i @Qéqﬁfiyl%c;nrbr%e@selgf thid Qﬁstclogﬂélma%/%rc%ﬁcﬂlﬁted such that the organic
0069] Usef ul | oxanes and pol ysi | oxanes i ncl ude as
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CyCa]%{T%Jﬂy he q}!:sgﬁtﬁ; E%%irl:(?’é?tgﬁrst HF&%’JR&M Ireactlon zone under effective

opent asi'l oxa
MbwamnwhmﬂﬂpmiISmén@némpmng$hytansmp@%ameﬁdhumnbmhyPCeoemom

HERS! LIRS, OSRSLNI:EY S0 Bl OKANE KRN Sh 0 abou
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Zﬁ@@ﬁﬂ@maempfemb@ fromeabbasl(]Ootmaibeut QSOOM]MSeﬁndlarsaﬂlcanﬁslkylatable
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aroglsttlc f%n%poani fq %IEOI Al \gelﬁt Of, g?,]ﬁ O p? O%br%ﬂ 30:1 gpreferably from
Bobi 0.R3 o dBAutwioer, aind aRee(Swalghtewlly\IS@a@r\@mltg WOIHSAS based on the

rogen, XYy l o car box m no, etamd 1
e Ry SRS ot 8 18 Sl " e B0 Ao B AEDuifog e
mfw:;]be wlheftabgﬁgm@lts ra%ﬂa@@ﬂ \%Nﬁ‘lbtﬁﬂt'fleﬂﬁi&ﬂ prcﬁglcc:: aﬁm@lﬁe@l kel alkylation
0 rom abou carpon_ at ons a or
{?athaxwrﬁ%rag& @rigdrkinthe h@l%?lgfaﬁmdebaqn@it@ﬁs wflugmﬁwemperamre

sORSRlahsut 156°@ @%uﬁt 0°C h&e Prir S ﬁ@ﬁﬁaﬂohfelm&lto ghRMP60°C; a
cont ai ns about to about 24 carbons which may

PTGISEIRED @ pleny ?Q"&P fla-2an e PEAFRDIY ﬁﬁmaﬁbg?‘Fta’-pQQ/l‘Pag% @Lﬁbgut 5500 kPa-

Oi']&l@ikgﬁ]t' mﬂ?g%& Vzlotcf?y @W@I@t\/) %Qseg%rnbtﬁ@ eﬁﬁ EH@ alkylatlng agent of from
Ijre ferab roup ror an a | ahe IS

ﬁ?@um@éﬁo ag@uﬂolhrgn@omaﬁerahlmﬁ%@hoqt(birﬁo Rlpug Rirn; and a ratio of
&}e% ctfy R éjfnq Hﬁ}ylat%nsrgacglgn Hoch%dof froafaﬂogw é‘l to ﬂ%ut 100:1 molar,

anes or disi anes I ncl as non
m&mblw@ﬁ 1dtiortét Ihyojah emyrt: pirdfermlely e alyaut |1riet0hr3blostl }®henolar, most

é{% e?a‘o);yérff h LBUE 1304 %%%‘%TFE{E& .di sl ane. Usef ul
anes are ose W at | east one
K084]c onWhyd bageme baitiglatedith propylene to produce cumene, the reaction may
l ation Proc

21%%“8%0 gr]%cgeol?nglg 1qué$ Bk 9% I(ggn(?dﬁizoés '}Ar‘llgf élrl‘né’la tgmpgrattuﬁe SO up to about 250°C,
prcfeydbat ab ke alaruo Mea°IC¢ ¢ @Q iy ablait WhtEC ko 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.

-3 -



10

15

20

25

30

may be useful as feedstock herein is to be understood
in accordance with its art-recogni zed scope. This

W0 pobtEss al kyl substituted and unsubstitut ed PONUS20a9050727

pol ynucl ear conpounds. 5Conpounds of an aromatic

character that possess a heteroatom may al so be usef ul

provi ded sufficient catalytic activity is nmaintained

under the reaction conditions sel ected.

[0073] Substituted aromati c conpounds that can be

083l at Btheh eeione Nk Sk PSS @8t atbutedasth @uGuchyde-0a®tbenzene, the
atomdirectly bonded to the aromatic nuc|eus. The

RPOEITY té]ée @a‘iﬁ’* e phage edifiont M5 Mg frgpgrature of up to
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O 2R 19RO KR 4F oo Cge SOM BUt | thobepistiop 4Bp-a: %\WS‘&B& haurly space
c@mwwgsvm&s@&i%nb@e%%e AMgPhpalseneor AhMNMBGENS hr' to about

napht hacene 1p | ene, coronene, and phenant hrene,

WOt parieehl hlgbup# &F eforabent 5PG’@7E9}1¢éﬁ@?0anlb9mteﬁ"et0 butene in the

ﬁk%)(thon%%@ﬁ Zb2Ss BN aP&ut Pres ?dqiboﬁisl(ﬁ)"'pﬁltolﬁ Liﬁéﬁﬂ%b@rb 5:1 to 50:1
aromatic compound contain from1 to about

@a}ab arraprefesabhnion gt 1y to plonwt 3@ dunolar, mest Breéea¢b:bbﬁ0m about 1:1 to
pd nost usually fromabout 1 to 4 carbon
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pet hyl t ol uene; mp t ol uene; et -n}xy
WRSFRIRG IR piRt e T @%@Q BF PRl Eharicah epart@ o8 extrudates, pellets and

TS A pB&E BRI 6th& ty&ts Bf’f)&ﬂﬁsr}ﬁﬁ@rla@ﬂ%r ise in catalysis, adsorption
2- met hyl ant hr acene; o- et hyl ant hr acene;

#idriet APhpIEnA AN ! thfﬁﬁdtegl%ltehw ﬁﬁ@%ﬁ‘t W@t@%yét Manufacture,” A.

