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MOLECULAR SI EVES 5This invention relates to a famly of \ A
crystal | iwermHewal ar sieves, nore especially zeolites, to PETHBUASES
fortheir manufacture, an {r use in separation andconversion of

or gani ¢ conpounds. Th “\m‘ﬁﬁ\wmw@ﬁte is generally used for

crystal l i nelOnol ecul ed on silicon and alum nium but it

i srecognized in the art t¢®2*si|icon may be replaced in wholeor in part, in

particul ar by germanium and that al um niummy simlarly be rep j
whole or in part, in particGRESERLESNENMO (ﬁ% S(,Ilﬂvtﬁgum anj“mﬂﬁ MM‘M‘N""“
mat eri al s cont ai ni ngl5such replacenent |attice elenents also b
«zeolites,and the termis used in the broader sense in *159159*

t hi sspecgfi cati omiQ@ yistwddd in N lecidarcsiaviesni bptdf natysedl himsynt het i c,
have various utilities in separating conponents of 20m xt ures_of or%afn C
‘conpounds, REEBEHA Vi T To MRKS | HTRE OFom t%%fjo‘fe%r gaRi 2 Ronpohd ?o
anot her . Zeqhjtes are, @l 1hete Crysd ald agiephi ¢al | yn paggaphases andi sor dered

structures SUCh as polytypi cal intergrowths of twoor nore phases. Zeolite

bet a (*BEA d@apaagyon aoid diwmiEAt) Ei2Spods/t ypi cal intergrowths are exanpl es
of the latter. Such apol ytypical intergrow f related stru IS
referred toas a ™Mahigym . 1FFA ¥5§ st APHR l,ab][fpé PreE eﬁ?ri ﬁ%%%fg%ﬁfrﬁ%ovi des
acrystal bi ne, ymb ecul af; Sjey it | o eachcsmbes ofunehddaf apityibaving a
characteristic X-ray diffraction pattern((XRD) which has, as the onli shar p
peaks in t he@YPiH@)Irdilon axt etkhhgsilbres m®Y213$5¥era?@%dshﬁr‘ﬁhﬁ @ks at
28(CuKa,) of 8,82 + 0.1, 12 44 + 0.5 .and 2 .+ 0. j s of
the fani |y F et HRFHct b z%adrbeyCLEﬁaeEeb%a%%g‘P%?”e‘é‘EfsS a?\r?@%%gki‘i?ﬁ?{{?@?‘r XRD
spect r um sopB, NBIREr $r B Ste haysl dced W WRATE 16 2n PEAEROLAOBa2Bituliath
sharp peak at” 28 (CuKa) of 25.02 + 0.1. These are the onl sharE geaks in
the 2A (Cukey bepon %@(lbxmngcmf@ﬁ%‘smtoa@@.BFOITheméﬁ%Fba%Eaﬁoa 258189 is

usual I y_acconpani ed. by an V, o : ' ifks,
25.02. OPhet fRat Tt %g%?e?iefﬁg%e%?a%tg% %%Igg %?é%u?g?mgiaeéga%am Iy
are set outamd thed! €edm bed onsed abh et He 28rH&ida) saheasityBhis 8. 7w/ nB. 82 +
0.1s12.44 + 0.5nl4 to 16n20.4 to 21.2w23.0l + 0. 1lvery s22.5 to 24.5m s25.02
+ 0. lvari ab¥recifd§RetOPmy not be present25.5 to 27m 10 w = weak m = medi um
s = strong Figure, J.shoys,dhe ¥R, $RECLIEHLET BotRPHhAEARLAL hia zeolite
famly menber according to the present invention, in the as-synthesized
condi tion. Shishéant) yhaeebearhasstheilstiearin shperpapéar aeupsngnts fy
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one type of organic compound to another.

Zeolites are either crystallographically pure phases or
disordered structures such as polytypical intergrowths of two
or more phases. Zeolite beta (*BEA topology) and the FAU/EMT

25 polytypical intergrowths are examples of the latter. Such a
polytypical intergrowth of related structures is referred to
as a “family”.

in a first aspect, the present invention provides a
crystalline molecular sieve family, each member of said

30 family having a characteristic X-ray diffraction pattern
(XRD) which has, as the only sharp peaks in the 26 (CuKg)
region extending from 5 to 23.5, three sharp peaks at 26
(CuKy) of 8.82 + 0.1, 12.44 + 0.5 and 23.01 + 0.1. While all
members of the family are characterized by these same three

35 sharp peaks in their XRD spectrum some members also have a
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5 PCT/ GBOLl/ O5~2S schematic representations (b), (c) and (d). This indicates
that this flake consists of three layers with different crystal structures
or differwot2aéopstal orientations. Both X-ray diffracti on PéHgeBMAFI2Ons and
the TEM 5 observations indicate that the fl ake-shaped particles of the
material are built up of layers of a f ew Ranoneters in thickness. The
structure within a layer is highly ord rgqea d crystalline. This leads to
t he sharp peaks observed in X-ray 10 di- Prracti on patterns, and to the
ordered structure ipgge W thin [HE-HLaYe(;S observed wathEM M crographs.
Layers of different orientations or different structures nmay be stacked tq
forma flake. @his teads.7o the bwdad pealsretieiefederheX-2faprertf PaR S on
«patterns, fand to_ 15 varjations in_inage s ure observed in TEM

m crogr aphs. T%eB%ndivi U;I Iayerg may ha%ég%éfferent internal crystal
structures|, hpweyer, ;the structurg@s are rehated such that intergrowths of
vdifferent | ayers are possible. Different stacking sequences of such rel ated
layers wil] i®&4d 20teoldifferent,Mal beit PBFat¥edEfEisal e HHOREePEHNES
material is properly described as ,.a faml C | structures. The

nmol ecul ar sie%g'gan¥?ysgf5the i nvénti on iérg gnF%%%gd as COK-5. In a second
aspect of fhezgzpgentiong.ihere isepyori dedharg5 crystalline nol ecul ar sieye
having a refined constraint index, Cl, in the range of fro %55 to 3 _and an
ECa criterjon22nSthe Fandé-8f froM8 to BUH?ﬁ%iH§§%§F€ﬁ§ﬁtg% TPaf Regks
constraint|ingex,hbs desgribed by B. A Jac nd J.A. ' Martens, Pure &
Appli ed Chem 9§18%6,g58,6'%329, Ing SRerd

