SYNTHESI S AND USE OF MSE- FRAMEWORK TYPE MOLECULAR SI EVES FIELD [0001] This
invention relates to the synthesis of crystalline nolecular sieves of the
VBE f r anmewiorzkedyppms3 such as MCM 68, and to their use i nPOTI®R000/0e3BAY Er Si ON
processes. BACKGROUND [0002]MCM 68 is a single crystalline phase nol ecul ar
sieve material which has a unique 3-di ognsi onal channel structure
conprising one 12- nenbered ring channel system and two 10-nenbered ring
channel systens, in which the channels of each system extend perpendicul ar

to the channels of SYTHISIS WNDUSRIOF MSFFRAMEWORKNg channel s are
general ly straight and the I R0 E! uous (siInusoidal).

MCM 68 has been assigned s YPEMOL agls]“Iitrgtructure Comm ssi on of
the International Zeolite Association. [0003] The conposition and

char act erhz_ﬂé'g%x- ray diffraction pattern of MCM 68 are disclosed in U S

Pat ent —049, 018, which al so describes the synthesis of the nol ecul ar
sieve in [00@1Pr esenfiss Ofnv@ntibh UEdIMeS 19 BREShAtheaidedt @9sm@llirkd Molebelar

N, N, N, N-tetraethyl bicyclo[2.2 .2] oct-7-ene-2,3 : 5,6- dipyrrolidinium

di cat i on.sidhs eithe M SEoframetorkitype, SucRas MCN68, and46 thdig uae én brgamipor at ed
herein by reference. [0004]U. S. Patent No. 6,049,018 exenplifies the use of
MCM 68 asCORVEERIan PERCASSESar omati ¢ al | cyl ati on and transal kyl ati on reacti ons.
In addition, U S. Patent No. 7,198,711 discloses that MCM 68 shows activity
in the catalytic cracking of hydrocarbon feedstocks to produce an enhanced

yi el d of ﬁx&giﬁi’t’)@%i sobutene, with the MCM 68 either being the primary

cracking addi tive conmponent in conjunction with a

convent | Oﬁb%jrar ge NIe'M-68 agkd %%(%@t c’?\lyiﬁé‘tfﬂlline'S Bs@SméRRhidresi¥ve Merial

2009/ 154783PCT/ US2009/ 003678 [ 0005] To"dat e, however, the comerci al

devel opnmewhichf h¥EVh68nitare Bedimdnsisieil e dhimndl hstrictgke casmhpasinghendi ¢at i on
structure directing agent required for its synthesis and hence there is

si gni fi canembgrest ppg ¢hanhehsystgmadndetwiatliOrmembesed aingeekanng] systamsu e
directing agents for the synthesis of MCM 68. [00Q6] Accordjng to the
present iMY® tﬁﬁisrﬁhampega%fs FRAl Bestems Sitprd pﬁmenﬂ}qulaw%rhecyﬂla@eﬁs of e

cycl ohexyl.pi perazi n- ~lum.gati o and 1-dial kyl-4- .

o Ky oy o ST S ma-and it RSP SHE shaticlh Bes ol raight pnd 815 ect i ng
agents | Wd-ﬂﬁg%%ﬂ&%'a%e Prrdbdd gﬁ"ll}SMR{a?PVMGM-BS Bas b‘é@ﬁ?siig]ﬁé‘&’ strli@lurd hese
cations can produced conveniently and I'nexpensively from comercially
avai | abl ayp@WISEL!8/ thel StrudtGROCHEH9siea bIthé Bitertitfdnal ZebRit Aosockitioh. 852 394
Al, published July 11, 2007 and incorporated herein by reference, discloses
t hat the [9#008] t e | Tihe32ongositeors und hadwiraetdrizingt Kergyr dséfrationf patterar ofle i ons
using 1, 1-dinet hyl-4- cycl ohexyl pi perazin- 1 -iumcations as a structure

di r ect i ngM&ddrt8 arerdisgiosgdsingUaS.dPatens Non £,.04h8 hbewhigh alsoudescubapithai ng
8-menbered ring channel s and has been assi gned structure type.l HVby the

S ruct ar Svelieafs SF BB ShOleRar SiSienta ThsnBiesoBeH ot Aeudiure BRI AEeH T 32
has a diff al: grystaly struct n . I P 394 Al
the 1, 1- cﬁo(?rrri@ﬂst'y&g& cytlgllj%hexyl g’gélﬁglgi'%- i B‘ﬁyggoi?'g?@gﬁ%z&yiér §T ation
of N-cyclfperryliginddhodichGond 'Thd SYEREdiAsRs JHUU. N BAChORSX ¥ INGI faide s
not commercially available and is scarce even at |aboratory scale

quant i ti dacorpobdtBRYerdif®9akference aspect, the present invention resides in
a nethod of synthesizing a crystalline nolecular sieve having the structure
of the N3B004khneworlk-St \iagentpNet ¢, Gdf,0 1 8/cmeadplifidsetheeuso of MdiVIFGS g a
crystalli zi r]g a reaction xture conprisjing a source of water, a source of
an oxi de cgfal¥st; gy proyatin aliglatipmend yransalkydation reaskions. | baaddigea, &.5
silicon, 4in I tapi apadi um LU optianal | source.of a
trival ent i PASET HREIONR 2R5 B ER s shont ey ol Sl

al kali or i t r i ty )

navi ng ¢ IERPfte ST TRRROLER, RedstbiERS pPodié if oBhafitPiefd BF thBMBnet o
or an al kil ig6Bwene,Suith theé MCVRl6BYithdr Beihg BeChritdaAnekatRing’ @talkydr 4 oups
and conveniently are independently selected fromnethyl and ethyl groups.

[ 0009] Coradditientdompaniest nol eonjuatiion Qvith2a i cors@ntionala ddrigenporiex tracking i n
the range of from about 0.01 to about 1.0, such as from about 0.05 to about
0.7. [ocarlystosmdrsesrolife Ysaj d reaction mixture conprises a source of an
oxide of trivalent elenent, X, selected fromat |east one of alum num
boron, gallium iron and chrom um conveniently such that nolar ratio

Y02/ X203 in said reaction mxture is in the range of fromabout 4 to about
200, such as from about 8 to about 120. [0011]In one enbodi nent, the
reaction m xture has the foll ow ng nolar conposition: Y02/ X2034 to 200

H20/ Y025 to 200 01-1"/Y020.05 to 1 MY020.05 to 2 @QVY020.01 to 1. 10012]In
anot her enbodi ment, the reaction m xture has the follow ng nol ar
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(d) allcylating the 1-alkyl-4-cycl ohexyl pi perazine from(b) or (c) to
produce a 1, 1-di al kyl-4-cycl ohexyl pi perazi n-1-i um conpound.

[ 0019] Corwertnentskigs3 t he hal obenzene is bronbbenzene. [ 0@2@Juseomidiecls yet a
further aspect, the invention resides in a process for producing a

1, 1-diallcyl-4-allcyl cycl ohexyl pi perazi.pz1-i um conpound, the process

conpri si ng: (a) reacting a hal oallcyl benzene wth 1-allcyl pi perazine
to produce 1- al kyl-4-al kyl phenyl pi perazi ne; (b) hydrogenating the
1-al ky1- 4rpmolsgy| phemyl @itee hawieher,f themddmmetdaPdewiepment of MCM-68 has

1- al ky1-4-al kyl cycl ohexyl pi perazi ne; or (c) reacting )

1-al | cyl pbexer hinidered bynhd hjghncost o thyl diyatiorhstxastoreedixacting dgengarequisedr oduce
1-al kyl - 4-al kyl cycl ohexyl pi per azi ne; , and ] (d). al kylating the

1- al ky| - 4fcalirsysyngla¢soh ang thenpe there g signafieqns)intgrest dp ftrtsﬁpg ghigmatiye, less

1, 1-di al kyl-4-allcyl cycl ghexyl pi perazin-1-iym co 0021] Conveni ent |y,
t he hal oa%/’fﬂﬂnﬁé’ﬁzséﬁ@“i‘@ I‘?Fé%‘igyargp &he syt es[‘@)gg%@gﬁ\ﬁgni ently, said

al lcylati i.s effected b eacti he 1- Vi - e i i_ne or
1-al ky1- 4@0|6in cyc‘ﬁ%%r)%lﬁ(%iopg}eag%g% Gy %ﬂtﬁ‘%ﬁdﬁgﬁgﬁép%%ﬁ f%’%’@ttﬁgﬁg’a BRI EF
DESCRI PTI 4l Qﬁ&@,}y HORRAIAT gur ecdkidny an Xah@y di ff nagihikgnd4pattern
of MCM GS%E%UL‘CE%IUSI g1 , iai&?ﬁleﬁ]ﬂjl 4- cgz/%fdéﬁexyl piap%lr azin-1-i un]gcati ons
as the stglkgt bﬁ)lﬁkg?ipéﬂwirﬁgﬂﬂtn eabgisdiragffeotivb as pirociss dokctingapems2. -
6 - DETAILE SCRI PTI ON OF THE EMBODI MENTS [0024] Descri bed herein is a

net hod of insthetdyathesisnof BMICM68alVoreoven| itbas heers fewnl thay ithepetqasionsEan
framework type, such as MCM 68, _using

\ ; 1,1- . .
di al | cyl - e @yeduncskgpmyeriently and.- inexpensivgly framicempereiphly available raw

al kyl cycl Oht%X}/| gi perazin-1-ium Q cations as a structure directing agent,
t oget her WHH i rproved met hod of preparing the structure directing
agent. Al scri iYLy ; t i7oRdAf oL b RENd R

resul tant fyam%?‘ﬁ’%@%‘%‘?‘y@@#?‘?@ﬁ%] Egufgrgﬁs%vle\légﬁg gc‘(’:at al y%’t in
organi ¢ CONVEN®ET Ad if@SThbRINEd hekih bisrelfdteAtd)dEdlosexl thay s zevlitan®dQ-32
transal kyl ation reactions and in thée catal ytic cracking of hydrocarbon

f eedst ockean [H¥025hiiediz68 is thespreshetd ofpbluonisesionyl asmgy dt bdimathybidase
mat eri al which has a uni que 3-dinensional channel system copnprising one
12- nenber extlohenylpipgrazan- lsipm eatignsl as wostiertweediseeting paente nbhded2 B3saens,
in which fhe channe]s of each st em ext.en erpendicul ar. to the annel s
of the. ot helimepeepth chndl FaSTR SHRPHYE b ErecHoatie rhe Phirheli Ao HFS
straight and the. 10-ri n S 1 t,ar t waqu {.aus ﬂﬂln)i W as
been assi gnéh aﬁ?ﬁ?@?uﬁ@?@{gg B@I‘—f bl?fi@he Sttﬁgclﬁﬁlﬁ%h%gm%f SSi oSnSlo ﬁgthg

I nternat i ‘BaLi L Riheoh. BRRGTTIQL3D imscakinraredt BRI sMavhiS has
an X-ray g??}?lraégg%l{)%g(ﬁ@?ts‘gg%ﬁMi ch is di stqlngui sshed from tﬁ{g patterns of
ot her knowanasMIEVItE&Si zetbreovérheimaEPy 1t r&32 €894 Bdt athki riel «dimetliyddds by
the lines listed in Table 1 below. Table 1 d(A)Relative Intensity (100 x
|/ 1(0) 1 16ydohexylpipegazin- lolum ar®paxiused bygikylation of N-gyelohexylpiperaziae18

+/-0.26 VS 8.21 +1-0.23 4.58 +/-.0.13,4.54 +/-0.13 4.45 gﬁ)’ 0}%3\{W W 4. 32
+/ - 0. 12vwithiipdemeghaney i Nreyclpbexy Ipipgrazing & ngt gpmmerciglly ayailgplg and g5
+/- 0.11 3.80 +/- 0. ]tjl V\N?.4O +(- W&g 3.24 +/-0.09 2.90 +/- 0.08 VW

