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Mesostructured Zeolitic Materials, and Methods of
Maki ng and Using the Sane Rel ated Applications This

wappleiosgiz on cl ai ns the benefit of and priorit pCrwskhoS014129
pat ent application serial nunber 10/830,714, filed on
April 23, 2004, and entitled "Mesostructured Zeolitic
Mat eri al MemﬂuwmmdtﬁwlcwmﬁrgﬂlwwﬁQOdﬁéf Sarme. "
Gover nment  Fundi mgakinganid\Uthg ohe Samenade W th
support under Grant Nunber DAAD 9-02-D0002, awarded
by the Arny Research Ofice; the governnent,

therefore, has certaigugq@lpsidaRodshe | nventi on.
Background of the Invention Zeolites_and rel ated

cr yStamplifaionslates the pensfibofend prigriitei By, PeeRdpaiifatipnserial

nurﬁl;h‘? i10/856€ 914, ﬁ[edr@n(}{ 91@% Q@§4 Shd blidd emeSdstr@tre@ gbélitic Materials,
| on- ex¢hange capa il1ty, van Bekkum H., Fl anigen,

andFMetthS of Meking anpUsing thelSamedn, J. C. (editors),
Introduction to Zeolite Science and Practice, 2nd
edition. Studies in Surface Science and Catal ysis,

Vol . 137 (2001); COr EhwedmentPEminREY. . 1997, 97,
2373-2419; Davi s, Q’%ve R&ture "%002. " 417, 813-821.

HoviBhiginvertioa iwas mp@er wigh surpas undes Granw\hwelb@/mm P102pR002,
o PRS0 S I Bl ALY RPN o i

inventib®. nm overconmes sone of the |imtations associ ated
wth zeolites. Corma, A., Chem Rev., 1997, 97,
2373-2419; Kresge, B&kghoundef thelInyerifigeur e, 1992, 259,
710-712; Kosslick, H, et al., Appl. Catal A GCen.
19%Rpoliteg and m@te@@ryst_allln@mecuiw sieqas gt widgly ured dugdtheir pegular

mlc}[@%?%_ﬁtm re Fsh‘onégc\fdlfyCEM fone hgﬁée' ca%{}ﬂty gzgloégekkl]ng?’H

wever e zeo 41-ty
Flapigews H. M. slacobe, hidt., JensgstlaCl GequrS)aﬁntraﬂi@cumltto |Z©@lge§slence and

preRA-CA% BRI e YIS AL R LB BBV 1o ARG e, .

Fonz exch ange capa are rrpor ant
Ch@erea,l m997a9%;I2913—@4b99mamsam Bméfatu@oﬂm 4K, 81%k82in HRwwver,
ast 1

e acgons pred el e b B ok At PE Spiifler tn
1 nmnﬁrhe‘disn%/eﬂ;rﬁ MCWuL, lrméth ltm??}zg axgtmm bfz-slo cnfin Mt oddes sbrhe of
the IS e OB R st e D g AT o Rebrioot o S o86;
Kr@géaf(l et ?ngﬁzﬁamu ?fme 2§\gl7ll &E?Smtsusnc?:gg? eﬁalla szlppA/Caz(at idi: Gen.,
199906 A0SH01 bioigm ot CHpiRTaaK s Lotk Br SABABGE: 1.1 dev. GOb. lfert: Sci.

2003 939) Immw PHER Ve, uRTIR RYRES, |NICMQﬂLt:yf>@m§eéﬂ£lB@&|n§t crystalline,
totransformpartlallythe to zeolite-11ke

anddonpt Possess str((ng)acgftérglégfhlmd&ﬁheémal stability and high ion-exchange

capability, which are important for certain catalytic applications. Corma, A., Chem. Rev.,
1997, 97, 2373-2419.

Over the past 10 years, a great deal of effort has been devoted to understanding and
improving the structural characteristics of MCM-41. It was found that the properties of Al-
MCM-41 could be improved through (i) surface silylation, (ii) Al grafting on the pore walls
to increase acidity, (iii) salt addition during synthesis to facilitate the condensation of

aluminosilicate groups, (iv) use of organics typically employed in zeolite synthesis to
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zeolite/ MCM 41 conposites, (vi) substitution of
cationic surfactants by tri-block copol yners and
wGamenizsari ne surfactants to thicken the wall spcan$2005/014129
(vii) assenbly of zeolite nanocrystals into an ordered
mesopor ous structure. Liu, Y., Pinnavaia, T. J., J.
tranifoi@ rpart@hfé the, MCRIBL, wdlPto z8dlﬁ&hBe $tRRturdsN(v) peparatidnest

2cof R FE orasteieoGb aulP T ol i B Ao i e agotymers

andUSdniifi #6i6¢ birfactintd andicketsthe vallg and@ii) sisaabih |oﬁﬁd©ﬁte nanocrystals
Pentasil zeolite nanocluysters were al so use

intoAn e ed MEIGPYOUIATUFuER - TWE( Lpmavainy T. Ty Hag” §héf"e§002 12,

317084 I@Ut 1NDie 182eB4ProdoR LiPeldljv®até todrepafielé ﬁﬂ;ﬁ&t@eﬁn—%ﬂﬁ@le
nucl ei. of crystalline m croporous nolecul ar sie

hexaganel aluminpgiligate (named ML) uskg zsQlie Yt‘@@?d‘iséfr?)ﬁ‘sd’\'/‘ﬂé‘é‘g §locks.

Pen&@n erMﬁéjne?n'oélﬁsté’r’s efd d@éétds&f‘to%frodﬁ%m@f Sar) a%@ AINOSE ).
vol unes, formng a polycrystalline mat erl al Figure I A

i S BniRAREAB Pafent Kb, L§$4r9@tss WngEn(f’et B, hggregatas HRRERNOUS
mesoporous materi al 0, descri bed by, for
crygliinpmécronorg s el egitar PFW%W@A (e ngﬁh? Berlasoh zeoditeprip Prvide a
. ). of a
nrife ol sy g y il kg spans,
maferialFiFigmwel A i a seheamaticallustratian; af a poiswart ap@phous OBeongEqus material
10@%5519@&%9“&&%;) Bl é&r@%% d%l, Féia ORRa SR8 Beftdnk gg

¢tonditions to form a ol’l erea ter, e aggr egat
5,840238b Lujpa et alwalmode’lmalaé% Hed Mmemélhem A2, 42,389

31 9%” g\s sH&vr? H{I;lgg% FRt zéoﬁte%ﬁél%ﬁiq%g 1 (?5% %ﬂ%e%ﬁzgg%’re%%h El%gnd
pore-siz por'e vol une , fotmng a pfious
surfaetampmcdﬂfs unéw Icoﬂtmlladlodxﬂitlonatoeﬁ)mb sdiBlQ ThEaefterahe agpregated

nuciezghiﬁt, jg%‘;‘ﬂ)f} Sa{re Yvas 6& n%% g%}d élpeaa %‘83 rffagt%% (i‘s‘hextr’fictgd to

prowidt e dedded hﬂﬁopoﬁe ﬁmdmrey\aﬂtahé i lm)efdmen@wmnﬂxbes mesoperious zeolite

B e G PR 2R SOUL o) AL 5

nandgigsdagadiald Whes kigly agy @gfé@ﬁted the matezialy BI0AS bolnarywallihe bicyuse the

yst a) Jne strate i.es, have nmna 0
) L 4 i B E e G RS TR o s TR S G,
the AB&r8F dted rﬁlclei-hrbl notfull faEN@baruly erystallin Mater. Chem ,
@g%Zg 12, 3179- 3190y8{\}/1an Donk, }T.r,y et 2I , Catal Rev.,

200& Admated B¢ hdkMhankt<ard shpre reciably@he @lidic atie ofAl-
m a%w 23 an%m zzlgzvedﬁp Y Elrgg Y

M3 ol d i o SHa, T QYA Chémgp 200t g L0-3190; van

Dom@%%%lowéudy/%er 2903199%9723719 Iétl%atstléak RJ,R€AN2Bm. Commun.,
Che 22, 7°116-71 17;

197 B 228 sy i SO0 g 34 B sonch, doba
Mid8 7égt;iou.sQIezsogoro?zlt-s ]li_laz%;‘ 99, 27“”9?3’1’92 Qgﬁfl%enl @tJ I-ﬁdbt alzgoﬁ-m

Y. Ed.
Chignste. 2000 25T UESBI 1 Bhiesidr, etelic! £ ﬁéeﬂv e?okzoﬁ‘?, 04,2811
zsésoag ARG of1 VakB! Ehdll . BA, JRESE, SRk gh@a 1., Angew.

was hot® as strong as thosé exh|
Chere dini Eés20(no 7.nd55-A258. ClemeveRave to thohvk ofglvng-@agfscrmalgmty in

thedeHhatES AT acRRH WA ¥oHaR birdridGs FRROAGEINT b) B ttds 2LSma, A.,

Chem. Rev., 1997, 97, 2373-2419. For example, semicrystalline mesoporous materials,

such as nanocrystalline aluminosilicate PNAs and Al-MSU-S(vrr, even being more active

than conventional AI-MCM-41, showed significantly lower activity than H-ZSM-5 for
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such as nanocrystalline alum nosilicate PNAs and

Al- MSU- S( MFI even being nore active than conventi onal
wol2eddssnat, showed significantly | ower activitpcrhamos/o14129

H ZSM 5 forcunene cracking;3the catal yst activity for

this reaction has usually been correlated to the

culﬁér&l’bﬁdcﬁﬁg;atﬁb datsly $tQ06itY 16X this RercE@d Iak )ﬁ&lally G@errmmrated to the
97, 2373 2419; Ll;fgey Pi_ nnavai

Brelnsteg] acid 3’%eq’@} %f?rhe @tf’é}‘ﬁ WQA fﬁem 9 1%9_[79 87, 237 3—2419 Liu,

Y. Pﬁu‘ﬁﬁbﬁﬁ red., K vbger. C%Em ahOOZ Ql @m9woetstr:h9ﬁ7lk gt?a;l Chem.
2281 2282 Jacobs

Che

Comgggan., 3p 23, @2&1—2?% éacpirzif% C, F{r By beus U at’t. e%ﬂ“s Seco 2000, 122,
7114 epefr e nmesostructured zeolitic materials have been

ineffective, resulting in separate zeolitic and

anopRGiglSa 216 HRYEre RS G Stk Lt 5180 Matefials Hale Bden ineffective,

M cropor ous soporous Mater:, 1999, 27, 181-192;
respiting i i sgparat@tze%{}tlc ang amheus n@ﬁgmroqg pha@@oléarlsmm A., etal,
Mzgi%%grogﬁgfgso Wu?%a%w 1969187, 341 h@ﬁSHlpa%g@,t eegaloUtPﬁ eChem B.,

ficulty synt hésizi ng t hi n-wal mesopor

Zoﬁhﬂ@rﬁﬁr%QSEQCh as MCM 41, with zeolltlc structure

due to the surface tension associ ated mnth.the'hlg

cur Maregre, smerqythonerpided i therdéfficuliyiof synthespringrthipawalled T

megcgyorohs B Bls; subh eV At olmvb]szl%ct%]]eg Bue D RiSour Cftg%gce s.ion

d exists for zeolite single crysta wth or
assaeigiop with $hethigh eurdatvre phitd glesﬁstmﬁknen &ivaYd Rimramgja,tThday. Mater.

Chet BB 125314 %1%‘ "s'tR@néeH s ARG smglﬁ I%?@{aﬁsﬂrﬂmoriiered

I'nventfon rel ates cry sa ine 1 nor mat e
memrgmsrtz@ddmtlmdﬂeﬁodﬂngmﬂuusmg them.a furt her enbodi nent ,

the inorganic material is a nmetal oxide. In a further

enbodi nent, the i noSgeniery afahekriventions a zeolite. In a

further enbodinent, the inorganic material is a

z eolmygwe aspent, thefpugsekianventidaodiaies tit 4 crysiallingrivprgamic cnaterial

orggﬁltzéec{ in%l m&@ftaﬁtufr?%%%&}{%r ﬁﬁg@?’ﬁ@ﬁ{ tse %n%@aé%%a@ rgaMg a)metal

Structure. ther e nmesostructu
oxﬂdaslnta”ferthQﬁa@ochlaienp teanaganimngaeni is afcoMEMIA further eanbodrment,
r ostructure has the cu

thefrnor%anécr rrngtﬁrlecl)l %eob%p I\/Eﬂ\?r ﬁr@ﬁer embgglfnljzpf he moerﬁ%nécdrinﬁtgﬂ'%l has a
faujdme mrrmdmite we Z8MVe 5 IetS T tstrecthranid 4 furth@raebodinteat) emeesb staicture

tr u ture has
has i hRgensDndts alitnenmen DERRANT D i e SRR LGS 1 o,
mesosroctingdas the tchisic pers g hngembntiof MEE-43a16lQ ﬁir;hepénﬂlﬁtﬂdnent the
eSS P e s e o M TR S S sl e
meSdEROEtigBAs porb)\@ g sh & BaiiRngdneat. TARGHIRE emBoNRAERThe
or nanowire. In a_further enbodi ment, the

megesEelpiehas [?Péonf‘]é’ PlacedyBRTeR mensi onal nanostructure. In a

furthe t he nanost r.uct urg i s.a nanosl ab,
nan gﬁ ng}?ag Fl*@énesostructure is a one dimensional nanostructure. Ina

further embodiment, the nanostructure is a nanotube, nanorod, or nanowire.

In a further embodiment, the mesostructure is a two dimensional nanostructure. In a

further embodiment, the nanostructure is a nanoslab, nanolayer, or nanodisc.