25.5 to 27 m Unresolved series of broad peaks

=4

Throughout this specification, including the claims, XRD

5 data are obtained using the Ko radiation of copper, using an
X-ray powder diffractometer with Bragg-Brentano geometry.
For comparison, it may be noted that the XRD of ZSM-48
as described in U.S. Patent No. 4 448 675 has major peaks in
the 5 to 25.5 26 region at 7.48, 8.67, 21.06, and 22.83,

10 while 2ZSM-57, as described in EP-A-174 121, and IM-5, as
described in U.S. Patent No. 6 136 290, have numerous major
peaks in that region.

Without wishing to be bound by any theory, it is
believed that the framework of the molecular sieve of the

15 invention may be represented on a molecular scale as a series
of substantially parallel planar layers, the layers being
substantially identical, each layer providing the framework
atoms for the upper half of a channel of the sieve lying
below it and for the lower half of a channel lying above it.

20 The atoms of the layer may be linked to the atoms of an
adjacent layer in a number of different ways. On a somewhat
larger scale, a number of such layers form a lamella a few
nanometers in thickness and adjacent lamellae may have

different crystal structures or orientations, the structures



30 neasurenent of ECe is described by J.A Mirtens, M Tielen, P.A Jacobs
and J. Weitkanp, Zeolites 1984, 4, 98. Advantageously, the crystalline

nmol ecul arweiteMe9al so has a di nensionality index greater tHPET/GBIIARS fami |y
menbers have a dinmensionality index in the range of from17 to 19. WO
021Q099 PCT/ GBO1/ OS~2~ 6 The dinensionality index is defined in MM O ken
and J.M Garces, Proc. 9th Intern, Zeolite Cbnference,.g?ntreal 1i92, ed.
R von Bal lhaide arelated/oo that sHEeXGrow s r 3r & spRefBf Sy hESVRTEht i on
there is proyided ] T | . .hayhagstbBcture of a
characteris %ﬁé&iﬁéﬁé&éﬁ%ﬁ?ﬁér%?€$€ﬁ%€ﬁ%dﬁéﬁgi§¥§st gspect and al so those
defined w tdieaf enenbect cof he Sacohyl mepeet . witlVaacagedinyy bhe

-crystal line_nol ecul ar sieve, accor dj

| ng, to, all aﬁgec%s o&athe &gigng'on, when
in the for AUIPIACER al itk nbRi #i Tt RETVRLY aSWBF AN AL 828f S 02°. “A1208
within the range ofs fromR0 %8p 79¢ lehangroaeter abhychi hhknat hemiasde of
from30 to 60:1. As indicated above, silicon naéhbe reglaced in whole_or in

part by germembermofnshatpnpeaks nagpresentsBIbeheeppite@l ¥BeprEVEFadly by
allium The invention al sp provides,_ a C For nu tur he
grystaHirufqﬁﬁﬁﬁﬁﬁ%fgg?%vﬁsg?oTﬂ%niEO Qi? Egahighmgggegg 586! A fufbel

vention conprises subjecting to

hydr ot her mad ¢ t§,08d S 2181 8YHE Ress Sofi ktoa& pawksy eachnpeskt represthitinghe
20 nol ar ranges of 15 to 90 Si02 . A1203 20 to 60 H20,. Si02 Ol to 0.4 M+

. Si02 25 togetpert wihthe orgabat strueture BRRECVRRESHgBRCOFEERE &Pe),
advant ageously within the nolar o] o] ' : 1208 i3RedD tO
20 tpo 10g d“‘—f‘??e’fol]a.wgﬁcﬁma&?%lgggtt(i)aggﬁ%ra\%mgt pafre112 geaﬁi c e
struct ur e- di r ecttrgnagessioandlgeetonaliyrosthpy {MEMIDbEr asasysshesized/ O
112/ A099 7 57 to 66 Si02 . A1z03 38 to 40_HzO.. Si02 0 0.32_ M. .Si02

5 PCT/ GB01l1ané-a2bcing@t HRFPHEE hOéntB?g‘aﬁiecg%?ﬁc?afeg?&?f%éf: PRg *BYSHE 1 %Fhe
i nvention furlper, proyl dgs. 8.REQCEESLhoh EgkEBNUbACEUERsOlagichystalline
nol ecul ar sieve Wﬁlcﬁﬂco rises squectlng to hydrothernmal treatnent a
synt hesi s mintereal 18thaking arcegpbdsritdaswefhihet heystldd ingndéy e
15 within the flakes. TEM micrographs were obtained by
embedding the samples in acrylic resin (LR White Hard Grade
by the London Resin Company) using vacuum impregnation
followed by thermal curing at 80°C. The embedded material is
cut into thin slices using an ultra-microtome. TEM analysis
20 is carried out using a Philips CM-12T TEM operating at 120
kv.

Figure 2 is a TEM micrograph of a calcined sample,
showing a flake-shaped particle. The lattice fringes
indicate that the flake is crystalline. The crystal planes

25 forming the lattice fringes are sometimes split or bent.

Figure 3 is a further TEM micrograph of the calcined
sample, showing a flake-shaped particle. This image shows
two different lattice fringe structures, as indicated by the
schematic representations (b) and (c). This indicates that

30 this flake consists of two layers with different crystal
structures or different crystal orientations.