[ 0027] TheSSCRIGERY R 4APRURFYY SFaleAUAHLCE o) | ected with a Scintag
diffraction system equipped with a germanium solid state detector, using
copper K-al pha radiation. The diffraction data were recorded by

st ep- scanQUMMAR)Y 02 degrees of two-theta, where theta is the Bragg angl e,
and a counting tinme of 10 seconds for each step. The interplanar spacings,
d's, were[008}ul at eth i oneAragpectpnthenipresentinidvehidon eteaidese in ma emsthadeofof t he

lines, is one-hundredth of the intensity of the strongest |ine, abo g
backgr ounsynthesizinge pi gogtaliing mplecylas sieve havang | Ber STUGHES uth%M% r
second derivativ | gori t ., The ngjties.are uncarrected for.Lorentz
and pol ar frfﬁﬁ"fmﬁe ct%r.ePe'rpﬂglyr B&QW-@?@ ﬂﬁ? erﬁgtihpfiegogpgs&gvgwsltq}ﬂgg}gﬁg of
ooy o ofelPoi St LOaPp B 3 Pl e gl BT
weak (>0%dipivaled Blendent,sVQUbdlebRdURGH Sdtordst ak of fsiliédd, R, ditiu,st ed
for this sanple as single I'ines may consist of nultiple overlapping - 8 -
| i nes whi ehnadider ambgémhanionndiptionally aswahceast aitfivalenelement, X, a source
crystal | ographi c changes, may appear as resolved or partially resolved
lines. Typically, crystallographic changes can include m nor changes in
unit cell paraneters and/or a change in crystal symetry, w thout a change
in the structure. These mnor effects, including changes in relative
intensities, can also occur as a result of differences in cation content,
framework conposition, nature and degree of pore filling, crystal size and

Y - . o - -,




structure directing agent 1,1-diallcyl-4-cycl ohexyl pi perazi n-1-ium and/ or
1,1- dial kyl-4-allcylcycl ohexyl pi perazin- 1-ium cations, which have the

fol | ow ngvoen@riEh7sst ructure: RL(" /R2 N\ /NcR3 i n whi chPRI/usgooapozcogen or
an al kyl group, such as a nethyl group, and R2 and R3 are al kyl groups and
conveniently are independently sel ectedsfrom nethyl and ethyl groups.
Preferred 1, 1-diall cyl -4-al kyl cycl ohexyl pi perazin- 1 -iumcations are

1, 1-di al kyl-4-(4-allcyl cycl ohexyl) pi perazi n-1-ium cati ons.

[0033] 1, LhdhneikaYilorklRYGhOEAYY hivtale MiZindt 4 sowrde oftorgansic kationgr@vhavisgy been
used to direct the synthesis of the zeolite ITQ 32 (see European Patent

Publ i cat i the fhtlowifg geBéral APdctAte):. However, as with many other structure
directing agent systens, it has now been found that, by varying the

synt hesi s conditions, 1,1-diallcyl-4-cyclohexyl pi perazin-1-ium cations,
including 1,1- dinethyl-4-cyc yl pi per gz 1-iqg1cations, are effective
in directing the WO 2009/ /USZOQZ?BSEBQQ/A 10 - synthesis of a
nunber of different nol ecul i ials, ag@ in particular are
effective in directing the nt hesy/s of pure p?ééé\hcm468. Sur pri singly,
conpounds having a simlar st reto Rs

1, 1-di al ky1-4-cycl ohexyl pi perazi n-1-i um conpounds, such as

1, 1- di et hyl bi pi peridi n-1-ium hydroxi de, 1,1- dinethyl bipiperidin-I-ium

hydr oxi de, ] tEJ =4 [ i j ' MOX4 nd
T o et Ry PhERCR L JRirdgen 8 X GBI, Sth3e dindy gibel MHATRFAERS
i neffectiye yPigt@gsd Ad (cbveniehtipsirs ifdepdnlleffly sbRREH fiont heethybanat
met hod a reaction mxture is produced conprising a source of water, a

sour ce of ethyl grougs. of a tetraval ent el enent, Y, selected fromat |east one

of silicon, tin, titanium vanadium and gernani um a source of an oxide of
trival ent [(009ent , Ronvenientlpdhermnalagiratio LAY Qnin spidaregpiion MIXBEEJs In

1] i d chroni f | kal i | kal i |
o2 L boat nitic Tangh of Tin Abauty 01 18 ahpdr Fios SetbesFom e R 48 IR o or
1, 1-di al | gyd-4- al kyl cycl.ohexyl pi Zin-:J -] i ons. ally,
the Commofitiod & “CRBVENERTY YR PelcTibn Thixtuid efipiker’d SOARE of RNGKRE | Y
rati o Q YQRiidhisal Qeﬁ{%ﬂggj&gg%lg%ﬁéﬁbﬁgmi at leBsttdiR 6RRRRnALN, rmma,bgwiuh ,01 to

about 1, such as froma 5 to about 0.5. More specifically, the

reaction ffoxtandehiémi@me oomasiéntbnsudhnthiaemaaofatiott ©,2410;08 safd macties,
within the foll owi ng ranges: ReactantsUseful Preferred Y02/ X2034 to 2008
to 120 H2fiixtdess tio tRO@ddge of Fnd¥abor0A0tc0Bbows 2QN0, imchoasofrem rRby @29 105 t o
20.15 to 0.9 QY020.01 to 10.05 to 0.7 [0035] Conveniently, the
react i onndR@wrl20al so conprises seeds of MSE framework type nol ecul ar sieve,

h , typjcal | that t he npl tio of [¥02 in th
Feact | on MORG: o T Sl BnschembSiimisn ot eaiio: apprecnd CEoRARMRE apikn®

about 0.01 about 0.05. WD 2009/ 154783PCT/ US2009/ 003678

Apdsi
[0036]G£n8?a y, The tetravalent elenent, Y, is silicon, the trival ent
el ement, X

IS alunhnggy?@g the al kali of tgbé@l i ne earth netal, M
conprises at |east one of Sodium and potassium Typically, the alkali or

al kal i ne earth netaH,ONY®s potassi um or5 pw2@@si um and sodi um such that the
nolar ratio of Na to the total metal Mis between O and about 0.9,
preferably between ®BrHdQebout 0.5. [003FPSdetlabl e sources of silicon oxide
t hat can be used topg%ﬂéuce t he reaction ngt re described above include
colloidal silica, prectpktated silica, ﬂ% d8ium silicate, sodiumsilicate,
and funed silica. Skgﬁ&zrly, suitable s Q?q 1of al um num oxi de i ncl ude
hydrat ed al um num o €$2 such as boehmte, éibbsite, and pseudoboehnite,

especi al | m@rzgfzi_tem aa%g‘{ﬁéﬂ erbolitt D;ﬁggﬁtei%&’i‘éﬁ‘%ﬁ{tﬂf@ Hes thal fonovsmgh as

al um num Sui tabl e sources o nmetal 1 nclude sodi um and/ or
pot assi umptpigf eorheesitibR038] Sui t abl e sour ces of

1, 1-di al ky1-4-cycl ohexyl pi perazi n-1-i um and

1, 1-di al ky1-4-al kyl cycl ohexyl pi perazin-1-ium cations include any salts of
t he substituted piperazine parent conpounda which are not detrinental to
the formation of the crystalline material MCM 68, for exanple, the halide,
e.g., iodide, or hydroxide. [0039]In this respect,

1, 1-di met hyl- 4- cycl ohexyl pi perazin-1-iumiodide is a known conpound and is
conventional ly produced by allcylation of Ncycl ohexyl pi perazine with

i odonet hane (EP 1 852 394 Al). However, in view of the scarcity and cost of
N- cycl ohexyl pi perazine, the present invention also resides in a | ower cost
and industrially nmore conveni ent process for the production of

1, 1-di al ky1-4-cycl ohexyl pi perazin-1-ium cations. [0040]In this process, a
1- aLkyl pi perazine, for exanple, 1- nethyl pi perazine, which is commercially

o, T o -



[ 0045] Si nce the as-synthesized crystalline nolecular sieve contains 1, 1-
di al ky1-4-cycl ohexyl pi perazi n-1-ium cations and/or 1, 1-di al kyl-4-

al kyl cyclwbexgsiuser azi n- 1-i um cations within its pore $CTMSRAMA)ITHe
product is normally activated before use in such a nmanner that the organic
structure directing agent is renoved frpmthe nol ecul ar sieve, |eaving
active catalytic sites within the m croporous channels of the nol ecul ar
sieve open for contact with a feedstock. The activation process is

typi cal l'y acconpli sirex/XyOheating the mgltecipar sieve at a tenperature of
from about 200 C to about 800 C in the presence of an oxygen-contai ni ng
gas. [0046] To the eMb@®rYOdesired, the orldgorfdl sodi um and/ or potassi um
cations of the as-synthesized material can be replaced in accordance with
techni ques wel | kno@W{¥Oehe art, at 1e&st0ta08drt, by ion exchange with
ot her cations. Pref repl acing cati (rﬁ]n"s5 'h)nggude metal ions, hydrogen

i ons, hydrogen prec 2 e.g., ammonium s’'and m xtures thereof
Particularly prefer ations are thos i tailor the catalytic
activity for certai Q?ﬁ%r ocar bon conver?i’q)g;t(fggéti ons. These include
hydrogen iS[OOQ%E ear tQed@hBY S saiid tépdvalléntotleedt Py, | 1sAsilidohnA, saith, triVélent B,
1B, 111B, VB, VB, VIB, VIIB and VIII of the Periodic Table of the

El enent s. ele@@AT X hie atumiriahlandesaitb hBalil arralkalineeeqrtio thetald Mbyis tah éeast esent
process can be used to catalyze a wide variety of organic conpound
conver si cof sodbwasswspatassiu@i ng many of present commerci al -industri al

i nportance. Exanpl es of chenical L gconversion, processes.which (fil’e eMﬁ%ti vel y
cat al yzedO® 4l he crGonxeniendy mspis irgpctin (Rixture, cOmRISES BgedS: OF in

conbi nation with one or .nore other YAl i

el ud: noap iR s SRS SEUE P RAR ShH R tnEEISNE LIPSt SURRYO,

W th aci § Vi A i : | ation of aromatics
W th sho?itn c%%?/ér?tczﬁgg- E%; %:1§fb?§§?&{e§lqutgfl??%’€|§%(% iﬁgar)l@do(#'q%enzene wi th ethyl ene
or propyl peas| o prodeaesichilybahéess stillizingl s -condueted raespetmperhturei n the
gas or liquid phase, with reaction conditions including a tenperature of
about 10 Kztiveeabsbdut2500 CC aamik abeut 200f °Gbfirt up too 280dayssi gicha ag catad

wei ght hourly space velocity (W{SY) of about Q.5 31 Bo a%)ut 00 TJ}I and
an ar onat feolpsiratre bapyeenr abow WS 26amd aboutld S He fpr gbout 24 to abgyt 170
allcylation of aromatics with long chain (C 0-C20) olefins, in the gas or
liquid p S-with reaction conditions including a tenperature of about 250

Cto ab Outo(gﬁgg C aHP%\V, i agé]ec{i‘bﬁllétipggl}tg?rg?&iﬂ’ég ad s%lﬁhg%\écﬁfar about