In a further embodiment, the crystalline inorganic material is Y{MCM-41],
MOR[MCM-41], or ZSM-5[MCM-41].
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In a further enbodi ment, the crystalline inorganic
material is Y[MCM41], MR MCM 41], or

washeapsdaidt 41] . I n a further enbodi ment, the neRATASR®S/014129
di aneter within the nmesostraicture is about 2 to about
5 nm In a further enbodi nent, the nmean pore dianeter
Wi t i afuttiee efBS@ et the te@n pére abister Hith tBé)m%osﬁud’l‘lﬁfb ls| dbout 2

t he odi rrent the wall thickness t
to %@gfoéw ufw?lg herembgdimpent, fhs magp geresiamster Nﬂt\ﬁlgl t#qa meff&rrucwre is
abD @HbIBIY nm t e Mvdhér ehl'lio@ifr[&ﬁﬁ heWrdlithidkdeBewithin the mesostructure
mesostructure i s about to about 3 nm |In another

is abewddp abqufh & npy: da érfvrtheh%mqua?m»r%? welbthigkgess wbide of

me%sﬁ@@ﬁr‘e%b@u%%%&ﬁt%qwr ed zeolite conprising: a)
ding a zeolite to a nmedium conprising an acid or

basph andthek APk, Mrk%nﬁnﬁéﬁﬁf)@f‘e‘la@éﬂw a meth'éa @f Bﬁp@mg a
surfactant to the nedium from ste I S not

mepQsEpurgdl Feodits comprisigat phaddingy zeelie ﬁ’gﬂ rae@%e |°Pm%snzﬂg@mcld or

ba& Oanll t&?tl(mﬁﬂy LA PR AUR ) %Hl@]a sutthct@R i @B Ad¥um from step a) if it is
her nal treatlngt e nediumfromstep b) or'c

notat we%%pﬁ@naﬂsda@h@a yyvelling agens t the ﬁ’@dh‘ﬁ’t matep bl §) a
[ 3es
ol 081 RIERTE gt M ROPLED) lt Sl g
theé?ﬁybmgmmrlal the calcination step is performed in air
or oxy In a further enbodi nent, the cal cination

st el a rﬂpﬁ@ embedipgnt, theaesulting rrtateglals,ls firhercacinadia plevated
ngﬁ%ﬂgés”%?& ﬁlrﬁllgleerhm&lexg af éa?cuﬁt & éI %]tnlfle% in air or oxygen.
e rmxururﬁe evae I%rp ratures are at

I ment
In zifvwiber BOdiment deoalcinatiomsténis pbrécrrmeﬁm ingrhgas. e further
' e In a
enf R TELBREL S TERTO Snodhfal bRy
tengpemiypesconaiabout3§0 of 6(f02Q0) si fusher B Jimemty ﬂlemamn\(n\/ﬂayqted

and, ZSM 5 1) a further enbodi nent, the nedi um
tempﬁrau’(resare?t(agﬁﬁgwgs a base. In a further enbodi nent ,

t he, b I ka kal i ne ear .
hy dIrnoa)ezflﬁlgher %ﬂﬁﬁ%ﬁfem He zg ﬁ? 1§ lsalgcﬁ%d rrl'?r% n%l,le rﬁ dpongla dléof Farl]gasne
(FAUX motdeeite @MORY IamﬂaZSM-i (MF]btaBm ﬁuﬂhdﬂaﬁiﬁpdliﬂdnf,}ﬂe noddium in step

o AR TR B Glonte e e

hydroxide, Nlﬁ()lﬂl&rr aceedkkilaminbniuh hngdlamldel in%a fifftherlembadiivient, therbase is

Naﬁﬁt,) g[gllf’ﬁﬁt Wé?tt ne Ef{l{l@ﬁl%ll?ﬂq Wéro tgir:]f gxl(?t(iﬁﬁ er: egnbgéllmegt? the medlum

in $&t 4y cbhpriget by haddMBn furhd eRBbAIRektGhABR)id S MF.aGt Afiftherl N a
t her errb;pdl ment, hydrothernally treating the nedi um

emL? ngt thpsysfacigpt is pn plkylammonumfalide. aguiter smbedimsppte.

surfadtadt if B CSPBImSFPRE IR broM A @ NEBTRIYtahtt 8R4 et hE
medium from step b) or c) occurs at about 120 to_about

embghipent, hydroshqyplngeatisgHisdnadism fTomyiep B peg)wagurs/at about 100 to
abdulf S@PdNeh 4 ﬁah&%@k&%mn{&f) Ii{y&rbfﬁ@mmly % t@&ﬁedilﬁfmqfonaé%%) or

40 to _about 1600C further” enbodi nent
c) occurs at about 120 to about 180°C In a further embodlment hydrothermally treating the
medium from step b) or ¢) occurs at about 140 to about 160°C. In a further embodiment,
hydrothermally treating the medium from step b) or c) occurs at about 150°C. In a further

embodiment, hydrothermally treating the medium from step b) or c) takes place overnight.
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hydrothermal ly treating the nmediumfromstep b) or c)
occurs at about 15Q0C. In a further enbodi nent,
woydrepssaemal |y treating the medi um from step BETMIS25/014129
takes place overnight.In a $urther enbodi nment,
hydrothermal ly treating the nmediumfromstep b) or c)
In b dikd®r ghbiiment gy daieuhal BOrdatkld the nlefiuaN®ém efep dp O takes place
th resent invention relates to a nesostructured
OV?gﬁpﬁF@%BP@pared by any of the aforenentioned nethods.
I n anot her aspect, the, present invention relates.to a
met ﬁb%{wg}er Ws‘ﬁéﬁ? Prgset PSR FRPLP AR FESd Zoolite prepared
by @aypf ths hfoeEmenjiorrddiathbda zeolite in its acidic formto
a medi um conprising a base, and optionally a
z_ur flﬁiﬁto&fgf aspkdl, tﬂgbﬁkbnt heempalkdlbtes ﬂo%blﬁde'dc_ﬁ“ Ipkeparing a
i Ssol v to produce a,_suspensi on; a ng a .
maSp GBI ot bamRsHg AL CH eglitg 5%3 cﬁc fopit g ggium
coinpgsisg Abdseamly b?t’i‘c)naﬂﬁﬁ bralahty ikl ghe 2eieis lphM@I1PIRMved to
to the nedjumfromstep b); d) optionally o
Profyes HEUTRINN &) afding @ sydpctaRkio ﬁ%@dveﬂwm {9 Sepep 1) isapet thyre
alr€dyYQPLARIRBGiAY ¥ 5alliddWehias Mol dtinTBbAstplb); BRPtidnally
renoving the surtactant fromthe resulting material .
hY%rPffﬁ@?al‘gfyreé%gcth%mﬁ@m@tfm gombledt ch:@hpashingasd dring thy resulting
ma¥?|a¥.@Rd HSXhEARE 1h BurfdcBin?RGth AR re &3RE Thaterldd Fitlfé? by @eﬂéininé at

invention relates to a mesostructured zeolite prepar
eleygted EPEHETS OFRY $pbeENt Gestisinn t he nesostruct ur ed

zeolite is in the formof a nanotube, nanorod, or

nan&winogher aspechibe presenhispention relafes to agngsprtruivadirEplisn prepared
by HIRl A8 R fod? WHERASHE HieldtGllure loilelis B B0 AL eBhad e

above nmethod, wherein the nesostructured zeolite 1's In
nagdied, foppanowirea nanosl ab, nanol ayer, or nanodisc. In

anot her aspect, the present invention relates to a

met Homnoter agpedhcdhe prgseat inuveition velates to hanegettructiendizeelite prepared
by SREBLFSmEBod WIERR5thE Hl%gd:slfrﬁccéurég Qéo'life% HOHP ng?ll o9 nanoslab,

contacting the nmesostructured zeolite an he
nagpdayiet, ioyadngdishar ged species in a medium In a further

enbodi ment, the positively charged species is sel ected

f r oln anktheraspend thopresest inmgntioh relaies to asnetfodan aedheriema positively

oh ] R &L A m RSB T AR port el P
megeshraciired reaitepandseanpositivekyreharged spetied ins mealivan. nintahfinctheyf

' .G i.cal [ t t d .
B0 08, STt SRR 8 SRIBEA AL r s
of zregémere, quateitay adnell amfboniomdmd, pyrhlhsing i@hgphiosgHonium ions, and

.speci,es i.n a medium I n a further enbodi nent, the
mixtures herﬁ%). . . ) . ;
asi ¢ chem cal species is an inorganic base or an

e RN E e AT T —
speofes hyaimesostdeturedacotite cpmpridhg) egontacting the mesostructured zeolite in its
acidic form and a basic chemical species in a medium. In a further embodiment, the basic
chemical species is an inorganic base or an organic base. In a further embodiment, the basic
chemical species is selected from the group consisting of hydroxide, amine, pyridine,

phosphine, and mixtures thereof.
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phosphi ne, and m xtures thereof.ln another aspect, the
present invention relates to a nethod of anchoring a

wobanmgesEous cat al yst on a nmesostructured zeol PCE®/US2005/014129
conprising: contacting a neseostructured zeolite
conprising a chem cal species anchored on it, and a
honmgmoetspeaittad predent ifveatio®blak®ito WU B tutwomg:m or ed
chem cal g{em es I s capahl e of acting as a

o P YRRt TR i 8GO s BB ine i sostoured

zeolitcE@iprising M @ Arhid4l sp@heata@amtea on ifYBAdWEbnfgefdtRpedtdll 16
n a nesostructured zeol

eter ene us cat al yst, ite
me@wwpw %W%&? Pfr?gmtaﬁépeﬁﬁsg5&?@&%@@%&&%@ t9re
ho&@ng@g%@g@meous catal yst by a nethod sel ected from
the group consisting of physical mxture, dry

| MPMe@BéE RPect, WS pred¥RY iR eMAbH RMhtesith & nftiRA bf !Mﬁaortmg a
I Mpr eg nat| on, | OneXChan e and Vap0r| zati on.

a
hetprgpensays fé%@awh%wsoww@rﬁb%e@}l@g@weaﬂgg eoaﬁaamgthe mesostructured
zeﬁlm'tﬁeel%téo%ﬁ&ﬁ{s cBhly® by sEfé@tE@ 8bm thdlgrBu snkiddg of

mbodi ment het ef ogéneous cat al yst conprises_ a
ph}f’ﬁ?@h@"@%ﬁd@y BRPregnation, ieeimpregnalism, inpipieat Wefrippeegnation, ion-
excRRRIAEBAD orliahgn %%%@Q?&ﬁﬁl&é{t%y Bltero Q4HRbIsIERILRL comprises

nanopartl cI e, cluster I n anot her aspect,
a mefpd opt BmEdwe tlilqwaénlm adftrthes embediment, the heterageneons catalyst comprises
a nfeftl BkiME bCAkur HRESE N 3Rk %gbcﬁmgﬁmg H&ro gamag &a‘iélg%
contacting the organic conpound w t nmesoStructur
comaprisies @ panopartiglef alustenear celiddddi nent, the organi ¢ conpound
is a hydrocarbon. In a further enbodi nent, the organic
conjpcuaidier aspept thawesentrinyestomietttesda p bsthod lof cataltigatii eracking

ﬁggﬁg ggf?%@und tc?\‘ﬁpr‘?s‘ix%&bﬁet?h%gﬂnggw 811!: g’c%rﬁ% ﬁ% Qigfrﬁta'ngesostructured

zeotitmdo e thes embodinént] the exgatie ponapraind Ism ta/dqumfohlerln a further
he ar LC COQ 3. 5=t ri.i sopropyl
erfRNTRE beahtC o RbARN oS R RRY o ko B OO
embalimentdibe organic kompouhd mdmarormmmgfdmzrrbon tIh @ fatlgammbodiment,

d furth di t
the GBI oo R o RorBae 48 B PR TR G et Banic
coreprvad inE3) b-trilkdpeopyb bagéteu (Hi bl ﬁetﬂlelz@ﬁﬂddhﬁedﬁ,aﬁe drsnic compound is

cruf By In BT e  preRHleRapp et TR A EIED e

embREDSAL] He btgaﬁld calﬁpxiunﬂ & Vadguni B2 Jieiag Gitler §RFRiment, the
In a further enmhodi nent,

me SRR ROl ks SEger s SfractyeaERauPE]e Nesdenitq ( (MR, or

ZSOLZBWFD] MeMidthdr enlbddiRRet, BRMASHRGuredlZ861it0 h@sstﬁé‘ﬁexagonal pore
invention relates to a method of refini ng crude or|

arrggpp et M-Mot Aee furi§erameboginia ths mesgptrugtuged zeolite is YIMCM-

41][TpﬁﬁqM¢Mm{§%qlzgpp§[M@4 4I12 a further enbodi ment, the
contacting of the oil t he nmesostructured zeol ite

t ak@SinBihaCRpdk, Y ResRntthnofRiAds%b h&e@’o@%ﬁeﬁgmgﬁdde oltn
a further enbodl ment, production of gasoline IS

compyisingsoniacting thg ¢ryde qlbwmh@mesostructured zeolite. In a further embodiment,
the contacting of the oil with the mesostructured zeolite takes place within a Fluid Catalytic