Figure 4 is a TEM micrograph of the calcined sample,
showing a flake-shaped particle. This image shows three

different lattice image structures, as indicated by the



40 t0 70 Si2 . Al2AB 35 to 39.5 H2O. SIM2 0.27 to 0.34 M+ . SIi2, 15
advant ageously within the nolar ranges of 57 to 66 Si02 . A1203 38 to 39.5
H20 . Si ORO2QH4e1929 to 0.32 M+ . Si02 together with an or gdiTéGB01/05425
structure-directing agent. Mrepresents an al kali netal, advantageously
sodi um 25 Advantageously, in each case, ?he tenpl ate is present in a nolar
proportion of 0.07 to 0.20:1 based on ref y O 8 to_ Q. 1,
nost prefeﬁﬂﬂ%W?f%ﬁ)??Pf?%ﬁpﬁ?t%ﬁﬂﬁtfa (¢ %ouﬁgg is Pndidates
Advant ageoysiap diies tﬂ&k@t@oﬁéﬁtgmomﬂe@angra wathoalgfeféﬁt gener al
formul a 30 RZRBRAN+RIN+R5R6R7, and an anion of the fornmula R8-R9- wherein
R1 representry =t eftoraptyrées n@ardaﬁ@r%m’é eadpkeal mwneaﬁt@ﬁw to 6 ,

.advant ageousl y bon a
i ndependent |y rg%cé%%g% Jrg%a a]doca(Fg algll;{% Tﬁ? aﬁg@pr ef erﬁgbly 2,

carbon agor&s@rwbd%mdlmlé@w eslest tahéoflnalee Sh¥:82patE89es of the
-PCT/ GBOL/ 05~2s 8 bal anci ng ani on. The ani on nmay be, for exanple,

carboxylat@ﬁﬁ?{P31a%@%é@%llhy@@d&ﬁd%ab?rsaﬂgaﬂt%@Eoﬁ@??meéeﬁﬁlFHe
preferably rqﬂgﬁgg Preferred is a N, N, N, N1, N1, NI1-hexaethyl pentane 5
diannDniLnnﬁ1ﬁ %lso known as Di guat - 5, preferably t he brom de.
Hydr ot her mal tr eptieresiira@yube wathieda oldyendes hhghhguakdzeedlaedsynthesis

condi tions. Advantageousl¥ used are tenperatures wt he range_of, from
100C to 200€YstRbErer abThis r bprdos5eo  bhe 78 rRhRee ﬁv8 FERYEY af apdbaY
150C. Tegp fgééfTBhgﬁatggfﬁésegndgﬁédHﬁél¥r9éré839ﬂk§§tugérhﬂﬁge
treatnent vant ageousl vy, time wmwthin the range of from 100 to 300

hours, prefwitdbiy tvihé hlayéhe obegeved ifnoBEMS0i¢sogsaphsurs, and

convenlently from7 to 1 is 15 e | ower gk ratur

correspondi ng t FBTGRr© g %ﬁgfeﬁ?%%tﬂﬁﬂgnﬁ%§18ﬁsc8Fr ggganén E§3Ftﬁf?ﬁout

agitation, fOF CxXaspiexsdi €61 PErRrat BETRkENY ThOsalieagst Be YhésBlroabout a

hori zont al axi s), but is advantageousl ¥ carried out with agitation. 20 The
r

procedur e m@@k&u@bﬁﬁrﬁﬁdag@lhgrﬁﬁr@bﬁ afthep BRLEBBRFt efPEr BPure or,
PreT o7 2DLY.ufly A 10087 20 o XosLevel ed Leapengbueq LRyt fancblaboised or

t he hyd OUrcCés o e various el enent quired in
the 25 final prorustin@yvbeuanyl @fetBongyi hacendtffeabnusénoerdaedcribed in
the literature, as may the nmethod of pre aratlon of the synthesis . m xture.

For exanpl sry#eakosEecERras) | Roweviay  behg SFFRERRESSe aﬁe rﬁﬁaEFQaFPcﬁetal

silicate Al AN QLLROSL] gfkﬁeréﬂtOi%garéqaﬁe%oge&b%dal suspensi on

of silica exanp one so de Nehours under the trade
name Ludox.DiiﬁbmemE;dﬂacklagssdquanceatafnsnghpreaacedmhaVerEud@i1A$EAG,

whi ch iiopr§§e I%gegreferrfbelgogé a gdll&g grig IumHence 9% Eggg%igl

is properly described as a family of crystal structures.
The molecular sieve family of the invention is
identified as COK-5.
In a second aspect of the invention, there is provided a
25 crystalline molecular sieve having a refined constraint
index, CI°, in the range of from 2.5 to 3 and an ECg criterion
in the range of from 2 to 3. The measurement of refined
constraint index is described by P.A. Jacobs and J.A.
Martens, Pure & Applied Chem., 1986, 58, 1329, and
30 measurement of ECg is described by J.A. Martens, M. Tielen,
P.A. Jacobs and J. Weitkamp, Zeolites 1984, 4, 098,
Advantageously, the crystalline molecular sieve also has a
dimensionality index greater than 5. Some family members

have a dimensionality index in the range of from 17 to 19.



PCT/ GBO 1/ 05- @5 The source of alumniumis preferably hydrated al um na or
sodi um al um nate. O her al um nium sources include, for exanple, a

wat er - solwolz4eduni ni um salt, e.g., aluminium sul phate, oPCIGRAPSEde,
e.g., alum niumisopropoxide, or 5 alumniumnetal, e.g., in the form of
chips. The al kali metal source is advant a@eousl y sodi um hydr oxi de or sodi um

alum nate. The tenplate is, advant ageous supplied, in t for f

aqueous solit§ ghimenpiana iy Hé’é‘#es’?rﬁﬁ Ch‘%fjd?%gdlrb ’s@'ed‘gﬁf?%mg}égpgg@f ous

synt hesi s, da{]&é&e%sr&?.! ngrhagyapi-agegush yreotbakdaknee , nemneekkai,dalog2and
usly

advant ageo present in a proportion of fromO0.001%to 1% by wei ght,
based on t el t R.alvawiBgitlwfosyet hebi Vol xt¥ e.59%- The direct product of.

