WO 2011/ 023360PCT/ EP2010/ 005168 1 METHOD OF MAKI NG AND USE OF MOLECULAR
SI EVE OF MFS FRAVEWORK TYPE W TH CONTROLLABLE AVERAGE Sl ZE FIELD OF THE
| NVENTI ONWO020{10283bp Thi s i nvention relates to a nmet hod ofPCraPRI19/085168
crystalline nol ecul ar sieve of MFS framework type, preferably ZSM 57,
having controllable size and to its use in catal ytic conversion of organic
conpounds. BACKGROUND OF THE | NVENTI ON [3)002] Mol ecul ar sieves of the MS
framework type, and in particular 10 ZSM 57, are useful catalyst conponents
for a variety ofyieqaish HINARMEINS USEUSH VS B0 HOVE GRS,
dehydr ogenati on,~ 0l rgonerl zat T on,~ TSOMer T zat 1 on, " di spr0p0| tronatton, and
al kyl ation as vveI Al X .1 NYROBLAF RA Econt ai ni ng
conmpounds such as al cohol S and et hers. See U S Patents 5, 672, 800;
6, 143,942; 6,875,899 and International Application Publication WO 15
01/ 83407. [000 THIER OIOTHESINVENTI@Noperti es and preparation of ZSM 57 are
di scl osed | ean P nt. 174,121 U Pat nts 3. 067 a 4 973, 781,
and | nternati oﬂ@ﬁ Appl i gltehl? dﬂveﬁﬂ%’f |rglg t% @qﬂfﬁ(mr%j %?8%97"894949
the entire di smb&suaﬁﬁemfome&andawchEy;i@pﬂeérxtgy Zsmﬁpchaahgdonhgolnaw&er ence
herein. 20 ZSM S a zeal cal nol ar t| o of YO02: X203 of at
| east 4, \/\/nere?‘ﬁe ‘V'd tgﬁfgice'ﬂlcgtalé'flf F%’Hﬁrsﬁ’%c?/f(?Fga@‘ércﬂﬁ‘RP >and X represents
al um num and/ BACKGROUND OFOTHENNVENTION N/ or iron, and/or gallium
Preferably, there are from greater tt% gﬂ_}o about 200 nol es of . Y02 per
P19 ég

mol e of x203. M08ler ap) yMolegar &  TopeVPk YPGmANdaln pasticular

[ 0004] ZSM 56 nBYMDOST7, REE RhaLatidyst esfporRed fon a Fdfiefestreolodrsibh plotdsségl from a
synthesis mxture cont ai ni ng sources of alkali netal .ions, an oxide of

silicon, an oxfub aéfhyﬂloﬁﬁ'ib%ﬁ{acli\!ag’e‘i‘ehéﬁifﬁg%{‘ﬁ"%‘bd&'ﬁP’é‘eW%“@ét IsoReriEglR: whi ch
is asalt of Ndl%fN{)&‘ththlON anASX8 41N |aB Wel1 a8 en JHoRTERAMN diMydfdeibonefre  known

as hexaet hyl - mai ntai ning said m xture under crystallization
30 conditions thﬁlll C@M@“W@q@ﬂmr@ﬁn%@lcht@ plgokolsy ad etherse S§¢ Y Re PPN xt ure

has a 5,672,800; 6,143,942; 6,875,899 and International Application Publication WO
1S 01/83407.
[0003] The composition, properties and preparation of ZSM-57 are

disclosed in European Patent 174,121, U.S. Patents 4,873,067 and 4,973,781, and
International Application Publication WO 03/029144 and W02007/094949, the
~entire disclosures of these documents being incorporated by reference herein.

20 ZSM-57 is a zeolite with a typical molar ratio of YO,:X,0; of at least 4, wherein
Y represents silicon and/or germanium and X represents aluminum, and/or boron,
and/or chromium, and/or iron, and/or gallium. Preferably, there are from greater
than 8 to about 200 moles of YO, per mole of X,03. Preferably, YO, is silica and
X,03 is alumina.

25 [0004] ZSM-57 may be prepared as described in European Patent 174,121
from a synthesis mixture containing sources of alkali metal ions, an oxide of
silicon, an oxide of aluminum, water and an organic directing agent which is a salt
of N,N,N,N’,N’,N’-hexaethylpentane diammonium (HEPD, also known as
hexaethyl-Diquat-5), and maintaining said mixture under crystallization

30 conditions until the required zeolite is formed. The synthesis mixture has a

composition within the following ranges: SiO,:A1,03 of 20 to 200:1, preferably 40



conposition within the follow ng ranges: Si02: Al 203 of 20 to 200:1,
preferably 40 - 2 - to 100:1; H20:Si02 of 10 to 200:1, preferably of 20 to
50: 1; OFF¥6i202/8360 to 3: 1, preferably 0.1 to 0.5:1; Z: B8C0XPed10003168 3: 1,
preferably of 0.1 to 2:1, where Zis an alkali netal cation; R S102 of 0.01
to 2:1, preferably of 0.1:1, where Ris HEPD, preferably its di brom de
salt. Crystallization of zeolite ZSM 57 may be carried 5 out under either
static or stirred conditions. A useful range of tenperatures for
crystallization is from80C to 350C for a tinme of 12 hours to 200 days.
Thereafter, the crystals are separated_jromthe liquid and recovered. The
synthesis of the zeolite crystals is said to be facilitated by the presence
of at least 0.01 w percent, preferably 0.10 wt % and still nore

prefer a;JI y[ éoagtSlo%l 519%@1@{&51?&230&0 p’%lbﬁm@hmottlo}sah;m‘r:gmzdﬁotbba ,synt hesi s
m xture). . Pat ent rt sfrates preparation
of boron, chr# e[?rhlyW(S%Oén‘dlzcﬁ'oga?gt%%rﬁcﬁﬁ EAbLY ?ltgogfé’o#? %E‘GZ%@#'S? by a

nmet hod conpri k{1PmetaEeAbhR:SRO 0.0 & X O PrefeRbRDHIIOUT, GREerdR iaHEPD, net al
ions, an oxide of silicon, an oxide of alum nu a_source of boron, and/or

chromi um andPreferabiois dibromide splt g&rystalliratiomelreoli SR, maynbe faFigd ai ni ng

sai d m xt use HRQEReCliNst Qhdd &astﬂrﬁa c%Héilﬁbﬁs' OR S50t fahgd Betehfpamtir&drogeol ite is
formed. [0006]U. S. Patent 4,973,781 discloses a s % heti c porous zeolite,

i dentified aschSMhEaIIODalsefdormrﬁ()f’@stOcBl%Q”éZchera timiecofx12 dpursi fof &t dpym pat tern,
having a nol a'{"heé%tﬁer tlpefcrglq%gga%s aYrggé;p?Pateoaﬁ'orL ﬂ%ﬁ quddI an‘ﬁ’@gc %rg Xl' ll;ee%ﬁxﬁgpts

silicon and/ or represents um num oron rom um
i ron and/ or gefithe uenhtél’hgstslislls sod & bmfanmtzftaibm thie nrdfsem:e(nfmﬂeabﬂ 0. Olbwmat erial

has a silica to alumaa,rati fo at et4an r r

di recting agef ™" tlﬁr‘e‘ct;{lr'ye(t)‘N,?RTRI\(N&‘"*I PN BYE er?e%‘pen‘?’a%%%a‘ r%sté’l‘s
conpounds.10[ O(IstYe}iIontt@talneél'glﬁmﬁtheApmhesctahixnne)Publ ication WO 03/ 029144 and

U S. 25 Paten 011, 8 cl os rOCess f manuf act re of a
crystalline N@Péﬁul ar i?%\%%‘?ﬂ‘t 4 Sﬁéqﬁ@g@‘%}f ?tﬁs pVﬁ’éep%PBt? O8FB i ses
hydr ot her nal éHr@ﬂhlm‘;nIro@farﬂl/cﬁ'y@hlﬂieﬁxl-ébnfﬂﬂngrzﬁomeanSM‘-lﬁ’ngb)SOeurmetﬁod)f al kal i
metal ions, of alumnum .and of silicon, water

NN NN, NPT RRSREEER & SHEMER canAIRhg fricces of Alkgbpetal igsephaXide: R, and
R2, an anine & sitfcon,mal xR BRR3naA, aasomté'bﬁbcﬁ}ﬁﬁ Vand/SFEtbmitnd Angerpennd of

for ml a R|15R2§13d/|?)lrm>g(allxmerv%tgr Ralnd HEPD, an(? rmamfamvl\f?gI ngndnarXixtu?e under
crystallization conditions until the required zeolite is formed.
[0006] U.S. Patent 4,973,781 discloses a synthetic porous zeolite,
identified as ZSM-57 based on its characteristic X-ray diffraction pattern, having
a molar ratio of X0,:Y,03 of at least 4, wherein X represents silicon and/or
20 germanium and Y represents aluminum, boron, chromium, iron and/or gallium.
The silica/alumina form of this crystalline material has a silica to alumina ratio of
at least 4 and may be prepared with directing agents which are N,N,N,N',N',N'-
hexaethylpentane-diammonium compounds.
[0007] International Application Publication WO 03/029144 and U.S.
25 Patent 7,011,810 disclose a process for the manufacture of a crystalline molecular
sieve of the MFS framework type, which comprises hydrothermal treatment of a
synthesis mixture containing sources of alkali metal ions, of aluminum, and of
silicon, water, an N,N,N,N’,N’,N’-hexaethylpentane diammonium salt (HEPD),
hereinafter R1, and R2, an amine of formula NR'R’R? or a quaternary ammonium
30 compound of formula R'R*R’R*NX, wherein R, R%, R?, or R*, which may be

identical or different, each independently represent a hydrogen atom, a linear alkyl



identical or different, each independently represent a hydrogen atom a
linear alkyl 3 group having from1l to 8 carbon atons, a branched al kyl
group hawfgofyidaioes to 8 carbon atons, or a cycl oal kyl GEHEF2HAPIFIGE5 or 6
carbon atons, at |least one of Rl, R2, R3, and if present R4, being other

t han hydrogen, and X represents an anion, 5 [0008]International Application
Publ i cati on W2007/ 094949 di scl oses a ne?hod of making a crystalline

nol ecul ar sieve of MFS franework type at | ower alkalinity and water
content, such pRuUpPBEVIROIFBRIISES aamn%msasrfan&r@h a9 HirdGp RivihERsth 3%@ source
of ions of tetraval ent el ement YL [east one source of 1ons of

trival ent el enéHbon apms.qr q gygiqalky, é’%?d‘?ﬂ?géé”sﬁ)iﬂf@é’ Ftows,)at legst oneeft one
structure- 10 il REENGAXIEHR!, Bingd GRS (18R GyaBECh, 30U Geprcfid)an and
wat er (H20) to forma m xture having the follow ng nole conposition
(expressed in &®emn of oxide): Y02:(n)X203:(x)0OH: (y)R (2) H20+(n)Seed
wherein thesm t he ran

(based on tot aF 8{‘9 IE) ' eog{}rg;{qgg%tign%’d&hé’a@oW{?%&?ﬁ)ﬁ%@%s«ﬁ he range of
from about 0. 00%thod o‘ﬁn@B;ngtamstalhm moleca sneamg)él\ﬁi‘s fraroewdrk tyisaiowerOl to
about 0.3, the int t the z
is in the rang al}éal#"%?'r%%‘g Suc%omf{{ﬂo o rges %‘f % ?Ld%‘?ggdgg}gdgm xture
under crystal I leasitqnetsouromdf itonmnﬁtetrmvaﬂamt mesmnthY('); @tsleaat bnensurel ddoasarf si eve

substantial ly S nater r al lization

condi tions co Pm ‘%ﬂPEﬂﬁgré?d?@”rﬁqVH%“F%ﬁ&@‘%§8?3oﬁﬂ§ﬁéaﬁ %%ﬁ 'fo about
250Ch ahcr y1f)t aﬂllrr]ecziﬁg-ﬁ@d‘ht ZR))f tat ﬂmlstchnd seed sddﬂ@lr‘l](S@éd)ﬁﬁl\lﬁWaﬂe%Hleﬂ tbrformpad a )
wei ght hourly throu ut east '0.001 hrl 00 I le ngl ng the
kol ni oy oA hase B Sl R e TP Mg R i & SR Gbie f or
optim zation okQh lo.e))@@mﬁ)@m @/)w(@Hglo+4nt)sé@1a$hdaah tead §s i thé enpE bERGH | npact
on the crystal S|ze or th ?gé@of the resul tant crystalline 25

nol ecul ar ~ si evaoupto WF@"T‘I%H%\}&%W sed o dptabweighiyaf the sypthesis mixtuieye s an