0.5 hr-1 out 5 and aromati c/ ' nole ratio of 1 to about
50; ib¢e h%fvﬁgﬁ{e' MR fhewbridtyi@hnd Tonlatniagswithid itgyode ghastirce. g.
transal ky? at1on of” pol yet hyl benzenes "or pol yi sopropyl benzenes with benzene

t o producgatRimy (pesslested dromu hirdiatiod plecydlukeyylpipetdzin-danm anationsdi £l ons

including a tenperature of about 100 C to about 500 C, a pressure of about

1 to aboudiaio0-dsikylcyshehexyligeragin-dbivm cations-and mixpeastthergofoo | ;

(d) disproportionation of al] cgl aromat i Ctif e.\ge; di spraportionation of
SmEERY

tol uene tWMAbduce kyixsted further raspeet othec 0(5‘n§e$1ﬁ8? Ui g reanic
tenperature of .from about 200 .C to about. 760 C re.of fr out
at mospher SVESI9BoRTOSES St HBBPRREe SO °§Aﬂ§v9‘6f Orag% 3‘{ e%gq ﬁ’rl S C?Qa out 20
VI, and a . n . I LG n about
so - eQPHSHEs WRGRESIOAR SPHR AR NSk Rk WPE HHSule?

et hyl benzgpee quidribddaagtinon conditions including a tenperature of from
about 200 C to about 760 C, a pressure of from about atnospheric to about
60 at mosplo018}, a WHS¥tilif yetbo furtherlaspect, the inbentior?Gedided in arprogess for
hydr ogen/ hydrocarbon nole ratio of O (no added hydrogen) to about 50;

(0i soner | perdusingfa al, kydialkyhdt eyedohexydmiparazity |l dyas  camporndathe giocess
conditions including a tenperature of from about 200 C to about 540 C, a
pressure 6PMPFI§MEabout 100 to about 7000 kPa, a WHSV of about 0.1 hr-1 to

hyarogen) 1o a6l Tooa SRHHESEE SR DRk Dpbsn e o briRice Ry )

reaction gf Fehsinath aromatics to formallcylaromatics and Iight
gases mﬁtﬁl¥g§ ﬁ?gﬁazgﬁ%itions including a tenperature of about 260 Cto
about 375 C, a pressure of about O to about 1000 psig, a WHSV of about 0.5
hr-1 to about 10 hr-I, and a hydrogen/ hydrocarbon nole ratio of 0 (no
added hydrogen) to about 10; (h) paraffin isonerization to provide
branched paraffins with reaction conditions including a tenperature of
about 200 C to about 315 C, a pressure of about 100 to 1000 psig, a VWHSV of
about 0.5 hrl to about 10 hr-1, and a hydrogen/ hydrocarbon nole ratio of
about 0.5 to about 10; (1) alkylation of iso-paraffins, such as

-, . I



6 SDA-OH 6 KNO3: Al 203: 19.3 Si02: 554 H20 where SDA-CH i s

1, 1-di net hyl-4- cycl ohexyl pi perazi n-1-i um hydr oxi de produced as in Exanple
6, was prwpar@dsig3m xi ng together 16.6 g of DuPont LudexTiS2@0/005808 1 W . %
Si02), 21.1 g of a 27.7 wt.% aqueous solution of 1, 1-

di met hy1- 4- cycl ohexyl pi perazi nThi um hydsoxide, and 8.7 g of 17.5 wt. %

sol ution of potassi um hydroxide. The m xture was stirred with a spatula
until honmpbgenous. Then 12.9 g of a 15 wt.% solution of alumnumnitrate,
0.4 g of deionibjed hgiregemdatthg thtd 1 lkyl-Mphehd piyssrdsinediema@)ad. prodacen xt ure
was again stirred wth a spatula and then thoroughly honogeni zed in a 100
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alkylcyclohexylpiperazin-1-ium, Q, cations as a structure directing agent,

together with an improved method of preparing the structure directing agent.
Also described herein is the use of the calcined form of the resultant MSE
_framework type crystalline molecular sieve as a catalyst in organic conversion
reactions, such as in aromatic alkylation and transalkylation reactions and in the
catalytic cracking of hydrocarbon feedstocks.

[0025] MCM-68 is a synthetic porous single crystalline phase material
which has a unique 3-dimensional channel system comprising one 12-membered
ring channel system and two 10-membered ring channel systems, in which the
channels of each system extend perpendicular to the channels of the other
systems and in which the 12-ring channels are generally straight and the 10-ring
channels are tortuous (sinusoidal). MCM-68 has been assigned structure type
MSE by the Structure Commission of the International Zeolite Association.
[0026] In its calcined form, MCM-68 has an X-ray diffraction pattern
which is distinguished from the patterns of other known as-synthesized or

thermally treated crystalline materials by the lines listed in Table 1 below.
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Table 1
d(A) Relative Intensity [100 x I/I(0)]
13.60 +/- 0.39 S
13.00 +/- 0.37 VS
10.92 +/- 0.31 M
10.10 +/- 0.29 M
9.18 +/- 0.26 AA
8.21 +/-0.23 w
458 +/-0.13 w
4.54 +/- 0.13 W
445 +/-0.13 VW -W
432 +/-0.12 VW
422 +/-0.12 VW
4.10 +/-0.12 VS
4.05+/-0.11 M
3.94 +/-0.11 M
3.85+/-0.11 M
3.80 +/- 0.11 VW
3.40+/-0.10 w
3.24 +/- 0.09 W
2.90 +/- 0.08 VW
[0027] These X-ray diffraction data were collected with a Scintag

diffraction system, equipped with a germanium solid state detector, using copper
K-alpha radiation. The diffraction data were recorded by step-scanning at 0.02
degrees of two-theta, where theta is the Bragg angle, and a counting time of 10
seconds for each step. The interplanar spacings, d’s, were calculated in
Angstrom units, and the relative intensities of the lines, I/], is one-hundredth of
the intensity of the strongest line, above background, were derived with the use
of a profile fitting routine (or second derivative algorithm). The intensities are
uncorrected for Lorentz and polarization effects. The relative intensities are
given in terms of the symbols vs = very strong (> 80% to < 100%), s = strong (>
60% to < 80%), m = medium (> 40% to < 60%), w = weak (> 20% to < 40%),
and vw = very weak (>0% to < 20%). It should be understood that diffraction

data listed for this sample as single lines may consist of multiple overlapping
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lines which under certain conditions, such as differences in crystallographic
changes, may appear as resolved or partially resolved lines. Typically,
crystallographic changes can include minor changes in unit cell parameters
and/or a change in crystal symmetry, without a change in the structure. These
minor effects, including changes in relative intensities, can also occur as a result
of differences in cation content, framework composition, nature and degree of .
pore filling, crystal size and shape, preferred orientation and thermal and/or
hydrothermal history.
[0028] MCM-68 has a chemical composition involving the molar
relationship:

X505:(n)YO,
wherein X is a trivalent element selected from at least one of aluminum, boron,
gallium, iron and chromium, preferably aluminum; Y is a tetravalent element
selected from at least one of silicon, tin, titanium, vanadium and germanium,
preferably silicon; and n is at least about 4, such as 4 to 100,000, and usually
from about 10 to about 100.
[0029] MCM-68 is thermally stable and in the calcined form exhibits a
high surface area (660 m*/g with micropore volume of 0.21 cc/g) and significant

hydrocarbon sorption capacity:

n-Hexane sorption at 75 torr, 90 °C - 10.8 wt%
Benzene sorption at 75 torr, 30 °C - 18.8 wt%
2, 2-Dimethylbutane sorption at 60 torr, 120 °C - 11.0 wt%
Mesitylene sorption at 2 torr, 100 °C - 3.3 wt%.
[0030] In its active, hydrogen form MCM-68 exhibits a high acid activity,

with an Alpha Value of 900-2000. Alpha Value is an approximate indication of
the catalytic cracking activity of the catalyst compared to a standard catalyst and
it gives the relative rate constant (rate of normal hexane conversion per volume
of catalyst per unit time). It is based on the activity of silica-alumina cracking

catalyst taken as an Alpha of 1 (Rate Constant=0.016 sec’). The Alpha Test is
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described in U.S. Pat. No. 3,354,078; in the Journal of Catalysis, 4, 527 (1965);,
6, 278 (1966); and 61, 395 (1980), each incorporated herein by reference as to
that description. The experimental conditions of the test used herein include a
constant temperature of 538 °C and a variable flow rate as described in detail in
the Journal of Catalysis, 61, 395 (1980).

[0031] As disclosed in U.S. Patent No. 6,049,018, MCM-68 has
previously been synthesized using N,N,N',N'-tetraethylbicyclo[2.2.2]oct-7-ene-
2,3:5,6-dipyrrolidinium dications as the structure directing agent. However, the
high cost of this structure directing agent has significantly hindered the
commercial development of MCM-68.

[0032] The present method of synthesizing MCM-68 employs as the
structure directing agent 1,1-dialkyl-4-cyclohexylpiperazin-1-ium and/or 1,1-
dialkyl-4-alkylcyclohexylpiperazin-1-ium cations, which have the following

general structure:

in which R, is hydrogen or an alky! group, such as a methyl group, and R; and R3
are alkyl groups and conveniently are independently selected from methyl and
ethyl groups. Preferred 1,1-dialkyl-4-alkylcyclohexylpiperazin-1-ium cations are
1,1-dialkyl-4-(4-alkylcyclohexyl)piperazin-1-ium cations. |

[0033] 1,1-dimethyl-4-cyclohexylpiperazin-1-ium cations have previously
been used to direct the synthesis of the zeolite ITQ-32 (see European Patent
Publication No. EP 1 852 394 Al). However, as with many other structure
directing agent systems, it has now been found that, by varying the synthesis
conditions, 1,1-dialkyl-4-cyclohexylpiperazin-1-ium cations, including 1,1-

dimethyl-4-cyclohexylpiperazin-1-ium cations, are effective in directing the
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synthesis of a number of different molecular sieve materials, and in particular are
effective in directing the $ynthesis of pure phase MCM-68. Surprisingly,
‘compounds having a similar structure to 1,1-dialkyl-4-cyclohexylpiperazin-1-ium
compounds, such as 1,l-diethylbipiperidin-1-ium  hydroxide, 1,1-
dimethylbipiperidin-1-ium hydroxide, 1,1,4-trimethyl-4-cyclohexylpiperazin-1-
ium dihydroxide and 1,1-dimethyl-4-phenylpiperazin-1-ium hydroxide, have so
far proved ineffective in directing the synthesis of MCM-68.

[0034] In the present method a reaction mixture is produced comprising a
source of water, a source of an oxide of a tetravalent element, Y, selected from at
least one of silicon, tin, titanium, vanadium and germanium, a source of an oxide
of trivalent element, X, selected from at least one of aluminum, boron, gallium,
iron and chromium, a source of an alkali or alkaline earth metal, M, together
with a source of 1,1-dialkyl-4-cyclohexylpiperazin-1-ium and/or 1,1-dialkyl-4-
alkylcyclohexylpiperazin-1-ium, Q, cations. Generally, the composition of the
reaction mixture is controlled so that the molar ratio Q/YO, in said reaction
mixture is in the range of from about 0.01 to about 1, such as from about 0.05 to
about 0.5. More specifically, the reaction mixture has a composition, in terms of

mole ratios of oxides, within the following ranges:

Reactants Useful Preferred
YO,/ X;0; 4 t0 200 8 to 120
H,0/ YO, 5t0 200 14 to 50
OH/YO, 0.05t0 1 0.10t0 0.53
M/YO, 0.05t02 0.15t0 0.9
QYO, 0.0lto1l 0.05t0 0.7
[0035] Conveniently, the reaction mixture also comprises seeds of MSE

framework type molecular sieve, such as MCM-68, typically such that the molar
ratio of seeds/YO, in the reaction mixture is between about 0.001 and about 0.1,

such as between about 0.01 and about 0.05.
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[0036] Generally, the tetravalent element, Y, is silicon, the trivalent
element, X, is aluminum and the alkali or alkaline earth metal, M, comprises at
least one of sodium and potassium. Typically, the alkali or alkaline earth metal,
M, is potassium or potassium and sodium such that the molar ratio of Na to the
total metal M is between 0 and about 0.9, preferably between 0 and about 0.5.
[0037] Suitable sources of silicon oxide that can be used to produce the
reaction mixture described above include colloidal silica, precipitated silica,
potassium silicate, sodium silicate, and fumed silica. Similarly, suitable sources
of aluminum oxide include hydrated aluminum oxides, such as boehmite,
gibbsite, and pseudoboehmite, especially gibbsite, as well as oxygen-containing
aluminum salts, such as aluminum nitrate. Suitable sources of alkali metal
include sodium and/or potassium hydroxide.