Bl gh&rand®! godbar vuRkahkkal Kb ahamedc 25 conmpounds
can al so be used as starting matérials and include

B08Hat | To tegatniclsisude heasigiaplemgirlogtions df By astignthesized material can
%{Iﬁla@éd nac%f)rd@ﬂc%r(?lrﬂ &Cfﬁ{@%@'v&ﬁ lyﬂowﬂ dlﬁltﬁé 'alq QL' llegs?%ﬁeﬁ“t by ion

ucts are equen referre the ar
QCkMgamthmthbrlcamrmd%remy Irmmn&@tlomonglh@emztehens hydrogen ions,

lr%gagcggl%%{ Br’)eglrﬁ%c?rng % b%ﬁ ﬁﬂ?l%c%ll? aﬁlﬁ%l% %‘es El?e)l%lof t}%rt%%ﬂl?ly g{eferred cations

uene ol uene, ecytol uene,
Afe rtlyoseleHch alllkuyﬂatcﬁatailﬁlc(ﬁ@tlautmﬁd @gaia Hyldgjualbom lcomgrsion reactions.

ti whi ch th tt d t
HiSkn Rlle BV isp R o ol B Gl P G at Bfors 212
6ﬂ&hPM%ﬂmiabﬁeﬂ&wGMmmilebenzene is the desired

fbogﬂuct R’/et Em dgtscgyr%a&@ﬁolg g%l J%:S%S’gl% ggﬁggugg ould be generally

Jhly AR, 4tasRepdriiMBl Yhis THESE dbye B aust %o ﬂ%ﬁ@)etaﬁl@ WC the range of
i nstances may be |ess than anut 100 wp
%16%@4@0%&%@9@6@98@%@92 %fo%’“?]olfeé‘ftiﬂgﬁ%taé‘d at atmospheric, sub-

SRR FAE BOsuPetdhbiPhBriOpre RARE Ehes %tl%t\kd%%oaﬁf%@ﬁ a1 €R&urs. The
constitutes a particularly useful feed for the

@ﬁgke‘}ﬂ g‘tqle@ﬁdrﬁtrl%gs@ea@prefl Hvsthgipstceigager @f weight loss relative to the total

weight loss of a molecular sieve sample at 595°C under flowing dry nitrogen (less than 0.001
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[0078] The al kyl ati ng agents that may be useful in the
process of this disclosure generally include any

Wa@PlkoipladT or aromati c organi ¢ conpound havi ngPCHES2909/050727

nore avail able al kylating 5 aliphatic groups capable

of reaction with the al kyl atabl e aromati ¢ conmpound,
preferably with the al kylating group possessing from1

to 5 carbon atons. Exanples of suitable al kylating

agents are ol efins such as ethyl ene, propylene, the

brit pnes pﬁ:sm?ll‘b @Syatdr@tp@ X foRpPs Bourd. Dblht«ﬁﬁl@n cn abubepﬁfcﬂmed at room

i sobut and .t ent al.cohol s (] nclus .
isBRsHIRarS) Moy BonBras S anoreuct bR \hish g s required
tas&ibthaﬂmufﬁ@édﬁam@ﬁmoth@ly@faa@anol s, the butanols, and

t he pentanol s 10 aldehyﬂgs such as .formal dehy

008051 o ks EMM-12 eypaltiar aefrgwar sigigrof this dasigwes esawﬂy in its metal,
AMRd RN ahd ehvdRium Amalcky be Ba{dﬁdﬁﬁy SHERr&S tdBoMét form by thermal

chlorlde ethyl chloride, the propyl chlorides, the

técmtrpq:nt C'Fhls)phie@ég tregfpgnt 1ﬁ§elﬁpéﬂ{yyper@ﬁp@fl?yd]@§tmg one of these forms at a
AU AROBRL £ak OTPRURHS I8CheAfinufe " nTSLRHLRERFADRS than 1000
di - et hyl benzenes, triethyl benzenes,
huxs: uv\)éﬁe ofubtaﬁ‘e@s@h@@wptﬂames q&aybealegmlqyéd uoefthe theymeh treatment,
P
?%1857691?{11\/??)%?53{?46% % ﬁﬂ %k?&g?rgncﬁ"nogﬁg%ﬁgeggé e'l?{'extﬁéfﬁﬁfstreatég‘nt can be
pdrioyined g teageratige iup t¢ heova PRy aflhe thepnadestdgfroduai & particularly

1gsle§u(f ﬁ? e gatab}(/]sgcgfr 9e'r%391' ?é}}dr(ma?% c%ﬁve?giova?&g%t%o%gel"he thermally treated
tenes IcCh are nmj or
pmdmt IeSpEeraﬂls nofts mewhmy%gemdndraefmmny fetns eapmlcmianyy useful in the

t
%a? g%syﬁg%s dgrtglg to&é’amcn 5 Ehfhﬁgr%(gafrgogﬁ g?na\}g?sfongrgacth(?% n?ﬂg)l I%mHtlng examples
off gith edaefdnmsinclngd ithuee ydeEc(r}Be@ rieperse/ R}ﬂteﬁ’ap)Ncanel %t4r3ea,rm 973,784;

£hGr aur SotaE Y B AR AO R ER al See TR 2 s 4954663

zﬁ 94)2 OISt mgysggm@ozwgz' (m 42;%2 3@5& 0N&EY zt%aatstooomsprmmg%, 4,986,894;
he process

t he present
ap%le?r%s uﬁs%“ 2§%| 306 %ﬁayﬁ %@rﬁi@né Of9.60n: tf’h%l @écﬁpié Yp.422, cach