.the synthesis described. above b al ci cat i on- h

ot herwi se treat %%ﬁg?ﬁﬁp?@t%ﬁ tg\k?? .”%%H&Rrrbtgrllg%%t ?%gmgg?\ﬁ'@?%g a
as- pr epas e AfstGAl 16 e tdnd R TEY HEevEemvethg fitie exiraphecbyisteasment with
concentrated ‘acids, e.g., HCl, or wwth a fugitive base, e.g., 20 an

anmoni um colgforel wikhrenferencr watters of 1T i ASPHGHr 3N BP nFL9RE XRD
pattern of -5 |s preser SSi i 1L hor shifts and
intensity ccl%aqrflgneesc% ‘Yﬁtr%urg%%/ele%énn%zc%%%%e g%\%%’ﬁ%?%ﬁ (fmt?éat ment. O her m nor
vari ati ons may st dgemnehangese i crgston Thimeretoyec@bafheievgst al | i ne

nol ecul ar sieve of the invention, COK-5, forms as, flake-|ike pa.éti }Q-l es. The
products of2qFRFGIRBMS ontl i ISPREES rell HIT PSR LR extRGRgL ahBFoF OX™

cal of ni pg., v, Wilddyoae CaIALYShas RIRGLASOSE 1608 ¥809,: akosepar at i on
and absorption nedr a. 0 ey are especially useful in nunmerous hydrocarbon
conver si onsyitdejartiie ansnge@dofibfoopt 20nso They, nayd berefedahlpnwitbini n
adm xture wi th ot her | ecul ar sjieves,.in particulate form supported or
unsuppor t ed:R®rrange tngf%F?ﬂ‘o?o at%u%gb} ted | ayer. Hydrocarbon conversions

I nclude, for \%Q { AR 19983 19 REI | GBOL { &¥n t Rsy E¥@NPeS1agackhnghole or
reform ng, hydrofining, aromatization, oligonerization (e.g., di- and
trimerizatiion,paspdey aj¢ymapionefand abvhigliantwap tikevhsat basrerdpeed,
especial Ly butene tyinerizatjon), isonerization, dewaxing, and
hydrocrg\%kiﬁf@egelfaeb:{}éhgyn%%mh% to light olefins, higher to | ower nolecul ar
wei ght hydrocar bpns, i @&yt 8bh 08l sé r pacal &y ad | Procdsspfopotheonat i on or

i sonerization of aromati cs%. QO her conversions include the reaﬁti on of

al cohol s winanwfagtyce .pfl the eBYwerkl bRe JROLRGYbR4L 85SY8 RYdFBEarbons. to
Exanples T O\M W A PR o] d

per cont ages B S5k el R (EPERE FABRTL BB L O £D BPBERbPIAR e the
invention. txeamhentd a Synthesis wixTenplkdeidg nel eowpodibidhbwobkbpeanthae

and 2 noles of 20 triethylam ne are dissolved in ethanol and refl uxed
over ni gRP. MPHERT <HPI$RgCE 0l uti on was concentrated and

15 to 90 SiO; : Al,O;
20 to 60 HO : 810,
0.1 to 0.4 M* : 8i0;
25
together with an organic structure directing agent
(template), advantageously within the molar ranges of
40 to 70 SiO, . : Al,0;
30 35 to 40 HxO : 5i0,

0.27 to 0.34 M': 8iO,

together with an organic structure-directing agent, and

preferably within the molar ranges of



finally evaporated to dryness under vacuum at 35C. The white product was
recrystallized fromether and identified as N, N, N, N1, Ni,

N1- hexaetwi@lopgénddne di ammoni um di broni de (HEPDD) . 25 Exam§ITéGBOMI2Hart s of
colloidal silica (Ludox AS-40}, 1.5 parts sodi um hydroxi de (99% and 26
parts water were forned into an 30 initialf mixture by stirring for 15

m nutes. A solution of 0.42 parts of sodium alum nate (Ri edel -De Haen: 54%
A1203; 41% Na2O 4.98 H20) in 26 parts of water was added to the initial

m xture, and stirred §predOsén gt es. . AAs,ution of WO 02/i (099 11

PCT/ GB01/ 05~25 5.9 parts of HEPDD i n 36 parts of water was slowy added to
the m xture and the fithator&su4d ng n1&%£%e stirred for 15 mnutes to give
-a nolar conposition o %g 66 §p9; + 1 . 9.8 Na20 . 6.17 HEPDD . 2541
H20 The synthesis m f - el poured in % a stainless steel autoclave and
heated ig a 150C oven for 10 days. The solid product was recovered fromthe
‘reaction m xture, washed, and 10 dried in a 60C oven for 3 hours. An XRD of
the as- synttras ey et an @%S%@kﬁwﬁ??P@#%re1d1#ﬁF§1§§e€9?BH1was recor ded
on a SCI NTAG X2 e geepet using the
Ka radiation ofl%g%iégééﬂéﬁﬁéggﬁf%h é%é%gﬁggBél %gegggegngFMS 15 0.5/0.2
mm r ecei vi ngarlfdsc@ss enbl g @m@b@aﬂlimeamobaeubarradéue vhi2b compThees
spectrum was recorded with a step e of 0. cgggt tinme, L 0. 300 sec,

a range«ﬁ sulrael g Endd E%ﬂ??ﬁ%% tE%%Em?ﬁFe OFY §S48gMEEE pEr
m nut e. |1le t r ORbZErOPaByani Bation 20 of the
XRD of ng 1 %*% Al%éﬁcnﬁ{?%ﬁ%r%%%%%is@§ﬁ ?h£§28 (C%Ka) regi on extendi ng
from5 to 23.5 are those at 8.82, 12.44, and 23.01, there being a further
sharp peak at 25.02. The shzr eaks of Fig 1 Lare such that the part of
their heights subtend%% % 0 rang% 0.2°%% 25 substantially greater
than the prevailing n@gs@blﬁgeg ThegXRD of skpg. 1 contains a nunber of
addi ti onal broad peaks, either |nd|V|duaI or in the formof an unresol ved
series. A portion of @h27skepPe3das Mubj ect 84010 t her nogravi metric anal ysis
(T&A ag&ashomed a weight loss of 30 8.3% between 270 and 650C. A further
portion s calcined at 550C, initially under nitrogen for 2 hours then
under oxygequfit@gdoiid herwBthonr she Ghebaeakrangakysts of the cal ci ned
sanpl e gave in nolar ratios:

57 to 66 SiOz : A1203
38 to 35.5 H,0 : 810,
20 0.29 to 0.32 m* : S1i0,

together with an organic structure-directing agent.