Cracking Unit. In a further embodiment, production of gasoline is increased relative to the

amount of gasoline produced in the absence of the mesostructured zeolite. In a further
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anount of gasoline produced in the absence of the
nmesostructured zeolite. In a furtherenbodi nent,

wonroewwsgdion of |ight olefins is increased rel aPCYRISR@S/014129
t he anount of |ight ol efins7produced in the absence of
the nmesostructured zeolite. In another aspect, the

emPEdEG et profcath bellilgHt BleRASS incRaged Felhin@to @tfe Al Iftlighediénhs

gr.adi ng, a po npris contacting the polyner
proameﬂl thﬁ%?%%‘t‘*er‘?f}é’t‘%m%iﬂ’“ﬁ‘%ﬂr?ci@g litftn a further
enbodi the polyner is a dr ocar
£ ur PrEPg et rRnRTeSePHRVGRHPY Htes tgaalegway tttéywﬂé)iegradmg

a p@@lmén( @Jnﬁ#féﬂx'g)coﬁ’tﬁct&?'t%(rﬁﬁﬂﬁe@ REth-a dld%oﬁrufctu'iédrh%()hte In al further
nmbodi nent, the mar IS Jgg‘%yet hyl ene ( PE)

emPtﬂJtlﬁért & RefgEeTS ﬁthy Fubt %ﬁlétaerze@éwﬂm@nh&se Rokygner
J%blk&l@ne? tﬁfdl‘}‘;(ﬁll{{nf}//':ﬁr p@ly(s%%@?' In® fFiReembB@iInRENt ’cﬂe%olymer is

further enbodi nent,

th
polw@hﬂéw@@i Jm@ofu%h,%le @dlma@,t thﬁ BICHERHEBITA Peqiite ks the zeolitic
striir& DL At %Aw\ﬁuﬂlemﬂe VDR %rtm SQW%:I{[H%%rthe} he

mesopostructured zeolite 1s Y[ MOM 41], or

emp&imegitvirmesgstrugined Aestlitrdras d@@@mgonqlmerq aupaganiephof MCM-41.
[

In & BBl ol AR B oo FIAMEM A1 MONMEM-A1, or
ZSN%MMtf’dﬂ ure includes nesopore surfaces defining a

plurality of nmesopores. A cross-sectional area of each

of Inhaotheuaspéat.ithe infention talasesds ai Mordabistranieriahhdwng tlglly

|

cw\%%ﬁﬁ%ge%g{r}&g%gﬁgemr&h/sta IFlg s?r@ﬂ: u 1&%@(})&:@ gtr%gcgo%ﬁe surfaces
defpimga wlotautyeofmﬁesoumesm @pssasbct@nd atﬁhi@f panhe)f\tltﬂ perelityfof t h e
megc!gﬁt %1?6%%&13@23{%%81{1%21%0 &{11% 5&1 ?ape?lﬂloh & rﬁ)\cl)l%l vollfe.
Foraaxampker the phuoadityrefrhesopdres lpwe e pmlvulumel o tlfermtemakbami th@pére

ccl cc/ The f stal.line i ! a
volfe 8 o3 pROSHY pm<Paftes:Astoled VB b Pyt e e 0.0
cc/g tcyabbaﬂ 4 ¢cm§ jin @fotler Bgb&linent Sthﬁbdrb neluméms e abai 08acly tohbout

of . neso or es ontrolled cross

1Y Re T U chilelie G TS b it By RS St e muld
cry@tBige, b singfe@fysexarpl e, a control | ed distribution

range. Optiopally, e controlled cross sectional area

oA h 2t BhEER OF @ﬁ@lwréﬂty ofi TarrapsPs hagAgerirg! lieg hrostistions! #ieA
rang@ ARt Sk dbRdss kdbtione aRi A for e impl€ AEBnHGIRA Iaﬁfrﬁ)utlon range.

i ameter has a control led distribution ran

Optquatiyy the coniroledaesssertiony] iaesrdpts dinmpiesang thﬁglﬁmatenraﬁsﬁs from

abdbt 3 hinl tBUb &R B0 hANIE oneAélﬁt%ﬁﬁx?etnt \égdhﬁnesbfi‘@re Qfamefe? hds&ontrolled
cross sectional area has a di aneter rangi ng from about

distribytien 1gnggh futexamplpy caghy mesopere dismgter falls within abemdisgitytipn

ran QeAlté}Qz{t%{y the @Bﬁt?cﬁl'e@l:rogsas@ctmglearedc 125 a%ﬁmr Cangfheildm about 2
pore structur D pore structure, or a 6 Fe

nmde phayt §na, plrfr@n ab@lta@fn taiabeptBme.pl ural ity of
Tézﬁ& &%amg n'l%te%f &h 'h?\Lu fodBx 1@ g? e[?dre Qﬁcﬂf? a3D pore ’

a zeoty T nop EE phat e
structure, or a 3D pore structure prior to deﬁmng the plurality of mesopores. The material

can be a metal oxide, a zeolite, a zeotype, aluminophosphate, gallophosphate,
zincophosphate, titanophosphate, faujasite (FAU), mordenite (MOR), ZSM-5 (MFI), or

CHA, or any combination thereof.
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zi ncophosphate, titanophosphate, faujasite (FAU),

nordenite (MOR), ZSM5 (M), or CHA or any
woaodsioagdizon t hereof. The fully crystalline PCT/US2005/014129

mesostructure can have a cositrol |l ed pore arrangenent.

The mesostructure pore arrangenent can be: an

or g@hd fdid c@@tra?ma hfe@d&ﬁﬁéf&tﬁtcan heg/e aketagled pbrepaafgement. The

arrangenent of MCM 41, the cubi re arran 0
O PO ABRR A arehst 8 S B G RER B chex gl pore
anﬁh@éﬁ@mh\dmfﬂ fhe lcabig oM RfrattemSHAT MCMOT8, ﬁleflmdna} pcke

rran%qe nt. Alternati vely, the nmesost cture P
AITANECHS C\?e M{tMedsiths @P@gonam%refauwmev%s “her a foam-like
arr %I\/%r\/k Uﬁ%ﬂfaﬁv%ﬂh@xﬁesoﬁtﬁ[chﬁé@dﬁﬂia&e raxd bd pores. The fully

MOM 41 48], 48]
cryRPE ISP coh RPN BOYIORGUCNEA 1T Z8H-
sS[MEM-ST MM AAl43), M@Rtw{cmm kpexasoetivas) YRicae sot, MOR[MCM-

mesopor es can neasufe about 1 nmto about 5 nm

50k pbaEM15 IMEM-§ 0k b well thiplnessebtesh adiaccahapsopares gamémaé@e about
ltﬁrpfoa%&ﬁ@mn?oi“a%@l?'l'il#rx\%ﬁlayou@l?ﬂﬁmged chem cal species, can

be anchored to the I'y crystalline nmesostructure.

The Ach&eecheriaM felles, TREKL ARl ?ﬁgsﬁ@elf a{a'ré%ﬂ%h%lcglrhpecws can

el ement,” quat ernary am nes, nium i ons, pyridinium

be iarahigred ¢ the fidlyysmpvellina mesagructye. aFhy cheed shemieshsnepies @@fbe

r
T e —
ionyewa@sy mebluzrt@n thieeofc Adsprinatésielys pehﬁneml spasicly earabe_beavshcored and/or
coﬁzpeg\?ig eﬁ Q‘gﬁrﬁe gu;‘lly é’?gstdlgr% &&Hétﬁw{&ﬂes ?&)ﬁs?ﬁ%@fcgl?sggﬁ?stﬁﬁ Be a
bam@cttwnmﬂ smme.is lae ireoganid hasa ambzlgemc basoOdjidneide, amine, pyridine, or
phosll?g}%ge a0 ma%loé gllleéesoq Blﬁ]n %%th?r en%lﬂ)gl e ﬁ%%éﬁllg engc%&sec%{a?}!st
adloadsatd ;hetmo@gahm mategﬂ raecb  shendtad kpyesies bimds taﬁhe;hxpmgehmis beyalyst

he foll ta
A eéetr%ei}gqt% egtﬁ%/s peag ﬁ%‘{PgP edobyréff @lﬁly 8%3‘8 me glesos%ruct re.
heRfigoRatd datdigst cah W2l Aifdtell a mofal éxidph hﬁidﬂartl@re @élyister, or a colloid,
conmbi nati.on thefreof. In another aspect, the invention
or pyj combinafion thereph o gani ¢ material that has an external

SUr fregothHe P4tHedd thS 1Rt RA krélaed 96 ah MforgeAMEm@Srid] iRt Basta@eRi@tnal
surface contour of the materi al prlor to

surigqca Icgtrtpqryuleﬁtanit@lgbﬁgg same as|the extranal syrfage ﬁ%rg?t(ljreo{fl o g%erlal prior to

defiM¥E1he pRifalftP bAL&Dpbies. An MRS iBE adhect, ARtinVERARoRretiR D & Baterial that
conposition framework substantially the sanme as the

haghehemical conpnsiion firpaweikasnesistirlothe saee andhesheryicabpqraosition

ﬁatnfewg&fdf%engat&m pRbUbaLfitiNg AF pIBARPOF BSsopsiel. Ieafemﬁe the
framewor k has unchanged stoic |omstr after

ﬁaﬁ@@/@{k&ﬁégncéaﬁ@geéétqlqhémetwwﬂarﬁm méwar@p aietdefipgde
' nvﬁ{gn'oﬁ'l@r as g!:@t e?‘mtvgntﬁm rf?%/t@{tlh %l ma['ugﬁﬁ [} @ﬁ%% connectivity

connecti Vit stanti al e same as
sub:stmhdbtthww asfthet qoangetivigy ithe matenal prior Wakefining ghetphuality of
P r i
L L
mtracrystalhne diffusion compared to the intracrystalline diffusion of the material prior to
defining the plurality of mesopores.
In another aspect, the invention relates to a method of making an inorganic material

that includes the steps of (a) providing a fully crystalline inorganic material, (b) exposing the
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intracrystalline diffusion conpared to the
intracrystalline diffusion of the material prior to
woebieruzsmg2t he plurality of nmesopores. | n anot heCT/us2005/014129
aspect, the invention relates to a nmethod of making an
inorganic material that includes the steps of (a)

fullp eBMiaflind ShoRoahié! thaterfall ¥4 SHI i@ I NREGaRi vhderaitfirstisal of tiple)and
exposing thefully crystalline inorganic, nate

[ o)
temppraishtditioas (chexrasive dhrdaly ervstaliiag H@é&amafm@tt?rwb%ﬁéarfactam

undeEARLOAL $4F 6 Nt ARPatule Chn BRRRSAnAYd) tRatiAgHhE Yhorganic material
crystalline inorganic material to a surfactant under a

by eqntrgiine dhetfirgangd parandyseliof ngpeddempaatursranditionsdo foamap glyplity
of ﬁlés%ﬁérb%ﬂnlg% c'oHt‘PJlQ@ @fo%s §REiGal &ka Q’ﬁhlﬁ% ) byRaiibd Srorganic

first and second set of tine and tenperaturé

maigtipld Optianally.tihe meshed iaclyfesthg $t?ry(eb$dJ‘FF§§g)B7§rf’é§ apd sacar st of
tim€ 913{ {e&:p%ﬁfélré:d'oﬁélﬁor%es%ﬁ ethe ?ﬁfﬁ%ﬁﬁ@s@p&&qs fittdrlo¥d in 2

I ne 1 norgani c mater tionally, the nethod
hexiagarlaliMSMrHé pere @praggsinenid }mqubde(FM -481 peye ampngemeriona
I h
Ot B Rl AORE B RN SIS drbdhh o
foa{nmwrpmnq arpogenaat, immgeden poreiarrasgeowehi, i JuvEpsndB] ppisr e
arrangensn r 0 1 .
ol OO oo Pt et B B RGN hreril,
f oalmdne kmbqsrbmentahe stoyy ryemdydes ulmtmg‘dnd OH cpoiraled medlum to

r e z ed o r.e a enent r
o] FEE B o e N SRR BRE TPl v &
each O thgphirglityrad Iﬁésloﬁd)res bﬂtmmrtﬂrm&s mnbnal tfee oféaep of h)i)lurallty

i ncl udes C the H contr t.0 co
ot BEGBRES oy or aee ey Earyely Fmabn Bigaihat B %
1ncﬁ|ﬂésﬁ§elle@img 4 ?xaﬁﬁk& of Bl sarfabtameRt @htréifa RaCTbldhe <bﬂ’cEe fully crystalline
plurality

nmesop &res or to contr?b a_cro
inogeapicimptealal 49 eatigka diampteret egchypf fheplpaljty pf n}?é%ﬁf‘ér @do peptrol a
crobdRctidbl é:feﬁﬂé&&ﬁif'a'p'ﬁﬁalﬁt? Of Bi830p6rel B tBE fudly crylstallBReidigic
enbodi nent, the ncl udes selecting a quantit

malgfiak, H A& S@P%fh’?]eli‘tothé mhosmuﬁﬂeb BeoRder e P of adtiag 2 swelling

ageﬁquéddyorcaw@sad Job&?mbxnt‘artm Borii16d inddiumt O control a
di aneter of each of the plurality of nesopores, or to

confraspther carhodiment gheirorienial aroducediin de () rwaghed ey
Altgxfnatrl%ﬁp Bpfn%ﬁdlltlgn ts kb ks%exﬁBWe?ltﬂ%ﬂ @il '?)%cﬁ@éﬁ 19 step (d) by, for

mat erial anot her enbodi nent, the nethod
exampdd, a&e@tlngﬁae suréastant angdi pdglnmgéhvequrfaﬁglt a@@rﬁerfaﬂmn@ Fte%ﬁ (@
thr&%ﬁh ?1) ock copolyner to the pH controlled nmedium In
ot'her enbodi nent, the material produced in step (d)
i s Inembiber eartwhdirent the btz serand tegippratune canditiodsitani ingiyde