RENZEARI Wk Bt BOEss 16 HRRBRrip ol ataBak kR BoRf
benzene mnthhgro ylene ethyltoluene fromthe reaction

B099lo1 uERREMIM A2 bvmipllmg anoleapiep sigee ot Bin dijsbospis£en bpshaped into a
Rk U\%ﬁ@tyv‘éft Ikarm& Rke r@ene@n;g kB Uh¥! RERI&NGN oM &b Gorm of a
reacti on of benzene and ut enes. Partlcularly

pvedes rr@enul ot & swplded pieducts Aechap ap gatrglatee [roeasesewhast Breeatalyst is

) B AT O L0 gt
eoeiodedn of ethylbenzene by the al kyl ation of
E’%&f}ene t\% tdes1r%£l q%{ ln?c%%ora[t %%]ﬂhﬁpflf G cglﬁ} ’g’le& %noth%' material

et ase
re:elaiant to the mmﬁer'dﬁ&es‘ alﬁm)thm mntimonmbmpﬂdyﬂdxmmlkylmon processes Such

ut.l t bro
it BRI G e TR Bt e Pl s PP R oot o
atltl aoinoc@anici redteripds @eh @l cthiyh, bdlivh ang/loc meas oxider suek arplugina. The
dr ogen, t hane and/ or. nitrogen.. [ 0082] The ..
B PRE B e B RReuRnSetiine & SoRe b o ay TS SrgiResy o b
Bu@hing MiktukdReofofilganing mealChaidss Usé o€ a, mithal ah kyhjahadibh avith the

aromati c_conpound, and the alkylatlng agent, are
BMBrdhmalssplar disye hetcompingd flescvihe syt quaig sydhpsis of the EMM-
cafdlcY@hr Jidveawhidh {aRkife, QRS td SMAnZOME cUNERionSnliRe kdI¥®ivity of the
10 alkylatlon condi ti ons. Such conditions include a

tatatpé rlBactiv e mareriplp siahlysatve aediugntsre aentuob the amepdfod £eipjepion in a
%Eﬁﬂbﬁgﬂysoéi I%Qm%QQH%e%QQSEd@aﬂb§ﬁ§H§§mP&d&%PQhﬁ9@H&pmymg

0 to about 25000 kPa-a, preferably from about™ 100 t

about 5500 kPa-a, a nolar ratio of alkylatable

aromati c conpound to al kyl atifig agent of from about

0.1:1 to about 50:1, preferably fromabout 0.5:1 to

about 10:1, and a feed weight hourly space velocity

(WHSV) based on the 15al kyl ati ng agent of from about

0.1 to 500 hr-1, preferably fron1about O 1 to about

A NS 1L F A o - o o,
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25[ 0084] When benzene is al kylated with propylene to
produce cunene, the reaction may al so take pl ace under

WO cqoti4phase condi tions including a tenperat uPEr/G52009050727

to about 250C, preferably up to about 150C, e.g., from
about 10C to about 125C; a pressure of about 25000

kPa-a or less, e.g., fromabout 100 to about 3000

kPa-a; a weight hourly space velocity (WHSV) based on
propyl ene al kyl ati ng agent of fromabout 0.1 hr-1 to
ah@uhcadd @oﬂ‘kt‘o-nftolhn§ Ghepraef @ @idtipn f Tieee alatuitls ndyr bellnt(u'rporated into
about 50 hr- a ratio of zene to

gty R es RO GHE RNl HIGUE BF Bruth Sgeneth of the

RO ull@% &origi:ﬁbla?l opér@ﬁg@r a&{cmll&s S5The tlﬁht&%%)sllfé"mc&&s oxides, etc.,
nore prererably 1rom abo t o about o)

fraetongs diingespioy ﬂfer“é‘fﬁlﬁbébfs desifablgytogygyile §gaplysphaying good crush
Won 20 1L IAAQBRMELLEPAQ0IQROYR T th PR8EI e DRI ESASréaging down

al kylated with a butene to produce sec-butyl benzene,
mkedevelsedike matsglsal e clr dindercheve bar cmplgvadangsmadie only for the
gﬁg%b%fﬁﬁﬁoh %HQ&@QM%nEﬁQPﬁkQ&Q%?tOf up to about
pr ef era l'y up to about 150 g., from about
06221t 0 Neiowily peSTingclpysexkich eandse mﬁlteﬂsmﬁothk PN -1grmolecular
s, r i
%%r mcqeusC%ag}éef (mnfﬁ %lt; %W%ase on t%}fle %%lﬁclegﬁe%fude the
albkgiteniten glnéglenltaObﬁs ¢mmn®réjodmcnwroalehme MeMpnzboGtorg8Gind Florida
I -1. t. D -1, .
dhis R £t SR AR coralben | PREVEL piRRp e, nrce
OmaﬂmltrenSlmh reeyo tanf rearyedaimatie rad. Gatd ag (m@]hlad)lytmlmélﬂoﬂmltlally subjected

| ar. .
Pt BE AE0RR ¥ isicht R a B o P ap R e it the
ﬁremm ﬁbﬂdﬂtalsﬂ: lifchtde ibguic ckiied, noabBralundi@}.0086] A s urrmar y

ular eves and/ or . it

Boahie: Moty Moo a s erdy abt diiy, 4 gl Qeve can be
walh@@lwdawlﬂslaeycﬁ&us inStrid @SR EiAQdcH Bs tiica-Nadkaa, Mhzbaeﬁqulg@sla silica-
Si eves - Princip of . Synt hesi s and Identlflcatlon