[0038] Suitable sources of 1,1-dialkyl-4-cyclohexylpiperazin-1-ium and
1,1-dialkyl-4-alkylcyclohexylpiperazin-1-ium cations include any salts of the
substituted piperazine parent compounda which are not detrimental to the
formation of the crystalline material MCM-68, for example, the halide, e.g.,
iodide, or hydroxide.

[0039] In this respect, 1,1-dimethyl-4-cyclohexylpiperazin-1-ium iodide is
a known compound and is conventionally produced by alkylation of N-
cyclohexylpiperazine with iodomethane (EP 1 852394 Al). However, in view
of the scarcity and cost of N-cyclohexylpiperazine, the present invention also
resides in a lower cost and industrially more convenient process for the
production of 1,1-dialkyl-4-cyclohexylpiperazin-1-ium cations.

[0040] In this process, a l-alkylpiperazine, for example, 1-
methylpiperazine, which is commercially available at relatively low cost, is
reacted with a halobenzene, typically bromobenzene, at the reflux temperature of
the mixture, typically in the presence of a catalyst, such as (1,3-
diisopropylimidazol-2-ylidene)(3-chloropyridyl)-palladium(II)  dichloride, to
produce 1-alkyl-4-phenylpiperazine. The 1-alkyl-4-phenylpiperazine is then
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hydrogenated, typically in the presence of a catalyst, such as ruthenium on
carbon, at a temperature of about 110 °C to about 145 °C, under a hydrogen
atmosphere at a pressure of about 500 psig to about 800 psig (3550 to 5620 kPa)
to produce 1-alkyl-4-cyclohexylpiperazine. 1-alkyl-4-cyclohexylpiperazine may
also be prepared by the reaction of l-alkylpiperazine with cyclohexanone,
typically in the presence of a catalyst, such as sulfuric acid, followed by the
addition of hydrogen gas, typically in the presence of a catalyst, such as
palladium on carbon, at a temperature of about 20 °C to about 75 °C at a pressure
of about 14 psig to about 800 psig (200 to 5620 kPa). The 1-alkyl-4-
cyclohexylpiperazine is then alkylated, typically by reaction with an alkyl iodide,
e.g. iodomethane, at a temperature of about 20 °C to about 80 °C, to produce a
1,1-dialkyl-4-cyclohexylpiperazin-1-ium compound.

[0041] The same process can be employed to produce the 1,1-dialkyl-4-
alkylcyclohexylpiperazin-1-ium cation directing agent, although in this case the
1-alkylpiperazine, for example, 1-methylpiperazine, is reacted with a
haloalkylbenzene, typically 4-methylbromobenzene, to produce 1-alkyl-4-
alkylphenylpiperazine. The 1-alkyl-4-alkylphenylpiperazine is then
hydrogenated to produce 1-alkyl-4-alkylcyclohexylpiperazine, which then
alkylated, typically by reaction with an alkyl iodide, e.g. iodomethane, to produce
a 1,1-dialkyl-4-alkylcyclohexylpiperazin-1-ium compound.

[0042] Irrespective of the source of cations, Q, when the reaction mixture
has been prepared, crystallization to produce the desired MCM-68 is conducted
under either static or stirred conditions in a suitable reactor vessel, such as for
example, polypropylene jars or stainless steel autoclaves optionally lined with
Teflon®, at a temperature between about 100 °C and about 200 °C for up to 28
days, such as at a temperature between about 145 °C and about 175 °C for about
24 to about 170 hours. Thereafter, the crystals are separated from the liquid and

recovered.
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[0043] The product of the synthesis reaction is a crystalline molecular
sieve having the MSE framework type and containing within its pore structure
1,1-dialkyl-4-cyclohexylpiperazin-1-ium and/or 1,1-dialkyl-4-
alkylcyclohexylpiperazin-1-ium cations. The resultant as-synthesized material
has an X-ray diffraction pattern which is distinguished from the patterns of other

known as-synthesized or thermally treated crystalline materials by the lines listed

in Table 2 below.
Table 2
d(A) Relative Intensity [100 x I/I(0)]
13.56 +/- 0.39 VW
12.93 +/- 0.37 M-S
10.92 +/- 0.31 \\
10.16 +/- 0.29 VW -W
9.15 +/- 0.26 VW -W
8.19 +/-0.23 VW
4.58 +/-0.13 \\Y
4.54 +/- 0.13 \\
4.44 +/-0.12 A\
432 +/-0.12 VW
4.23+/-0.12 VW
4.10+/-0.12 VS
4.06 +/- 0.12 M
398 +/-0.11 A
3.88+/-0.11 M
3.80+/-0.11 VW
3.40+/-0.10 VW
3.24 +/- 0.09 W
2.90 +/- 0.08 VW
[0044] Again, these X-ray diffraction data were collected with a Scintag

diffraction system, equipped with a germanium solid state detector, using copper
K-alpha radiation and with the diffraction data being recorded by step-scanning
at 0.02 degrees of two-theta using a counting time of 10 seconds for each step.
As with the Table 1 data, the relative intensities are given in terms of the

symbols vs = very strong (> 80% to < 100%), s = strong (> 60% to < 80%), m =
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medium (> 40% to < 60%), w = weak (> 20% to < 40%), and vw = very weak
(>0% to <20%).
[0045] Since the as-synthesized crystalline molecular sieve contains 1,1-
dialkyl-4-cyclohexylpiperazin-1-ium cations and/or 1,1-dialkyl-4-
alkylcyclohexylpiperazin-1-ium cations within its pore structure, the product is
normally activated before use in such a manner that the organic structure
directing agent is removed from the molecular sieve, leaving active catalytic sites
within the microporous channels of the molecular sieve open for contact with a
feedstock. The activation process is typically accomplished by heating the
molecular sieve at a temperature of from about 200 °C to about 800 °C in the
presence of an oXygen-containing gas.
[0046] To the extent desired, the original sodium and/or potassium cations
of the as-synthesized material can be replaced in accordance with techniques '
well known in the art, at least in part, by ion exchange with other cations.
Preferred replacing cations include metal ions, hydrogen ions, hydrogen
precursor, e.g., ammonium jons and mixtures thereof. Particularly preferred
cations are those which tailor the catalytic activity for certain hydrocarbon
conversion reactions. These include hydrogen, rare earth metals and metals of
Groups IIA, IIIA, IVA, VA, IB, IIB, IIIB, IVB, VB, VIB, VIIB and VIII of the
Periodic Table of the Elements.
[0047] The crystalline molecular sieve produced by the present process
can be used to catalyze a wide variety of organic compound conversion processes
including many of present commercial-industrial importance. Examples of
chemical conversion processes which are effectively catalyzed by the crystalline
material of this invention, by itself or in combination with one or more other
catalytically active substances including other crystalline catalysts, include those
requiring a catalyst with acid activity. Specific examples include:

(a) alkylation of aromatics with short chain (C,;-Ce) olefins, e.g.

alkylation of benzene with ethylene or propylene to produce ethylbenzene or
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cumene respectively, in the gas or liquid phase, with reaction conditions
including a temperature of about 10 °C to about 250 °C, a pressure of about 0 to
500 psig, a total weight hourly space velocity (WHSV) of about 0.5 hr! to about
100 hr'l, and an aromatic/olefin mole ratio of about 0.1 to about 50; \

(b)  alkylation of aromatics with long chain (C;¢-Cy) olefins, in the gas
or liquid phase, with reaction conditions including a temperature of about 250 °C
to about 500 °C, a pressure of about 0 to 500 psig, a total WHSV of about 0.5 hr’
!'to about 50 hr", and an aromatic/olefin mole ratio of 1 to about 50;

(¢) transalkylation of aromatics, in gas or liquid phase, e.g.
transalkylation of polyethylbenzenes or polyisopropylbenzenes with benzene to
produce ethylbenzene or cumene respectively, with reaction conditions including
a temperature of about 100 °C to about 500 °C, a pressure of about 1 to about 500
psig, and a WHSV of about 1 hr! to about 10,000 hr';

(d) disproportionation of alkylaromatics, e.g. disproportionation of
toluene to produce xylenes, with reaction conditions including a temperature of
from about 200 °C to about 760 °C, a pressure of from about atmospheric to
about 60 atmospheres, a WHSV of about 0.1 hr! to about 20 hr', and a
hydrogen/hydrocarbon mole ratio of 0 (no added hydrogen) to about 50;

(¢)  dealkylation of alkylaromatics, e.g. deethylation of ethylbenzene,
with reaction conditions including a temperature of from about 200 °C to about
760 °C, a pressure of from about atmospheric to about 60 atmospheres, a WHSV

“of about 0.1 hr! to about 20 hr, and a hydrogen/hydrocarbon mole ratio of 0 (no
added hydrogen) to about 50;

® isomerization of alkylaromatics, such as xylenes, with reaction
conditions including a temperature of from about 200 °C to about 540 °C, a
pressure of from about 100 to about 7000 kPa, a WHSV of about 0.1 hr'! to
about 50 hr', and a hydrogen/hydrocarbon mole ratio of 0 (no added hydrogen)
to about 10;
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(g) reaction of paraffins with aromatics to form alkylaromatics and
light gases with reaction conditions including a temperature of about 260 °C to
about 375 °C, a pressure of about 0 to about 1000 psig, a WHSV of about 0.5 hr!
to about 10 hr', and a hydrogen/ hydrocarbon mole ratio of 0 (no added
hydrogen) to about 10;

.(h) paraffin isomerization to provide branched paraffins with reaction
conditions including a temperature of about 200 °C to about 315 °C, a pressure
of about 100 to 1000 psig, a WHSV of about 0.5 hr' to about 10 hr', and a
hydrogen/ﬁydrocarbon mole ratio of about 0.5 to about 10;

(1) alkylation of iso-paraffins, such as isobutane, with olefins, with
reaction conditions including a temperature of about -20 °C to about 350 °C, a
pressure of 0 to 700 psig, a total olefin WHSV of about 0.02 hr'! to about 10 hr'';

Gg) dewaxing of paraffinic feeds with reaction conditions including a
temperature of from about 200 °C to about 450 °C, a pressure of about 0 to 1000
psig, a WHSYV of about 0.2 hr! to aBout 10 hr', and a hydrogen/hydrocarbon
molé ratio of about 0.5 to about 10;

(k)  cracking of hydrocarbons with reaction conditions including a
temperature of about 300 °C to about 700 °C, a pressure of about 0.1 to about 30
atmospheres, and a WHSYV of about 0.1 hr! to about 20 hr"; and

Q) isomerization of olefins with reaction conditions including a
temperature of about 250 °C to about 750 °C, an olefin partial pressure of about
30 to about 300 kPa, and a WHSV of about 0.5 hr'! to about 500 hr'.