M represents an alkali metal, advantageously sodium.

25 Advantageously, in each case, the template is present in a
molar proportion of 0.07 to 0.20:1 based on SiO;, preferably
0.08 to 0.12 : 1, most preferably 0.09 to 0.10:1, and
typically about 0.094:1. Advantageously, the template is a
compound having a cation of the general formula

30 RIRPRUN'RIN'RSR®R’, and an anion of the formula R?R°" wherein R'
represents a preferably linear alkylene radical having from 4
to 6, advantageously 5, carbon atoms, R? R®,R*,R°,R® and R’,
independently represent an alkyl radical having 1 to 4,

preferably 2, carbon atoms, and R? and R’ represent a counter



WO 021C099 12 4 8 . 4 Si02 . 1 A1203 . 0 . 9 Na20 PCT/ GBOL/ Ca~2s The
specific surface area of a portion of the calcined 5 material was neasured
by nitrogenoadewpption at 77K. The BET surface area was 3PSTHRBY/SEAd t he
m cropore volunme was 0.11 m/g. A portion of the as synthesized sanple was
mxed with KBr, nade into a wafer, and th& FTIR spectrun1analysed 10 Bands
at 569 cm d 545 cm 1, character|st|c 0

3734 cm 1, nEing | AR of E@?f%%%?%ﬂTiYg?%ggégéké¥% ﬁo%zh ?%gg

el ection nkggfsccgaéggﬁgo of; éE%ﬁh@@S&ﬁth@@ﬁgﬁﬂa@@dugay¢laeHa$ad§|eS
i ndi cated that the sanples i% were flakes of thickness about 0.1m Exanple

2 The hydngmﬁféxnbﬁxﬁbIleﬁ@M/zeolite COK-5, was 20 obtained as follows.

-A portion of th C|ne I fflU dy ni um acet at e
sol ution for 8 CI¥T t%?gg,ﬁﬁﬁgﬁéd &ifﬁﬁd %%QPFﬁﬁﬂag?éFgggg dried at
60C for 2 Mmoﬁmrﬁ B4 DS T &1 weskhepeakedDi huae-6i npsefEebliynahedri ed

‘material was calcined at 450C, initially for 2 hours 25 under nitrogen and
final |y underomydgen fox 6 hours. Various characteristics of the hydrogen

formof the nem’%ﬁ#%ééﬁé%ﬁéf g égEﬂéHEdm§¥ Egecgrgﬁgéneuﬁahﬁhﬁk'ﬁhe

conversion test |npregna Ing a sanpfe with H3) 4C12 to obtain a

0. 5% Pt | oagk gl ié@ﬂf&eldieﬂeseglcbnditlensbelAgvhaaagdoaslSOU&@dCamader
oxygen then hydrogen for 1 hour. The decane test was perfornmed as described
in J.A . Mtemperadres Aavigainbshe zoange eat 1588M 600£4§0J2§A9°%rtens, M

o b PSS VM58 L Lo gty 2 Mo
150°C. Temperature may be increased, gradually or stepwise,
during treatment. Advantageously, a time within the range of
from 100 to 300 hours, preferably within the range of from
150 to 250 hours, and conveniently from 7 to 10 days is

15 employed, lower temperatures corresponding to longer times.

Treatment may be carried out with or without agitation,
for example stirring or tumbling (rotating the vessel about
a horizontal axis), but is advantageously carried out with
agitation.

20 The procedure may include an ageing period, either at
room temperature or, preferably, at a moderately elevated
temperature, lower than that used for the hydrothermal
treatment.

The sources of the various elements required in the

25 final product may be any of those in commercial use or
described in the literature, as may the method of preparation
of the synthesis mixture.

For example, the source of silicon may be a silicate,
e.g., an alkali metal silicate, a tetraalkyl orthosilicate,

30 or an aqueous colloidal suspension of silica, for example one
sold by E.I. du Pont de Nemours under the trade name Ludox.

Ludox HS-40 is a sodium-containing product while Ludox

AS-40, which is presently preferred, contains little sodium.



G Vanbutsele, J.A Mrtens and P. A Jacobs, J. Chem Soc. Chem Conmun.,
1994, 1671. The sanple of COK-5 prepared as descri bed above was conpared
wi t h ot hewoae@bivpes and found to exhibit a unique 5 conbi PATYERP1PF+435ef i ned
constraint index (Cl = 2.7) with an EC8 criterion of 2.5 and a

di mensionality index of 17.9, as shown in rabl e 5 bel ow. Tabl e

5zeol i teSt ruct urg, 2’ yped oECADL 70M: 3SFEERL. 30" 432 3M 2P TOMA, B S 1 umina

1. 0ZSM 57MF&§3. @baf i 2ZSMihAVEV2 . 44 HaSHRAMI Hilah Gvireteni ireliudle 8 G33COK-
5-2.72.517.9 Cl: Refined Constraint Index 10 DT: Dinensionality |ndex ECe:
Et hyl oct aneeKadBR eEx anpld e -Helabden AIes rdast Saids £ 1rt e TSiyHWRsi s of

‘COK-5. 15 A_s i.Qn 5 rt.s Na AL%@% 198 w01 Ak i par ts- of
AL(OH) 3 in ﬁblfibg%ﬁ%’t g)fro%nv\étlg{?mt\k/?g’pggggr’e . ,Kllt%grr\%ﬁ/éalt e’so t?tiglon !