Irrportant Prop@ktnyisah tRPFBEd bRfromi H6ES0.003® @05 thé X it ¢ BRNLAR ofcfimt al si ze
(i , the average dianeter and/or average thi ckness@ of the crystal

prbvi des tHE aphout 001 farboptd.ithevs isdn Hhsi rarag|of frogy abput ¢.03 tosabewst % pid the

appl i cations Ip.sqattﬁé LS ofiein BbA AU Ao R LAY {)b%%atmgwd%%@e uhdigre is a
need for a method to control the crystal size / or the norphol ogy of
MFS framewor k erypallinggioaceonditions e/ &gm sautnryat@llmswpolgwlar\memasnéstﬁmwllvound
that the avera V, e

crystalline m)ﬁgecg glrgﬁ;l\?ﬁesve %%M%@?lgn%%rg%s%ngtm éOﬁlt()iﬂ i (foﬁllp ec vvhen t he
wat er cont ent t;fnpmalr@;ymthereangf of fromraéoutsliﬂt’ﬁlttw cabdnéc%a‘iﬁ?d at grgstallipationsi s

t akes placg,in u [ ordi ng
to the net %8dst"§]?§)(€ﬁéosge ‘% gLalptgAl%% E{RHVM &Q')%R{h(}%l&qg%{ﬁ%%% Oygan%gsgbsence
of sodi um have0.801 hr'.

[0009] While changing the alkalinity and water content of the zeolite

synthesis mixture allows for optimization of the synthesis yield, it does not have a
significant impact on the crystal size or the morphology of the resultant crystalline
25 molecular sieves of MFS framework type, such as ZSM-57. Crystal size is an
important property of molecular sieves. The ability to control crystal size (i.e., the
average diameter and/or average thickness) of the crystal provides the ability to
fine-tune a molecular sieve for specific applications in catalysis and molecular
separations. Therefore, there is a need for a method to control the crystal size
30 and/or the morphology of MFS framework type molecular sieves, such as ZSM-

57. We have now found that the average diameter and/or the average thickness of



5 different norphology with nore pronounced edges and a nore regul ar
surface texture. SUMVARY OF THE | NVENTION [0010]In one enbodi nent, this
i nvent i orwoebut®es3ea net hod of making a crystal | i ne moraEpadianozseve of
MFS framework type, said nmethod conprising the 10 steps of: (a)
providing a synthesis m xture conprising at | east one source of tetraval ent
el ement (Y), at |east one source of trivalent elenent (X), at |east one
source of alkali nmetal hydroxide (MOH), at |east one
structure-directing-agent (R) and water, said alkali nmetal (M conprising
potassium said mxture having the 15 fpllow ng nol ar conp05|t|on
(expressed in terms of oxide): Y02 : (p) X203 : (q) MH : (r)R: (s)H0
wherein (p) is in the range fromO0.005 to 0.05, (qgq) is in the range from

0.01 to 3, (rthe bﬁsthl‘ﬂn& AR AR0ge Ve SANIE BBméwork r@iRtndySe nhé?dlﬁdfd Wi thenge from
10 to 75; and (b) treating said synthesis m xture under

crystal | i zat i waercongnt ofgthe symshesp migtuss isspatralied a9d thpathssis takes glaee of MFS
framework typg, he;?xlegen% %?h@%a%m\mﬂgora@lt% rs@ﬂﬁmcﬂc@&ﬂin@rto (R nRfholgss than
or equal to 1. é cron and an averaqe t hi cknessag) | ess than or equal
to 300 nanonstisiased BewirerAlst,ythe saysple foraed| inj that ﬁﬁﬁc%@ﬁdP@'P@nbaV@o‘%mrl se a
tenperature i r LYyShal ifpfact i me of

| ess than gr dgcg%ra %&%ﬁgl(g%%héég% l’tr’ (ﬁﬁg&‘j Eéekq? gﬁgv@%ﬁnﬂfg‘g? el efrent is
silicon (Si).teXueferably, the trivalent element is alumnum (A), gallium
(&), and m r &5 ] erably, the crystalline nolecul ar
sieve of M-S . [0012] Preferably, said average

di aneter (D) [06103r yst aliis ond embedimehtedu$ aventidh fe(l:t3] Methbé ofiimakingt he at

potassi um - wigraleRbiekills e PRV e bRt Suho  BRATRENE |

pot assi umi(q3eps bhe m)l ar ratio of SOdI um (q| ) di vi ded by the nol ar rati o]

of potassium (g2) ,in the synthes | ess t an Qr. equal ko 2.0. 5
[0014] In an errbotf?)nen!’m"fcﬁ’?%alsPﬂ}tZ‘ﬁ?? P%el °("é°§'sf"§ % R q* {4 of
hydr ocar bon agtiai@leit 1BmERITAY, 4 ilegt blkeesoatoep)fmfwmmmenm@()z iiteledisydn@c ar bon

wth a crystalline Iecul Si e Sfrarrevvorkt erranuf red by
the method diseEiceeEy ?lhmﬁﬁgﬁ é"d@ﬁéHgF A 537 OB R Sruciygy f‘itwgfgfn%g}%lgt her

embodi ment,  tAlSydtéty Sdid ikali rneétaat(ma dompwsmgtpatalsmmﬁ st nidtteeHagingsheves of
the MFS frarrework type havi ng specific, aver ag%;0 dasrret ers (D) and average

t hi cknessdg (fqr§lowmg molar composition (expressed 1 m terms o
YO, : (p) X203 :(q) MOH : ()R : (s)H20

wherein (p) is in the range from 0.005 to 0.05, (q) is in the range from 0.01

to 3, (r) is in the range from 0.03 to 2 and (s) is in the range from 10 to 75; and
(b) treating said synthesis mixture under crystallization conditions to
20 form crystals of molecular sieve of MFS framework type, said crystals having an
average diameter (D) of less than or equal to 1.5 micron and an average thickness
(T) of less than or equal to 300 nanometers. Preferably, said crystallization
conditions comprise a temperature in the range from 150°C to 250°C and a
crystallization time of less than or equal to 100 hr. Preferably, the tetravalent
25 element is silicon (Si). Preferably, the trivalent element is aluminum (Al),

gallium (Ga), and mixtures thereof.

[0011] Preferably, the crystalline molecular sieve of MFS framework type
is ZSM-57. . ‘
[0012) Preferably, said average diameter (D) of crystals of the molecular

30 sieve is in the range from 0.4 to 1.3 microns, and said average thickness (T) is in

the range from 40 to 200 nanometers.



[ 0016] These and ot her enbodi ments of the present invention shall becone
apparent fromthe follow ng detail ed description, figures, and appended
clai nms. ISOREBCRSIYI ON OF THE FI GURES [O0017]FIGS. | A aRGTEB2HP80B6HNNI ng
El ectronic Mcroscope (SEM inmages of the dried as-synthesized solid
product of the Conparative Exanple at 1X and 3X magnification,
respectively. [0018]FIG 2A and 2B are M i mages of the dried,
as-synt hesi zed solid 20 product of Exanple 1 at |x and 3X nagnification
I evel s, respecjyg!y. [W&%E&Gthéét 3t %ﬁe Qi SEMal (VER Pdtadsiuen d)li'l ed,
as-synt hesi zed sol I d Iproduct Exampl e at. 1X and 3X nmagni ficati
| evel s, hr especmixiuses/of Jodopopm pptasgingn Y }WB Salﬂea"@EM‘Ftﬁ’a@@s‘S(?f mixte @ j ed
as-synt hesi zed, tghen
| evel s, respect ?8}"} ﬂ] P%@F%Zl F%@@%ﬁﬁg@%ﬁééf?ﬂ@u@%q%gnglsd%g?ﬁttﬂg dried,
?s slynt hesi zedmslet rad0pf petassturofq2)Eir Arpiyathasiamiztyce anlgss3bamergaralite a0i on

evel s resec [ Q022] F n EM S, 0 I ed,
as- synt hesi ged ﬁl d prggu é"& ﬁgér?%l Qhgan%rﬁ§§anéét£@gﬁagnérﬁé§gtfd)(rr)n
| evel s, res peclhydm:la;bon [cOD285idH @mpridingribe & off conBENing thedrdroesrbanhwithipi ed,

o3,y et 2o 1 ALBURPHEL 3B RRLofk b hp MR syt
as- synt hesi zeddis@bsed irp\thedwcédlﬁ pdoxgagilse 7 at | X magnification |evel.
DETAILED DESCWJ(:))B]O\I IrT I_)I'%t anotEer emq}édxment this invention relates to crystalline
10 molecular sieves of the MFS framework type having specific average diameters
(D) and average thicknesses (T).
[0016] These and other embodiments of the present invention shall

become apparent from the following detailed description, figures, and appended

claims.
15 DESCRIPTION OF THE FIGURES
[0017] FIGS. 1A and 1B are Scanning Electronic Microscope (SEM)

images of the dried as-synthesized solid product of the Comparative Example at
1X and 3X magnification, respectively.
[0018] FIG. 2A and 2B are SEM images of the dried, as-synthesized solid
20 product of Example 1 at 1X and 3X magnification levels, respectively.
[0019] FIG. 3A and 3B are SEM images of the dried, as-synthesized solid
product of Example 2 at 1X and 3X magnification levels, respectively.
[0020] FIG. 4A and 4B are SEM images of the dried, as-synthesized solid
product of Example 3 at 1X and 3X magnification levels, respectively.
25 [0021] FIG. 5A and 5B are SEM images of the dried, as-synthesized solid
product of Example 4 at 1X and 3X magnification levels, respectively.
[0022] FIG. 6A and 6B are SEM images of the dried, as-synthesized solid
product of Example 5 at 1X and 3X magnification levels, respectively.
[0023] FIG. 7A and 7B are SEM images of the dried, as-synthesized solid
30 product of Example 6 at 1X and 3X magnification levels, respectively.



[ 0025] Al l patents, patent applications, test procedures, priority 5
docunents, articles, publications, manuals, and other docunents cited

her ei n arwofoiog3iéncor porat ed by reference to the extenPCImEpPRodiostib®sure is
not inconsistent with the present invention and for all jurisdictions in
whi ch such incorporation is permtted. [0026] Whien nunerical lower limts
and nunerical upper limts are listed 10 herein, ranges fromany | ower
limt to any upper limt are contenplated. [0027] As used in this
specification, the term"average dianeter” neans the nunerical average of
the | ongest dinmension viewed fromthe top of at least 20 dri ed,

as-synt hesi zed solid crystals as neasured from SEM i nages of the sane

magni fication level. 15 [0028] As used in this specification, the term
"average thiqigegs” means. 498 SEMBAigd the\deiedR-sPhthésiRd ebliEsiodebt BENSi on
viewed fromthe side of at |l east 20 crystals as neasured from SEM i mages of
the same magriiemele] ¥rX wegnificationleytlas” used in this specification, the term
"framewor k_t ey A iSRS RPTIONORSSIHERVENEON N the "Atlas of Zeolite
Framewor k Ty : . . aerfocher, W H Mier, and D. H  d son,

El sevi er, Fi fl0925Edi ti orll 2ertents, wppient i 2ppHeationg | tadornseredriss HRFIFist er ence.