[0048] As in the case of many catalysts, it may be desirable to incorporate
the molecular sieve produced by the present process with another material
resistant to the temperatures and other conditions employed in organic
conversion processes. Such materials include active and inactive materials and
synthetic or naturally occurring zeolites as well as inorganic materials such as
clays, silica and/or metal oxides such as alumina. The latter may be either

naturally occurring or in the form of gelatinous precipitates or gels including
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mixtures of silica and metal oxides. Use of a material in conjunction with the
molecular sieve produced by the present process, i.c., combined therewith or
present during synthesis of the new crystal, which is active, tends to change the
conversion and/or selectivity of the catalyst in certain organic conversion
processes. Inactive materials suitably serve as diluents to control the amount of
conversion in a given process so that products can be obtained economically and
orderly without employing other means for controlling the rate of reaction.
These materials may be incorporated into naturally occurring clays, e.g.,
bentonite and kaolin, to improve the crush strength of the catalyst under
commercial operating conditions. Said materials, i.e., clays, oxides, etc.,
function as binders for the catalyst. It is desirable to provide a catalyst having
good crush strength because in commercial use it is desirable to prevent the
catalyst from breaking down into powder-like materials. These clay and/or oxide
binders have been employed normally only for the purpose of improving the
crush strength of the catalyst.

[0049] Naturally occurring clays which can be composited with the
molecular sieve produced by the present process include the montmorillonite and
kaolin family, which families include the subbentonites, and the kaolins
commonly known as Dixie, McNamee, Georgia and Florida clays or others in
which the main mineral constituent is halloysite, kaolinite, dickite, nacrite, or
anauxite. Such clays can be used in the raw state as originally mined or initially
subjected to calcination, acid treatment or chemical modification. Binders useful
for compositing with the molecular sieve produced by the present process also
include inorganic oxides, such as silica, zirconia, titania, magnesia, beryllia,
alumina, and mixtures thereof.

[0050] In addition to the foregoing materials, the molecular sieve
produced by the present process can be composited with a porous matrix material
such as silica-alumina, silica-magnesia, silica-zirconia, silica-thoria, silica-

beryllia, silica-titania as well as ternary compositions such as silica-alumina-
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thoria, silica-alumina-zirconia silica-alumina-magnesia and silica-magnesia-
zirconia.

[0051] The relative proportions of finely divided crystalline molecular
sieve material and inorganic oxide matrix vary widely, with the crystal content
ranging from about 1 to about 90 percent by weight and more usually,
particularly when the composite is prepared in the form of beads or extrudates, in
the range of about 2 to about 80 weight percent of the composite.

[0052] In order to more fully illustrate the nature of the invention and the

manner of practicing same, the following examples are presented.

Example 1: Production of 1-methyl-4-phenylpiperazine

[0053] A 1L flask was charged with 141.3 g of bromobenzene, 30.1 g of
1-methylpiperazine and 43.8 g of potassium tert-butoxide. The flask was then
placed on an ice bath for 10 minutes and the contents rapidly stirred. 2.04 g of
“PEPPSI” catalyst [1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene](3-
chloropyridyl)-palladium(II) dichloride was then added and the flask fitted with a
reflux condenser. The reaction was refluxed under a nitrogen atmosphere for 2
hours and then cooled to room temperature. The reaction mixture was then
filtered through a pad of 800 mL of silica gel in a 2 L D-filter flask and the pad
subsequently rinsed with 600 mL of ether. Then the product was extracted from
the pad with ethanol. Evaporation of the ethanol gave 39.4 g of l;methyl-4-

phenylpiperazine.

Example 2: Production of 1-methyl-4-cyclohexylpiperazine

[0054] A 500 mL steel bomb hydrogenator was charged with 38 g of 1-
methyl-4-phenylpiperazine, 200 mL of degassed ethanol, and 4 g of a ruthenium
5% on carbon catalyst. The flask was evacuated and purged with hydrogen gas
twice, the second time leaving the flask at 800 psig (5620 kPa). The reaction

mixture was then heated to 120 °C and left overnight. The next morning the
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pressure in the flask had decreased significantly; the reaction was cooled, re-
pressurized and again brought up to temperature. This was repeated until a
minimal pressure decrease was noticed. The reaction mixture was then passed
through a thin pad of celite producing a liquid that was subsequently distilled to
give 37 g of 1-methyl-4-cyclohexylpiperazine.

Example 3: Production of 1-methyl-4-cyclohexylpiperazine

[0055] A 100 mL flask was charged with 3.02 g of cyclohexanone, 3.19 g
of 1-methylpiperazine, 25 mL of ethanol, 3 drops of concentrated sulfuric acid
and a catalytic amount of Pd/C, typically 5 mol%. A balloon filled with
hydrogen gas was attached. After stirring for 4 days the reaction mixture was
filtered through Celite and concentrated to give 2.91 g of 1-methyl-4-

cyclohexylpiperazine.

Example 4: ‘Production of 1-methyl-4-cyclohexylpiperazine

[0056] A 100 mL flask was charged with 7.36 g of cyclohexanone, 7.81 g
of 1-methylpiperazine, 100 mL of anhydrous ethanol and 3 drops of concentrated
sulfuric acid. After refluxing for 30 minutes the reaction mixture was cooled and
stirred at room temperature overnight. Then a catalytic amount of Pd/C,
typically 5 mol% was added and a balloon filled with hydrogen gas was attached.
After stirring for 2 days the reaction mixture was filtered through Celite and

concentrated to give 1-methyl-4-cyclohexylpiperazine.

Example 5: Production of 1,1-dimethyl-4-cyclohexylpiperazin-1-ium iodide

[0057] A 50 mL flask was charged with 1.02 g of 1-methyl-4-
cyclohexylpiperazine, 20 mL of anhydrous ethanol, and 0.88 g of iodomethane.
After 3 days of stirring under a nitrogen atmosphere the solution was placed into
a new flask and quenched with 200 mL ether producing a white crystalline solid.

The solid was filtered and rinsed with additional ether and then dried in a
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vacuum oven overnight at 30 °C and -25 bar to give 1.74 g of 1,1-dimethyl-4-

cyclohexylpiperazin-1-ium iodide.

Example 6: Production of 1,1-dimethyl-4-cyclohexylpiperazin-1-ium
hydroxide

[0058] A column was charged with 116 g of MTO-DOWEX SBR
LCNG(OH) resin, and 43.73 g of 1,1-dimethyl-4-cyclohexylpiperazin-1-ium
iodide. Distilled water was eluted through the column until the pH was 10 and
the resulting solution concentrated to give 100 mL of a 27.7 wt.% solution of

1,1-dimethyl-4-cyclohexylpiperazin-1-ium hydroxide.

Example 7: Synthesis of MCM-68
[0059] = A gel of stoichiometry:
6 SDA-OH: 6 KNO;: Al,0;: 19.3 SiO;: 554 H,O

where SDA-OH is 1,1-dimethyl-4-cyclohexylpiperazin-1-ium hydroxide
produced as in Example 6, was prepared by mixing together 16.6 g of DuPont
Ludox LS-30 (30.1 wt.% Si0,), 21.1 g of a 27.7 wt.% aqueous solution of 1,1-
dimethyl-4-cyclohexylpiperazin-1-ium hydroxide, and 8.7 g of 17.5 wt%
solution of potassium hydroxide. The mixture was stirred with a spatula until
homogenous. Then 12.9 g of a 15 wt.% solution of aluminum nitrate, 0.4 g of
deionized water and 0.29 g of MCM-68 seeds were added. The mixture was
again stirred with a spatula and then thoroughly homogenized in a 100 ml
stainless steel laboratory blender. The mixture was transferred to a 125 ml
Teflon lined autoclave and reacted at 200 °C for 4 days in a tumbling (30 rpm)
oven. The product was recovered by filtration, washed thoroughly with
deionized water and then dried at 115 °C in an oven. Phase analysis by powder
X-ray diffraction (Figure 1) showed the sample to be pure MCM-68. Elemental
analysis by ICP-AES (Inductively Coupled Plasma — Atomic Emmission
Spectroscopy) after dissolution in aqueous HF solution gave 32.34% Si, 3.57%
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Al, 0.055% Na, and 2.47% K, and thermogravimetric analysis showed a 12.7%

organic weight loss which represents a product stoichiometry of:

5.5 K, 0.2 Na, 5.6 SDA-OH [A111.5, Si]oo_s] 0224

Example 8: Synthesis of MCM-68

[0060] A gel was prepared by adding 8.6 mg deionized water, 154.7 mg
Kasil-1 potassium silicate solution (8.3% K5O, 20.8% Si0,), 14.3 mg 17.54%
KOH solution, 105.8 mg 3.0% NaOH solution, 154.5 mg 35.6% 1,1-dimethyl-4-
cyclohexylpiperazin-1-ium iodide solution, 60.4 mg 20% AI(NOs); solution and
1.8 mg MCM-68 seeds to a 1.5 ml stainless steel autoclave. The starting gel had

the following molar ratios

Si/Al 10
OH'/Si 0.4
SDA/Si 0.3
Alkali metal/Si 0.7
Na/Total Alkali metal 0.2
Water/Si 37
Si from Seeds/Total silica 0.05

where SDA is the 1,1-dimethyl-4-cyclohexylpiperazin-1-ium structure directing
agent. The mixture was stirred until homogenous and then reacted at autogenous
pressure at 145 °C for 7 days in an air oven with tumbling. The product was
centrifuged, washed three times with deionized water and then subjected to
powder X-ray diffraction analysis. The X-ray diffraction pattern showed the
product to be pure MCM-68 zeolite.

Example 9: Synthesis of MCM-68

[0061] A gel was prepared by adding 8.7 mg deionized water, 42.0 mg
UltraSil precipitated silica (92.7% Si0O;), 235.3 mg 21.9% 1,1-dimetﬁyl-4-
cyclohexylpiperazin-1-ium hydroxide solution, 52.7 mg 17.54% KOH solution,
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549 mg 3.0% NaOH solution, 31.1 mg 35.6% 1,1-dimethyl-4-
cyclohexylpiperazin-1-ium iodide solution, 73.0 mg 20% AI(NO;); solution and
2.3 mg MCM-68 seeds to a 1.5 ml stainless steel autoclave. The starting gel had

the following molar ratios:

Si/Al 10
OH'/Si 0.35
SDA/Si 04
Alkali metal/Si 0.3
Na/ Total Alkali metal 0.2
Water/Si 30
Si from Seeds/Total silica 0.05

[0062] The mixture was stirred until homogenous and then reacted at
autogenous pressure at 145 °C for 7 days in an air oven with tumbling. The
product was centrifuged, washed three times with deionized water and then
subjected to powder X-ray diffraction analysis. The X-ray diffraction pattern
showed the product to be pure MCM-68 zeolite.

Examﬁle 10: Synthesis of MCM-68

[0063] A gel was prepared by adding 0.9 mg deionized water, 160.4 mg
Ludox LS-30 (30% Si0,), 140.8 mg 17.54% KOH solution, 123.0 mg 35.6%
1,1-dimethyl-4-cyclohexylpiperazin-1-ium iodide solution, 72.1 mg 20%
AI(NO;); solution and 2.7 mg MCM-68 seeds to a 1.5 ml stainless steel

autoclave. The starting gel had the following molar ratios:

Si/Al 12.5
OH'/Si 0.28
SDA/Si 0.4
Alkali metal/Si 0.52
Na/ Total Alkali metal 0.0
Water/Si 24
Si from Seeds/Total silica 0.05
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[0064] The mixture was stirred until homogenous and then reacted at
autogenous pressure at 145 °C for 7 days in an air oven with tumbling. The
product was centrifuged, washed three times with deionized water and then
subjected to powder X-ray diffraction analysis. The X-ray diffraction pattern
showed the product to be pure MCM-68 zeolite.