A5 gl AT O R LSRR it
tengp@tature cmglttohearsilémfcatctaagd: frachtabout 180 foabnutr2§0%i. s f'(rsI)Or second

time SO AP R OB ET AREMBRA R nde hydr of her mal

conTihd futhy gryst'a’lﬂnee fniorgahic Gh’(atﬁ‘ﬁt cxincbe tagmqost roatdu reezeobiteph Zelotyps,
can ude m errperat ngal t1.on [or.c -
aioph Ol re, RS oer ot AU

moSREROAMOR), ZSM-5 (MFT), or CHA, or any combination thereof. The pH controlled

medium can include a pH control setpoint that is at least about 8 to not more than about 12,
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time conditions can range from about 1 hour to about 2
weeks. The fully crystalline inorganic material can be

we 20051088910xi de, a zeolite, a zeotype, al um nopkaspisa008/014129
gal | ophosphat e, zi ncophosphiate, titanophosphate,
faujasite (FAU), nordenite (MOR), ZSM5 (MFI), or CHA,

at 104st &1yt CORHPAbIcARnlABEEAA] at 1chBEabLBIN 2010 Mbi Abrle BRhnrHBEktE[Tor at
can include a pH control setpoint that is at | east

leag{aboyt -3t 9t more YTl Yan about 12, at | east about 10 to
not _nore_ than about, 14, at | east ab ut 2 to not nore

t hahhebiaetars capybe cafiopie e, on geHiral surfagtapissor Ay comiaation

thefdd@UborZxanmiPIE, tB8/Sul etk Rthn BAGHARIntAy Mt Sniuth ®Rintide TAB).
neutral surfactants, or any conbination thereof. For

exanp ﬁethbdnsfrﬁmﬁ ¢ MBEgahiad MndBeial Syl olihd et RINBME b URarged
broom de (CT he nethod of rrakmgthe i.norgani ¢

cheppiead rSPf‘éI'esé%We 5‘!15’c9fXSF?é‘P{‘fd%°rg%¥‘i-’86‘ﬁ’&‘? PEPRIcHA PR The
chdrBerineicaPRPeGtLaniRsitivay Ebﬂrﬁéﬂ G4 ¥&diddr, IHRRhdrB& @RRBI species
material produced in step (d). The char ged  chem cal
canshreqafions of ap clepent quateatapy dREed aBMORRITLigRs, Py ddiniumygns, or
ph&PREGEA i6 EFafiRborRfflRSGRPr, De cations of an el enent,

quat ernary amnes, ammonium ions, pyridiniumions, or

ph o@lpmmntihmﬁ rowng the i ingrgpnie owisiriabeandites indiededafoduginga chemical
A o Ay AR IS S 977 St s
carcbey@loaaiclcihcmwalrsmcg@mrmnmaree bask, ancmghm@émsq, hydoxide, (aal)ne

erJ]Se, %p Eﬁgsﬁﬁhe, P gﬁéf’ c%ﬁxbﬁﬁﬁorp&‘m%oﬁ a h&n%ﬁ&uﬁ @%tal§ﬁ%§ﬁ §Sadded

an 1'nof gani c 'basé,
sughythat dhervdemipal phoesitindsdeq th@ thomngenearsivatalysi. gnhdtéreganodus cﬂtalyst
canhlﬁe co%?a@f qy 6th§l?etei§1h%g’r%gglﬂge 191?) rqd%gatesfﬁf rgé%c%é I sl?ef“:f)y(g%..T}}&
hethmgefeogecramjm candicalnysdl, a:matahmmbomhampmﬂcm & dludtdrorfadollyid,

ne.inorganic nmaterial produced in step (d).

Orgfﬁy H’g’ﬂﬁ 8@%’38{15 catal yst can be a netal, a metal

oXi Theanothenaspeqpatid ﬂneérﬁwn gelatbs R Iinorgumcanaaériall fiads byothe @m;tess

&gn‘ol n t| ther e]|<1) I n anot her tFe |unvent
of (a3 pray i o oy, SN PR R oAl CRAE &BOW hiy Rkl

mo@éan(oahatlaﬁam ghMgordrolled m¥diamymteld firfigel dTOIMGAIAY Cemperature
nateri a

osing the fully crystalline inorganic
condifiqng; (§) e&pe%a% @mieélamsaﬂvr@dn%w %ﬂ%}é? a aur%ﬁag& ur@
sec%d Eét m‘:nﬁe ind BRP&LRIWAJIGONThid @ eating theaXROid@atbAig by
stalline |norgan|c material to a surfactant
1

conmleng tae g@ewe%é sgf imgendismpeghpesaadiiioas edpn & plradity of
meRbidrdshhvihg §btRUed HBss! BRIAR & WiBH:E THe i1y WHy SAM iR LANY

the first "and second set of tinme and tenperature
magegsialli ti ons to forma plurality of mesopores having a

congy 29{ }h%fjaéf)é&? Sfe MEGHLA Rdhte b %Ehylﬂ'ot:zi}b&h Ilﬁ']lgkgl‘l;l Hd}dced bty the

cryst I né I norgani c mat er 1 al I 'n anot her a pec
pracessefi rdaoting alprgeelty dragathom mateuelan herpresancsrof alcatplwstdmd\ecting

ino?é[ansmaterial having a fully crystalline mesostructure. The fully crystalline
mesostructure includes mesopore surfaces defining a plurality of mesopores. A cross-
sectional area of each of the plurality of mesopores is substantially the same. The
hydrocarbon material produced by this process can be 1,3-diisopropy! benzene, gasoline,

propylene, butene, coke, total dry gas, or liquefied petroleum gases, or combinations thereof.
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process of reacting a |arger hydrocarbon material in

the presence of a catalyst including inorganic
woabt@rasgdizhaving a fully crystalline nesostrucParas2006814129

folly crystalline nmesostruciiure includes nmesopore

surfaces defining a plurality of nmesopores. A

Ccr ogbgRtel gpadt, 1AE Femfon @elats 1ofa rhdikoddfek@lytitaily@kacking an

nesopores |s subst nti ane The hydr ocar bon

org?g{cé;mngpu ynclhﬁ{eg%ﬁfstgg 8 gon&agﬂn%@e orgamc compound with

an inogdid rﬁ&t@ﬂiaﬂ mwm@@ ﬁmg REistaflmS MesSBuctiFed Mhb BNE: cridtHIIgRe,
coke, total dry , or liquefied petrol eum gases, or

MESTHYFHER IP?)‘H%eSﬂTF?é?I@éff surfaces dgtiag a RWFLEt of mesepqresy dh e

sedtBhALRS Jf Sach o'ffﬁ{emalﬁil oPﬁEs%bWeé %%hll)danﬁﬁl?}%ﬁb Bfn Iq'l“he organic
or ganl C Cor‘rpoun i ncl udes he st ep of

compehnd cen heyattlepst Qﬂe@é A h&dremuw&awattw l@/ﬁrch@mg AR jagomatic
hy&%&aﬁﬁérﬁ bn Q@yrafeg benHe, 1}3 LhifsdpRdbl 1 3R HE Sc?&ferold;}éé Lofl; orWABuum
¢rystal l'tne mesostructure includes nmesb
ga& Q# f aldbe ftherdresy sectighal prep ihesa dipmetersgrpaierdhan lameter of the
of each of the plurality of
‘”%égﬁﬁgﬁgﬁk?§ﬁ§dﬁg?§%t|a||y the sane. The organic
c ompoanether agpedicthainvemmg relaipstogfmethddyafpoesassbrgrerude oil. The

R B LS50 B35 LG OGRLRAD B

mqsodtructgm "Ehlelfullym'rystdhmmmsgaslctonrd inclQyisi ma;bdry surfabes definigg a

S nal area,has_a r d anet er
Py RERBioperca s S eRhr SRR Bho AR R
sulsstanéiaily, tht kend. rifkenrtudo Imlnseﬂeattcﬁbmtlm aesendelud dheoﬁorgamc material

roce in thod in C
nfer SRR o Sy e lemar s SRR art Tt G0 b B el in the
preésecs oltheiimegaimsnattial tithirea Flﬁ'i’d@aﬁdljfﬁc%(llﬁﬂ&ﬁ% lﬁ‘lflﬂ iIMene
ostrycture i sopore surfaces definin
"‘ge %‘Pﬁf‘ﬁ #&‘7 fetiony &&fﬂ?‘égpm UeeH Bsincregsed f‘géﬁ'é(F toihg amg nt@&%ﬂ?"hm
prétfucddinal dUiBY trlytalithe HBRARIG MReriab 18 WRGthathibalimént Ngnt olefin
sanme. The crude oil is reacted jn_the presence of the

Prodygliepais, qu%adéﬁlﬁ%‘fe t Hsamopph dilightiefing fpr%mdrt@mg @dully

crysRNBRtrsdn® AAeridlr essure. The crude oil can be reacted
in the presence of the inorganic material within a

FI Uirflarfoifenthapbit CthExrreiktion FelbtBd fo-a théth QST pPote Qg By ymdr N€he
fraction of gasoline produced is increased relative to

mathnd ipgieden consrctigg a spiymer With anweteais miprigl hayney fully crystalline
mé%sYI%Etﬁ{el e IR aRdlife MRb&FcRke inbRdAMMPHSIre SO déﬁﬁ‘lhg a

i ght olefin production is increased relative to the
phaﬁﬂn fmefoppicghb censerpactignab pise ateash obthaglugelitefinesopores is
sulEARAIR) thb Elﬁne% e gé!?ﬂn& d&HB@Eﬂeghal |RaREH ME Ere@é@@ Sf the Blla?gamc

I nvention rel ate processi

maﬁtéﬂ @Wmmmmm@m@@n polymar, p@llvgﬂnli@rlen@a phly%ynyl),
tpHBrE{BHFﬁé (P?:ﬁ?’oir 08y @onﬁt}fﬁ% nfle¥Rgal I ine

y crysta |ne mesostructure

' anIPQI%ﬁ]CFE%Q Ghé 1r§191{tfoﬂ98§te$t%f 'H%hfég eaﬂé%ﬁqlgwa%l%lé}qhe process

Mesopor es Cross-sectional area of
of pdngacéihg & prudé oiimitbpoiresganis nsandyel batingd fully crystainamesdktracture.

Th? ﬁll staqﬁ& &%&Jb‘%&?ﬂ&%a& rn?e%gﬁoge Llﬂfa%&edep ESE &1 ﬁx?ah?y of

Oor gan
mesopores. A cross—sectlonal area of each of the plurality of mesopores is substantially the

same. The crude oil is reacted in the presence of the inorganic material under conditions of

controlled temperature and pressure. The benzene compound can include benzene
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material. The pol yner can be a hydrocarbon pol yner,

pol y(al kyl ene), poly(al kynyl), poly(styrene), or
woabosasspibene (PE), or any conbi nation ther eof PCTAS2005/014129

anot her aspect, the inventiien relates to a benzene

conmpound made by the process of contacting a crude oi

deriatitesach B3 0fof i1 BII@ink 8hd ﬂﬂéﬂen th éneferibofinfehy e ghdntityeof
mesostructure. The fully crystalline nesostruct%%%

benzerg QQEWS T edIsE Wil frebagerRT AR daungp il oy

mebREARNE ESa lefeFRARYIRALL PRBAccARWER a@ﬁn@%ﬁbna@ﬁmﬁ&ﬁﬁed fully
plurallt of nesopores is substantially the same. The

crygielliezeglife. i s reacted in the presence of the |norgan|c
mat eri al under conditions of controlled tenperatur
andlnnee Aspect, threinkeition Fdtesd A SE9NT EAMRRY (ade by the process

of &ﬁ%ﬁﬁg%ﬂ&ﬁaé/@t WHE §n R¥EIAnR Matdal ha83HILBy oy GhENRcRGucture.
| ene. I n one enbodi ment the quantity of benzene

Th@: sorstllie srpsestycife ipcludss mewgawfecq%é@@rm&ﬁ PHEISHY a
megfwol'e)é WcYgsfs Eétfoﬂﬁ a%%?%ﬁc‘h%ﬂﬂé pRurdlity @f hERPEres ﬁ%%gtdnhﬁﬂ)l/y the

an 1's uce a conventlona unnodi fi ed
sangg. 8¢ enutkr wélszee@tthn@the Iptesenvo ohitie inpsgaaicrmateripd updey eenditinns of

cotfldd & fnp&%tu?e gﬂlﬁ%&sﬁg ﬁpém%%%gdl%gtth% a'ﬁhﬁao?rg ﬁec‘prefluced

contac a crude ol'l "wi th an I norgani
withahd 1ngrgan¢ miateyialdray g @l hllynary stal Bessmesastrugiuese 1smarcqquu§ntlty than

is }gggu%gcﬂvltﬁ A gon{@ﬁt?(ﬁmta ﬁjn%('#ﬁf?ed'fﬁ]lgj &gﬁﬁhﬁﬁgﬂt@r e surfaces

11:3Y0) Cross-sectiona
ar eh anbthelaasbeom,fthet ineerpiou lradttestty amfethmd b patee gredtment that includes
coﬁ'ﬁcgigﬁ ?g%%ﬁblg%% ?VaEeﬁ g%ﬂ%% mmégrsitmc muclg %a%évllﬂ g2 %\ﬁ? &Iygtglhlng
meS@stdtttie0 Mhe Gfllycoystallidel rﬁaﬂosttmnqumnactludee n&schops amfacnseleﬁlimg a
0 embodi nent the uantity o asal i ne ced w
PPl FITargRTES A btosr rafob it g cadfdithe PRrDL S S petts'd
subFRB Oy th€ $aufee Ooﬁtam@rneﬂtcm the watel bteyrerhbvaed with the mdtpamid
W ¢t r a conve%{]fB unnDd fied fulléﬂfrystalllne
maieé’@r If‘é?ne $IRD Conﬁtﬂém{“ﬁif fon relates to a
wat er treatnent that includes con L
oo es BR i aition it 0P Jreae R rRet HRE Ot
cryfstallin¥ nefox@hcthrk hivangTe pREliEUsHnbntbersT MRack tikbinYeralefindsal dhuraléty of
nmesostructure includes nesopore surf?ces definin

porss andadjacgnt spembersglsgpe ¥oid dsihrp prtweade At TRLAnE SiaepsigH obach of

theflurhi§ oPnefBbrs i/l @fthFERDORAT. 48 ohSertbdashetat flttYoné BEnension of
sanme. ~Contam nants fromthe water are renpved with the

eaghyd ithpamivralityof Bemier measuisheetueRIARPYHSIIM aRdabopidfgie n one

ermbORh AT AR ghSic thatl¥iBl is E&n@?}%dﬂﬁ{e @E&?%Pysta‘llh@ TRY SdnbbtRRture
relatesto an|n0rgan|c mat'eri al i'ncl udes a

cag b eneafimensionplatissdimgesienab onderimensiongl Jlhp pgnoggructure can be a
e [ and

naf SR ABorifE SIS Ao hd36SHal? nltRh b Marlbish Do 2

enrbn@ndntrmn@nbeajﬂiammamstmﬁ@rephdmrmlthqr yepfeniaypeqtheri s
a

nay SR e nlfbr QS BERAES R Ghuby. 2 6RO Bfterial con
indhele\aemstal @olat a Bolite) arcdtypbalumif@phesphatengadlophosphate,
zincophosphate, titanophosphate, faujasite (FAU), mordenite (MOR), and ZSM-5 (MFI), or

CHA, or any combination thereof. The nanostructure can be, for example, nanostructure is

Y[ZNR], MOR[ZNR], or ZSM-5[ZNR].
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enbednent, the inorganic material is sem crystalline

or poly crystalline. The nanostructure can be one
wdizomnssanal , two di mensional, or three di nenspamails2005/014129

The nanostructure can be a manotube, nanori ng,

nanor od, nanow re, nanosl ab, nanol ayer, or nanodi sc.