[ 0030] Synt hietdoc, el lakfiesahtbiRbidHd, RAGAR! Bk SHOMARANEAYS Y RliBiRsks M xtures
conprising sources Of appfopriate oxides. Organic directing agents nay al so
be included ifnlly insomppratéteby seferenqeutocthd extenthwuch disploswre ds npthinFensistanhg t he 25
production of_. I . I { St I J : :such
directing agevﬁl sailggjkéé%@éﬁ%é{é ?r%cf‘%rr]ggﬂr{sgﬁgéﬁﬂE%tt@h:%ucg:ﬁﬁoléb%ﬁtﬁ\é% "The

Rol e of Organjeanitell.ecul es in Ml ecul ar Si eve Synthesis" appearing in

Zeol ites, Vol Cct oher . 1983 A 2z i j f: provi des
a met hod of r['g?jt%g a cpﬁéef] é’lum%rr%ceal%W%glﬁ'ﬁgfagé6“%?@%L§§§tlﬁqg%%@sll$§uanemrk
type, prefler detein, ZoideStomhay lawgr Gonit to ehy empenlimitagecodicampddtet. (D) and/ or

average thic and r phol o whi.ch. coppr.i ses o = " of

provi di ng a ﬁgmesi s gi%%‘[gﬁcfép ﬁ%ﬁ/f%&'ﬁﬁgi%hpméstfﬁ o%‘;‘fvpﬁ AR r%‘%‘ﬁir ranges
(expressed i rnhé suridicaf average ef thaneteestatinatsiinl vieveddi feom dertdp df airieast Z) 005 t o
0.5 X203: Y02

dried, as-synthesized solid crystals as measured from SEM images of the same

magnification level.

15 [0028] As used in this specification, the term "average thickness" means
the numerical average of the widest dimension viewed from the side of at least 20
crystals as measured from SEM images of the same magnification level.

[0029] As used in this specification, the term “framework type” is used in
the sense described in the “Atlas of Zeolite Framework Types,” eds. Ch.

20 Baerlocher, W. H. Meier, and D. H. Olson, Elsevier, Fifth Edition, 2001, which is
hereby incorporated by reference.

[0030] Synthetic zeolites are often prepared from aqueous synthesis
mixtures comprising sources of appropriate oxides. Organic directing agents may
also be included in the synthesis mixture for the purpose of influencing the

25 production of a zeolite having the desired structure. The use of such directing
agents is discussed in an article by Lok et al. entitled “The Role of Organic
Molecules in Molecular Sieve Synthesis” appearing in Zeolites, Vol. 3, October,
1983, pp. 282-291.

[0031] The invention provides a method of making a crystalline molecular

30 sieve of the MFS framework type, preferably ZSM-57, having controlled average

diameter (D) and/or average thickness and morphology, which comprises the



0.01 to 3 MOH:YO2 10 to 75 H20:Y02 0.03 to 2 R Y02 wherein M
represents an al kali netal ion, R represents a structure-directing-agent, 5
X represewd20u/m28360al ent el enent and Y represents a tet Pavaipeom/oedlesrent .

[ 0032] Preferred nolar ranges are: 0.01 to 0.5 X203:Y02 0.1 to 0.5,
preferably 0.05 to 0.25 MOH Y02 10 to 60,H20: Y02 0.05 to 1 R Y02 Alkali
Metal [0033]In the present synthesis neghod the alkali netal (M is
selected 10 fromthe group consisting of sod|un1 pot assi um and m xtures of
sodi um and pot gssyi sMprobidfiges 3PiNesis! MSkrate kabing TBEGhp &Moncﬂﬁmﬁ'tﬁ@%oﬁﬁ?t assi um
nore preferably ‘a mXxture of pot assi um and sodi um" The sodi um source nmay be
sodi um hydr oxi tegesr(exnsesseshin A¢rmngion axide) upder Mﬁh@ilem%ﬁ%‘é may be potassium
hydr oxi de. | nenbodi Ilb‘llb:bog\libt‘élsl he d.l Kd.l metat—( My bSYfD mxture of | sodi um
and pot assi um ¢ dIM'O %uy tte ot ar ratio

of potassium t I?SUT ettral—t9p 2. 0;
or less than ¢ 6
and conveni entd

N 20 +
C

aj%?,z.un:u.gu o 2.0;

wherein M represents an alkali metal ion, R represents a structure-directing-agent,

5 X represents a trivalent element and Y represents a tetravalent element.

[0032] Preferred molar ranges are:
0.01to 0.5 X703:YO,
0.1 to 0.5, preferably 0.05 to 0.25 MOH:YO,
10 to 60 H,0:YO,
0.05t01 R:YO,
Alkali Metal
[0033] In the present synthesis method, the alkali metal (M) is selected

10 from the group consisting of sodium, potassium and mixtures of sodium and
potassium. Preferably, the alkali metal (M) comprises potassium, more preferably
a mixture of potassium and sodium. The sodium source may be sodium hydroxide
or sodium aluminate. The potassium source may be potassium hydroxide. In
embodiments when the alkali metal (M) is a mixture of sodium and potassium, the

15 molar ratio of sodium (q;) divided by the molar ratio of potassium (q,) in said
synthesis mixture is less than or equal to 2.0; or less than or equal to 1.0;
preferably, in the range from 0.25 to 2.0; and conveniently, in the range from 0.1
to 0.5.
[0034] The molar ratio of alkali metal (M) relative to YO, in the synthesis

20 mixture, expressed in terms of oxide, q, is typically in the range from 0.03 to 2,
preferably from 0.05 to 0.25, more preferably from 0.05 to 2, even more
preferably from 0.1 to 1, such as from 0.15 to 0.5. Conveniently it is in the range
from 0.01 to 0.5.

Water ratio



[ 0034] The nolar ratio of alkali nmetal (M relative to YO2 in the synthesis
20 m xture, expressed in terns of oxide, g, is typically in the range from
0.03 to 2voprafesmbly from0.05 to 0.25, nore preferabl pCrmrn010/008568 0 2,
even nore preferably fromO0.1 to 1, such as from0.15 to 0.5. Conveniently
it isinthe range from0.01 to 0.5. Water ratio 8 [0035] The nolar ratio
of water relative to Y02 in the synthesis m xture, expressed in terns of
oxide, s, is typically in the range from10 to 75, such as from 10 to 70,
preferably from 10 to 65, nore preferably from10 to 60, and even nore
preferably from 10 to 50. 5 Average sigg_control [ 0036] W& surprisingly
found that the average di aneter and/or average thickness of the crystalline
nol ecul ar sieve of MFS framework type may be nodified when the water

content of thgoss{nt hesithe Motdrtao bbwaRPtdlfive @6l Yasidn tesyntheéib afikitirel akes
pl ace in the presence of potassiumwth or w thout sodium 10 according to

the method diexeressddniemmsi af. oxidensr s trierlrifrthe ees fiorhadte 7o ehiad
| ncreases bogﬁ.;@crﬁ 36 tGYE pREablly GHO 8 165 i prR¥RIAD Rofiotk BEShdverd he

e
crystals pro e [ 0037]I'n Oone or noreé enbodi nents, the crystals of
mol ecul ar si everepfefamlly fiioantori. t ype have an average dianeter (D) of |ess

t han or qualA%Q -sPetontidicron, preferably in the range fromO0.4 to 1.3

m cron, nofre p‘rﬁ%r”fﬁ)‘l’y“ﬂrom 0.6 to 1.3 mcron, conveniently fromO0.4 to
1.3 micron. A06¥inati véVe surptiingly yfourl thabthenpieage |digmet¢reand/apfavi@®e f r anewor k
type have an gver age .dj (D) i hg t : Lerons. In
yet anot her atﬁfcg'rler?gﬁf\(}légg%%g}n%e%‘?!eafl%regg\fe;g?§1ﬁssr gg;" r%ﬁf}%(c%f)gr&%%e of MFS
framewor k t ypeodifisd when theewatigrecalitantref ¢he {yBbhesis ntiktere2® coatngjtedfandrith®. 1 to 0. 6

m crons, such as fr 0.2 to. 0,5 or from.0. 3 t.0 O, 0 n or nore
embodi ment s, Styﬂé‘e%? 3$°§Ip§a°8f in, e RiGFRe solfeglogas%'f' ml\/ﬁéhféra‘o"rr'ég%)‘#ksotg glgne have an
aver age t hockaesding ) thefmdtiasisdisdiasad bereiaguamoteco8Odtraed oyrehasissnixpref er abl y

more pref or aberRe CRE PATERE G 548D SRenitares LR Bshib e o
preferably irprbdiRed.ange from 40 to 100 nanonmeters. Alternatively, the
Ol oGl or e ot SabbRHRL e LARRLSY Ry B L T o ess
to 200 nanoneyes FranRivotitybd Baveli) gverigendidméert (@) 29 Qes AlmN@QUS, toSEh as in
the range from 150 tqQ 175 nanoneters. )
15 micron, preferably in the range from 0.4 to 1.3 micron, more preferably from 0.6
to 1.3 micron, conveniently from 0.4 to 1.3 micron. Alternatively, the crystals of
molecular sieve of MFS framework type have an average diameter (D) in the
range from 0.4 to 0.6 microns. In yet another alternative embodiment, the crystals
of molecular sieve of MFS framework type have an average diameter (D) in the
20 range from 0.1 to 0.6 microns, such as from 0.2 to 0.5 or from 0.3 to 0.4.
[0038] In one or more embodiments, the crystals of molecular sieve of
MFS framework type have an average thickness (T) of less than or equal to 300
nanometers, preferably in the range from 40 to 250 nanometers, such as from 40
to 200 nanometers, more preferably in the range from 40 to 150 nanometers, even
25 more preferably in the range from 40 to 100 nanometers. Alternatively, the
crystals of molecular sieve of MFS framework type have an average thickness (T)
in the range from 100 to 250 nanometers, such as in the range from 100 to 200

nanometers, or in the range from 125 to 200 nanometers, such as in the range

from 150 to 175 nanometers.



[ 0039] The above-nenti oned average dianeter (D) and average thickness (T)
ranges may vary independently of each other, depending on the specific

synt hesi sWoaptl/2BsAs chosen. [0040] 1 n one or nore enbodPEEMAP)100ME6Er yst al s
of nol ecul ar sieve of 5 MFS framework type have a specified average
diameter (D) in combination with a specijied average thickness (T). In
particul ar, the specified average dianeter (D) of less than or equal to 1.5
mcron or in the range fromo0.4 to 1.3 mcron, nore preferably in the range
from0.4 to 0.@e5|Cr ONS THE BN LmBItRhES ﬁ‘@ré%g!d?arﬁé‘& REE aldrgP Mickndse 1.3

m crons, may be conbined with an average thickness (T) of less 10 than or
equal to 300 ndponregesrmax vanynindependentlyeoff aghn otlters depzoding anothet weeific nor e
preferably in : : 40,to 100 nanoneters or nore preferably in the
range from 100%@65188&?&];%%1%?%. [0041] The invention thus also relates to
crystalline nol08&Qll ar silewes onfmarpembypdinfentstheoarkstaly o€ mvdeduleg sisyeoff i ¢

aver age di aget 3 | . . L m b

exanpl es of ggrISI?%rﬁﬁag)gw?%??%ﬁ\?%gp#g?ée%ﬁ%ggg'lﬁgl\g}tgga%)fm{gg@bw&féﬂ VEI!'Ell?rgwor k
type prepared specifiedavegageahickiess (v dmpartinulam tHewspecifed/avezdge idirenata| (B ul ar

si eves of the S framework type. .in which: - the ayera L amet (D is
in the range f?l\#:olﬁ‘cisd.&zf’ ?roeqf?]?}onli'éz%‘f{g" ghd' 1'thﬁéan V rrozrangéﬁttﬂiqa%écsr%n’ “is’in