Examples 11 to 180: Further MCM-68 Syntheses

[0065] A series of gels were prepared in a manner similar to Examples 8
to 10 above, but having the molar ratios indicated below and reacted at the
temperature and time indicated. In each case the target Si from Seeds/Total
silica ratio was 0.05. In addition, M designates total alkali metal (that is

potassium plus any sodium).
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Ex. SiSource SilAl M/Si Na/M OH-/Si SDA/Si H0/Si Temp°C Time days

11 Kasil-1 10 065 0.1 0.35 0.20 28 145 7
12 Kasil-1 10 053 0.1 0.30 0.20 27 145 7
13 UltraSil 125 0.52 0.2 0.28 0.16 23 145 7
14 Kasil-1 125 0.54 0.1 0.32 0.32 29 145 7
15 Kasil-1 7.5 048 0 0.47 0.40 34 145 7
16 Kasi-1 10 060 02 0.30 0.40 37 145 7
17 Ludox 125 0.56 0.1 0.32 0.16 28 145 7
18  Ludox 10 060 0.2 0.30 0.20 35 145 7
19  Ludox 126 0.52 0 0.28 0.32 30 145 7
20  Ludox 10 0.55 0.1 0.25 0.20 30 145 7
21 Kasil-1 10 053 0.1 0.25 0.20 26 145 7
22 Kasil-1 10 060 0.2 0.30 0.30 34 145 7
23  Ludox 10 040 0 0.35 0.30 31 145 7
24 Ludox 10 0.70 02 0.40 0.20 37 145 7
25 Kasil-1 75 048 0 0.40 0.40 33 175 3
26 Ludox 12.5 0.56 0.2 0.32 0.16 31 145 7
27 Kasil-1 10 0.48 0. 0.30 0.20 23 160 3
28 Ludox 15 037 0 0.17 0.20 23 160 3
29 Kasil-1 125 048 0 0.20 0.16 21 160 3
30 Kasil-1 125 0.54 0.1 0.32 0.16 24 160 3
31 Ludox 125 0.52 0.1 0.28 0.24 30 160 3
32 UltraSil 10 0.60 02 0.30 0.20 28 160 3
33  UltraSil 12.5 0.56 0.1 0.32 0.24 24 160 3
34 Ludox 10 0.65 0.1 0.35 0.30 36 160 3
35 Kasil-1 1256 0.60 0.2 0.32 0.32 35 160 3
36 Kasil-1 125 054 0.1 0.32 0.16 24 160 3
37  UltraSil 15 027 0 0.17 0.27 17 160 3
38 Kasil-1 10 053 0.1 0.40 0.20 28 160 3
39 Kasil-1 125 0.60 0.2 0.32 0.32 35 160 3
40 Kasil-1 15 048 0 0.23 0.20 22 160 3
41 Kasil-1 125 048 0 0.28 0.24 23 160 3
42 Kasil-1 10 0.53 0.1 0.20 0.40 34 160 3
43  Ludox 7.5 040 0 0.47 0.53 42 160 3
44  UltraSil 15 0.43 0 0.23 0.20 17 160 3
45 Kasil-1 15 060 0.2 0.27 0.13 30 160 3
46 Kasil-1 10 060 0.2 0.30 0.40 37 160 3
47  UltraSil 10 0.70 0.1 0.40 0.20 26 160 3
48 UltraSil 7.5 040 02 0.33 0.40 34 175 3
49 Kasil-1 10 060 02 0.40 0.40 38 160 3
50 Kasil-1 10 0.53 0.1 0.30 0.40 33 160 3
51 Kasil-1 125 0.60 0.2 0.24 0.32 36 160 3
52 Kasil-1 10 060 0.1 0.30 0.20 27 160 7
53 Kasil-1 15 0.54 0.1 0.20 0.20 27 160 7
54 Kasil-1 125 0.54 0.1 0.32 0.32 29 160 7
55 Kasil-1 125 0.54 0.1 0.24 0.32 30 160 7
56 Kasil-1 15  0.60 02 0.27 0.13 30 160 7
57 Kasil-1 10 0.53 0.1 0.20 0.30 31 160 7
58  UltraSil 125 0.32 0.2 0.32 0.32 26 160 7
59 Kasil-1 75 048 0 0.47 0.53 38 160 7

7

60 Kasil-1 10 0.60 0.2 0.20 0.40 39 160
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Ex. SiSource Si/Al M/Si Na/M OH-/Si SDA/Si H,0/Si Temp°C Time days

61 Kasil-1 125 048 0 0.24 0.24 23 160 7
62 UltraSil 10 070 0.2 0.40 0.30 33 160 7
63 Kasil-1 15 048 0 0.27 0.20 21 160 7
64 Kasil-1 75 048 0 033 . 027 28 175 3
65 UltraSil 125 048 0.1 0.24 0.24 22 160 7
66 Kasil-1 7.5 048 0 0.33 0.40 33 175 3
67 UltraSil 15 043 02 0.23 0.13 20 160 7
68 Kasil-1 15 048 0 0.23 0.27 24 160 7
69 Kasil-1 10 048 0 0.20 0.30 26 160 7
70 Kasil-1 125 0.60 02 0.32 0.24 33 160 7
71 Kasil-1 75 053 0.1 0.40 0.53 41 175 3
72  Kasil-1 15 0.54 0.1 0.27 0.13 24 160 7
73  Ludox 15  0.37 0 0.17 0.13 21 160 7
74  Ludox 75 053 0 0.33 0.40 37 160 7
75 Kasil-1 125 054 0.1 0.24 0.32 30 160 7
76  UltraSil 10 040 0.2 0.40 0.40 32 160 7
77  Kasil-1 75 060 0.2 0.33 0.53 45 - 145 7
78  UltraSil 126 0.56 0.1 0.32 0.16 21 160 7
79 Kasil-1 75 060 0.2 0.33 0.53 45 175 3
80 Kasil-1 15  0.48 0 0.17 0.13 21 160 7
81  Ludox 126 0.56 0.1 0.32 0.24 31 175 3
82 Kasil-1 15 060 0.2 0.27 0.20 32 175 3
83 Kasil-1 75 053 0.1 0.47 0.40 37 175 3
84  UltraSil 7.5 087 0.2 0.47 0.40 43 175 3
85 Ludox 7.5 0.40 0.2 0.53 0.563 47 175 3
86  UltraSil 10  0.55 0 0.25 0.30 23 175 3
87 Kasil-1 125 0.60 0.2 0.28 0.32 35 175 3
88  UltraSil 12.5 0.40 0 0.16 0.16 16 175 3
89 Kasil-1 15 048 0 0.20 0.27 24 175 3
90  UltraSil 75 053 0.1 0.53 0.40 35 175 3
91 Kasil-1 7.5 060 0.2 0.47 0.40 42 175 3
92  Ludox 125 0.44 0 0.20 0.16 23 175 3
93 Ludox 75 073 0.2 0.33 0.40 46 160 7
94  Ludox 10 0.60 0 0.30 0.20 28 175 3
95 Ludox 10 0.55 0.1 0.25 0.20 30 175 3
96  UltraSil 15  0.37 0 0.17 0.13 14 175 3
97 Kasil-1 75 060 0.2 0.47 0.27 37 175 3
98 Kasil-1 15 0.54 0.1 0.23 0.20 26 175 3
99 Kasil-1 7.5 060 0.2 0.27 0.27 35 160 7
100 UltraSil 165 020 0 0.13 0.20 15 175 3
101 Kasil-1 10 0.48 0 0.35 0.40 30 175 3
102 Kasil-1 75 060 0.2 0.27 0.27 35 175 3
103 Kasil-1 7.5 060 0.2 0.27 0.563 44 160 7
104 Kasil-1 75 060 0.2 0.47 0.53 46 175 3
105 Kasil-1 16 0.54 0.1 0.27 0.20 26 175 3
106 Ludox 10 065 0.1 0.35 0.30 36 175 3
107 Kasil-1 7.5 060 0.2 0.27 0.53 44 175 3
108 Ludox 75 067 0 0.27 0.27 33 160 7
109 Ludox 15 047 0.1 0.27 0.13 25 175 3
110 Kasil-1 125 048 0 024 0.24 23 175 3
111 Kasil-1 10 048 0 0.35 0.20 24 175 3
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0.20 25 MO 2009115@788asi | -1 25 0.48 0 0.25 0.10 20 160 7 PEI/Usa@mioo3b7R5 0. 48
0 0.30 0.10 20 160 7 152 Kasil-1 40 0.48 0 0.25 0.20 25 160 7
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Ex. SiSource Si/Al M/Si Na/M OH-/Si SDA/Si H,O/Si Temp°C Time days

112  Kasil-1 125 060 02 0.32 0.32 35 175 3
113 UltraSil 75 067 02 0.27 0.27 33 175 3
114 Kasil-1 75 060 0.2 0.53 0.53 47 175 3
115 Kasil-1 10 0.60 0 0.30 0.15 25 160 3
116 Kasil-1 10 0.55 0 0.25 0.10 20 160 3
117 Kasil-1 10 0.65 0 0.35 0.08 25 160 3
118 Kasil-1 10 0.55 0 0.25 0.10 20 160 7
119 Kasil-1 10 0.60 0 0.30 0.10 25 160 7
120 Kasil-1 10 0.55 0 0.25 0.05 20 160 7
121 Kasil-1 10 0.50 0 0.20 0.03 20 160 7
122  UltraSil 10 '0.65 0 0.35 0.20 25 160 3
123 UltraSil 10 0.55 0 0.25 0.15 20 160 3
124 UltraSil 10 0.55 0 0.25 0.10 20 160 3
125 UltraSil 10 0.60 0 0.30 0.10 20 160 3
126 UltraSil 10 0.55 0 0.25 0.08 20 160 3
127  UltraSil 10  0.60 0 0.30 0.08 20 160 3
128 UltraSil 10 0.55 0 0.25 0.05 20 160 3
129 UltraSil 10 0.60 0 0.30 0.20 25 160 3
130 UltraSil 10  0.65 0 0.35 0.20 25 160 3
131 UltraSil 10 0.55 0 0.25 0.15 20 160 3
132 UltraSil 10 0.60 0 0.30 0.15 20 160 3
133 UltraSil 10 0.55 0 0.25 0.10 20 160 3
134 UltraSil 10 060 0 0.30 0.10 20 160 3
135 UltraSil 10 065 0 0.35 0.10 20 160 3
136 UltraSil 10 060 0 0.30 0.08 20 160 3
137 UltraSil 10 065 0 0.35 0.08 20 160 3
138 Kasil-1 20 048 0 0.25 0.20 25 160 3
139 Kasil-1 20 048 0 0.30 0.20 25 160 3
140 Kasil-1 20 048 0 0.25 0.10 20 160 3
141 Kasil-1 25 048 0 0.25 0.20 25 160 3
142 Kasil-1 25 0.48 0 0.25 0.10 20 160 3
143 Kasil-1 30 048 0 0.25 0.20 25 160 3
144 Kasil-1 35 048 0 0.30 0.10 20 160 3
145 Kasil-1 20 048 0 0.25 0.20 25 160 7
146 Kasil-1 20 048 0 0.30 0.20 25 160 7
147 Kasil-1 20 048 0 0.25 0.10 20 160 7
148 Kasil-1 20 048 0 0.30 0.10 20 160 7
149 Kasil-1 25 048 0 0.25 0.20 25 160 7
150 Kasil-1 25 048 0 0.25 0.10 20 160 7
151 Kasil-1 25 048 0 0.30 0.10 20 160 7
152 Kasil-1 40 048 0 0.25 0.20 25 160 7
153 UltraSil 20 040 0 0.25 0.20 20 160 3
154 UltraSil 20 045 0 0.30 0.20 20 160 3
155 UltraSil 20 040 0 0.25 0.10 20 160 3
156 UltraSil 20 045 0 0.30 0.10 20 160 3
157 UltraSil 25 0.37 0 0.25 0.20 20 160 3
158 UltraSil 25 037 0 0.25 0.10 20 160 3
159 UltraSil 25 042 0 0.30 0.10 20 160 3
160 UitraSil 30 035 0 0.25 0.20 20 160 3
161 UltraSil 30 0.35 0 0.25 0.10 20 160 3
162 UltraSil 30 040 0 0.30 0.10 20 160 3