fioniay lgaihorig S&E& éry}i@aalé‘ﬁ? titagiapss ¥l ey Ay, cqQaRagiqns such as
BB unvRs- Mia Edilitd-20hinal Ak c A8l isHicRBlubPn b BCHA And silica-magnesia-
si eves, anorphous materials, chiefly silica, alum num
@Fpp@ate and al um num oxi de, have been used as 15

fﬁ@@ﬂr be*ﬁﬁes ré}‘ﬁf% %@h}bﬁg of lfﬂ@l?r&l%dedAEMQr (r]ﬁtalhne molecular sieve

ong- known forning techni ques, ke spray dryi ng,

pid mprrggmc [9&ide angtrix N@Wa‘ﬁ]del@axWﬁhl éheomstﬂa%tebte@nglaa droay about 1 to
?o%'uﬁ@ ble?@eﬁt Bfw&ﬁﬂtddﬁﬁ JFRGLARY, pHﬁJcHlBﬁf ok 6sFﬂﬁ %{psrepared in

or exa erical particle at es,

tin dormactflbe@S 1ofthekr@mg¢ afirlouo po roeboetrig) vo%m‘rthet W@Slt@f
us t r Q

fbo néiexc ‘%‘Jﬂo@vﬁgs ey&r’ranéo'i‘e% pé‘ctt hegfc,b?h‘}l‘i h nofat% ﬁ\%‘ilhé’r{‘ 8% by no
thess nntémidd torbe Toatiag yfsthe Mapudfabe mvention A, 20 B St iles

nd .T. A Koch, Marcel Dekker, New York, 1995.
%§§§$F¥§ the extent desired, the original netal
PatdepNsrapDiffineticas- synt hesi zed material can be repl aced

i cco da ce Mﬁth tech u wel | in the

loBofIcooP ST St bl SR D SRED b T D BBt ke Brentano

gyoafeay r ezdhr giohauhtdnghtic ACLORS iralGdtidele NMEHealpatt@MSused for structural
rogen precursor,

yd
?ler?«ict%g}%l%o%%feaﬂ@gg?we# & SPam 2¢ uﬁn%?P$lﬁesp#0éfRé?tv%@ refinement were

SdtabdFomaRe @nEnddi®s@nyhi ch tailor the catalytic
activity for certain hydrocarbon conversion reactions.

These include hydrogen, rare earth netals and netal s
of Groups 1-17, preferably Goups 2-12 of the Periodic
Tabl e of the Elenments. [0088] The EMW 12 crystalline
nol ecul ar sieve of this disclosure should be generally
dehydrated, at |east partialt3- This can be done by
heating to a tenperature in the range of 30 e.g.,
200C to 595C in an atnosphere such as air or nitrogen,
and at atnospheric, subatnospheric or

super - atnDspherlc pressures for e.g., between 30

. o o I Y 1 oy -
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WO 2010/ 014405PCT/ US2009/ 050727 kPa partial pressure
of water vapor) for 48 hours. Dehydration can al so be

weerhotaesl at roomtenperature (-25C) nerely bRCPUSNNGS0727

the silicate in a vacuum but a longer time is
required to obtain a sufficient anount of dehydration.
[ 0089] The EMM 12 crystalline nol ecular sieve of this
di scl osure especially inits netal, 5 hydrogen and
amoni um forns can be beneficially converted to
Smﬁkhamwforn1by thermal treatnment. This thernal

8T B el st B e e SR DRIV L Brunauer-

E@aﬁ& I@nﬁ (FETF}angth@ﬁl dmgga E@biﬁtlbb{ d@@tptioﬁ@gartro%&a@erﬂwﬁure of liquid
ours | Su atrms eric pressure can e e
Rigpeqnnd’ tlﬁ%e%ea}ntetrwéétlrr%ﬁtareaam%%ﬁ%?l}lite P%%%b?lgp gﬁle Brunauer-

degiradid9BETEASANR Rt TRNMERhARGSace The i K& by subtracting the
treatnment can be 10 perforned at a tenperature up to
e sgiasearcyhion the ongpll pyrgage atga m&e@@méﬁj by the Brunauer—Emmett Teller
T infddu@dhspeusef ul in the catalysis of certain
ydrocarbon converS|on reactions. The thermally
Pl paidigasurcidibeci al ly in its netal, hydrogen and
@ﬂ@gn' uJﬁlJ c%?lﬂﬁne ﬂu‘?ﬂb@f%ftd Iﬁ&la&lﬁalr&eyegﬁgyﬁte fn@as{ut%g by TGA. A sample is
atal ysis of certaln organic, ydrocar o%
draachae PY1°C o eaatenti vomight (Weghticharige |lesgthem< ah%lfelsthQBerlod of 1 hour). The

LS 2, AL L S5 AR e 6581 B LB

dew&’edilblylan@armt e inlteanmed st é\/‘éorof:olhmhs paltigicprosurceandaarrizd over the

h o
SRRy by Eplaf el mUAb R oMol E BUSR fler sproved o
ﬂmx@n@aMMEHMmaﬁQEﬁ@ﬂm&iﬂﬁmoﬂmﬁnlded product, such as

n eﬁt %gate $ where the catal yst is nol ded,
gﬁ%ﬂL%L—%$l€¥¥¥8%ﬁ®§£—%he crystals can be extruded

[pedayr e Arsﬁmw S EpL ua)al {1y grmest adadrdtﬂgeﬂa mhfpu&ded)f U.S. Patent
%ﬁng is desired to incorporate g
lcatignaiio-d1/8¢/el 380 W3y 2dfiest iR matur ohp0 E@f ﬂééﬂlgltl%?&ldeEﬁOf* g of

BB ot RIRERAlih € STHRNEhcRLNREs Gl dult qmteﬁapkwﬁﬂerlsealed in a Parr™
al kyl ation processes. Such materials include activ

Bateb imer pvre arel’€rG drs2hhe- JPRAd Peodest efab i yfvas isolated by

gﬁgg&{kagwaggaaﬁ&ﬁn@gy@elI as inorganic materials such
as clays, silica and/or netal oxides such as al umi na.