t he range fronpréfRrdbty a0Ofe naige e, tod).6 Alcrons driveoreVjeefagblydinahetange (D) i S
in the range fromQ0, 4 Q.6 mcragns and the average thickne isin
the range fronff B3¢ ® ]tzgﬁ"?‘fﬁ%t‘?%aty sc,ongﬂ'léafié’?“ﬁ‘oﬂ/a‘fe gFﬁlEle'ﬁf‘Fgé%fO&I%ff 150 to
200 nanonet|@r stha®br equaite 300 ah@@eetéts aNMLtRE ragR) fro® 40no RDE nardngters,mre 0. 6 t 0
1.3 mcrons and the average tgickness%qu is in the ra?eg from40 to 100
nanonet ers; orProfsrablyig theRpgeyiEomdg i { & ngnpyneters qrmare, pre %ﬂ%mf BA"8®6 to 1.3
m crons and t hgo@aMen agmotiahekaess (T) is in the range from 100 to 200
nanoneters. - the average dianeter (D) is in the range fromO0.4 to 0.6
mcrons and t h@0&ler age Thriieyantien thutdlsosrelatesin erysialige mplsatlarosievss pho
nanonet ers. D fheqFS Fraadadk t%fé ﬁ%]ﬂ%@%c%%?ﬂ%&'d?ﬁné&@r(b)%@da\iefhgéh' S
invention conprises an NN, N, N, N, N -hexaet hyl'pentane di ammoni umsal t
(HEPD), herléi nthfckegssqui(T). Non(limitiggexasmpies §f pigferedosizstelling@elecypr devseécond
directing agenyr qR2 a2 fafhesRhe fep @it 2B O to Tl Mithant IR RR e and

guat er nary am‘rét;)fnitﬁ corrpt%iaﬁgg o?c;’é%grpmﬁ)ﬁa RI I%ZRBI%ZI\CI)A wherein R, Re2, R3 and
R4, which may destillenmplsatlannievds ofthe WIS framesterk hgegemdédht | y represent a
hydrogen atom a |i i AV i 0 : ns, a
branched al kyl grougﬁﬁé‘\lle?il‘% Jtlar"gg&&gtﬁt)gsalé ‘Q%rr"’%%éﬁﬂg't}‘oﬁ%k })g n@%@%&oﬁ%gyl group
having 5 or 6 car baveagotimckness (Triadt themange frofl 40 tR200 R&onwtads;iof present R4,

bei ng ot her,,t han hydfogen, and A repre 1N n j on X t%Iztwo or
nor e corrpo&ﬂds Ri n%be eeréfffeé?mehtfrx@zrlse@%g# rapg%ﬁg?a(pﬁ%foeo'ggﬁﬁﬁ%ﬁ%%gd may
al so be used. Theseavemye hkickiest WTEds ofi thevoarge frome 1@0Titoe2)0 manoofeterspo or 10
nore quaternary conpounds,. ar of one re amnes and one or nore
quat e?nary Cor%oun ?fueragﬁy in the range from %OtrgDZOSnanome ers; or

- the average diameter (D) is in the range from 0.6 to 1.3 microns and the

average thickness (T) is in the range from 40 to 100 nanometers; or
25 - the average diameter (D) is in the range from 0.6 to 1.3 microns and the
average thickness (T) is in the range from 100 to 200 nanometers.
- the average diameter (D) is in the range from 0.4 to 0.6 microns and the
average thickness (T) is in the range from 40 to 100 nanometers.
Directing agent
30 [0042] The directing agent used in this invention comprises an

N,N,N,N’, N’ N’-hexaethylpentane diammonium salt (HEPD), hereinafter Ry,



[ 0043] When both RI and R2 are present in the synthesis m xture, the
synthesis m xture preferably has a conposition within the nolar ranges of:
0. 005 to WOR0MAR3IGN02 0.01 to 3 MOH: Y02 10 to 75 H20: YORCU/ERI® 01065188 Rl : YO2
0.015to 2 R2: Y02 0.03to 2 (RL + R2): Y02 [0044]1n sone enbodi nents, the
am nes that may be used as the second organic directing agent R2, include,
for exanple, nono, di- and tri-nmethylamne, 5 nono-, di- and triethylam ne,
nono-, di- and tri propylam nes, nono-, di- and trihexylam nes, nono-, di-
and triheptylanm nes, nono-, di- and trioctylam nes, cyclopentylanine and
cycl ohexyl am ne. Advant ageously, the a ne is atriamne, i.e., none of RI,
R2, and R3 represents hydrogen. Pr ef er abl the am ne of fornmula NRLR2R3 |s
sel ected fromtrinethyl am ne, triethylanlne and a tripropylam ne; 10 nost
preferably i toptisndllyivaithydead miére ofid\saétind Gigettalg)ageithR,. RAIseeRafel fidTONI UM
conpound corresponds_to one of jhe above am nes, and is refgrabhg a

tetral kyl anmoiiiigh AdhptladiR BrRt aidgyajeraany @mmapiym, spmpoynds of

tetrapropyl - FERPRRINA GAGRAIRY, RB RPeindaR ‘S WhidhafBp Be uuenﬁ@arrmtmeraﬁl ng most
preferred. As exanples of the anion there may, be nentioned halide,

especi al | y 15aghindencadendy repressnicehydsegsn aiogt 6)&5"6%! aligy groyp bavipg fromels e
conpounds gy, B&at3R AtonfS a bRMALKAL £l 3R Gaving from 3 to 8 carbon atoms, or a

cycloalkyl group having 5 or 6 carbon atoms, at least one of R!, R% R?, and if

present R*, being other than hydrogen, and A representing an anion. Mixtures of

two or more compounds R; may be used. Mixtures of two or more compounds R;

may also be used. These may be mixtures of two or more amines, or of two or
10 more quaternary compounds, or of one or more amines and one or more

quaternary compounds.

[0043] When both R, and R; are present in the synthesis mixture, the

synthesis mixture preferably has a composition within the molar ranges of:



Tetraval ent Elenent [0045]1n all of the enbodiments of this invention, the
tetraval ent elenent, includes, but is not limted to, silicon (Si),

ger mani urivQ@ed1/o283on (Sn), and m xtures 20 thereof Wien YOZ2/EP2018i0D3168, t he
silica source may be funed silica, precipitated silica and coll oi dal

silica, silicon al koxide and m xtures thlelr eof The silica source preferably
contains about 30 wt.% solid silica, such as silica sold by Degussa

Cor poration (now known as Evoni k Degussa GrtbH, Essen, CGernany) under the
trade nanes Aerosil or Utrasil (a precipitated, spray dried silica

cont ai ni ng abgut—25790 §hoPRed s1Ca). AISPp, an aquesyp),§@d,l 0l dal suspensi on

of silica, su¢thasome Sgif Py Gace Davison (uoi UMb, YD, USA) unger t he
trade nane Ludox; 10t preciprtated—hydrat cuH@ Yé) contair mny| about
87 wt.%silicg—about—6 1555 €€ 12 H26—and a:&lvoq 5—wt——9bound H20
Of hydr atl on nd havi na 4 rﬁapi-i ela ol 2o N Al H a) I N d
T — e v 1 ||3 AOlr.SMI ?I CTIC—oT ZC pPI [avAvAU RN ] U \@Y CT UTTS) nay e use

Pr ef er abl t YQ2 ctp con—soure cont.albna % 2N k0L lid

y, A~ a —) E=AA A~ L I v ~2r) SOoOTIc AT | ]_*(_JL] p.2 43 JU VWU . /U Q:) I Y02
and nore preferably nhnnpo}lft\ogﬁ % soli-d¥02.  The Sour e’LYJQZ steen—my al so

o]

be a silicate, eg, an al kal i rretal silicate,

orthosilicate. Pﬂib‘ﬂ sour qf s@ifie eRbb@MRhBNthe @S Mat YraptR1BERR the GoUTRA1 SES
solid Y02, preferably about 30 wt. % solid YO2 in order to_obtain the

crystal producergefic ldHPCémBr@’g@HtRzoWClu‘{*P, fornpxamplemanendi- podsmelylanings ¢ he
embodi ment s 50f mt)g(? S dj- rh\ﬁﬂrﬁl)k&ﬁ?lamﬁrﬂe n{orn%\’% EiMd f?i BB amihes,: 1190hdlchp%§1 but is

not limted to um num bor on gallium{Ga), iron (Fe), and
m xtures t her etsihexyberines, abonp:, dihand tiihephdamines, epanet. 9 asd MEHNI#IBES and t he

al um num sourc c'lo O@H@ a2 !:lr)ﬁéxglanﬁnl)é”ﬁéwmag qglgxﬂhggmn;éylgﬁ fafng! um na

and m xtures t ezr a um nuam sour ces | ut are not limted
to, other wat ere. ;srwlnabf BL&A uandrRi’rmgaiiems hygw@murrh’rafecahlmmeeamm offermilami num

al koxi de, 15 s h% | o such as
alum numin t hg&f ﬁ]'&fs& %‘e‘grﬁ a@f/lamf %ieflaléaﬁF? %L(g(r)yngﬁer%ﬁhmﬁén t he
synt hesi s rioxt most prefgrablynit ad meﬂsahnhme ys\tdadmtagebusl)s thehhaté:mmwnmdwtlumeedl ng a
nol ecul ar sieve synthesis m ét ure ) .

compound corresponds to one of the above amines, and is preferably a

tetralkylammonium compound, preferably a tetramethyl-, tetracthyl-, or

tetrapropyl- ammonium compound, a tetra ethylammonium compound being most

preferred. As examples of the anion there may be mentioned halide, especially

15 chloride or bromide, and hydroxide. Mixtures of these compounds may be used,
as indicated above.

Tetravalent Element

[0045] In all of the embodiments of this invention, the tetravalent element,
includes, but is not limited to, silicon (Si), germanium (Ge), tin (Sn), and mixtures
20 thereof. When YO, is silica, the silica source may be fumed silica, precipitated
silica and colloidal silica, silicon alkoxide and mixtures thereof. The silica source
preferably contains about 30 wt.% solid silica, such as silica sold by Degussa
Corporation (now known as Evonik Degussa GmbH, Essen, Germany) under the
trade names Aerosil or Ultrasil (a precipitated, spray dried silica containing about
25 90 wt.% silica). Also, an aqueous colloidal suspension of silica, such as one sold
by Grace Davison (Columbia, MD, USA) under the trade name Ludox, or HiSil (a
precipitated hydrated SiO containing about 87 wt.% silica, about 6 wt.% free



20 frequently has beneficial effects, for exanple in controlling the
particle size of the product, avoiding the need for an organic directing
agent, acWOI2811428¥68 synt hesi s, and i nproving the propor PCHAEPII0MHPTARICt t hat
is of the intended framework type. [0048] The seeds nay be obtained froma
previ ous synthesis and be colloidal or near-colloidal. Seeds of a different
framework type, especially LEV, 25 nay be used. The preparation of

col l oidal LEV seeds is described in International application WO 00/ 06494.
Seeds are advant ageously present in a proportion from0.0001 w. % (10

wei ght part per mllion or "wppnt) tQi12.w.% preferably 0.001 wt.%to 1
w.% nore preferably 0.01 wt.%to 0.5 w.% by weight, based on the total
wei ght of synthesis m xture. For certain synthesis m xtures, a pure M-S 30
framework typHOrab@rbait 4iswnir bound d€i0 of Waationexﬂdvﬁaﬂngsaemlﬁdg size of 13 -

[ 0049] As used ,he the term,"col |l oi onnectl on with a
suspensi on, r%ﬂé{g ? 5ﬁ°éls)c8}??'at? n}’??a d rgléelr%t{ly ﬁf rﬁ?’y & ’vfﬁ‘é‘%f E) %cles

di sper sed i n (amammabnumms«wﬂ %Gulidl YOh asé mokr gt ferabbl gboua4d e/a% wilidafO,.