I'n Iﬂ@ﬁotﬁm@;%cﬂﬁ{étmveﬂﬂﬁl FERRAARS a HRGo@BEMAIGRE &t Indfpkabic haterial
and anot her menber has anot her nanostructure, for

thapipelndasdhe sieps ah@) Bovidingaorataline inorgaomaiseal g gxposing the

crybtﬁ‘lﬁﬁ@ﬁﬁefg‘ﬁnlma%laﬁﬂo a%ﬁf‘cdn%ilé&iﬁecﬁurﬂ&; ﬂp'&%@@)lvé‘the crystalline
zeolite, a zeotype, "al um nophosphat e, g% | ophosphat e

inopgapis GRS desing antaarmiwa& [pREEPRIC NTalEER )taéluetm&wge pH of the

alnglgﬁgﬁ%& n@%@mal @?e@h Mho thie Mrlodpho @ in&rchhic erateﬁQMo 2

nbl nat T on e nanostruct ure can bpe,
surfagiantp bl (e) g piingt therimprgasicimateyjalARgontraiting ZNR]and t@imperature
t
collRhh L, 0L 5Ty BAPBEsr ) THBORAD TS\ e
inctuides tsqaerggtho ino(amwpnaiwacﬂ by gordroing sheetimne ang tempareftusi cenditions to

firs R B0y 5B mEXRERNS abd Befo¥ B PhdroBfuchiit 93N ©
di shlainv embcbthmem;of the|nhatimel, thn @Hq@nir@ledmeémnahasmdﬁmtrnb
set%c*mt%ﬁg : artrgelggtﬁé%%g ?cp 1'1(9[ g}ﬂrc rm?bdm ZF )tha?g‘l)altJ Fetdétqgth B(?? ﬁ& more

S rnory
thaf @Boyp bar shat isait pastiaboutsl @rmoamotedthan aantf2adh anmheranﬂb()é)nent

theg taRTiapaes BRRRTS rone ettt abah s \hokb e T ¢ o

ten{pefamm edhdiiohsieintragse. fropaboan B0l ty abduh eom@t beltife cdrhange from

| des t |nor ani c
abaup i B g Ra ol e Sy R r e s Fydastberpng!
tenfpefabire E6tidioas.[ MCM 50] nesostructure and then to form
nanostructures. |In one enbodi nent of the t he

pH Bisne erbodiprentethe SYRATEEt emplpyed dmeseaidanssy ‘H‘f methaf 1§ %

catfdhid s8A8M andRA Ynid SirfaBtaObr IMYuRallshEatAR0 Ut and4ombihation ﬁiereof
at | east about 2 to not nore than about 6, or_ that

Forgxamplgstetdisisethylammenivip bromide (1) cap Bmm@lquw&r%&fw&m

ThERRY Ly BNine ildABnRIRARRA s bOREAN:GdeRERitedh zebpea PH
rangi ig from about 8 to about 12. The tenperature

alugnaphespbate g@&@phpmhg@ mwh@ﬁﬁbm, tifayophasphakse frizs it G L),
moIJeﬁEé (MBRE 2R 73008 1\&1& Br OisibPRReEt 2

e tenpera ur o s can be hydrot herma
t enbmnamtraép@brﬁ@ iny ention rqlarteSdﬁ an éessdicreaterial made by the process

of @gp&)@ﬁ& zgfga . AGRALIR 8)?po\§\fn% bhe c%%tm}ehg&iéarﬁc

IOI’] an 1onl ¢ urfac or a neltral
magomiaf ta(atpémostroldnd rmdwm onpmirtiedly idgssolvérdae etyfstallﬁo inoggeaiephaterial

proﬁgéiéglg ér{rj zi% ncgr%l? ?n@llnﬁaﬁ‘ urfqglt 1'189 chra%ét{sﬁ:‘;r%ﬁ%): gﬁ%? tlk%%m%%ogy ﬁlgrgamc

I norganic
malmihb (d) akpo:smlg t]hheambrmmua Immalndzenatalai tod dutfectar, emd()’-t) ypding the

T A e e
fordaSMnGstuMiates, or CHA, or any conbi nation thereof.

In another aspect, the invention relates to a cracked organic compound made by the

process of contacting an organic compound with an inorganic material that includes a
crystalline nanostructure having a plurality of members. Each member defines a plurality of

pores and adjacent members define voids therebetween. At least one dimension of each of
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I n anot her aspect, the invention relates to an
inorganic material made by the process of (a)

wonowiodsarg a crystalline inorganic material, (BLT/US2005/014129
exposing the crystalline ingrganic material to a pH
controlled nediumto partially dissolve the

the@lytalitiof mBRAbrH RI1€H8 Ma 10BhAI IRbndyntiddihdng tl&i’hyafﬁdﬁlfbbmﬂﬁtenal

s L RDRE! Rempeaplinil R, DA, kb Rniy ehor iwefied

petAIIRUIPHRES of N HERIALEs hdbe i al "to a surfactant, and(e)
treatl ng the inorganic material by cantrolling

and"tABAHET 2P dhciBHation Birtesde 2 siedied of patalytigaly §’ﬁ‘°‘f‘8§ 2 o
orgfaﬁ’iE bkpaRat ‘TH@FanhS& incluBesPdRtab@lc S B@stic c&rﬁ'ﬁ)uhﬂl V@tﬂtah on

relates to a cracked organi c conpound nmade by
inopgagicanaierisd thabineludasiarrsy staklinggaestracts hsving pwr%lﬁy aﬁnembers

EadYREEG id@ﬁﬁE@ta‘f)LerJty Bﬂﬁ‘)tres' ané Ia&jg@eﬁt ﬁelﬁﬁé@ b vBRls therebetween.
nanostructure havin urallty nbers. Each

At Hestes COhHneat aclbh Uhup brangtt mrtets 14w e Ham. In one

S R
SIS UGS LLBE by MRSRERUSE D P il
hydrheanbon0 armaticrhydrisarborb adiatkelated behaendyich b Esdponpyl benzene,
cruﬁ@gﬁﬁag 1llosfv;:%u%meéas§9pr0pyl benzene, gasoline,

Coke, total dr y gas, or liquefied
pet fn%nﬁéﬁ@%a%ﬁ‘éc‘? \S/tléen }}%1%’8 R etg gtrﬁgetﬁda%"f?%fc%ssilng AL The
meﬁu)tlaﬂw}udes: ednitagticg crodd cngwam awingeganic npgampbthaidnclidee awnistathe
naﬂo@&lllc%g ﬁa& 1?%% @ﬁ}a B'gctftnnz?nb%;sg ﬁ%& ergglgg%?igf; g}ﬁ’ipﬁlﬂalﬁp of pores and
adja@‘:lnt)mbmbtﬂ’s defemetvaids tfigrehetplecn. aA i least ofe dmmksmns)f e&edodf the plurality

of By & e Tha of BRudbE kbt i BRI R oGl SRR morgani

matHrﬁEmﬁlbﬂcrbndifuoﬁﬂfhoﬁlfollbﬁl enetatat aid/predsuree Mipaomlly sthe eside oil

0 nm ne enbodi ment co
o R i e G oy BB QAP SRk uni. T
ondWtalbAEAEHARe fratfioRbPERblire Pritaris ifeessedaslaiddy hl&taﬁﬂ)unt of
benzen é 3, 5- r| i SO YO pyl benzene, {ude oi |
gasggge P}p&uce psu&%& C@/é lg]lepnorgaﬁncdm}?ql?é,r naaglﬁglert eml?qﬁlgnent light
olekifl pRIUuLRA 16 RERLRE rdIRivd toRk RGuRTof RERGRTRE PBJEddASnS k Hfully
The, met hod_ i ncl udes contacting crude oil with an
cryptabling forganiegnadstishl that includes a crystalline
nanostructure having a plurality of nmenbers. Each
menBenoder 3saees the ipyaiign relgfesdp am@ o Repoesging eptymer. The
mefRURRN RIS 8dntd2Eny Qb&?ﬂ&%ﬁ@ﬁ?ﬁ&@@ﬁle nerihBASInRRs a crystalline

di mensi on of each plurality of nmenbers is | éss
nanostEvcture Haying a mn@hb'rqf@ten&ers iEgch @@@b@rdieﬁwtarp@rﬁrté §kpres and

adj@fent MEMb&S BARRIVGIdTRIRbLMect! NAEIEast B ifnbAh Feach of t};]e plurality

cont rolled tenperature and pressure. Optionally,
of members &ilpssithanrl8 ome Ihe polymer ganés dheeraalbftraated in thepegserice of the

r I I n
mog%télﬁéﬁ%)rdﬁ e ntébb?ﬁ{ rgecig?%ﬁ&% HOﬁgggfh%k [}% dﬂg,l%ngd is
poly (adiryopl.auely(ety mnd)ver pr'ethMbnafHEer any cqatsndtiongheprobduced

using a fully crystalline inorganic material. In
anolnrespthendspetit, feminyenitioy kelates to a benzene compound made by the process

of contacting a crude oil with an inorganic material that includes a crystalline nanostructure

having a plurality of members. Each member defines a plurality of pores and adjacent
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ol efin production is increased relative to the anount

of light olefins produced using a fully crystalline
wonwegasdie material . I n anot her aspect, the inPemuses/014129

relates to a nmethod of procéssing a polyner. The

nmet hod i ncl udes contacting a polynmer with an inorganic
membesrdefihe tdidd théraletwabas Az leastyat dinleinsion ofenols bf the pluradity of

havi ng, a pl urality.of ers. Each nmenber ines a
mepfgtariefy Pt | @b et B S B eoeaen ke Dgzade
matejlifﬁr mfalet mﬂ?ionﬂnt;) dogtasted &{mﬁ)ediuife asd Pssofe. A6 Eer&fenelt doenpound

raljty of menpers js |LLess than 100 n The pol yner
carfiggluile b ATV g VT g B KO AR P IBERE O X5ien. e ond
emb&lﬂfn@ﬁ’tﬁhé? qlmlati ifgérllzeﬂ_d%n@@hlliﬁ?bcllf@@ w:a)ﬁ th dﬁ%&ﬁﬂ(llﬂié&faﬁ)@&;wture
ol ymer, poly(al kyl ene 0 al kynyl ), poly(styrene),
ma@ana}yfs |a9%9€§ﬂu@rﬁgy M)S,pr%ﬂalcgh‘y%%mvwﬂnwnmsﬂ% iy
cry8fafinBegoldgpect, the invention relates to a benzene
conmpound nmade by the process of contacting a crude oi

Wi t fh BotheNHeANthe infBitRh rddted D Algatdlat bSBSovAd Glalilé bthk ipRRess
nanostructure_having a pluralit menbers. Each

of cRIYASERE @ e el with gp moggapilcynaéqriab%l@tgifgclaqiﬁg a crystalline nanostructure
haifid A PRANKESDALSheAE fE'aE@ m]\cé&%ﬁsaemwaqh&am %f@ poﬁn%ddeaaﬁkem
0 y me

one di nensi on of eac e plurality’ o ers is

mepders definmvoiditherabetwosa. vt lpgd ope Himessipn gbqagh) of the plygality of

meRfbERGORS Rin {dbehnh. MPHIAMe il TR 88 bR tyéﬁ%en&%%é inB13gnief
controlled tenperature and pressure. The benzene

magesighndaticanditionnef agaieolisd temenseatere pnd/pressvees s gresrenabodingagt the
| . ' .
qu 2 uig}ﬂﬂ 35/01%1? pggiﬁged%ﬁ\ thy ln%{%ﬁglc Hﬁteﬁﬁ?ha&%@ﬂfgé BAfostructure

zene conpo produce
is agrogerajubitity thanoprodused witk a ventventicual urenogifieddléyr crystalline
Ze(ghgé:;mtity than is produced with a conventiona

unnodi fied fully crystalline zeolite. In another

as pbcanpthiehaspectyibeinvention edlattte atnaetlBodgd selkdr reatmentgbal metludes

e by the process.of contacting.a.crude oil wth an

cofRifig St iaRRRGT Vi ap TR Gl e BT e Mihe
namanesie having e pludalitnef neniert; dHach membermdefit@raplurblig lof pores and

nmenber defines a.pluraljty of pores and adjacent .
e EreOGR TS DR i Beblclnont B ShodREadl] A5RT! of e pluraity
of AhefiB&S iiNBssAhancl@O MmO fFCAnkuenigdnty fedoh the vaker BRIYBMOFedi it B S

. than 100, The c¢ryde oil is reacted in.the presence
mo&%"ﬂ‘“ﬁ%“???ﬁr ?ﬂeé“‘%’ﬁ&g\ﬁP‘theﬁ?{H%VFg%‘ﬁﬂPW@ﬁ%a %fe-

controll ed t.enperature and pressure. |n.one enmhodi nent

O S o e U e
and'Ea@dcteRiktidypwilg: apparEnt ol the BEscHRTAS Erawigh bRl d15imS that follow.

greater quantity than is produced with a conventiona

unnodi fied fully BriyDetdprion of B|Drukingkn anot her
aspect, the invention relates to a nmethod of water

t r eRigied 1 A tiswadchémsticuitgsant 6N Brivr aR@oKomybtaling aleSshort Biaterial.
with an inorganic material that includes a crystalline

nanBiguk¢ICB i Lschandtiogliiirpldnrodlaifilyy @ stathidrassdstricardd zeolite of

menber, def.ines a plurality of pores and
the present invention.