contai ni ng 81lmipdiis meft HEPRDG.N 3G 2hepdidrsn aff wdtigrs was al so prepar ed.
‘The tenpl ate sol ution_was added to a m xture of 30.05 rts of, coll oi dal

silica (Ludox 20ThS 2d)addd merals SPACE 3 RS HFRAHRY ViQH WM. 53 parts

of rinse wa tir ntil,qh . Th di unt al um ni um sol uti on
S M 12 1henmgeReous e sodi unm al uni ni um sol utio
was then adg’grgr\%&gh 9. 3%3’arts G ™S5/ . 1111199 14 PCT/ GBI ) 1/ US. 125

rinse water and Thier tetplire resddvang dgsrogenecipmidadiria Hde thermsifar
conposition: 62.5 Si02 . .1 A1203 . 9.75 Na20 . 5.88 HEPDD . 2467 H20 5 The
conposi ti onRadIMERE SH Ukt ocl ave to 150C over 2 hours, and mai ntai ned

at that fgenperat gihe Wil Hdyth iy He G0 dRINEPIsellds NOrES .2 TreviRrsd ting
solid product was washed and driéd, and 10 confirmed by XRD as being
i dentical teynitiesdss,Btdeplsects baipg HAMIIRIE WA M 1 ERaGBem 0%

colloidal, and advantageously present in a proportion of from
0.001% to 1% by weight, based on the total weight of
synthesis mixture.

15 The direct product of the synthesis described above may
be calcined, cation-exchanged, and otherwise treated as is
known in the art. Alkali metal cations in the as-prepared or
calcined form may be removed, for example by treatment with
concentrated acids, e.g., HCl, or with a fugitive base, e.g.,

20 an ammonium compound, to provide the material in its hydrogen
form. The XRD pattern of COK-5 is preserved, possibly with
some minor shifts and intensity changes, through ion exchange
and thermal treatment. Other minor variations may result
from changes in stoichiometry.

25 The crystalline molecular sieve of the invention, COK-5,
forms as flake-like particles.

The products of the invention, if required after cation
exchange and/or calcining, have utility as catalyst
precursors, catalysts, and separation and absorption media.

30 They are especially useful in numerous hydrocarbon
conversions, separations and absorptions. They may be used
alone, or in admixture with other molecular sieves, in
particulate form, supported or unsupported, or in the form of

a supported layer. Hydrocarbon conversions include, for



1. Acrystalline nolecular sieve having a characteristic X-ray diffraction
pattern (XRD) which has, as the only sharp 5 peaks in the 28 (CuKa) region
ext endi ngvOnoms®9t o 23.5, three sharp peaks at 26 (CuKa) ®CTEBR03425, 1,
12.44 + 0.5 and 23.01 + 0.1. 2. A crystalline nolecular sieve as clained in
claim1 10 which has, as the only sharp pfaks in the 28 (CuKa) region
extending from5 to 25. 5, four sharp e%ks- . 28 (CuKa) of. 8.t:82 4 0.1,

12. 44 + 0. Bxapley Frpokigny aeiprningq hydroliming o 3T AR HF e si eve
having a C%&%ﬁﬁﬁa&&% X IRy, GifS racd i on mat 2401 EXRY sPec SEL1LPUSE i N
Table 1 below.™ Table 126 (CuKd)lntensity6 to 8.7--/8.82 + 0.1sl2.44 +
0.5nml4 to 18rdlink tevlhR\R30F carborerat e, Fne¥e Xsmpg 55l yputene

-0. lvari abl e; ,may .or_ may .not, be present 25.5 JM W = = ' s =
strong 20 irlﬂ‘%lﬁ)aetlééﬂc’l alisf%‘beoﬂ?agcnlyo%’ned% a’(gzjfa e tgxl%i%%l CE ﬂ;}g an

al um nosi| i Gate, haydgHt ra Y ari g il el i 02highd2080 Wdben tdibecwabge of
from 20 to 70:1, advantageously from 30 to 60: 1. WO 02/ ~lrll"19 16

PCTI GBOL/ O3<2igls: hydyiasarbens] aHedlaticmy branStliey @ mECR: to 4, which is
in the hydrpgen form. 6. A sSiev ' 1 y ai o 5,
which is 5 ‘fl% pcra(%pacfrrﬁji O(?] ai’tolrgrﬁ1 Of l?%nl%el\a;ie%l %IFa?Pne%ﬂ?}ﬁaginglgoher%%H%% aims 1
to 6, havi ngpravaefidied auisidaittie imsteot 0fn feHraRedhebs 3wl ahe £08s ofindlr om
2to 3. 10 8. Asieve as clainmed in claim?7, having a refined constraint

i ndex of abdiR CRTWeNRLAh ToPBIIHMRRS L3 1 .r‘Ac@?ké Sas claimed in claim
7 or clajm8, which also has 15 a dinensionality index greater than 5. 10.
A sieve as clainmed in claim9, which has a dinensionality index of from 17
to 19. 20 IExamblgystalline nolecul ar sieve having a refined constraint
index in the range of from2.5 to 3 and an EC8 in the range of from2 to 3.
12. A sieve as clainmed in claim1l, having a refined 25 constraint index of
about 2.7 and anrrE&&&fl&bﬂag Rufbeddd dxshSVesasis! @hied 4Dl chai®slanar
claim12, which also has a dinensionality index greater than 5. 30 14. A

si eve as clmemezhiages Ane I8y whight haelesdi pehervhsei $99iaaesdin the range

of from1l7 ta 19. 15, rocess, for the manufacture of a crystalline
mol ecul & s‘i]g](}és alto%fiﬁh{dllﬂﬁe%]a?% 1 or claim1l, which conprises