suspensi on” fers to suspensi on thathcragerstabl e ense that no

n
visible separ § S HLCOs MY AbRE % Ye; fi“nélﬁalbg}’: 5ﬁ'§ﬁt|e’f? fent for

the use i nsendeshikyd dRhosAfale0 IThalsohre@ st tetkihaleRt elarheﬂteﬁﬁiefe%bly esmgtiseb east 100,
or at |east 500, hours at azg ent te eraé]v ‘g‘ g% The maxi mum flze of
the particl essoHigrY Onereffrapyrabosh 39 v s talidy Y zaty Fderpionebiaiafie wrystal gepend t o
some extent ofodlRebf thshmRaiiond on the nature and pH of the continuous

medi um as well as on the period during which the suspension nust remain 10
usabl e. | n gehbévalgnt Elementypyi num di mension will be 500, or 400, or 300, or

200, or 100 ngpgeihe paif higbfise %Mo&]ﬁneﬁt@ﬁ?ﬁh!sqaﬂ@ent@ﬁ td triPhlBRclciaPRs. Were
particles are other t han spherical, the dinension referred to is fheir

smal | est dPneinelndas. bytoosw]liated ol abumiaumAHy boron KR, gallinwi (Ga), iadBe). have
utility in thg RAHAACHEECES Obrefordl, ! e ¥ivd engens,%mlk'.glsnummﬁ%arthé' eves by

i ncorporating the seeds 15 as a conponent a synthesis mxture. They are
advant ageous| 3uinsor mrc&t@calummum&éfym hblml@lmnhxdm@e; hydrated fabunrinaf a

suspensi on, \ﬁ%&ﬁﬂ@s"éﬁéx‘ekﬂ | By aﬁﬂ:ﬂﬁes%oiﬁ%@ H@Pud@rtﬁfé %Feaﬁétyl d(‘f?é

anot her [iquid conponent the is mxture SS pre era {31 t hey may
be added in dcrtlyerovatérfsebelbb‘fadlmmmdm slaln, spdivheruningte natanpduminpecalkdxgdem 1t i s

bel d ' [ i oni fi |
IO RNE EE  al
t he seedi ng afotmwfthipof materials shoul d be avoi ded. Crystallization

Condi ti ons [QO@%! Isg lsgeneral, the treatnment of the synthesis mxture to
yield the rystal line nol ecul ar sieve, usually terned

hydr ot her mal 00474t nent In Sodd® enmoﬂm&nenttﬂeyspﬂresnsedlxoue mzrydeasntautsegbnous
pressure,

e e Tt Thicisn Pl deh e Yertind i Ao sieve SRS suiRRes dor

conventi opal frequently has beneficial effects, for example in controlling the particle size of the
product, avoiding the need for an organic directing agent, accelerating synthesis,
and improving the proportion of product that is of the intended framework type.
[0048] The seeds may be obtained from a previous synthesis and be
colloidal or near-colloidal. Seeds of a different framework type, especially LEV,
25 may be used. The preparation of colloidal LEV seeds is described in International
application WO 00/06494. Seeds are advantageously present in a proportion from
0.0001 wt.% (10 weight part per million or “wtppm”) to 2 wt.%, preferably 0.001
wt.% to 1 wt.%, more preferably 0.01 wt.% to 0.5 wt.%, by weight, based on the
total weight of synthesis mixture. For certain synthesis mixtures, a pure MFS

30 framework type material is more readily obtained with seeding.



nol ecul ar sieve synthesis conditions. Advantageously used are tenperatures
within the range from 100C to 250C, preferably from 150C to 200C, and nore
30 preferablyifnessn160C to 180C. Tenperature nmay be i ncireaspd)iogoadtial |y or
stepwi se, during treatnment. Advantageously, a tinme within the range froml
to - 14 - less than or equal to 100 hou1 preferably from 10 to | ess than
or equal to 72 hours, and conveniently f|30m 20 to less than or equal to 48
hours, is enployed, |ower tenperatures corresponding to |onger tines.

[ 0053] For cert ﬁl'()ﬁb]appl ' C@éﬁs@@ﬁereﬁlhﬁlettérﬁatcgﬁﬁﬂ al® Swied" Eédeﬂ BHiechbd RitRNY type
5 of agitation, e.g., stirring or rotatin e 'vessel about a hori zontal

axi s (tunbl i ngy suspensiont tefars @ppllelce@tmnmsilscsﬂteaﬁmedy iyisied phrgiclen Hisperaagtinent i s
preferred. If 9 t'il’ﬁl% s tl?{ﬁ dsé%gespl%fﬂ% uj & de;?esu e{ngl'f)#d rferst H)ngl ed
during an initra par eat | ng stdge, or exa fromroom

t enperat ure t oswp\ensioe\tlait @cktabde, gn the tsérse thanad visiblesseparation acewpor sadiment and be
static for r emai nder. ener.al p wth a
smal | er parfti cfoémg'llggpgrﬁ%ds %c' nﬁg\)/\rg}r‘guse "t‘tem{eg sgllc}ggy%?gtt %Q?Io{;%ﬂ getm static
hydr ot her mal tmairmenﬁast [(ﬁpw]at leakta;wobaans fapuinbiehh@inpbrature €23°€).n Thynt hesi s
m xture conpositions, a pure MES franework type materi is norg readily
obt ai ned when %‘9’#\‘%‘&?%@ ?%thﬁﬁ?'?'f"éﬂf%ﬁ ¢ WSP‘H‘SéE i Emadh St Bt(pef“é‘ifﬁﬂﬂﬁi tion

that gives purgpeRd & doftle cihai &?fhe&%hﬁ))én&ﬂ%' the haturéahd bEIhfAkY comtihtiousr
wi t hout agitation, crystal size is nornal gr eater it the synthesis is
o)

carried out wi FRGUM. a5iwedk poAn the Estedr Héf"tﬂr Eduthe SYBRFNSIAR IMRPk reMA?iRgi ng

period, eitjger,gpier Qﬁraélmeralt ﬁlmx%%%tﬁéns% WIITBRAB028400, 6 S00RLEI00,
tenperature, |ower used for the hydrothernal treatnent, The

latter may i nchut® nmpdht partistes maxcheasphesicak ios piipber shapesar Where gartickes
tenperat ure. %9%9&9@9?9%}1 Fléélotge diniAs6h Té?@rr% tb &% enPErRQ}éQEdIHiEnM}P synt hesi s

descri bed above nma Cl ne cat 1 on- exchange and ot herw se treated as
is known in thEOOéO]t Al ki&d iindiggted abavd, oths ¢alloidab wsdss%mq"lemllﬂedﬂowecal ci ned

formmay be r e mﬁd turé ogg’varl?éfy 2f5crgfsrt§lﬁ;1gﬁlgfecmrtJ'ev%?ﬁ%ﬁ\%@giaﬂqg &%'sgecd’ €.g.,

HC1, or with a Ive rovide the
material insitss ehwinmem dfarsynthp GO birdtiiee They digcidsantdgepbrdy lmv&pntamdnn i f
required after h%aégfrlltggswer)r(l?xture 9% the form of a suspension, advantageously in an aqueous
medium, preferably water, or another liquid component of the synthesis mixture.
Less preferably they may be added in dry or freeze-dried, but preferably not
calcined, form. It is believed that calcination significantly reduces the activity of
20 small crystallites to act as seeds; similarly any other treatment that reduces the
seeding activity of materials should be avoided.

Crystallization Conditions

[0051] In general, the treatment of the synthesis mixture to yield the

desired crystalline molecular sieve, usually termed hydrothermal treatment is
25 conveniently carried out under aufogenous pressure, for example in an autoclave,

which may, if desired, be PTFE-lined.

[0052] The hydrothermal treatment may be carried out under conventional

molecular sieve synthesis conditions. Advantageously used are temperatures

within the range from 100°C to 250°C, preferably from 150°C to 200°C, and more
30 preferably from 160°C to 180°C. Temperature may be increased, gradually or

stepwise, during treatment. Advantageously, a time within the range from 1 to



and/or calcining, have utility as catalyst precursors, catalysts, and
separation and absorption nedi a. They are especially useful in nunerous

or gani c, \&0g011/@B86Aydr ocar bon, conmpound conversi ons, seBaTaPROMHIHNE
absorptions. They may be used alone, or in adm xture with other nol ecul ar
sieves, in particulate form WD 2011/023360PCT/ EP2010/ 005168 - 15 -
upported, or in the formof a supported |ayer. Hydrocarbon conversions

i ncl ude, for exanple, cracking, reform ng, hydrofining, aromatization,

ol i gonerization (e.g., di- and trinerization, especially of olefins having
3 to 6 carbon atons, nore especially butene trinerization), isonerization,
5 dewaxi ng, and hydrocracking (e.g., naphtha to light olefins, higher to
| ower nol ecul ar wei ght hydrocarbons, al kyl ation, transal kyl ati on,

di sproporti onkéd Man oF efiwd e 0 AbireNpreferably0 B WSo. leS MEK of GRULERS 7TDNS

i nclude the reaction of al C(i)h | s v&ath ol ﬁfi ns and the conversion of
oxygenat es t o"¥HRBE §PBEAENDERIMALY lessghampiseauahie 48hqushihemplgkiser ed
Exanpl es, in heERmptlatudds’cofrepOhBing tABRgr &iRs.LY Wei ght unl ess ot herwi se
indicated, illustrate the invention, Percentage yields are based on the
total weight E‘psgynt he di0& C¢rain @R@pat[qy@ggf frgatment is carried out with any type

N, N, N, N, N5, Nyp t byl W FHETTRA ' ' diorom de
salt, also knoﬁﬁgyﬁ%ég?ﬁy??grﬁﬁat - 5@%%&%@&}98(2&22}0{1)%?%3% grlrggg%*)ed
accor di ng to ¥Fefeothesappligatiepspstaticelidrethermahfipasment iy pefettedr dfrdgsémad.he and 2
nol es of trie ' ' v, ] t refl d ni ght .
The resul ti ngéygbgkﬁﬁﬂgﬁuyﬁggg%cgéng%%dr(gﬁ g!gﬂlgﬁéiﬂflﬁ%g? W&é\yg%é#gtfee%fgﬁgé dryness
under vacuum age3®Cexampde, itom reopmrtoniperaturgte an elsrated, &lglithreefinal treatmenther and

identified a i .0 alkt. Ai dr op . 0 |+ 1s hereinafter
abbrevi at ed Ztgmg%%ugé’ tqhgrglgxsg?%l gog.th%—(ggrgﬂﬁ&f%'e &%ﬁgé §éargltéyn*8 oél uﬁgsa pr epar ed
accor di ng 100 prbductiwitblaosmallesparticle size andit inemewvergppiclecsitd distrit@ic0tha494,

EP1105346 andtﬁgé%ggﬁl%gml[éggmghe SEM i mages wer e obtained on a JEOL

JSM 6340F Fi el ssion anning Electron Mcroscope (fromJEOL Ltd.,
Tokyo, Japan)[002§ appl ¥ihag bekinf foendethit foncpriafn syathegisimaitura combposiimsod 2 keV.

N
nmode, usi ng Qarriédeout adihadgitatioror Fona @o@EbIMionGh¥2gixesRpure Mounetat whethbr act onmet er
(from Sci ri'g agsylltlﬂgﬁs ics:légr?{ea iogtowi%%r v%?ﬁac?ut agL{t%litigr% crc):'l’sltaﬁige lrs%g;'tggljyog?éater if

the synthesis is carried out without agitation.

[0055] The procedure may include an aging period, either at room

temperature or at a moderately elevated temperature, lower than that used for the

hydrothermal treatment. The latter may include a period of gradual or stepwise

20 variation in temperature.