153 U traSil 20 0.40 0 0.25 0.20 20 160 3 154 UtraSil 20 0.45 0 0.30 0.20
20 160 3 155 U traSil 20 0.40 0 0.25 0.10 20 160 3 156 U traSil 20 0.45 0
0. 30 0. 10wPQoM6eB4B3157 U traSil 25 0.37 0 0.25 0.20 20 P60/ 3205803478 r aSi |

25 0.37 0 0.25 0.10 20 160 3 159 UtraSil 25 0.42 0 0.30 0.10 20 160 3

-27-

Ex. SiSource SifAl M/Si Na/M OH-/Si SDA/SI H,O/Si Temp°C Time days

163 UltraSil 35 034 0 0.25 0.10 20 160 3
164 UltraSil 35 0.39 0 0.30 0.10 20 160 3
165 UltraSil 40 0.33 0 0.25 0.10 20 160 3
166 UitraSil 50 0.36 0 0.30 0.10 20 160 3
167 UltraSil 20 040 0 0.25 0.20 20 160 7
168 UltraSil 20 0.45 0 0.30 0.10 20 160 7
169 UltraSil 25 0.37 0 0.25 0.10 20 160 7
170 Kasil-1 10 0.60 0 0.30 0.15 25 160 2
171  Kasil-1 10 0.60 0 0.30 0.10 25 160 2
172 Kasil-1 10 0.60 0 0.30 0.08 20 160 2
173 UltraSil 10 0.60 0 0.30 0.15 20 160 1
174 UltraSil 10 0.60 0 0.30 0.10 20 160 2
175 Kasil-1 5 0.50 0 0.20 0.30 30 175 3
176 Kasil-1 5 0.60 0 0.20 . 0.30 35 175 3
177 Kasil-1 5 0.51 0 0.25 0.30 30 175 3
178 LS-30 5 0.60 0 0.20 0.30 40 175 3
179 UltraSil 5 0.40 0 0.20 0.30 30 175 3
180 UltraSil 10 0.60 0.25 0.30 0.20 25 175 3
[0066] The products were centrifuged, washed three times with deionized

water and then subjected to powder X-ray diffraction analysis. The X-ray

diffraction patterns showed the products to be pure MCM-68 zeolites.

Example 181: Synthesis of MCM-68

[0067] A gel was prepared by adding 5.3 mg deionized water, 121.6 mg
Kasil-1 potassium silicate solution (8.3% K,0, 20.8% SiO,), 31.5 mg sodium
silicate solution (8.9% Na,0, 28.7% Si0;), 18.2 mg 17.54% KOH solution,
139.6 mg 27.7% 1,1-dimethyl-4-cyclohexylpiperazin-1-ium hydroxide solution,
170.8 mg 15% AI(NOs); solution, 11.1 mg 20% HCI solution, and 1.8 mg MCM-
68 seeds to a 1.5 ml stainless steel autoclave. The starting gel had the following

molar ratios



160 U traSil 30 0.35 0 0.25 0.20 20 160 3 161 UtraSil 30 0.35 0 0.25 0.10
20 160 3 162 U traSil 30 0.40 0 0.30 0.10 20 160 3 WD 2009/154783 Ex. Si
Sour ce SiwoAboIMsBIs83Na!l M- 27 - O4/Si SDA/Si H20/Si PCPCUSR@0/00B3678 Tenp
CTinme days 163 U traSil 35 0.34 0 0.25 0.10 20 160 3 164 UtraSil 35 0.39 0
0.30 0.10 20 160 3 165 UtraSil 40 0.33%80 0.25 0.10 20

Si/Al 5
OH'/Si 0.2
SDA/Si 0.3
Alkali metal/Si 0.6
Na/Total Alkali metal 0.25
Water/Si 35
Si from Seeds/Total silica 0.05

where SDA is the 1,1-dimethyl-4-cyclohexylpiperazin-1-ium structure directing
agent. The mixture was stirred until homogenous and then reacted at autogenous
pressure at 160 °C for 3 days in an air oven with tumbling. The product was
centrifuged, washed three times with deionized water and then subjected to
powder X-ray diffraction analysis. The X-ray diffraction pattern showed the
product to be pure MCM-68 zeolite.

Examples 182 to 193: Further MCM-68 Syntheses

[0068] A series of gels were prepared in a manner similar to Example 181
above, but having the molar ratios indicated below, and reacted at the
temperature and time indicated. In each case the target (Silica from
Seeds)/(Total Silica) ratio was 0.05. In addition, M designates total alkali metal

(that is potassium plus any sodium).

Temp Time
Ex. Si Source Si/Al  M/Si Na/M OH-/Si SDA/Si H,O/Si °C days

182 K/Na silicate 5 0.60 0.25 0.2 0.3 35 160 72
183 K/Na silicate 5 0.60 0.50 0.2 0.3 35 160 72
184 K/Na silicate 5 0.60 0.75 0.20 0.3 35 160 72
185 K/Na silicate 5 0.60 0.25 0.25 0.3 35 160 72
186 K/Na silicate 5 0.60 0.50 0.25 0.3 35 160 72
187 K/Na silicate 5 0.60 0.75 0.25 0.3 35 160 72
188 K/Na silicate 5 0.60 0.25 0.20 0.3 35 175 72
189 K/Na silicate 5 0.60 0.50 0.20 0.3 35 175 72
190 K/Na silicate 5 0.60 0.75 0.20 0.3 35 175 72
191 K/Na silicate 5 0.60 0.25 0.25 0.3 35 175 72
192 K/Na silicate 5 0.60 0.50 0.25 0.3 35 175 72
193 K/Na silicate 5 0.60 0.76 0.25 0.3 35 175 72



160 3 166 U traSil 50 0.36 0 0.30 0.10 20 160 3 167 UtraSil 20 0.40 0 0.25
0.20 20 160 7 166 UtraSil 20 0.45 0 0.30 0.10 20 160 7 169 UtraSi|l 25
0.37 0 0.6 2009163488 160 7 170 Kasil-1 10 0.60 O 0.30 0. PETAB206003674.71
Kasil-1 10 0.60 O 0.30 0.10 25 160 2 172 Kasil-1 10 0.60 O 0.30 0.08 20

-29.

[0069] The products were centrifuged, washed three times with deionized
water and then subjected to powder X-ray diffraction analysis. The X-ray

diffraction patterns showed the products to be pure MCM-68 zeolites.

Example 194: Synthesis of MCM-68 with 1,1-dimethyl-4-(4-
methylcyclohexyl)piperazin-1-ium hydroxide

[0070] A gel of stoichiometry:

6 SDA-OH: 3 KNOs: Al,03: 19.3 Si0O,: 637 H,O

where SDA-OH is 1,1-dimethyl-4-(4-methylcyclohexyl)piperazin-1-ium
hydroxide (produced in a manner similar to Examples 1 to 6 but starting with 4-
methylbromobenzene instead of bromobenzene in Example 1) was prepared by
adding 7.9 mg of deionized water, 124.1 mg of DuPont Ludox LS-30 (30.1 wt.%
Si0,), 203.7 mg of a 23.0 wt.% aqueous solution of 1,1-dimethyl-4-(4-
methylcycl(ohexyl)piperazin-l-ium hydroxide, 65.3 mg of 17.5 wt.% solution of
KOH, 96.8 mg of a 15 wt.% solution of aluminum nitrate and 2.2 mg of MCM-
68 seeds to a stainless steel autoclave. The mixture was stirred until
homogenous and then reacted at autogenous pressure at 160 °C for 28 days in an
air oven with tumbling. The product was centrifuged, washed three times with
deionized water and then subjected to powder X-ray diffraction analysis. The X-

ray diffraction pattern showed the product to be pure MCM-68 zeolite.

Example 195 Synthesis of MCM-68 with 1-methyl-1-ethyl-4-(4- |
methylcyclohexyl)piperazin-1-ium hydroxide
[0071] A gel of stoichiometry:

6 SDA-OH: 3 KNOs: Al,O3: 19.3 SiO,: 637 H,O
where SDA-OH is 1-methyl-1-ethyl-4-(4-methylcyclohexyl)piperazin-1-ium
hydroxide (produced in a manner similar to Examples 1 to 6 but starting with 4-
methylbromobenzene instead of bromobenzene in Example 1 and using

iodoethane instead of iodomethane in Example 5) was prepared by adding 0.8



160 2 173 UtraSil 10 0.60 0 0.30 0.15 20 160 1 174 UtraSil 10 0.60 0 0.30
0.10 20 160 2 175 Kasil-1 5 0.50 0 0.20 0.30 30 175 3 176 Kasil-1 5 0.60 O
0.20 0. 30WwB20M75433177 Kasil-1 5 0.51 0 0.25 0.30 30 17PC3UKI@9%066390 5 0. 60
0 0.20 0.30 40 175 3 179 UtraSil 5 0.40 0 0.20 0.30 30
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mg of deionized water, 129.5 mg of DuPont Ludox LS-30 (30.1 wt.% SiO,),
1982 mg of a 26.1 wt.% aqueous solution of 1-methyl-1-ethyl-4-(4-
methylcyclohexyl) piperazin-1-ium hydroxide, 68.1 mg of 17.5 wt.% solution of
KOH, 101.1 mg of a 15 wt.% solution of aluminum nitrate and 2.3 mg of MCM-
68 seeds to a stainless steel autoclave. The mixture was stirred until
homogenous and then reacted at autogenous pressure at 200 °C for 2 days in an
air oven with tumbling. The same mixture was prepared again reacted at
autogenous pressure at 160 °C for 7 days. The products were centrifuged,
washed three times with deionized water and then subjected to powder X-ray
diffraction analysis. The X-ray diffraction patterns showed the products to be
pure MCM-68 zeolite.

[0072] While the present invention has been described and illustrated by
reference to particular embodiments, those of ordinary skill in the art will
appreciate that the invention lends itself to variations not necessarily illustrated
herein. For this reason, then, reference should be made solely to the appended

claims for purposes of determining the true scope of the present invention.



175 3 180 UtraSil 10 0.60 0.25 0.30 0.20 25 175 3 [0066] The
products were centrifuged, washed three fjines with deionized water
and then subjected to powder X-ray di ffrakction anal ysis. The X-ray
diffraction patterns showed the products to be pure MCM 68 zeolites.
Exanpl e 181: Synthesis of MCM 68 [0067] A gel was prepared by adding
5.3 ng dei oni ze , 2 Kasil-1 potassiumsilicate solution
(8.3% K20, 20. SW@?)Z C%' rlgsodl umsilicate solution_(8.9% Na20,
28. 7% Si 02) , 1812Aa@nethed%ﬁcsy1ﬁ&1&summ agyystallire malecular sieve

5% Al (o) 3 14 ﬁ‘% ﬁﬁlﬁﬁﬁlﬁ%ﬁﬁpﬁ&w&%ﬁé%ﬁbﬂiﬁ%@@éSH%%M 57

seeds to a 1tﬁ 18 ammlcsmaﬂlxaurecc 1SR A 3oUg 9 leaadrtae

hetarl s oo Sy Qﬁ’%ﬂ Qafdentifétaya sl ?%feli'@%%ql%gﬁ?@'ff%ﬁ at

fe‘idil Tot ﬁl 1512121151: o1te of sibivoie, 8DY titaniinen, Vanadnuél and germanium,

1 et X ra =+ cture ect| a

The i xtur e AR Y &ﬁ#ﬁ?%@%kﬁ@?ﬁ%@ﬂmﬁ S T
aut ogenous praksali eontalkaedie fearth dagtali, VA aaid oweninde oft omghinng.