Figure 1C depicts a TEM image of a nanosostructured zeolite of the present

invention where the nanostructure shape includes nanorods.
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adj acent nmenbers define voids therebetween. At | east

one di nension of each of the plurality of nenbers is
woesw/wsam 100 nm Contami nants from the wat er PATAIS2005/014129

renoved with the inorganic waterial. In one

enbodi nent, the renoved contam nant is a dye. These

ermgumm GepRis thB KRy aFRMkioh PR bARe fully RBSstalline
enbodi nents, and their features and characteristics,

meggsfraciyed obie RrIMGNrhLE Heoth s OFdepRd ragpostencig MGd-4hfrevealed

by ﬁlle MRIPpdalRht 1691ah QM) afRM 106 finREBREd ROIGNAS chRRIIRE MIAIS H-Y
Figure A is a schématic diagramof a prior art

arepEsgiiy yst al | i ne mesoporous material. Figure IB is a
schematic illustration of a fully crystallin

e sHigwrefcdepicisthe Kopy diffrastion pattepy idhmiully ﬁwmhné ghesostructured

zeohiteUMOR{MORIPA 19 B fB@MdeFé%%s@Jtru@tuW@M@I frbedalel 8 the
zeolite of the present invention where the

XRBapegks at It mgéesk preibe prieodifirsozepliisdibriery stpidjne eructyre H-MOR are
pre eI Cts the X-ray diffraction pattern of the fully
crystalline nmesostructured zeolite H Y[ MCM 41]. Both

t hwlgﬁ%g&glc&qﬁpgla ﬁffﬁ'egzﬁt ﬁ@%eﬁ%ﬁtﬁ@ﬁﬂ?k%ah%e%@osﬁ@ured

peaks es) an unnodi fied Zeolitic ful

e REEM- MM T Bathaht prierad meypsessire MGVighr(eevpaled by the

| t of
R et B LSS ORI bR SV o
presdmeé or dered nmesostructure MCM 41 (reveal ed by the XRD

peaks at | ow angl es) and the unnodified zeolitic fully
cr yBigate 4 drpicts FUIRtcharactitizeipn pakss for Sedilly, criFtglinemesostructured

O I LR T AT
o s S PATAE A A Ak Eflr
Y[MEM-#1]i (uprer yopd, A-MORIMEM ] (m)eerlmlzw 51-A8M-JIMEEd 4l ] (upper
TIR
oA U L BT SRR GBl Boner
top), EH}MOR!(IM&‘OHIHHN) I—hﬁﬂl\dt—ﬂ;(?ovrﬁﬁgo%nl‘l)l eﬂdrrm‘&hltbgﬁvs&eﬁ(eacﬁlﬁglyr e

er B TP 28014 ¢04S ERfe R mERA G D observed

1ndidaﬁﬁ§?hé/ﬁiﬂy%¢ht(cm@pmctﬁﬁty@ﬂbsem in the A0 &ry$tAllEAS dhtdostruoppred
Zeogottorr) and FTIR spectra of their unnodified fully

i Sstalline zeolitic versions HY (lower top), H MR

W T R S e e R A
meﬁfsgud‘aﬁﬁd Z@ﬂlteﬁIS-Fl?[MﬂfMglly ﬂlfl?éﬂti Me@@i-HZE‘pziridtl’e unfho0ifisé racdicle

i .ndi the fu Zeo t|V sent in
vergig, B3t [pe <PP§?§EZ§|JH“¥@“H%Q%)§‘F‘%FE‘B‘B Sethe ity yfhfie
mesostructured zeolite is included in inset. The presence of well developed narrow pore size

mesoporosity in the mesostructured sample is evident by the sharp uptake at P/Po ~0.3.

Figure 7 depticts the physisorption isotherm of N at 77 K of the fully crystalline
mesostructured zeolite H-MOR[MCM-41], labeled Meso-H-MOR, and its unmodified
zeolitic version, H-MOR. The pore size distribution (BJH method) of the fully crystalline
mesostructured zeolite is included in inset. The presence of well developed narrow pore size

mesoporosity in the mesostructured sample is evident by the sharp uptake at P/Py ~0.3.
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zeolites. Figure 6 depicts the physisorption isotherm

of Nat 77 Kof the fully crystalline nesostructured
woealoiis®1kt Y[ MCM 41], | abel ed Meso-H Y, and it 8CT/US2005/014129

unnodi fied zeolitic versiony HY. The pore size

di stribution (BJH nethod) of the fully crystalline

msP@ﬁdede?B[c%dﬁhé Slgs}sish%tlkﬁ isbiReimtieked, dt 17 KN¥ehe full P €rystalline

resence evel ope narrow pore size

me?ﬂ@%ﬁw Ei-ZSMi SiMOM:-4 e dbgled ItesarHezPN npdeits unmodifisd geolitic
verE’i)rz]Sn e SPPET PhdifthdkiSe @buibuidn (Bﬁ{ ﬁreth'(:)%iﬂé’ﬂ' the Rlll? %Bjsfaﬁfni% y

physi sorption isotherm of

megqsiyuctaried Fonditas ingbided int ingeb dTheaweserds ofpelbRp Yatwed nrrow pore size
mebHBRIsRY 1nwﬁ§%[§' ‘J}%re@ jid 8 eViﬁéc}:R @%, ﬁ:ﬂe‘%ﬁan?%gjcaké WG/py ~0.3.

Ver si on S|ze ribut
met ﬁ@gl)e @éeptcl'tkepcfré'l/(hﬁ(m&r (iﬂai’ké}] (Johﬂﬁlsm Eﬁﬁﬁlﬂﬁ@ﬁilesostructured
zeolite is iIncl In inset presence of

zeodiéss &- XB\é@MTéHr(b@) dbwléﬁl\é@\’fnééi fﬂﬁ@fﬁﬁsﬁnﬂyHrerMﬁEMCM -41] (right)
andﬁ&ﬁ?r&gﬁé’cﬁﬁw Z%gllﬁ(ﬁ\ggggl S éﬁ }ﬁég'tcgﬁlﬁt;]qg%f# 2%36#2 %?-iﬂ%@ﬁ@k&h%r) and
H-ZS8Mteght).of N2 at 77 K of the fully cryst aI li ne
mesostructured H ZSM 5[ MCM 41], | abel ed Meso- H ZSM 5,
andFiguee Wriepigistimeges pbtairied by trowsrmission, elaetrosmidoscupre( THdDef 2)
t I
detglrl )6/? i ﬁMdM%ll%@ﬂcB’gﬁll%gbggs}m&ﬁreﬁ I%@ol{téJ Iﬁ l()j) %ftall of a H-

'ne me ured zeolrte is
Y[E\/Iﬁ?i\/éﬂl] felhecnystelisnmescofrucebd zapéiteel dqﬁ%cbnh@waav”\? heslestrai ze

structured sanple is evident
dif &%ﬁg‘&%ﬁar%e lﬁlﬁ]tua%ﬁasa S%%l Po -0.3. Figure 9 depicts

por b | I
roc el HTEPct P TERFaBE LR el buplrf bRl bl ofue
prebent/DREMION 41] (center), and HZSM5 [ MCM 41] (right)
and their unnodified zeolitic versions (lighter
col Eignee) 120fepiets¥ THM fimjge diaMDRy (restaititer hesostnatturedZ8ivit of the
Figure 10 depicts inmages obtained by
p“%mﬂﬁgé%§3|on el ectron mcroscopy (TEM of a) detail of

2 TP g o BRI SRS G 1% s-risopropy

benzenyestiyahd unmeodifisiaehvantibual ecblireddd®Yi.t e at di fferent focus.
The electron diffraction patterns are included as
i nsEgBre H &gpicts alsthabegvic dllustraticEMS icatalytc obckang efl 1,345-triisopropyl

benzg @ll%hrr}]/(set&ﬁrl's % ?n%go%%gc%g%g d?o%l‘taeogfl.flmres%t 1@\% 15§S$U|t ly
| |
Crygi ?re fSn C%Enl;es c%t% yrilg %%f'ij\ét?/q?rzle?g-tru 0 ‘i Qenz? % anlglshOWn as

i nvert | on, ure s’a sc FCl
corversivatval tirhd for thleefu:llgl arrgstalﬁne]ma;pﬁﬂtcmredsaaphte WY[M@M: éHelabgled

M P B P T Teni SRR S corettiaha) SEFEAEAL 4130,

mLﬂhﬁln]of 3165}0w datwsapd whal ll,3,5-triisopropylbenzene at 120 °C was flowed at 200 °C

over 50 mg of catalyst.

Figure 16 depicts the catalytic cracking of 1,3,5-triisopropyl benzene with the fully
crystalline mesostructured zeolite H-Y[MCM-41], labeled Meso-H-Y, to diisopropyl
benzene and cumene. The H-Y[MCM-41] results are compared to the normalized results

from a commercial sample of unmodified fully crystalline zeolite H-Y. Catalytic cracking
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benzene a fully crystalline nmesostructured zeolite of
the present invention. Figure 15 depicts catalytic
wactoosgy2f or 1, 3,5-triisopropyl benzene crackpamyushmani4i29
as conversion vs. tinme for #he fully crystalline
mesostructured zeolite H Y[MCM 41], [abeled Meso-HY,
with i ﬂil']b“@%tfilhﬁéjrnéﬁgtwctdréﬁ MBI /[MCT(/[ -4 8NSsults in higher selectivity
conventional Al-MCM41. A 50 nL/mn of He flow
andggdygtign g’obeﬂmﬂhpwd‘?s“@nt riisopropyl benzene at 120 C was

flowed at 200 OC over, 50 of catal Figure 16

depligtiee Yilepistsihg fw‘r@waﬂ%bﬂgy efthqﬂﬁ lysrystalling gusspypptured
zeo RIS e{-ﬁmt}mm fhbdiddMedovsia bbihpRedRIRSEInVEohAGon-

zeolite H Y[MOM41], |abel ed Meso-H Y, to diisopropyl

mewéﬁ%ezﬁehtaﬁé“ e. The HY[MCM 41] results are
nﬁared to the normaljzed results froma comrerci al

gureskS depiisgptalyde) aqtiyity yords3 atrtipqpraps! bepgenerceaciing shown as

conGatsﬁhwfs | o RE Vﬁn@\@&slfhlﬁdé%ésyétmm%&%&mb 38 IQI@)R[MCM—48]
mesostructured zeolite H Y[MCM41] results in higher

labeled Mese-MQR,aand isagmedifisd zgohitip sersien H-MOFd L/ £9 By/min of He
ﬂoﬁ's&Hfa‘c’edlethdleP Hhiso n{ﬁld&ﬂ%@%@ﬁb“@' a%tﬂ%%h 542)00% vBE50 mg of

cry sta I ne ostructured zeolite HY,
eaCHCWtEi PRIMENEHHEnESMOR. Y, conpar ed to t he

conventional nonnesolytic zeolite Al-MCM4 1. Figure
18 Higprectislepigtsapiphytie agtivity Jorthys, §-giisoprapybbangeresensk g phown as

cor?%l@ fiRs. o 1h@ GuBNAWRLIRR: FABYRK ﬁﬁéa%eme H-¥ S-SRI g,

crystal ' ne ’mesostruct ured zeo
labHecwMaEthlsd\giS aldditseingddified gedHiORersian &l-7. 8-y b @l infLi/mth of He
er I W,
o SRR T P Mo Ther ol B Pl Tonb¥ al W06 o Shime ot
each catakyst, HtZSMMG [MCVo4 Hrand Bl- Z@\/Ieﬁ‘ each catal yst,
H MOR[ MCM 48] and H- MOR. Figure 19 depicts catalytic
act Fighthﬁﬁ'%odwmts;%olsmt ldfi lpop sidp Y axie the e oy ecsicacki 1S -s hown

trns%érog)gp \r/lSZC 7 reers \@uéﬂolfl?ﬁe ﬁé)r?éj%(}? gt Wbﬁf%ﬁ% dlthe unmodified

fullylesyatabiné Skl Be HeMGRl tThe mtivad bénzenk prediced by HWAORY benzene

BUTCTE NN I M A

A Haﬁum\ﬂelw G0 /in ﬁamhecbatﬂall,ysttrusbbﬁﬁ}\lfbéﬂzbﬂaw 42(°Cawet

mtras%vcg opira0 otk erdh K R e MORI2RR) RSl aR A RS! dehY
b e 0 e Rl Ao AR Rk A KRt U e ey T

cryaﬁlhbemwm Gducad) md itd- MR ryhisiizemnesopi@eite® teriiyn H-
QW]ZNR] as a function of tinme is also shown on the
YIMEYkthand side Y axis. A heliumflow of 50 ni/nmin
sat mgat&ﬂ)om@bﬁtskhéeoiagogmbﬁ @pmenvt}lfeeﬁ@ﬂﬂ)tﬁﬁed férdaaﬁvlty

i ntroduced over 50 ng of each 2/ ZNR] and
testMMde) of gcomignignal fully crystallme zeohte H-Y Si/Al= 15) and its fully crystallme

mesostructured version H-Y[MCM-41].