Organic Conversion

[0056] 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-synthesized or calcined form may be removed, e.g., by
25 treatment with concentrated acids, e.g., HCI, or with a fugitive base, e.g., an
ammonium compound, to provide the material in its hydrogen form.
[0057] The products of the invention, if required after cation exchange
and/or calcining, have utility as catalyst precursors, catalysts, and separation and
absorption media. They are especially useful in numerous organic, e.g.,
30 hydrocarbon, compound conversions, separations and absorptions. They may be

used alone, or in admixture with other molecular sieves, in particulate form,



- 16 - [0063] The crystal dinensions (i.e., dianmeter and thickness) were
estimated by averagi ng the neasured values on at |least 20 crystals in
several SEM2nigapaph i mages of the sane sanpl e at thePsamP20ma@niihs cati on
| evel . Conparative Exanple 5 [0064]A synthesis m xture was prepared
containing the follow ng ingredients: [ﬂé _A solution nade by conbi ni ng

al um num sul fate hydrate (A 2(SO) 3. 18 0) fromJ. T. Baker, Philipsburg,
NJ, USA (hereinafter referred to as "Baker") and NaOH (Baker) in water,
boiling until a clear sol UbpdPdd! Sr iRl RRA AN sHPORES 1dyBY Hkrdch®onei ght

| oss of water after cooling to roomtenperature; [Db] 1(_3/ A sol ution of HEPD
di broni de in veeneersiopg] inakelsx HSMO0 exanoplp.oi erarkiag| i wiorgng, f ryidradininge

Davi son, Col unmpia,.: h "k B9 A0%0f i Q2 dnh aly of ddinkd] LEV
seeds. [0065] oA “J[\“/Ef“’mﬁ@%‘g@%%%%‘gh?é]ﬁaﬁ?f frinripny {IRES %é’] was added.
Finally [d] bevingd toeficirbonitoms,trhere osiveially heteraiirirrigation), isqrsization,

Synt hesi . nxt o A sty e BhafeBRhs 3b i b pefBld Jpe
Al 203 : 0.1 Ri moleGil@2weighktthydi2@arbods/ 31k fanivi, EkinsaigdationTHispmpertinnatioh oseeds

aynthes: s mi xipBedauen pLaSralirdg Fhr Soyd e bEbds B reRh it dS bo”
submi tted to awhydkhdh@idthd cdnvesion®ibxygankees tb hedbedrbansi ng condi tions: the

aut ocl ave was heat gd up with a rate of 17.5C/ hr to 160C and kept at this
t enperat ure foEk ®hrs under static conditions. After the pre-set tine,

the autocl gge [yB§8|CO0| edrhe Follc¥ang hefb&Ed Endrtpled)tn Whithlafisiakts ipageades ds wer e
separated fromthe nother |iquor and washed several@ tinme i
d

A and, S Wih
deni neral i zed ¥tk Weighteunisss piasraesesipficgfed. ilpgrathy fedin¥SRLoR; géﬁ'c"é'fagiZOC.

From the obt ai eds Rre®si@ton thdiRtay Welgtt ¥RsnGaisMb@ired, an XRD pattern was
recorded, SEMs" were taken and an el enental analysis was perfornmed, The

product, obt ai 9889Iwi t h 5ths WeNPNNeNyN -Exisebylpepfanss digamenipm: dipeoBideunt  of

crystal s obtai aethpeibrbRidR! safty Aish SdoSvn X HEXR LRI RMi-5 Wasm e YsaltRiwak ne and
was identified as purler Z_SMSSaY?/ The _gi A2 was hget eqr%ﬁi ned to be go 43. The
mor phol ogy 16f priapared gospring, to she followisg pepcediré:n Figures 1A and 1B, is

platel et wi th pseygorRINBRARALENARR Ynidled of w@RLIAAR RERCHsAMA Rt h
gl obul ar surface - - texture and an average dranmeter of around 1 j.tm
The aver age t hétbanmodsed weluxed uykinjghe st Theateselting salotom vas Reaeppirated anf0066] A
simlar synthesis, mxture as in the aratiyv a S red but
repl aci ng NaO—f'BajlyI@qpor?ﬁgqgl‘{Wﬂeﬁ%u%%g%%uu\f\n/agt g??(; ?@%&% rﬁi‘/‘%ﬁ% 3 as
supplied by Al gossteizpdfraiiether afd idemified gh HEPD, dibdShidesShalt. HBRD idibgorede ent s
were conbined in ,tpe appropriate.rafio BOEI‘ESLfH in a synthesis mxture
with the fdP otltiynereinatter apbrsyated g R inghgEXagRIes- o 017 Al203 : 0.1 RL : Si02
1 40 H20 + 162[gepop LEV SBRUASEV seeds sample was prepared according to the disclosures

in International application WO 00/06494, EP1105346 and EP1105348.

[0061] The SEM images were obtained on a JEOL JSM-6340F Field

Emission Scanning Electron Microscope (from JEOL Ltd., Tokyo, Japan),

25 applying different magnification at a voltage of 2 keV.
[0062] The XRD diffraction patterns were recorded on a Stoe Stadi P
Diffractometer (from STOE & Cie GmbH, Darmstadt, Germany) in transmission

mode, using Cu K-o radiation or on a SCINTAG X2 X-Ray Powder
Diffractometer (from Scintag Inc, Cupertino CA, USA), using Cu K-a radiation.



10 The synthesis m xture was transferred to a stainless steel autoclave and
submtted to a hydrothermal treatnent under the follow ng conditions: the
aut ocl avevoasieadiced in 2 hrs to 160C and kept at this PERFPLEVOPT6E or t he
duration of 144 hrs under static conditions. After the pre-set time, the
aut ocl ave was cooled to roomtenperature and the resulting solids were
separated fromthe nother |iquor and 15 washed several tinmes with

dem neralized water. The washed solids were dried overnight at 120C. From
t he obtai ned product, the yield was cal cul ated, an XRD pattern was recorded
and SEMs were taken. The product, obtaiped W|th 5.6 wt % vyield, was
crystalline and was identified as pure ZSM 57. The norphol ogy of the
crystals, as illustrated in Figures 2A and 2B, is platelet with pseudo

pent agonal 2Qoedmre W trhe sEpém eBEERiADA(if!, akumeir f afe thiekdeds)e waid an
average di aneter of around pun. The average thickness was estinmated to be
roughly 100 rastimgtedhypyeraging thegrepared valyeson al/igash a8 raystgisyin sgverahSEMy Exanpl e
1 was prepar &ficRigtaph |m5§égHth@Qarﬁ@?anﬁﬁ@ét%@%n{e%dgﬁlﬂcguéﬁlevﬁl | the
ingredients were conbined in the 25 appropriate ratios to result in a

synt hesi s ni XZamparative Examplef o] | OWI ng nolar conposition: 0.4 KOH : 0.017

Al 203 : 4151 02 e n m xture
was transfer% o a stal 2 tg%gs snt“J(ﬁjlze o?@@%gag@ﬂalgﬁ% t§1t¥e% Bﬁhr}

hydr ot her mal ingredientent [@hdersolutien fmddeow ggmbiningi aluwireim tshidatahydeteave was 30
heated in 2 t t r ro19 under
static condi RA?ﬁé&“hA&{)l%r@coo ?EQB%{?H& %Lﬁgﬁgf f%tg%r@erfe aﬁgT réfrea fure, the
resul ting solalsdBaker")th Na@el @Bakep dn ahted boilmguntiba qlaarherutnbnmmnanaﬂtj vvashed
several tines em.n

overnight a AasereetFEEWSERLNE e TRE Al et M ot eq, an
XRD pattend wasolittmawfGHEPDadidrobizdsinvedter; [cdkadox HSW, polivddat silicodi fiomed wi t h

6.4 wt % vyi el ine was i.dentified. spure ZSWME57. The

mor phol oty ofCHRDEHRE: Gplmoizs MIP: yShy Shuifr e gh i micry SSH 91

pl atel et w tILRs&d) pent agonal shape W|th sharp edges and fl aky surface
texture and a erage_di ter of aro .2 The ave thickness was
roughly esti r!ﬁ?@ﬁ to bg“ﬁjgie # adggd i a‘é’ St‘f@d?’%%égi ﬁ‘haaeﬂg%l] t hesis

m xture as i ndExamixed in WaB ti ARaTiRgredibrts. tAIethle’eeOi/n@e@izntaa&ewcmmancr eased
to 45. AII the ingredients were conbined in the appro réate ratlo s to

result inld dyHeraperoprigie,ratin to gpylhin asynthssis ik Yith PEBgIMelYh: 0.4 KOH
1 0.017 Al 203omphsitforl @ Si02 : 45 H20 + 168 ppm LEV seeds. 15 The
synt hesi s mxture was transferred to a stainless steel autoclave and

submitted to a HyHMNePHe ORI AlQuithkRt : Bifdef0 He@ +1136 P LY 86A%i t i ons: t he

aut ocl ave wasrHgabeA dfReeds Qa&dt@rel&%t@m@ t&amelgﬁ oHHe% ﬁtﬁE@?ser'hﬁJtMEe for 144
hrs under static conditions. After the pre-set Tine e aut ocl ave was

cool ed t o r od"rbﬁt%wbéylﬁhft}rsema?ﬁ@ret‘lw fransfanedrtg a sfpinigss \ﬁf@?'ealé@qj%\‘feaf!@d fromthe
mot her Olsuéiifte 9. eﬂwﬁf‘o\fﬁerrﬁla %QatHeHP Sindlért the IRNH R al:éx?dﬂ%n‘évattﬂ%r The

washed so ds wer e overni t at 120C. Fromthe obtail ned product, the
yi el d was calamspblat/@dvas ematXR[Dppmth@r raterve€ 17886t ¢l 1é9|°(§3 smiikeptestethisaken. The

product, obt %fﬁ;?eﬁj tM\‘et ﬁ)0514% K\‘ts‘yﬁr%’dhﬁ'sﬂmc"@)ﬁ ﬁn%XsSt@ﬁs% rl 1€ H0%eAhe '&ﬁ”“ fied as

pure ZSM 57. e cryst a as illustrated 1n Figures 4A
and 4B, is plaatoellaeetwwctdcplqutemim mnesegunahd @haq;mltmgtshlchBNthﬁppra@nges and

a0 7 pm e e R YR ARReF B Hinel b WAL Byl R
synt hesi s23r xtashied saBds werExdepderrigivas 1 20°€ pEromdhbolitained product, the yield
was calculated, an XRD pattern was recorded, SEMs were taken and an elemental
analysis was performed. The product, obtained with 5.5 wt% yield, expressed as
the relative amount of crystals obtained per total synthesis mixture heated, was
crystalline and was identified as pure ZSM-57. The Si/Al; was determined to be
30 43. The morphology of the crystals, as illustrated in Figures 1A and 1B, is platelet

with pseudo-pentagonal shape with ill defined edges and with globular surface



a H20/ Si 02 nolar ratio of 50. 30 [0070]AIl the ingredients were conbined in
the appropriate ratios to result in a synthesis mxture with the foll ow ng
nol ar corfyo2W01H@s360 - 19 - 0.4 KOH : 0.017 Al 203 : @©CI/HR2010/063162 : 50
H20 + 171 ppm LEV seeds. [0071] The synthesis m xture was transferred to a
stainless steel autoclave and submitted ;0 a hydrothermal treatnent under
the followi ng conditions: the autoclave was heated in 2 hrs to 160C and
kept at this tenperature for 144 hrs 5 under static conditions. After the

pre-set tine, %%r@%(pglll AY&ra PP FiafrRR &F dr&undOP . lefmei\l%FdéE ahRRikst Mas

resulting solids were separated fromthe nother |iquor and washed several
times with dentoughlnkstineatedwit!@9 nmThe washed solids were dried overnight at
120C. FromtheE)(() i ned product, the yield was cal cul ated, an XRD pattern
was recorded a wer e taken. The product, obtained with 5 w % 10

yi el d, was cry0eésé]l i ne andinviles symtbesis fmirxaare as ipuhe CaZi8haralive BExmnptomahol ogy of

the crystalg, as il trated | i nd. 5B, | I i pseudo
pent agonal éhaBrngci Hustsr ?%"geﬂg%é bgﬁésﬁl 2%/% o asglércg ex% gfrsgre}ﬁ%\é%hpaverage
di ameter of arayo#NP.ab wpplieBhdy aAkbagCorpdratiden cRigsbuegh, rRAIGRISA. eslli it ed t o
be 190 nm Example 5 15 [0072 simlar synthesis mxture as in Exanple 1
was prepar ed bwgreﬁgmsg@rﬁéor@m%@p t‘e%@waﬁyaﬁ%aﬂ?“}sﬂ ip aSYAtheSI BTNt s wer e
conbi ned i n t hgitRpRITENIWiAE MolartdMpositiont esult in a synthesis mxture with
the foll ow ng nol ar caonposition:; Q.2 - 0.2 : 0.017 Al 203 :
0.1 RL: Si02: 4d’~$§@¥‘3 07 Al L‘E\/ng‘g)édéb(%é* @wm %t ure was
transferredot OTRe §htleSis fFouR oA raateRed AVEstARRssSHiddIMhitbElave daubnifeat her nal
treatment under the follow ng conditions: the autoclave was heated in 2 hrs

to 160C and kelsta Aydrpthemnal diepiieat ypderithe falloying condifings: e uiogla¥e @St i ons.