The product t of i zed water
and t hen sub}%%tlléglg @p%?%@ﬁﬁ%ﬁﬁgggﬁéﬁgg%@lﬁhe X-ray
diffraction pattern showed the product to be pure MCM 68 zeolite.
Exanples 182 to 193: Further MCM 68 Syntheses 10068] A series of gels
were prepared in a manner_simlar to Exanple 181 above, but having
the nolar ratios Rnd%ﬁted bel ow, /and rgagted at the tenperature and
time indicated. In e ar get {lica from Seeds)/(Total
Silica) ratio was 0.R85. n, M gnates total alkali netal
(that is potassium pl sodi u f S, Source Si/Al MSi Na! M
OH/Si SDA/SI H2015i Tenp C Tine days 182 Na silicate 5 0.60 0.25
0.2 0.3 35 160 72 183 K/Na silicate 5 0.60 0.50 0.2 0.3 35 160

in which R, is hydrogen or an alkyl group, and R, and R; are
alkyl groups.

2. The method of claim 1 wherein R, is a methyl group.

3. The method of claim 1 wherein R, and R, are indepen-
dently selected from methyl and ethyl groups.

4. The method of claim 1 wherein the molar ratio Q/YO, in
said reaction mixture 1s in the range of from about 0.01 to
about 1.0.

5. The method of claim 1 wherein the molar ratio Q/YO,
ratio in said reaction mixture is in the range of from about 0.05
to about 0.7.

6. The method of claim 1 wherein said reaction mixture
comprises a source of an oxide of trivalent element, X,
selected from at least one of aluminum, boron, gallium, iron
and chromium.



72 184 K/INa silicate 5 0.60 0.75 0.20 0.3 35 160 72 185 K/ Na silicate
5 0.60 0.25 0.25 0.3 35 160 72 186 K/ Na silicate 5 0.60 0.50 0.25 0.3
35 160 72 187 K/Na silicate 5 0.60 0.75 8225 0.3 35 160 72 188 K/ Na
silicate 5 0.60 0.25 0.20 0.3 35 175 72 189 K/Na silicate 5 0.60 0.50
0.20 0.3 35 175 72 190 K/ Na silicate 5 0.60 0.75 0.20 0.3 35 175

7. The method of claim 6 wherein the molar ratio YO,/
X,0; 1n said reaction mixture is in the range of from about 4
to about 200.

8. The method of claim 6 wherein the molar ratio YO,/
X,0; 1n said reaction mixture is in the range of from about 8
to about 120.

9. The method of claim 6 wherein the reaction mixture has
the following molar composition:

Y0,/X,04 4 to 200
H,O/YO, 5 to 200
OH/YO, 0.05to 1
M/YO, 0.05 to 2
QIYO, 0.01 to 1.

10. The method of claim 6 wherein the reaction mixture has
the following molar composition:

YOQ/X'_)O_?, 8to 120
H20/Y02 14 to 50
OH~/YO, 0.10 to 0.53
M/YO, 0.15 to 0.9
Q/YO, 0.05 to 0.7.

11. The method of claim 1 wherein said tetravalent ele-
ment, Y, is silicon.

12. The method of claim 1 wherein said trivalent element,
X, 1s aluminum.

13. The method of claim 1 wherein said alkali or alkaline
earth metal, M, comprises at least one of sodium and potas-
sium.

14. The method of claim 1 wherein said alkali or alkaline
earth metal, M, is potassium or potassium and sodium such
that the molar ratio of Na to the total alkali or alkaline earth
metal M is between 0 and about 0.9.



72 191 K/Na silicate 5 0.60 0.25 0.25 0.3 35 175 72 192 K/Na silicate
5 0.60 0.50 0.25 0.3 35 175 72 193 K/Na silicate 5 0.60 0.75 0.25 0.3
35 175 72 - 29 - [0069] The products we-ré3centrifuged, washed t hree
times with deionized water and then subjected to powder X-ray
diffraction analysis. The X—ray diffraction patterns showed t he
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hydr oxi de (produced in a nner .si i

starting wi thl3-ARATRHH gaﬁﬂh?&gé%g thedy §§ﬁ g in said

Exanpl e 1) wagepteram edibuadil B@ﬁ‘v@eﬂﬂilﬂﬁuﬂ@ QGIIZQﬁdV@b%t 0214 1 nyg
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sol uti on of K@@llgﬁcﬁe t6¥ tféml}ﬁl'ﬁ@l% ‘hﬂtﬁt’e@h w‘u 1008 Um ainck abeut
and 2.2 ng of Tse8Hs DS ess steel autoclave. The m xture
was stirred until honogendus and tHen reacted at autogenous pressure

at 160 C for 28 ggysr 8 AReticd %f'blﬁ%ﬁf 1 bwhgwm e o%&@ﬁé’ﬂfzﬁ@s is

centrifuged, wash ee tines wth oni ze r.a
subj ected to rﬁﬁﬂéﬂcf@aé& yiemperatare %ﬁﬁ@@l@ 3\%1@ f:dﬁﬂdr&bt)ll@n

tt h e te. EX l e 195
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stoi chi onetry

SDA-OH i's 1- rreWWﬁ B?h@lidﬁ@m%%% éwilsﬂek Wl PRBeslICALYE | L;la di-
hydr oxi de (pr Qﬂl@qdéll% ﬁ; éftib?m IQL@&af@éﬁéné @ dput],1-di-
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starting with L nst ead br onoberi zene in
Exampl e 1 and ajl’iﬁ’HEg‘a éﬁeﬁazhlbaoh‘éﬂh§ﬂ§1011§ -Exanpl e 5)
was prepared by

d t 129. 5.
DuPont Ludox LS— @ Igﬁellwla%léﬂ@2§l :L%ﬂii? i% mCﬁ%&“%%aq%d&%
sol ution of 1 alﬂrydvdms as nﬁﬂeﬂmzedtfa)ﬁﬁ hpKem )chrﬂ' t%n?éﬁeﬂfﬂ‘

hydr oxi de, of 5 % sol ytion o
Wt . % sol ut i on %ﬁmiﬁﬁ fﬁ)vﬁpg‘t”él% 316253 Ny of IVCIVB8 seeds to a

stai nl ess steel autoclave. The m xture was stirred until honbgenous
and then reacted at autogenous pressure at 200 C for 2 days in an air
oven with tunbling. The sanme m xture was prepared again reacted at
aut ogenous pressure at 160 C for 7 days. The products were
centrifuged, washed three tinmes with deionized water and then

subj ected to powder X-ray diffraction analysis. The X-ray diffraction
patterns showed the products to be pure MCM 68 zeolite. [0072] Wile

t he present invention has been described and illustrated by reference
to particular enbodi nents, those of ordinary skill in the art wll
appreciate that the invention lends itself to variations not
necessarily illustrated herein. For this reason, then, reference
shoul d be nade solely to the appended cl ains for purposes of

determ ning the true scope of the present invention. -31- Wiat is
clainmed is: 1. A nethod of synthesizing a crystalline nolecul ar

si eve having an MSE framework type, the nethod conprising
crystallizing a reaction m xture conprising a source of water, a
source of an oxide of a tetravalent elenent, Y, selected from at

| east one of silicon, tin, titanium vanadi um and gernani um
.optionally a source of a trivalent elenent, X, a source of an alkal
or alkaline earth metal, M and a source of organic cations, Q
havi ng the follow ng general structure: /I\RR N NO \R3



4. The method of claim1l wherein the nolar ratio QY02 in said
reaction mxture is in the range of fromabout 0.01 to about 1.0.

5. The method of claim1 wherein the not3f -ratio QYO ratio in said
reaction mxture is in the range of from about 0.05 to about 0.7.

6. The nethod of claiml wherein said reaction m xture conprises a
source of an ¥ } ——
one of al um num boron, lxhium iron a rom.um.. = 32 = 7. The
met hod of cl ai m6 wherei %%fg’l%e nol ar rat in%e@%}’? Ege%t}i Hog)aﬁ qupé]acti on
mxture is in € range o rom apou . 3

of claim6 wherein tAé.dotar0.8ati o Y02/ X203 in saVvW reaction nixture
is in the range of fromsabauj3® to about 120. 9.nlde net hod of
claim6 wherein the r@ ti/og9 ] xture has the follow.ng nolar
conposition: Y02/ X203 2 Y2402 01-1-/ Y02 M Y02 Q'YO, 4 to 200 5
to 200 0.05 to 1 0.030tl$ #-00.89 to 1. 10. The V#tMod of claim 6
wherein the reaction pipstureyhgs the fol |l ow ng nolgryweonposition:
Y02/ X,03 8 to 120 112 /1),503/—]612}10 50 OH Y02 0.10 t 53 IVI/Y02 0. 15
to 0.9 QY02 0.05 to 0:7. "*11. The nethod of claim1l wherein said
tetraval ent el ement, ¥58+~3.13con. 12. The netW¥éd of claim1
wherein said trivalengi. sl emant3 X, is alum num Ww3. The net hod of
claim1 wherein said glga|i @f,alkaline earth netal,, M conprises at

| east one of sodi um and pot assi um 14. The method of claiml
wherein said alkali of3d®al4-h& earth netal, N, i¥Wotassium or

pot assi um and sodi um gip3nA-ttat2t he nolar ratio of W& to the total

al kali or al kaline eapt t Mis between 0 and ut 0.9. - 33 -
15. The met hod of cl a?hq@lmv\hcg!rwéi n said reaction mygﬁre conpri ses
seeds of an MSE franet®dittypé2 mol ecul ar si eve. M6. The method of
claim 15 wherein said3sgeds afe present in an anougy such that the
nolar ratio of seeds/ Y%-L/' (frﬁ d reaction m xture is between about
0.001 and about 0.1. 2*°®1%7” “Fhe nethod of claim 1 wherein the
crystallizing is condadOedl-dt.1h t enperature bet weeiWabout 100 C. and
about 200 C. for upt d, 18. The net hod claim 1l wherein
the crystallizing is 9?@3%@'%3@& a tenperature be\t?fil\veen about 145 C
and about 175 C. for g@ﬁlﬂ/“z(h‘j?o about 170 hours. W 19. A

crystal line nol ecul ar 2gi0eve (ha¥i ng an MSE franmeworkRwt ype and
containing within its pore structure 1,1-dialkyl-4-cyclohexylp ip
erazin-1 - iumcations and/or 1,1

-di al ky1-4-al kyl cycl ohexyl pi perazin-1 -ium cations. 20. The

nol ecul ar sieve of claim19 and having, in its anhydrous,
as-synthesized form an X-ray diffraction pattern including the
following lines: - 34 - d (A Relative Intensity [100 x 1/1(0)]

13.56 +/- 0.39 12.93 +l- 0.37 10.92 +l- 0.31 10.16 +/- 0.29 9.15 +/ -
0.26 8.19 +/- 0.23 4.58 +/- 0.13 4.54 +/- 0.13 4.44 +/- 0.12 4.32 +/ -
0.12 4.23 +/- 0.12 4.10 +/- 0.12 4.06 +/- 0.12 3.98 +/- 0.11 3.88 +l-
0.11 3.80 +/- 0.11 3.40 +/- 0.10 3.24 +/- 0.09 2.90 +/- 0.08 VWMS
vw. w VW W VW VW VW VS VW VW VW