[PRE0q] at T@Xﬁﬁ;paﬁ@m ef thaeelidriedncadl EMe ELis chargrtaized ps qomprising a
t I
A, LRG| PRIETERS ROEFRER, Qinfgink 16 41180 (Cy ko) and
non-gamte ncaticong betkert BE5 30 IEWA@Smhedhﬂ &flO%Zﬂe(@s Ka) reglon or
t t 0! t
eI wh Rt D LARR0 s i O PHT Ay bur i
mbangd 1mtbt$1t32 (omvmtesil fonbzahgbbmmd &eh&abWes/tlnoylt bélng het less than 50 % of

I I
tgllgltpgl t th 85‘1}3‘% Ofl sIl)aﬁglg a%t%%?m% ]conéls%tmg (g x(1)nn1a 3t argund 11.05+0.18

gidvenizprioeagsross. t hat products can be obtai ned

BRI 01 Siosheirabuhel of bl et Mebabiehpp arcs of 523 mlg and

S@RbIdMaly daddBRerktdf BolRding £RGHHLONf 3PNe:®IRL eri al s may
be |ncorporated into naturall'y occurring clays, e.g.,

Berengnite and kaolin, to inprove the crush strength of

foofoxgat Bbyste WAL B RITRS 122bordRGER! L8HcCORE leRRSe was passed

he materials, 1.e. clays, oxides, etc., function as
thravgl ras pcteatmpres @@fteélcylstﬂmmgt cqugl pRstsi Gbaibvoduragy prlowilafesigre 13X,
ffl@fe@t!llylsstlevlaql% 2| &f?af?&’F 4Ué1Q a?r‘ld SLiEloH BD Qlldélefré)rﬂ let to outlet),
commercial use Pt eS|r 4ble 1o prevent the cat&fyst
from breaki ng domn |nto powder - I|ke materials. These
clay binders have been enpl oy®d normally only for the
pur pose of inproving the crush strength of the
catal yst. [0092] Naturally occurring clays which can be
conposited with the EMM 12 nol ecul ar
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sieve include the nontnorillonite and kaolin famly,
which famlies include the 10 subbentonites, and the

woaabiongozonmonl y known as Di xi e, MNanee, CeoP@i/HS2NAU050727

Florida clays or others in which the nain m nera
constituent is halloysite, kaolinite, dictite,
narcite, or anauxite. Such clays can be used in the
raw state as originally mned or initially subjected
to calcination, treatnment or chem cal nodification
Bidnder raigk falpretfeatmepo g e ichhtmigingi NIOM-Precqules.e Ml feed pretreatment
crystal also.include ing I c_qgxi.des, notably al um na
By ar T Bt 4 2R RO g G i or o 2.t he
BMMvikde noOl ecul ar sieve can be conposited with a porous
mat ri x materi al su%h,as Eilica-alunina, )
010 5- heogriers avas bfained Z5eme othicqmmeicfal SReqigtyy gayes source and was
sibh&arhRryl lia, silica-titania as well as ternary
conpositions such as silica-alumna-thori a,
Eilyleres- al umi na- zi rconi a silica-al um na- magnesi a and
o) 042~ FRIRRS WALIBtHnQTdn 2 eGhAGRA] s?%&al‘i}%égéé bfirce and was polymer
proportiohs of finely divided EM# 12 crystalline
gelecul ar sieve and inorganic oxide matrix vary
| , Wth the crystal content ranging from about 1

&%ggg%ut 99 percent by weight and nore usually,
[94145] c uN&rdgyn wae nlttaHeglc purpp eiade and oprampdrimd & gomhercial specialty
&#éﬂkﬁ& beads, in the range of about 20 to about 80

bof the conposite. [0095] The foll ow ng exanpl es
eefdes enbodi ments of the invention and are by no
25nmeans intended to be limting of the scope of the
[00Veait | AmS ExpeEMiNen? salciRalvdeExaxplay abil B vatCb iabmina catalyst was
ér(ﬁ)é)atgrgt ﬁ%%ﬁlﬁé{é%éﬁ%@ﬁf arntile\:gz:]egle g@%ﬁ%&?&iﬂgﬁﬁoﬁﬂg&g ?orrm%mene.
Fexd dedureatiehi ¢ Cu Ka radi ati on. The pattern used for

PRI Tt sieroraCShoroRReETan & FEr Rahae g ous Rictor in o
oGhiTRGL eshffciRfvi REthC atIVITUDISnaS ORdtTocodd. The reactor furnace was
2010/ 014405PCT/ Uszcgogl 050727 Surface areas ,[0097]The .