After the pre-galedtih BBhrs 1 Fo0RC A0 k@Mt IS rRtRste 6 thoQRaliSTBEI AL Mse 25 and
the resulting solids were separated fromthe nother |iquor and washed

several tinmes widenhstaentaonditions. Zfierthe pre-setTtime,ihe petaciavs Wescamtaddodeerad

overni gt at 128 feraKhOMhd 1€ ORheHy SHaP A Shuralelroth b Gt o, an

15 washed several times with demineralized water. The washed solids were dried
overnight at 120°C. From the obtained product, the yield was calculated, an XRD
pattern was recorded and SEMs were taken. The product, obtained with 5.6 wt%
yield, was crystalline and was identified as pure ZSM-57. The morphology of the
crystals, as illustrated in Figures 2A and 2B, is platelet with pseudo pentagonal

20 shape with sharp edges and flaky surface texture and an average diameter of
around 1 um. The average thickness was estimated to be roughly 100 nm.
Example 2
[0067] A similar synthesis mixture as in Example 1 was prepared but
reducing the H,O/SiO; ratio to 35. All the ingredients were combined in the

25 appropriate ratios to result in a synthesis mixture with the following molar
composition:

0.4 KOH :0.017 Al,O5: 0.1 R; : SiO; : 35 H,O + 167 ppm LEV seeds.
The synthesis mixture was transferred to a stainless steel autoclave and submitted
to a hydrothermal treatment under the following conditions: the autoclave was

30 heated in 2 hrs to 160°C and kept at this temperature for 192 hrs under static

conditions. After cooling the autoclave to room temperature, the resulting solids



recorded and SEMs were taken. The product, obtained wwth 5.4 wt%yield, was
crystalline and was identified as pure ZSM57. The norphol ogy of the
crystal s,wa0B8@2B3cpustrated in Figures 6A and 6B, is pl RCEEPROM00FI6PHseudo
pent agonal shape and gl obul ar surface texture, much like the product of the
conparative Exanple, but - 20 - thinner. The average di aneter was
estimated at around 1 um The average thickness was roughly 60 nm Exanple
6 100731A simlar synthesis mxture as in Exanple 5 was prepared but 5
reducing the alkalinity by 25% with a KOH NaOH nolar ratio of 0.5. Al the
i ngredients were conbined in the apprqui_ate ratios to result in a
synthesis mxture with the follow ng nolar conposition: 0.2 KOH 0.1 NaCH :
0.017 AI203 : 0.1 Rl : Si02 : 40 H20 - 198 ppm LEV seeds. The synthesis

m xture was twapstphned tend tht aﬁaaih@:sSicﬁﬁbee‘inda%g&hay@veﬁndtm@bmivhn ed to a
hydr ot hermal 10 treatnent under the follow ng conditions: the autoclave was

: g .
heated in 2 Hiegipgsalizgdvaterdlheapnshed salids weredrisd oxemigat atol209G A ramgtheinger

static condi tdwefiged Aol&K, hBSidl Srazelaldulaf®, ah MERBWaREMANS WRSdEPAhED tO room
tenperature and the resulting solids were separated fromthe nother |iquor

and washed seVRYiawere takes. Whg produdti ohiaingd withi 6daytéy vielthwaseryplaliing end ds wer e
dried over ai Qs ialntifR0Gs phife Z8N1139. Hhe ﬂg%b@ggg&%%als,tagﬁl%h L4 iyas
an we taken.

cal cul ated, an XRD pattern was recorde e e product,
obt ai ned wi t IFigurssniAmgd 3B.ds plasehat exdthadeudo penfeganel shape with soanp edgss and yst al s

obt ai ned per n j ] h | i S
identified asﬂagg?sgrf%l\ieg@?é %ﬁd;]aﬁr(n%yéﬁﬁ%el %g‘?/‘lg% Orﬁébugzri ?/i:{ %L"s ﬂgsa@%ﬂg%\gt rat ed
in Figure 7A thinknegBwas mugllpesinstediiotbh 1@ emdo pent agonal shape and 20 fl aky
surface text The average di aneter was estimated at around 0.5 gm The
aver age thi ckg%églgkvhvgs roughly 200 nm Exanple 7 [0074] The synthesis
m xture whe [{0@G84r ed | A dilndarf yhthesis nuxtuayas id &xamplel luvasoprered\iithavas added

a freshly pr sodi um al um e an freshly, 25 prepared. assi um

al uni nate sol &t@%‘g)z HL e \}%Clreeasﬁgfé’pglﬁégl Elgﬁgleﬁfsn‘ﬁer Icﬁﬁ’i%mﬁ&@%enydr oxi de
[from Al coa] apbiopristespied ity ebsyltNaQH sgunttlestiOnhixtaret vith agaproppswiag enalapunt s. To
this mxture was added a 25 wt % sol ution of the HEPD sol ution used in the
previ ous ExarfS"88S™MH a 50wt % sol ution of tetraethyl ammonium bromide [R2],

as supplied by SpgreoW: 41T ALDR.: 0.1R,.: JiOyi 45 HIAOr 189 ppiAEVTdRads. t he seeds

were adde?S an[%efsiyr?tﬁtlasliy mix?lfrcta %ZS trigrifsifer}%dttg g str;iln)féslél rst%el autoclave and submitted
to a hydrothermal treatment under the following conditions: the autoclave was
heated in 2 hrs to 160°C and kept at this temperature for 144 hrs under static
conditions. After the pre-set time, the autoclave was cooled to room temperature

and the resulting solids were separated from the mother liquor and washed several

20 times with demineralized water. The washed solids were dried overnight at
120°C. From the obtained product, the yield was calculated, an XRD pattern was
recorded and SEMs were taken. The product, obtained with 5.2 wt% yield, was
crystalline and was identified as pure ZSM-57. The morphology of the crystals, as
illustrated in Figures 4A and 4B, is platelet with pseudo pentagonal shape with

25 sharp edges and flaky surface texture. The average diameter of the crystals was

estimated at 0.7 pm, the average thickness at 160 nm.

Example 4
[0069] A similar synthesis mixture as in Example 1 was prepared but with
a H,O/SiO; molar ratio of 50.

30 [0070] All the ingredients were combined in the appropriate ratios to

result in a synthesis mixture with the following molar composition:



honobgeneous, the silica source Utrasil VN 35P was m xed in. The

I ngredients - 21 - 1 the appropriate ratio's to result in a
m xt ure WOR0tIHR3IB| | omi ng nol ar conposition: 0.11 KOH: POT/EP2N&AOPF168 0. 018
Al 203 : 0.0246 R1 : 0.0246 R2: Si02: 20 H20 + 0.2 w% LEV seeds. 5 The
synthesis mixture was transferred to a sfainless steel autoclave and
submtted to a hydrothermal treatnent under the follow ng conditions: the
aut ocl ave was heated in with a heat-up rate of 25C/ hr to 160C and kept at

this tenperature foof KOBI 1U.617UGOS : G1 RE | SiC50B0HLO N pPhd BEV sdds pr e- set
time, the autoclave was cooled to roomtenperature and the resul ial ng solids

ver e separ at edl®®7Hm t he Thssrrthesis Higie 1os Harplafed fea sauess sieekquipedavi t h

dem neral i zed W@t &bmiddacoVRs | gthehdl A% atRhe ufider @kt RIRWMIEndalond:2@E. From

t he obtai ned product, the yield was cal cul ated, an XRD pattern was recorded

and SEMs wer e auitcdave Wisehepied dmthrs shied aaad kertret this trmmprarve) far 14gales
crystalli ”esaf‘ﬂ]d\é@?raﬂiéjéﬁhhfohg%ﬁé d?é%x%.—sés!}{f:éﬂh JREcIaRY WROLR®E Bfrodhe
crystals, as illustrated in Figure 8, is platelet wth pseudo pentagonal
shape and 15 feaipgrapug hred thetresultirgesolith avers sapargted draamtheemothgs liguorjandt ed at

o0 o PhuR SRR i FRRRRPEE I S0 S IS s,
rati o' KOH Si&znjighilaai20°C. From the obtained product, the yield was calculated, an XRD
pattern was recorded and SEMs were taken. The product, obtained with 5 wt%

10 yield, was crystalline and was identified as pure ZSM-57. The morphology of the
crystals, as illustrated in Figures 5A and 5B, is platelet with pseudo pentagonal
shape with sharp edges and flaky surface texture and an average diameter of
around 0.6 um. The average thickness was roughly estimated to be 190 nm.
Example §

15 [0072] A similar synthesis mixture as in Example 1 was prepared but
replacing 50% of the KOH by NaOH. All the ingredients were combined in the
appropriate ratios to result in a synthesis mixture with the following molar
composition:

0.2 KOH : 0.2 NaOH : 0.017 ALO; : 0.1 R; : SiO; : 40 HO + 197 ppm LEV

20 seeds.