Figure 21 depicts the percentage of polyethylene (PE) weight lost vs. temperature for
the mixtures of catalysts in weight ratio to PE labelled: (A): no catalyst, (B): H-ZSM-5:PE
1:2, (C): H-ZSM-5[MCM-41]:PE 1:2, (D): H-ZSM-5:PE 1:1, (E) H-ZSM-5:PE 2:1, (F): H-
ZSM-5[MCM-41]:PE 1:1, and (G) H-ZSM-5[MCM-41}:PE 2:1.
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Figure 20B depicts mcroactivity test (MAT) results of
a conventional fully crystalline zeolite HY
wO3006ABsE3) and its fully crystalline nmesostrueCumusenos/ 014129
version HY[ MCM41]. Figureda920C depicts the
conposition of the LPG fracti on obtained by

M cFigard 32/cpicts tRsFTIRMAI Y rawf 2 pH SMENVIH1 ) A NH I MCM-41], )

nefcfEeRE o BB Bl (N L B L gur e
Rh@PhomiigCH, ) NRepe(MeM-ae of pol yet hyl ene (PE) wei ght
| ost vs. tenperature for the m xtures of catalysts in

wei ght rati o to D¥miled\Debdription ofYhe Ivension al yst, (B):

HZSM5 :PE 1:2, (O : HZSM5 [MCM 41]:PE 1:2, (D):
Defihid@d 5 : PE 1:1, (E) HZSM5:PE 2:1, (F): HZSM

5[ MM 41]: PE 1:1, and (G HZSM5 [ MCM 41]: PE

2: 1FdricgnvenicAe, deforedtsher HesciftidR of leqirésantdhvenjion, certain terms

A b i o R VT
deftit ISR uIINGR febdHa) IxhiVET Ih e Maibl € If thelddciislne AndDasdzstqaidia by a

of tthg 1I.nventi on Definitions For conveni ence, before
PerpQi RfEN A IEA pti on of the present invention, certain

ter enpl oyed | he spgeci f.icatjon, exanple and.
b DA i e R et B o S BRI e
leagtibas) of tikegra@adtidan objedd bt thebrticlee Byen®i oTdedmlé, “th element” means

di scl osure aﬂd understood as by a person of skill in
ong ¢lemet or mpprdhap gregfement: o+ 5nq “an" are used herein to

r ef to gne or nore than on i.e., at |east one)  of

e Gt GG 1B ST BFecad s e S ogpordoly affecs
the@¥t@ FPh Chemidd) r&kSsPMthou R THeidp CouMB® bi sigificHatlE altdhan

one elenent. The term "catalyst" is art-recognized and

r ef BhtetrRs ‘@BMpHsD Shdremptibiag” 46 tsdliy thafidlchaie, dpea sémt,e
of, a_chem cal reaction wi.thout itself being consuned
megping fhghadditionpl slgmenisigayeg inofptsds er s " conpri se” and

“copprising” arg.used in,the |[nc¢lusive, open_.sense,

oA PG HECKRE i3 HTBRAPERA R ARHELETT ByPE BrOC RS oG B TR
orgafiBRompraK imd@smdlRr Mbkcdl@cogni zed and refers to any

process of breaking up organi c conpounds into smaller

ol eRdHeRS “indh8inkeisMsed 10 &lebisliR@udih S btSRelithRed®aN-Including” and
v dncluding but ngt linmted to". "Including"” and
ineluging byt WS lipifed fooerq ysed ksgehppgeablye used
o NP orsen b oo rcard R 1 of SRBSRALS

mesoporous silica with a hexagonal pore arrangement, wherein the mean pore diameter is in

the range of about 2-10 nm.

“MCM-48” represents a Mobil composite of matter and refers to an amorphous
mesoporous silica with a cubic pore arrangement, wherein the mean pore diameter is in the

range of about 2-10 nm.

“MCM-50” represents a Mobil composite of matter and refers to an amorphous
mesoporous silica with a lamellar pore arrangement, wherein the mean pore diameter is in

the range of about 2-10 nm.
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mesoporous silica with a hexagonal pore arrangenent,

wherein the nean pore dianeter is in the range of
wahosto3®110 nm " MCM 48" represents a Mobi|l coRpoAISR®S/014129

of matter and refers to an 2anor phous nmesoporous silica

with a cubic pore arrangenent, wherein the nean pore

di amRti@Hn Hrfesbpbrbi® if #REEogRfzed BRI feds thQ porbus nivkeMabédmprising

represents a Mbil conposite of matter and refers to
porgnw il Wienediste sBp Rtsing Y VhERITRINEROY 2 ta AUt 3P ngRometers.

arran%enqpt, wherein the nean pore dianeter is in the

r angt THm ApEattrusiie in1eseeizEr 3id FREES o Bysturg comprising

meSpbrel KRRARLARS dRNECHi BB Sf fHe nftd?RI AU4le MBIoSIJpR or nanometer
conprising pores with an internediate size, ranging

scalgnipliding ofdesnsh aap sor-onleted meprstibetaigd matroinst asrvecll apmangsEpgiyred

matePBIS 08, nthedrials8n whithaf feadt BROSTIhGCHAMBATo 8 irfths nlifdnfter size
structure conprising nesopores which control the

rangg, g¢rhtas apnptebegfnangringaaierqrpds nAEWirRL NaRosiebs apd the dike.
nanonmeter scal e, including ordered and non-ordered
mesBstterie frgsegiruehirast scalites™ ag gsegdereingigc dassd crystlineed

megfﬁgxl%pg %!a%rialis; fich APLHitk@ Iﬁﬁuﬂ.iﬁbpmpﬁﬂe@%aﬂo%ﬁ%ph&&? of

) ne_nS| on 1s In the nanoneter Si Ze range, such
zingpphpsphaes bitanophesplotdsais | lismagsestagaire mayhsip thedorm of ordered

L Moy :
melRRRRY B0, B o M), O oSO Roh g Blesoporosity
(asiremesvoelbia foeass MG or sesiscaleamerpbdlogy€s in nanorods and

nmi\n hat eS. | i:

nar 8o o S 0 bR N i U BERPO AP pos o
meftraetatd oedditised nmesporosity (as in, for exanple

MCM 41, MCM 48 or SBA- 15), non-ordered nesoporosity

( as“MORHespocsetth a immrdehibawbich MaRZeplite opmprisingsapgtaximately 2 moles

rphol .o .as 1 n_nanoro n .uphes. .

or BT Pirteoiin cbf nRBOGPRER, e SPARGURE s orfbombis cpvsa
strichee.dTHif ®fmatso inghetes Bt acidie datir of MORerhideohy slesbe repeiRhted as
w1 ﬁgsents a nordenite which is a zeolite conprising

3@@ oximately 2 noles of sodi um and potassi um and

appLax 1 mole of calcium.in,its orthorhonbic,. .
P PO RN B hespRirfie ™ e S b RHRP AR Gties wit
a pbierringe fof Mdst 6 ahn. 1y (MFHactbn t6 #pstasand.ed as "H MOR "

"MSU-S (MFI)" represents a nesoporous material made
W t FTMBEFSO@EEZ29 Y repasbiits #mesuipbiouampierid meale gdthafanased zeolites

.2-15 T IVEI f ' t.ruct . "MBU- S
wiflgpRg st oo 08 S5 P AL el b the w tn
Qst zed it W th. f about 1-15
The TOHEAHTBPY & SEpehpaliged g o MR % St esent's a
S em‘gﬂl&/—%’ rlelp}eéeen S lglgs%gg)rglgs (%%1&)3} silicas with pore diameters up to 30 nm

arranged in a hexagonal manner and pore walls up to 6 nm thick.

The term “surfactant” is art-recognized and refers to any surface-active agent or
substance that modifies the nature of surfaces, often reducing the surface tension of water.

Cetyltrimethylammonium bromide is a non-limiting example of a surfactant.

“Y” represents a faujasite which is a zeolite comprising 2 moles of sodium and 1
mole of calcium in its octahedral crystal structure. This term also includes the acidic form of

Y which may also be represented as “H-Y.”
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"SBA- 15" represents nesoporous (alumno) silicas wth
pore dianmeters up to 30 nmarranged in a hexagonal
woamweassand pore walls up to 6 nmthick. The teCcmus2005/014129
"surfactant” is art-recognizded and refers to any
surface-active agent or substance that nodifies the

nattleQertf “z&'ylfté ai@ @éﬁne@fats &thé Bledtiogal tZR61iS WSE&%OB ensdti@tion
of water. étrlrret yl ammoni um_brom de is

(Sepiéni 1-3rie inchige Both mpiueal aitd synibhgtiq zgelitghes welles m@ﬁfw&é sigyes agd
othEﬁHicﬁ)%bxtoﬁs My rﬁ&obéro@ AEHIS BvESTRAES m?e@lemd%i s@ctures.

SO |umand 1 calciumin its octahedral cr stal
Thesterny zeqlite” alweﬁers @rarﬁram or anyanqihes of ther o jof leuctuse
alu%m‘@@;ll&ﬂe fﬁﬂ?éga‘ﬂ d%)?l‘qpﬁlgﬁ gg’cfoslg ! hgg ?ﬁl?uérrl Egc% Iaéc}]_ﬁﬁ of ?crsgbommonly,
barings bery Hivimg Hth@mm potassivh.onaghsden aghstronymy @araqt@rlmiebytib@ rtio
B s e
exclhaxgenagld edsely deldpratgy arotl@cebs thatilow lqurublle Weleysiratibhe Theterm
“zeoﬁtg’olllso 1nFlu8‘% S‘Qec%h% el CP%cfmuarlﬁgrrl]ag% Zeo esra‘h%égfg{w erepé)rfed 9y
reptaomrg ISI *§ bngl* taith othsr eﬂm&ntsaes s thel nasmoﬁmldrrmadpheaphatcﬁr (e.g.ess

S ETER Y RS0 RS S s, LG 2R g

titahdMilicHie,.e€d. = appr oxi rratel y 1:2, an open tetrahedral
framewor k structure capable of ion exchange, and
| oosAsIM-5T 6t “.SMES QMFm)ﬁlrQﬁeﬁeﬂs a Mubﬁl s§11hthc‘;tw zeelvte-rSs iThisgerm also

) hydr at. al so | ”

incERRY FadiF B LA ShES ey i be esiRon@Eas RZaN-57 oTne

(MBPBY) eaeed ilytriictpbaci ng Si 4+ or Al 3+ with other el enents
as in the case of alum nophosphates (e.g., MAPQ

SAP@,CO]E{)D@RQSWE/E&%@e abbvitidNsS6)izeddg| drgpivahphistsas ordinary

sl 3o B Rper 0 P SO SNt Syl fefie oL Qe Lhgmisy
thislit & thREdNy phsentédimlaualas ediitied 8ahdlir€ L ispsMAlHrevidfildn® Whi ch
may al so be represented as "H ZSM5." The (M)

r el Bdr@arpogesiof thissihventiballte chémanglémdigdt WRnlificlin aécotdagee

bbr evi at i ons zed b ani c._c of . ordi
wili feripf URE af be Esfaisota viRn HendBooiSuT Ry qu Phokic.
67tﬁgjdum@g7 tfdpiedowdrnal of Organic Chem stry; this |ist
i's typl cal | y presented in a table entitled Standard

Li storddmpabd ejuialldn@ s the AebliticuiuR0ReSuBinits Bhdother composmons
i nvention, the chem cal Wgtﬁelmants are identified in

desgpegiagayrdBelyfa el Watepels wgip OthpepeeasesRnd therelfngnd ghich have
the%ﬁe gﬁ{eﬁaﬂl %gemg@@ﬁ(e af, b@h@g ibley, vﬂfé%lfbﬁbsdr%re Gikiple

i nsi de cover nt enpl at ed equi val ents

var@rﬂonsffé sz@atqem aregpadgathigheds nos eIy Sasiahcatfigiey of such
mofe@m@ ‘t’c?éc‘hie@@ fis AE28Ld RBFbsE bﬁlv%%nérap I %mﬁmas HPﬂh@ Efeeén%

whi ch ot herw se corres hereto, and ave
invention may be prepared by the methods illustrated in the general reactlon schemes as, for

example, described below, or by modifications thereof, using readily available starting
materials, reagents and conventional synthesis procedures. In these reactions, it is also

possible to make use of variants which are in themselves known, but are not mentioned here.
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the sane general properties thereof (e.g.,

bi oconpati bl e), wherein one or nore sinple variations
wohomBgtiet uent s are nade whi ch do not adver sebygtaitmmeni4i29

the efficacy of such nolecuke to achieve its intended

pur pose. In general, the conpounds of the present
SynthesaydfiFally CR)tallbe MespsueiiirddyZebli@s met hods il 1 ustrated

in the general reaction schenes as, for exanple,

deshirredatydas| eyertios th)beél’DgHiﬁddGﬂtheQﬂﬁhésh&j‘feexfhtesw&th’@sned

r eadi avai.l ahle starti erials, reagents an
propgdgL I e Eaticed) fereeie P Belhtrnes s QRERhSadit Spa)
corittol bSthékyihepio S&idiions, taad mlf@ymmlsqfeamtsa RSBtk Har e

in thensel ves known, ePy’t@r e. not _ne

Flapiger, oMy ledis<P- ¢y Jeps Sﬁétt%ﬂs) Jfﬁ‘é’HWé@Bé‘t £enditq Fedgnee and

PraZﬁ’&l nﬁcﬁ@lﬁdﬂ SaaeRR tin Yald sCleffda%a Cﬁﬁlybﬁszd!)f er 79@bﬂﬁﬁdAl n
hesi s of tes with P erties