SEPHgd indpthesdl medea Toto Famprbeaitiay serdie ‘\%@ms was loaded into

118 384t RYEARAMBAURAURh duckan ikt caldt @sadbBRI0 theBydodactor. The
u3|ng adsor pti on-desorption of nitrogen (tenperature

etalyst §efl wenpedbgeptered an (e mighle fimpeerzone. dhe saiglest yjep gacked with
BY s 1§ al1ed it R iM% pheeR! RbacBbn tHQIBRINEEERO°C, 2169 kPa-a and
Emett-Tel | er (BET) nmeasurenent. The external surface |
the dgngese/prapylancameldr mfioswiast ¥ ke tWaight thierly prase welocisuwpsnédr™ on a
%%ﬁﬁmﬂﬂﬂﬁbthe overal | surface area nmeasured by the

runauer - Emrett-Tel l er (BET) neasurenent. Collidine
0hifer At axotoestaritup, hoOSBFOTHeasdubughtiinesaetiomiqaessaoft o 2169 kPa-a

Qﬁfl %ﬁ;eu{ll% h?éh%&it{z"%r&%n,%%%ﬁ%ﬂ tg Xea-g% td%lp%ﬁamé of i1§O°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 10% to 14%.

_08 -
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10 dried at 200C to constant wei ght (wei ght change
|l ess than 1% for the period of 1 hour). The wei ght of

w0 baogrdi4exi sanpl e, the sorbate, is then neasurkRdl/UI199/050727

sorbent, 2,4,6-collidine, is delivered by a sparger

mai ntai ned at 3 Torr collidine partial pressure and

carried over the sanple by nitrogen passed 200 mM/mn

for 60 min. The collidine nunber is expressed as

m cronol es of adsorbed per gram of the sorbate. 15

Eaipd ® 1: Preparation of EMM12 [0099] A sanpl e of

EMM 10-P (1.5 g) nmade according to Exanple 1 of U S.

Pt Applgrasatof aeliNoofl 87 8930 IAMabs aadidédwt’e Veigal 300 alumina
?fl f&al faV bk 93 JEJ(g‘fl)q{ﬁslrdsgd i 'bgnz@ﬁ'éj al@yl:ﬁn(gl \gfth ethylene to form

oxydi net yIsHPane e reaction was carried olt
q:thylhertzefel B comtsaivareslosedlferd avrseet PA°ETM bonb in the

PAET 2L 5 L sl L AR B o

&200t td @@&lﬂ}ﬁjlxe'ﬂlﬁarr)ﬁtbcpae teactor df)ng Weh g olixtdrepoogtiohg bénzene and
Efﬁ/l\ﬂ%ne @e@n%%ﬁﬁ%%:er%gzgg3§ﬁ rgg ?rfées}eg%ur rae\ga%uc%r 16%1 ou% at 220°C and
&95-I<7Pa132@5() Esig Kéoy 4amdrsnAr3mdll sangt ef ge piddact g xbletd\r@ﬁnat regular

8.85 to 11.05 t he 8-1020

Biany Ay gndnglrqde $aﬁ ¢ @F?P{l%éﬁhﬁééﬁg/sweﬁ%%m%g 18 a%?ﬁ%ﬁed by a
Hn&ib&cﬁﬁ&y%?@&foié@ﬁﬁ aﬁwdleﬁgyﬂabnzeﬁ@eﬂlﬂﬁﬁéhdé@dvdlgﬁt @zgfbl dftér 4 hours. The
correcte or backgr.ound at the | owest paint. being not

FMEE 12 caAlysiohagsaB aci Y Yot reEplciRe ke Sl §5§3. gpsured by
&&h&lh&azkhéﬂah}q%a%twaw%tml ma at around 11.050. 18 and

9. 310. 13 Angstrons 0101] The cal ci ned product of

EMW 12 has hi gh surface area of 523 nR/g and

extraordi nary enhancenent of collidine adsorption of

321 unol es/g. 30 Benzene [00102] Benzene was obtai ned
froma comrercial source. The benzene was passed

through a pretreatnent vessel containing equal parts

(by volune) nol ecul ar sieve 13X, nol ecul ar sieve 4A

Engel hard F-24 C ay, and Sel exsorb CD (in order from

inlet to outlet), WD 2010/ 014405PCT/ US2009/ 050727 and

then through a pretreatnment vessel containing MCM 22
catalyst. Al feed pretreatnent materials were dried

in a 260C oven for 12 hours before using. Propylene

[ 00103] Propyl ene was obtained froma comrercia

specialty gases source and was 5pol yner grade.

Et hyl ene [00104] Ethyl ene was obtained froma

comerci al specialty gases source and was pol yner

grade. N trogen

-29 .



10[ 00105] Nitrogen was ultra high purity grade and

obtai ned froma commercial specialty gases source.
weExanol«o®2 [ 00106] A 65 wt. % EMV 12 cal ci ned BET/US2009/050727

Exanple 1 and 35 wt. % al um na catal yst was

prepared. This catalyst was tested for benzene

al kyl ati on with propylene to formcunene. 15Feed

Pretreatment [00107] The experinent was conducted in a

fixed bed 3/8" OD tubular reactor in a downfl ow

Chivh guration with an 1/8" internal thernocouple. The

actor furnace was controlled in isothermal node. Two

g& %Enof catal yst sized to 14/20 mesh was | oaded into

t.he l?A 8pr0|Ee%§lgf0(gr ma@fﬂﬁﬁhriﬂgg ;ats MAS- an@md@ﬁatned caﬁhﬂsdhnd said process

catal yst | oaded into the reactor

cat al PRI copreting p Ay oderpmirisige e akkﬁ@t e&a@r@atw compound and

f ur nageIgNRe aghiR uRddr Al SkioN@SciAcdoaditivhs Wit BRAthlyS@dehprising a

to fill the Interstitial void spaces. Reaction

condimelgnder\hisve hegg, inAey-wihesized g ed in calcined form, an X-ray

benz %ﬁfa%&%kt&ﬂ%d@l@’ peﬁ?st Han‘Q@ﬁi %/aélng }ﬁﬁkﬁﬁﬁn 1|ﬂQllrErIIaMge of 14.17

space vel ocity was hr-1 on a propyl ene basi s.