The synthesis mixture was transferred to a stainless steel autoclave and submitted
to a hydrothermali treatment under the following conditions: the autoclave was
heated in 2 hrs to 160°C and kept at this temperature for 144 hrs under static
conditions. After the pre-set time, the autoclave was cooled to room temperature

25  and the resulting solids were separated from the mother liquor and washed several
times with demineralized water. The washed solids were dried overnight at
120°C. From the obtained product, the yield was calculated, an XRD pattern was
recorded and SEMs were taken. The product, obtained with 5.4 wt% yield, was
crystalline and was identified as pure ZSM-57. The morphology of the crystals, as

30 illustrated in Figures 6A and 6B, is platelet with pseudo pentagonal shape and

globular surface texture, much like the product of the comparative Example, but



ratio’ H20/ Si02 [nolar ratio] Yield [ww% Average D aneter [I-tm Average

Thi ckness [ nn] Mor phol ogy* Conparative 0.4 - 40 5.5 1 100 A
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thinner. The average diameter was estimated at around 1 um. The average
thickness was roughly 60 nm.
Example 6
[0073] A similar synthesis mixture as in Example 5 was prepared but
5 reducing the alkalinity by 25% with a KOH/NaOH molar ratio of 0.5. All the
ingredients were combined in the appropriate ratios to result in a synthesis
mixture with the following molar composition: 0.2 KOH: 0.1 NaOH : 0.017 Al,O;
: 0.1 Ry : SiO;z : 40 H,O - 198 ppm LEV seeds. The synthesis mixture was
transferred to a stainless steel autoclave and submitted to a hydrothermal
10 treatment under the following conditions: the autoclave was heated in 2 hrs to
160°C and kept at this temperature for 144 hrs under static conditions. After the
pre-set time, the autoclave was cooled to room temperature and the resulting
solids were separated from the mother liquor and washed several times with
demineralized water. The washed solids were dried overnight at 120°C. From the
15 obtained product, the yield was calculated, an XRD pattern was recorded and
SEMs were taken. The product, obtained with 6.5wt% yield, expressed as the
relative amount of crystals obtained per total synthesis mixture heated, was
crystalline and was identified as pure ZSM-57. The morphology of the crystals, as
illustrated in Figure 7A and 7B, is platelet with pseudo pentagonal shape and
20 flaky surface texture. The average diameter was estimated at around 0.5 um. The
average thickness was roughly 200 nm.
Example 7
[0074] The synthesis mixture was prepared in the following way: To a
solution of NaOH was added a freshly prepared sodium aluminate and a freshly
25 prepared potassium aluminate solution. These were prepared by combining
aluminum trihydroxide [from Alcoa] with respectively NaOH and KOH in the
appropriate amounts. To this mixture was added a 25 wt% solution of the HEPD
solution used in the previous Examples and a 50wt% solution of tetraethyl
ammonium bromide [R;], as supplied by Sigma-Aldrich Co., St. Louis, MO,
30 USA. Than the seeds were added and finally, after making the mixture

homogeneous, the silica source Ultrasil VN 35P was mixed in. The ingredients
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1 the appropriate ratio's to result in a mixture with the following
molar composition:
0.11 KOH: 0.11 NaOH : 0.018 Al,O3 : 0.0246 R, : 0.0246 R;: SiO2: 20 H;O +0.2

w% LEV seeds.

The synthesis mixture was transferred to a stainless steel autoclave and submitted
to a hydrothermal treatment under the following conditions: the autoclave was
heated in with a heat-up rate of 25°C/hr to 160°C and kept at this temperature for
96 hrs under static conditions. After the pre-set time, the autoclave was cooled to
room temperature and the resulting solids were separated from the mother liquor
and washed several times with demineralized water. The washed solids were dried
overnight at 120°C. From the obtained product, the yield was calculated, an XRD
pattern was recorded and SEMs were taken. The product, obtained with 12.9wt%
yield, was crystalline and was identified as pure ZSM-57. The morphology of the
crystals, as illustrated in Figure 8, is platelet with pseudo pentagonal shape and
flaky surface texture. The average diameter was estimated at around 0.5 pm. The

average thickness was roughly 200 nm.
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Table
Example | NaOH/ | KOH/ | H,O/ | Yield | Average | Average | Morphology*
SiO, Si0, | SiO; | [wt%] | Diameter | Thickness
I ]
atiol | 'eatio] | ratial [pm] [pm]
Comparative 0.4 - 40 5.5 1 100 A
1 - 0.4 40 5.6 1 100 B
2 - 0.4 35 6.4 1.2 140 B
3 - 0.4 45 5.2 0.7 160 B
4 - 0.4 50 5.0 0.6 190 B
5 0.2 0.2 40 5.4 1 60 A
6 0.1 0.2 40 6.5 0.5 200 B
7 0.11 0.11 20 12.9 0.5 200 B

* Morphology: platelets with pseudo-pentagonal shape
A: Edges not well defined and globular surface texture
5 B: Edges well defined and flaky surface texture
[0075] The results of the Examples are shown in Table I. As can be seen, it was
observed that changing the relative ratio of K and Na and water content of the
synthesis mixture allows for the control of the average diameter and average
10 thickness. The crystals can also be obtained in high yield by fine-tuning both the
overall alkalinity and water content.
[0076] While the illustrative embodiments of the invention have been
described with particularity, it will be understood that various other modifications
will be apparent to and can be readily made by those skilled in the art without
15 departing from the spirit and scope of the invention. Accordingly, it is not
intended that the scope of the claims appended hereto be limited to the examples
and descriptions set forth herein but rather that the claims be construed as
encompassing all the features of patentable novelty which reside in the present
invention, including all features which would be treated as equivalents thereof by

20 those skilled in the art to which the invention pertains.
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observed that changing the relative ratlg of K and Na and water content of
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aver age 10Mess The crystals can al so be obtained in high yield by
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reside in the present invention, including all features which would be

treated as equi val erdlkali metabbydroxido MORDsa least pnesfryciire-Hisecting-agent (R) @bd t he

i nvention pertains. water, said alkali metal (M) being a mixture of sodium and potassium, said
synthesis mixture having the following molar composition (expressed in terms
10 of oxide):
YO, : (p) X205 : (@) MOH : (r)R : (s)H,0

wherein (p) is in the range from 0.005 to 0.05, (q) is in the range from 0.01 to 3, (r) is

in the range from 0.03 to 2 (s) is in the range from 10 to 75 and the molar ratio of

15 sodium (q;) divided by the molar ratio of potassium (q2) is less than or equal to 2.0;
and

(b) treating said synthesis mixture under crystallization conditions to form crystals

of molecular sieve of MFS framework type, said crystals having an average

diameter (D) of less than or equal to 1.5 micron and an average thickness (T)

20 of less than or equal to 300 nanometers.
2. The method of claim 1, wherein said (q) is in the range from 0.05 to 2.
3. The method of any preceding claim, wherein said (s) is in the range from 10 to 70.
25
4. The method of any preceding claim, wherein said tetravalent element is silicon (Si).
5. The method of any preceding claim, wherein said trivalent element is selected from

the group consisting of aluminum (Al), gallium (Ga), and a mixture of aluminum (Al)

30 and gallium (Ga).

6. The method of any preceding claim, wherein said structure directing agent (R)

comprises an N,N,N,N’,N’,N’-hexaethylpentane diammonium salt (R;).



- 23 - CLAIMS 1. A method of making a crystalline nol ecul ar sieve of MFS
framework type, said nethod conprising the steps of: (a) providing a

synt hesi sWi2Qtl[2é36Bonpri si ng at | east one source of tet PE&YAPAHI/0F16%ent
(Y), at least one source of trivalent elenment (X), at |east one source of
al kali metal hydroxide (MOH), at |east one structure-directing-agent (R
and water, said alkali netal (M being a m xture of sodium and potassi um
said synthesis mxture having the follow ng nolar conposition (expressed in
terns of oxide): Y02 : (p) X203 : (gq) MH: (r)R: (s)H20 wherein (p) is in
the range from0.005 to 0.05, (q) is iBythe range fromO0.01 to 3, (r) is in
the range fromO0.03 to 2 (s) is in the range from1l0 to 75 and the nol ar
ratio of sodium (qi) divided by the nolar ratio of potassium (qg2) is |ess
than or equal to 2.0; and (b) treating said synthesis m xture under

crystal | i%Zzat i dihequethiid ofoamy preceflimgralaimy whereim said sipkcmicaidisacting-egent &f funkS
framework type, sai r I I verageigiraneter (D) of |ess than
or equal to 1.cgmﬁlﬁ%:e(rgol§f S\éﬁeé?egﬁmgr\?\eﬂrnggé%? E?erlaegg ‘?’F)a 889 qll’aeté'-s")afyh%rrrllm8?'ur§qual
to 300 nanonetcempourfiseofnfothald RRZRIRING, yherdieRej R2SR? éind R, ivthidhnmiapeber ange

fromO.05 to 2, The nethod of any.preceding clai erein said (s),is in
the rahge f rorﬁkfgcaﬁoor '/‘%&erﬂtee?ﬁ%t 'ﬁg c ‘fenﬂ?ﬁ)fgpﬁfsggteg}hﬁ%éﬁna?tm"’ \?Hlﬂeérl %"k%lai d
tetraval ent elgesupriiaving fBorh iltor8 €4vbon atding, dvbratichdd afkyhgsoupmaciagifiogn 8lt@ism
wherein said trivalent elenent is selected fromthe group consi sting,of
Al umi num (Al ) CaBER POt Qraayc oAkl BropR RAViTES 9O SorRnm AT, BesSt QRROIGE Foum
(&). (Tg;a et rddarf if@ﬂ%eﬂ&k%%ﬁin@%)tﬁd&&hdﬁ hy&hﬁg'eﬁ,: a{hdsmréprsstghmgwenidh,raﬁ:l@ti ng
agent conpr.i ses an , N, N, N_, N - hexaet hyl pent ane di anmoni um sal t
(RL). - 24 - Wﬁ.e%thﬁéxrr'}%fdlwxaﬁ?f%ﬁh@c*@a?*wgfoaqwsrfn%é%t@ﬁh sai d
structgre-directingragRY®, f urt hgiheGRRERItoHE6.05% Sahgct ed from am nes of
formul a NRIRRZR3 and quaternary anmoni um conpounds of fornula RI R2R3RANA,

wherein R, R2, R3R{Y®:R4, whi ch ipde raegeifesnpOhto Ber di f ferent, each

i ndependent |y reprgsgrj, a hydroggn utdBe fom 0EHH 2! kyl group having from1
to 8 carbon atons, a branched al kyl group having from3 to 8 carbon atons,

or a cycloal kyl group having 5 or 6 carbon atons, at |east one of R, R2,

R3, and ig prepeptetRu ofRG) B&CQ&iHEELaBQ%e%{ﬁ‘fi&ﬁsgﬁnhﬁélé‘ﬂuﬁg{eﬁg{tﬁ%% Agsan

ani on, and wherein the s%:nt hesi s m xture furt as t w ng nol ar
rati o3 (RL +sqeycrysalsof LEY frameyeork bom 0. 03 to 2; and R1/Y02in the range
from0.015 to 2; or R2/Y02in the range fromO0.015 to 2.

9. The method of any preceding claim, wherein:
@) said at least one source of tetravalent element (Y) is selected from
fumed silica, precipitated silica, colloidal silica, silicon alkoxides and mixtures
20 thereof; and
(i)  said at least one source trivalent element (X) is selected from aluminum -

sulfate, aluminum hydroxide and mixtures thereof,

10.  The method of any preceding claim, wherein said crystalline molecular sieve of MFS
25 framework type is ZSM-57.

11. A crystalline molecular sieve of MFS framework type having an average diameter (D)
in the range from 0.4 to 0.6 microns and an average thickness (T) in the range from
150 to 200 nanometers.
30
12. A crystalline molecular sieve of MFS framework type having an average diameter (D)
in the range from 0.6 to 1.3 microns and an average thickness (T) is in the range from

40 to 100 nanometers.



The met hod of any preceding claim wherein the synthesis m xture further
conpri ses seeds crystals of LEV franework type. The nmethod of any preceding
claim whwoepnmns23ieh) said at | east one source of tetravacemrebeoast (Y) isS
selected fromfunmed silica, precipitated silica, colloidal silica, silicon
al koxi des and m xtures thereof; and (i 2% said at | east one source
trivalent element (X) is selected fromdum num sul fate, al unm num hydroxi de
and m xtures thereof. The nmethod of any preceding claim wherein said
crystalline nol ecul ar sieve of MFS framework type is ZSM57. A crystalline

nol ecul ar  $3, eveAObrdvESE frdram?medfbéxv%nbwbmgcmpr@mgra&eswpaﬁet@fma(cfﬂhg'm the
range fromO0.4 to 0.6 mcrons and an average thickness

the r
from 150 to ZOOhWéR%W@f‘éPE‘POU“— upger hyfrocarbgp 68%@?‘9"0?“!4?'8%8’%Bl?fnc%ﬁaug‘? si on

conprising the step,af m&@rUfWS ft8méwork t%'ﬂEYCch%ﬂrleﬂ 10 06PEHYStallingl Riolecular
hydrocar bon conversion conditions with the crystalline nolecular sieve of
MES frafewor k tSigne a§MEY Gpmeviork grodyged td’rth%méﬁh%?ﬁﬁmﬁq{él%*f b0 ar 5sieve of

M-S franmewor k produced by the nmethod of any of clains 1-10.