Example A - Synthesis of Template

1 mole of 1,5-dibromopentane and 2 moles of
20 triethylamine are dissolved in ethanol and refluxed

overnight. The resulting solution was concentrated and

finally evaporated to dryness under vacuum at 35°C. The

white product was recrystallized from ether and identified as

N,N,N,N*,N?,N*-hexaethylpentane diammonium dibromide (HEPDD) .
25

Example 1

22 parts of colloidal silica (Ludox AS-40), 1.5 parts
sodium hydroxide (99%) and 26 parts water were formed into an
30 initial mixture by stirring for 15 minutes. A solution of
0.42 parts of sodium aluminate (Riedel-De Haen: 54% Al,0;;
41% Na,0O; 4.98 Hy;0) in 26 parts of water was added to the

initial mixture, and stirred for 10 minutes. A solution of



WO 02/ 6U99 PCT/ GBU1105-t2a 17 subjecting to hydrothermal treatnent a
synthesis m xture having a conposition within the molar ranges of 15 to 90
Si02 . AMQB236099 to 60 H20 . Si02 O 1 to 0.4 Mr . Si02 t8GAHFRMOM*Fh an
organi c structure directing agent, wherein Mrepresents an alkali netal. 10
16. A process as clained in claim15 wherei n t he synthesis m xture has a

conposition wthin the r.a f_ 15 40 t .
2 A1203§4290.p?§tﬁ%% Hﬂgiitéﬂe%%s?g WRefE neneSher %‘éﬁégs%? “2
57 to 66 3§H ikt 4 G2 Sl AISEBHPEY BiklMte StDPred7foA pbocess

for the manufacture of a crystalline nolecular sieve which conprises

subj ect i ng Mgl dichegires & ek a7 EOBP RS Bi heSi s ni xture having a
-conposition within the molar ranges of 30 40 to 70 35 to 39.5 0.27 to 0.34
Si02 . A1203 H20 . sio2 M+ . SiO02, WO (12/6099 18 advant ageously w thin
t he nol ag rangessefsiyy, t:016615002: .9 AA203,B& td. BO.HEMID : ZHOR H. 29 to
'0.32 M+ . Si02 PCT/G BO 1 /CSs-42s

The synthesis mixture was poured into a stainless steel

autoclave and heated in a 150°C oven for 10 days. The solid

product was recovered from the reaction mixture, washed, and

10 dried in a 60°C oven for 3 hours.
An XRD of the as-synthesized material is shown in

Fig. 1. This spectrum was recorded on a SCINTAG X2 XRD

diffractometer with Bragg-Brentano geometry, using the Ko-
radiation of copper, a 2 mm/4 mm divergence slits assembly, a
15 0.5/0.2 mm receiving slits assembly and a diffractometer
radius of 25 cm. The spectrum was recorded with a step size
of 0.010°, a count time of 0.300 sec, a range of 2.00-46.00°
and a continuous scan rate of 2.00 degrees per minute.
Those skilled in the art will recognize on examination
20 of the XRD of Fig. 1 that its only sharp peaks in the 26
(CuK,) region extending from 5 to 23.5 are those at ~8.82,
~12.44, and ~23.01, there being a further sharp peak at
~25.02. The sharp peaks of Fig. 1 are such that the part of
their heights subtended by a 26 range of 0.2° is
25 sgsubstantially greater than the prevailing noise level. The
XRD of Fig. 1 contains a number of additional broad peaks,
either individual or in the form of an unresolved series.
A portion of the sample was subjected to
thermogravimetric analysis (TGA) and showed a weight loss of

30 8.3% between 270 and 650°C. A further portion was calcined

at 550°C, initially under nitrogen for 2 hours then under
oxygen for a further 8 hours. Chemical analysis of the

calcined sample gave in molar ratios:



together with an organic structure-directing agent, wherein Mrepresents an
al kali nmetal. 10 18. A process as clained in any one of clainms 15 to 17,
wher ei n \WoO@pHe®ent s sodi um 19. A process as clai nmed in HI/OBY/S#25¢| ai s
15 to 18, wherein the organic structure directing agent is present in a 15
nol ar proportion of 0.08 to 0.12 . 1, based on Si02, and is a conpound
having a cation of the general formil a RRRIRAN+RIN+R5R6R7 and an ani on of
the fornmula R8-R9- wherein Rl represents an al kyl ene radi cal having from4
to 6 carbon atonpg,4 R2ie, R3 1 Ao, RSp.9RGaand R7 , independently represent
an alkyl 20 radical having 1 to 4 carbon atons, and R8 and R9 independentl|y
represent hydroxide or a hal ogen. 20. A process as clainmed in claim 19,
wherein RL represents a |inear alkyl ene radical .wher ei :

i ndependent |y 25 ‘%p?%%%ﬁ%l%nsgf#§¥er ﬁ?éag? %h@gggﬁégaég g&?ﬁﬁ%gggéﬁgly
being a N, .+ N1, I\ A agt hylk e, gl ! ahhee, preferably
‘t he bron%bé££5§%l%?ﬁv%%eggggngéa?%e%k?gagﬁg Sﬁgég?egFgrﬁg 15 to 20, 30
carried outpfDrsdrfacdOatayswas 346embly atam@ wihe hiictdrorangel whe fwam 100C
to 200C, advantageously in an autoclave with agitation. WO 02/.1G099 19
PCT/ GBOL/ 050 1% ®H/IA process as clained in any one of clains 15 to 21

wherein the syntﬁeéa £ PoRAYEt the 68l i RHesk 9BdexaRBNEeHa@r mfikead whtem
al kali metal cations. 5 23. A process of organic separation, adsorption or
cat al ysed rkBrctimadecintoed watern ahé phesBRER spegteiyse@alysednol ecul ar

sieve as clained in any ong of clai 1,t0.,14 O h duct ocess
as cl ai Add ?%Hgﬁya5n§6%fc@laﬁﬁ€' E?%mbai ﬁkﬁﬁﬁétéfg?gégséfaggéFg?ﬁ%d in
claim 23, whehphPidhe, PaRGess B93dewaxi nGhatRfddriditigored i qatfizare DiOH

hydrocracki ng. 25. A crystalline nolecul ar sieve substantially as descri bed
15 in any ogeogpsExeepeesotedo 3 herein. 26. A crystalline nolecular sieve

havi ng an XRD sufpstantially as.showa .i I Bef ebr pRkrhawi.ng an XRD

substantially as %%%ﬁhn?nei?afliﬁaﬁgcgg?ggﬁgnﬁgsﬁ%n Electron 20 M crograph
substanti al syneBesho¥d hndasxlenfedf skngdes2ihdi4ahedeithat2theAspmpdess for
t he manufacture of a crystalline nolecular sieve carried out substantially

as deschisbedera Bhgkenecobf tRickraenspl eboutt 8 -3kRerein. . Al u. Al &

Example 2

The hydrogen form of the new zeolite, COK-5, was
20 obtained as follows. A portion of the calcined sample was
refluxed with a molar ammonium acetate solution for 8 hours,
filtered, washed with distilled water and dried at 60°C for 2

hours; this procedure was repeated three times. The final

dried material was calcined at 450°C, initially for 2 hours
25 under nitrogen and finally under oxygen for 6 hours.