[ 00108]12A7 Angsteaness adtsaaqmgmamtrml mééua@ge el biodZgiet Angstroms,

tor eﬁﬁtllbﬁ’ ﬁlsaref%%&f{eﬁné’f)et%&% bgl? & to %5 OWAtn stIolﬂﬁ oy Ieh{lﬁt a valley

hi gh purity nitrogen, eate to react

t enpean dkctween dlic ABBChpvingr d-wacing mod inaiom gn ttﬂreerabgm peh@14 to 12.0

235? | lir%'strghd‘l %%u rcﬁSp&g HE m%gﬁrﬁm%/ %tthél\gﬁ%egtlrdrg \g%g t(&iéb 13 Angstroms with

pr opyth@mred ntachy emeecmlet‘adpackgtam&i irteth@ icevedtapcantvmmg not less than

col | ect The. react or to 130C under.. o

benzeng® Pf P e Sty SRt e e B PEeRRg ine maxima in the

Pr oduaiige ofe0.e4 030121 @Ahgsdomd dncBma]heyrmgé ffooi 8.68 tadBly3 Angstroms.

n- st eam ts ms t hat Di i.sop enzene
DI PB’l)[hewss 1 (‘fv %ﬁp 8?)@ pwiqxfglghgevel M&l :]?fﬁ I ifs as- -synthesized
rati osrbnd hecapiRdUcing ah @ tayl difffabGon g 0EludiRYPEs at 6.920.15,
14% _ WD 2010/ 014405PCT/ US2009/ 050727 Exanpl e 3
[ 00109} 7+&Y4 28t AT T TangsEPMyf 65 wt. % EMV 12 and 35
- YONRI 5dbesS AP At NG £.CRMIBINCEaA InolRVRE |sRRE eaf r0Bdmposition
UCP) was used for benzene alkylation with ethylene to
f or miBYHYiny &e Aok relatipaskipt al yst was cal cined for 2
hours at 538C 5[ 00110] Benzene al kylation with
et hyl ene was conducted byXePudiPy a fi xed wei ght of
catalyst to a well-m xed Parr autoclave reactor along.
wi t h Bhergi XU @ tavissE PISTAR BREES &t koAt oae pl/plemium, boron, iron and
( benz@n%ﬁtﬁfl']iélaet@@avraﬁhi Qebnt 3oRpRL af kast bRE of §AG a‘ﬂH germanlum
was carried out at C and 3883 KPa-a (550 psig) f
4 houm§n1$m§%ﬁwﬁogdﬁple of the product mas mnthdramn
ceéerf%[aYrﬂl?aswﬂ&'gm%Qlﬂlrﬂ(ﬁ&glap){legé‘?n the as-synthesized form, has
chronat graphy. The catal yst performance was assessed
by a «forrRilmenniap anlestdrapis bysis zirdan tayms phmpleapicoxides per n moles of YO,,
dleth%l@ nzene/ et hyl benzene weight ratio after 4

hour s e EMW 12 cat al yst has an activity of 2
(hr.gnole/cc)-1 an nmeasur ed by
die;hylbenzene/ethqugag %%XzfégFg Cainms W
cl ai g, e&ei RLRGRSS 01]C aﬁﬁahﬂ@ énrdq{ & an organic moiet
nono- a y?aronatlc conpoun sal " process é%npr|3|%g

tont ddteipnges df elets 8 ock, w;’@lmm tagd mg feom diomyl(httoabbte 150.

gr ormlt e. procc%gpo?u{l1 on%rbq' cﬁg‘n %ySI wth!nn% &l mlﬁlﬂg Ghd Y is silicon.
al kylatiron reac o1 con ons cat

@on'prTml prgcas vzive aul @y m&dmghdmm gwharenn | shsl molecular sieve has a
as- syn&?€5| ed form and nlca |ned1f rm an X-ray

di ffr& APARY OB CAPICHE P dﬂﬁ&1§8éﬁ%>%é%|ng a d- spaci ng
maxi mumin the range of 14.17 to 12.57 Angstrons, a
d-spacing maxi mumin the rang¥-of 12.1 to 12.56
Angstrons, and non-di screte scattering between about
8.85 to 11.05 Angstrons or exhibit a valley in between
the peaks having a d-spacing maxi mumin the range of

10 14 to 12 0 Angstrons and a d spaC|ng naX|nun1|n t he

o ~ N~ A PN A e - o



3. The process of claim1 or 2, wherein said nol ecul ar
si eve has a conposition involving the nol ar
WO 20100iganshi p: X203: (n) YO2, wherein X is a triRel/E81009/050727

el enent conprises at |east one of alum num boron,

iron and gallium Y is a tetraval ent el enent conprises

at least one of silicon and germanium and n is at

| east about 10. 4. The process of claim 3, wherein

sai d nol ecul ar sieve, in the as-synthesized form has

& f ormigl procesnofadny pideyding U&lnli;asﬁefﬁelﬁ Bald ialy faebFBar@hati®do@fpound is

of OXI nol es of .Y02, as :
(0. 008* itfi/g‘ﬁm(t < YR KJH8 DB DRFFAF: e‘}aﬁhtﬁ\f‘F@ ahrapqpg, naphthacene,
or algealiénee eabiohendBt abherambrel,i S AnerRf gaﬁlﬁoﬂmeﬁieﬁe alpha-