Various characteristics of the hydrogen form of the new
zeolite were determined by the n-decane catalytic conversion
test after impregnating a sample with Pt (NH3),Cl, to obtain a
0.5% Pt loading, the Pt-loaded zeolite first being heated at

30 400°C under oxygen then hydrogen for 1 hour.

The decane test was performed as described in

J.A. Martens and P.A. Jacobs, Zeolites 1986, 6, 334;

J.A. Martens, M. Tielen, P.A. Jacobs and J. Weitkamp,
Zeolites 1984, 4, 98; and W. Souverijns, W. Verrelst,
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COK-5 - 2.7 2.5 17.9
CI°: Refined Constraint Index

ECg: Ethyloctane Index

10 DI: Dimensionality Index

Example 3

This examples describes a further synthesis of COK-5.
15 A solution of 2.53 parts NaOH (ALCOA, 98.5%) and 0.51
parts of Al(OH); in 40.06 parts of water was prepared. A
template solution containing 8.16 parts of HEPDD in 30.20
parts of water was also prepared. The template solution was
added to a mixture of 30.05 parts of colloidal silica (Ludox
AS-40) and 32.14 parts of water together with 11.53 parts of

The

20
rinse water and stirred until homogeneous.

sodium/aluminium solution was then added with 9.83 parts of
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The composition was heated in an autoclave to 150°C over
2 hours, and maintained at that temperature with tumbling at
60 rpm for 168 hours.

The resulting solid product was washed and dried, and

10 confirmed by XRD as being identical to that of Example 1.
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CLAIMS:

1. A crystalline molecular sieve having a characteristic

X-ray diffraction pattern (XRD) which has, as the only sharp
5 peaks in the 26 (CuKy) region extending from 5 to 23.5, three
sharp peaks at 26 (CuK,) of 8.82 +'0.1, 12.44 + 0.5 and 23.01

+ 0.1,

2. A crystalline molecular sieve as claimed in claim 1
10 which has, as the only sharp peaks in the 26 (CuK,) region

extending from 5 to 25.5, four sharp peaks--at 26 (CuKy) of
8.82 + 0.1, 12.44 + 0.5, 23.01 + 0.1 and 25.02 + 0.1.

3. A crystalline molecular sieve having a characteristic

15 X-ray diffraction pattern (XRD) as set out in Table 1 below.

Table 1
20 (CuKgy) _ Intensity
6 to 8.7 w/m
8.82 + 0.1 s
12.44 + 0.5 m
14 to 16 m
20.4 to 21.2 w
23.01 + 0.1 very s
22.5 to 24.5 m/s
25.02 + 0.1 variable; may or may not be present
25.5 to 27 m
w = weak m = medium s = strong
20 4, A sieve as claimed in any one of claims 1 to 3, which is

an aluminosilicate having a molar ratio of Si0O; : Al,0; within

the range of from 20 to 70:1, advantageously from 30 to 60:1.
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20 11. A crystalline molecular sieve having a refined

constraint index in the range of from 2.5 to 3 and an ECs in

the range of from 2 to 3.

12. A sieve as claimed in claim 11, having a refined

25 constraint index of about 2.7 and an ECg of about 2.5.

13. A sieve as claimed in claim 11 or claim 12, which also

has a dimensionality index greater than 5.

30 14. A sieve as claimed in claim 13, which has a

dimensionality index in the range of from 17 to 19.

15. A process for the manufacture of a crystalline molecular

sieve as defined in claim 1 or claim 11, which comprises
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&$#1096§%()I6. L%@%ﬁgﬁgggé)és claimed in claim 15, wherein the synthesis

mixture has a composition within the molar ranges of

40 to 70 Si0, : Al.0;
35 to 40 H,0 : SlOz
15 0.27 to 0.34 M* : Si0,

advantageously within the molar ranges of

57 to 66 SiOz : A1203
20 38 to 40 H,O : SiO,
0.29 to 0.32 Mt : Si0,.

17. A process for the manufacture of a crystalline molecular
sieve which comprises subjecting to hydrothermal treatment a
25 synthesis mixture having a composition within the molar

ranges of

40 to 70 Si0, : Al,0;
35 to 39.5 H,O0 : SiO;
30 0.27 to 0.34 M* : 810,,
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25 represent an ethyl radical, the template advantageously being

a N,N,N,N*,N',N*-hexaethylpentane diammonium halide,

preferably the bromide.

21. A process as claimed in any one of claims 15 to 20,

30 carried out for 7 to 10 days at a temperature within the
range of from 100°C to 200°C, advantageously in an autoclave

with agitation.
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molecular sieve as claimed in any one of claims 1 to 14 or
the product of a process as claimed in any one of claims 15
to 22.

10
24. A process as claimed in claim 23, wherein the process is

dewaxing, olefin oligomerization, or hydrocracking.

25. A crystalline molecular sieve substantially as described

15 in any one of Examples 1 to 3 herein.

26. A crystalline molecular sieve having an XRD

gubstantially as shown in Fig. 1 herein, or having an XRD

substantially as shown in Fig. 1 and a Transmission Electron
20 Micrograph substantially as shown in any one of Figs. 2 to 4

herein.

27. A process for the manufacture of a crystalline molecular
sieve carried out substantially as described in any one of

25 Examples 1 to 3 herein.