5. The roc ss of claim3 or 4, wherein said nis
about™Meioy paphthalsae. 1 50dictyyIbgizanty, o drrdisthyfbengape.on - elﬁthylbenzene

cl ai rpénﬁethgbélzeﬂwer&h@m&hme@em nuprand t?ﬁrdeﬁly?dehieﬁ@n 1,2,3,5-
7. The process sieve of any preceding claim wherein

sai d tﬁ%ﬂ@éfml@flzeliee\l@ %fa@tha%émem di Re-tEastyIbensspe. m-butyltoluene;
capagi tuty1Rfluddb: 3 SafkhyleRcR &8J18 hyltol Itol
ot orniingl, 1 oot eleRIn ARy ugn%%gteééo OF Capypropyoluene;
pr ec eb¢thy-reixslens; dimethzinpphibalapes | ddpilraphthhlencs rairdineghylanthracene;
com AR hinaEhect od LLAMING-BLAUP CORShEhITMALne:  9.10-
benzene,” napht hal ene, t hracene, "napht hacene,
peryhbmemzbh@nmhenpBemamﬂhﬂemmﬂxyweménnmpmppywbénzene
| phar n hal. e .

G o oney b, AR BRLEAR: o el LM REALARGwbls promatic compound
pent awelphyds beleze neg ofbeﬁ’zeﬁe dnd raphthdedehy| benz ene

iO 2. }ie;pr%g%shog' a%ye%%%e éng c%‘%hv%qr%% Fs"alijlé rﬁ%?fagl){é g’g%rrlltzise (Sfacted from the
p but gtbapcdouﬁnelg 0B phfifl, elcbiydld, alduiges, aﬂtyEl’(aﬂlyléstaﬁH lliﬁﬂ&]ies thereof.

%}H%léfg%]%&ng ,QEG§O(P %g! Lol ue {eﬁhqaécLQXylatmg gent comprlses at least

g 3- dﬁﬁ?f&ﬂﬂ@@ibﬁ@y@mﬁmd%ueP&ylﬁnthracene
met Nyl ant hr acene; - ant nr acene;
- netﬂ’g‘?l MRERR ﬁlp}érpéeceém W Wﬁlﬁr@H]a?ﬂlql] ragﬂéangﬁdeactlon conditions

m xt Uh@sde NemB&htufd of Thgh HoRCEES0 Abor@BYORY, %e@guegof from about 0.2
claim wherein said al kyl atabl e aronmati c conpound
conprip Bt 2000Qkiera, grgolay rafie vf alkslatihly %@pﬁtcrf‘@n@ﬂ@d tpcplkylating

The pLEGESFSHR 86 PF:£¢8dbAR B! 121M aW@&f GERhSRISY space velocity
al ky Iatln agent I's selected fromthe %roup consi sting

of oI(&FHSn ), basgdcantby alkylatingeisgit o from akgyt OHap i58@ B and
r@i.xt ufh% w%?sr @foaf é/loéle OEQB ] Pc'}'evctlﬁerglfn s@ﬁy n%ﬂﬁ&tﬁg Lidhatic compound

clalm erelns atln agent

| eastcoompesesf bendeyt,enaid ph@blyhenegeandcmmemsethﬂ@le Tfagl mono-

proce; re i, . ..
A S I

of f rlmmmmmp&@mﬁ)omab@ﬁ)ﬂ)ﬁf%o [ab(ss S00°€E, afprefsmcmf from about

2 ky1 20088p edaonils EPESn bR By RUebRl' ol symooma

f r om adibddting Qgdiit bf thonmadtaut 0.50: b, abamds0al, faeéd fai gbitht hourly space

agenc bR PEHES Be B e b0 e s e V1SS

of.  anpheQPreoe® oftdn g oI clbimdNar @hétemaald Akiythiaé akhfitic compound
aronatlc-congound con rlﬁes benzene, said alkylatlng
agent ORBHI S8¥CR hyaldnalkylatingg %%B‘HOQPIP%WSQF oRigpylgne, Said  mono-

COMPORGLr6ARRY bsBSouatl hydnﬂﬁﬁgsee@me&alsdldahlkylh@dﬂ @&ction conditions
reacti on conditions include a nperature of from

aboutinasie tegraBig oBoe ab@ltdpe@, %?@ub?ﬂ}"?oﬁpé@wm of from about
2000 {0 r@hE 3000 R8a lﬁpa@rnélar Afel ﬁf&ylﬁt@ﬁlb Qroﬁfatl@ééiﬂﬂoﬁﬁ@m Hylating
aromati c compound to al kyl ating agent of from about
0.5:1 to about 50:1, and a feed wei ght hourly space
vel ocity (VHSV) based on t he-dl-kyl ati ng agent of from
about 0.1 to 20 hr-1. 14. The process of any one of
claims 1-7, wherein said al kyl at abl e aronmati c conpound
conpri ses benzene, said al kylating agent conprises
propylene sald npnoalkylaronatlc conpound conprlses

oy



16. A process for manufacturing a nono-al kyl aromatic
conpound, said process conprising contacting a

W0 e@d®tgek conprising an al kyl at abl e aromat i ¢ BONP829NLI050727
and an al kyl ati ng agent under al kyl ati on reaction
conditions with a catal yst conprising EMM 12.

15.

16.

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 250 hr™.

The process of any one of claims 1-7, wherein said alkylatable aromatic compound
comprises benzene, said alkylating agent comprises butylene, said mono-
alkylaromatic compound comprises sec-butylbenzene, said alkylation reaction
conditions include a temperature of from about 10°C to about 250°C, a pressure of
from about 1 to about 3000 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 250 hr™.

A process for manufacturing a mono-alkylaromatic compound, said process
comprising contacting a feedstock comprising an alkylatable aromatic compound and
an alkylating agent under alkylation reaction conditions with a catalyst comprising

EMM-12.
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