Chf’ﬂ eReehé???e 96f23?3h%4 1(% Banﬁ M} féfetareez‘i@ea Sr8dle Pewé ME.,

et dll t’ﬁ&ﬁ IM&e;a%% A P68, 8@1%69#1)@5 Atfar SNA}W%% g, 1999, 5(7)
cond IthﬂS OSt synt hesi s treatnents van Bekk

20§3-208g) @ﬁlp,gleﬁe AEA fal, Ghep ey., 002002, 40RsH38. At the same tlme
the&ﬁ%} 8f &&eré@&éé&g%ﬁé ﬂQteﬁé?ls g%cﬂeéﬁ eactﬁ) &ﬁie@ B the use of

Practice, 2nd tion. I es | Surf ce Science and
dlf@ﬁnaw@p@nts zmbsynthmssreor@dm Coxma, &hEvern.Rey., 199087, 2383-2419;

Daégﬁ §4W@P§Udzs4 7'\/'81%1862 1 r F de %O%Q geEé‘llpze;g SJgev.? g@@zl 102,
4098e4 198OV inR; Y EetAl., dtgenl Chenclietnﬂd Elﬂ99 38, 56-199The Biily of fully

ersSge g Sinudt8epfiys X5 Sydiretn B phosSPiRq Ay cqpoiseing
of orabiitie siruvesopoh cansrotied mcso@bmsﬁ}asvhtmhémdgﬁselm gap betwyzamded
cry&télhae P}l&ﬁgorg%ggﬁgmor ﬁousaieghﬁoar%es\a}lqgtesrfgsgg r algcs’eI with the
insRB¥idvadidR),;a sefvdtant isdmpoyed Mapaneteate 2 0, cryfhﬂa'ﬂme&é&ne st fure

forgRgoR TamOre gpigiftaly. Jomie & T ol iTpP o T gt
p011189 9f th88olufmb of the fu_ﬁfy&rf's?dnlﬂeﬁe&ﬁte btdhdtyte. CAY Hiesdpotdn urface

str ctured zeolites disclosed herejn.is ) .
5“"8%‘8 g 758 BCpRPRES VYt the mespstruge; dujl e Sﬁhmgy %gldf:% glpsolids with

onéér’ rh'&‘r% Phedint1ndis o RAviRd ﬂeF& iR SARANES fefdtred WhAGihitells @RS repeat
the gap between crystalline m croporous and anorp hous

in 33p8emiSF efueastil mp | é|fglly frystallipdoreg s SBUGHTE FRay Vs #srteéﬂ?ple
sm?l@‘éi%@fa'llﬁlﬁy Ao BB or MulG¥BsRURsty t Mtﬂ?éﬂ?hﬁlﬁhﬁy fcludes all
crystalline zeolite stricture form ng pore€
solids ﬂ‘éV1§$J@€T0fthQ?aan phase bavingtgpeative sieatyresy refgrradde éwms@lls that
rept:ﬁrn?%t' gheUTor %f leés? 8¢hma A f1§/ tQStalhe Eé'b‘ﬁte QL TR b e Brfactant,
S

crystalline zeolite structure. opor e
forgameaeédes tempeighas aahpH cmm isitahiet th aehlmel des1red mesopore
r [ [ I I

s P ELOUAON S o §Horkoff 6YS} Qb b e 1y Bl eplh 15
experied trabianysfplly g&mlhe@mbxgams mateirial wellld bavetarsarhilarsiyedure) would
s1n‘ﬁlar°1? Bg Erod?cred az{llldj og%%ldjs&mﬁ% bF eIn%lo&rgd &/fnyrg’ tfgr &aﬁgle a zeolite, a
fullyroygstadliriei zaolity; ,or zmh@sarw@aiued nity, or nmulti

crystallinity. Multi crystallinity includes all solids

havinngynirast with Rignreolds Fidvas B fsaschgnatie plbsstratiog of a fully crystalline

meggs[rﬂ&ur%& Geotitd fofo e 1nsttant verlljtpolnf w&%h lt‘e%turet:sréaf{llly crystalline zeolite

structure 205 with mesopores 210 penetrating throughout the volume of the zeolite structure
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repeat in a space for at least 10 nm A fully
crystalline zeolite is exposed to the surfactant, for
wa 2006rm88912inder tenperature, and pH conditi ons Barwakioso14129
to achi eve a desired nesop®e structure throughout al
or a portion of the volunme of the fully crystalline
2052 ﬂlhb miegostlhbtufeszwmeﬁirﬁdndshm megdporesi2 1 (yis dullysdrgstdllinee The pore
ani c terial. wul d have a si ar st tur .
wallgyipgrist well biewgngdie ?'gaﬂﬁﬁ%’afes ik w28 £3 fiugraged in
Fig@eNBOMR thesbfuerure 216 a@mermeeopoaesmo hictvéewed ffoml & yide 220 of the
crystalline zeoli lites are, d scrlbe

zeog@rﬁrp%{grte 200 ¢ ﬁlthqn@b Ing‘c CB\IC'[ nbﬁlllsescbegma}tg 1llusgr n&esostructure
andithd ﬁh§§db@kb edh @fvidvddWohyotBérksdeabt the ﬁleﬁ%ﬁﬁ&ﬁﬂéﬂl 6dlitecThO.
zeolite 200 of the instant invention, which features a

f u I Réfelﬁhg‘ fb@hd | F@@reg eQ lahd B3 amnwmu lﬁﬂly?&ﬁstal\hﬁefmdmﬁmpmfegﬂ 5
penetrating throu t t he vol une o ﬁ|lt

of the Pl eDeistins momR R Sralt 1 el B dgvestivy SuibSerated

c &ﬁﬁﬁ@ﬁa@%ox%wzéoﬁtefdalzlwm%ﬁaa t180,lthdore WhEs tA&TsBrrvveild/thedr
|nter|or wal | between adj acent nesopores_ has a wal

me&QﬁP@@?@éi’OYES@lunﬁé 10 jare discpatinaigus, feafyrigg mpultinde zqoHts mhclei crystals
.o MBERSIdsCiosce 215 and the mesopores 210 are viewed
froma side 220 of the zeolite structure 205. Although

notrilephGE&dod iy J?%fs‘ialﬁ&nﬁ&%gtf&tdréd #8litedsiaPPlicablB € a wide

nesostructure and t he nesopores can be viewed from
varstshefrmaieripds e firsi straieayds base@: piythe ghoreenge orzgpjzation of a zeolite

strtBﬁIree f P?Pre&%\’;\é 5% GHEULE R Acpbrﬂfﬁgd'«it@meéiffﬁ'ofogi%y Siigouk Wsé ¥

ne nesostructure 215 of crystalline
Zeom,ls ﬁélt qrysallimitd Azeolite iseddgio efphk q@@trplllﬁgitsghnpom PRAEHRING A

surfa@ta{ﬁh eAl?eQx?artl@Ql% 92%8%'@: ¥§a£c}l§éclpﬂ8 r%?mgq%]%ﬂ&ﬁ%?néﬁ ?J#dolfl}ﬁreaftteﬁ a
surfregoiio nddedli Zbelpli oomwrolied siwionan be. dordixgwplat 4 bagisisglution with a
prRe}%% ugrlii?j'g 85’“%% écp b%u !}1] ﬁcﬁn nﬁ'(ﬂtj ? :to z%oﬁ’? J ?af?lﬁen&tlvel} WRpasic

eS|s 0
solamimq canctenbet lﬂewhe ttesgthof ﬂmbhiecmb Itle qeoceatrawcnh@f the basic

t t {. t {
solffis S h B g Pt e GR st ety pl-BERE B ke
empRyédBatradsweride thefdedred pHfrageant t 0o acconmmobdat e

mesoporosity without |oss of zeolitic ful
cr ysulablel soificfantsAhzteon bd @npl@yeadml edtotdana® with the mven:tiohmblude

solution c I.n tern
catps 1o PEURHEATE et ABp oS P o) Suoft i varie
acdohBiie@f foe Exaihpﬂé,l ltlfe&ﬁifa’mdnt d thel dedite tl’lf:li’t@rq)xhlixedlnl?crr@b(hr&lﬁie in one

sol.ution can for exa sic n wth
emBpgipgntothg ejveff%ﬂﬁ SyHeant i ﬁ%guta?saﬁtt %ﬁ Weeﬁ?igf’f Hﬁtsafﬁ?ﬁ T he
solti§or2 QQtHmatitely Qhe Wbi %Eﬂdf@ﬁﬂfa‘é&inyeantﬂé%b&ﬂ%hl@ ofthb WelgnofRkblite
can be abqut 10. e strength of the base and the
added i@ B SPHPHN of the basic solution are selected to
provide a pHw thin the desired ran Suitab

basEhesaitse IsdErogERe brsetes §masperipd R tme W S8 RS pilpw the

fullyaRgeallinaicb AR k€achiéhé 2845884 MebddBbctirdfoPexatipR, 8 YEU[NMIOM-41] is
accordance with the invention include cationic, ionic,

a fviémry%alh@ﬂmch@;foam@ fagigsitediav g P ey Aline MESOSEHERNE | t v
surtfunditE haek&BhalipSreu@bh&thent. Similarly, a H-Y[MCM-48] is a fully crystalline

acidic form of faujasite having a fully crystalline mesostructure surrounding a cubic pore

arrangement, and a H-Y[MCM-50] is a fully crystalline acidic form of faujasite having a
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according to, for exanple, the surfactant and the

zeolite that are m xed. For exanple, in one
wentmdssent , the wei ght of surfactant is about pegwabkoosoi4129

the wei ght of zeolite adde®4to the sol ution.

Al ternatively, the weight of surfactant can be about
havhiﬁ 4 fully ctyballite h@:bl’fjstlﬁétlﬁréem{rdﬁnémgddﬁﬁleltaop(brb err&tgiembmtoe‘tc

m xture is r ot her I t or a

o, e o et oo et S BRE e e PR gt o
shoft€Pperio@ of fmaeduchieoe ad@tﬂea mesbpamslqsmdmum mds@structure as

exanpl e, aI—l—Y[I\/CM41€1 fuII [.1ine acd%:
CORRSIFH B 1T IR F RO R WAL R FRAp %/Itva Y| Ippggt period of time to

achiEve @l shme ek &hopds t?OBE&hMm@: dm)ﬁe’iﬁ&i’a%hre ra&nelated any suitable
arrangenent. Simlarly, a HY|

MCIVH
corpbipaiion|of fing and feIperans W%Pe ?%?%MA‘@L ﬁa@rpﬁﬁn%aﬂf/ {epting the

mihi4S F8 dxlaf ?le”@n% st febtitir %@s‘ﬂ(fn@ Bt RBnPtempéthardd®Bout 60°C,
arrangenen and a HY

is a fully crystalline
alt@mtuplzz ﬁl@ﬁmp@fauframnw Qn hwpﬁbovér’%% Cn éN%/?r? the figmperature is
abdut YL feﬁfacr Qﬁé&%‘érf)ﬂ’é&tt% rﬁWercgﬁHiﬁ%dggalé ;Jla"égﬁhdeﬂly&%&mal

arrange , Generally, the tinme and tenperature
coraint@ns,ébxaqxempk;um seled reactpr. g?ibeitme(smﬁ femraboytoge hous o ghout
mé&g&tser per iod of time to achieve a desired

nmesoporosity and a certain nesostructure as conpared

to f kithe! REBERRIrE zeolit d

rel lgltt!l”g e th Songggrrﬂjtbééﬁsleglgwfa Pﬁe#e&ft 0 eachlﬂe\"/l ert ﬁ%o lseatr}{%e o
qummpmwsﬂattynt tHecad spantithee ket constapl howenes thy e in the first

t. n Qf

syr{t}?és% é&f% ?rh@ielg Prlali'ﬁ g@ lgéc%n{f %’yﬁme (?in\}] elﬁ F{‘ﬁy% rlrg%‘.ﬂ?orf A 1fferent pH values
in the & synthesik expmmems,ehe For fullxerphidine métetrewp@mtumsehffer from
ond :?1{(‘) ¥ a%l? o cgllf)y?#h {{1{?}9 cr%gtgl ﬁz{egfltrlé ;rgesésgru?tg%n&&tgg?z%d with the 9
pHabhutibn ﬂa@m@e@ fe\Wren@opdne stigarps bectaus:eefewsr mdzsomreﬁ'&ﬁelmprporated

T AT T A
meS&ahttrels@adiésited withehd 1 INpH, rvetticheitis frrommaeta)pbkfe :mnfecds,(j:mr:ause)the

.about two weeks. In.two s hesi s experinents, the
h‘ggﬁrrbé‘ﬁee‘foé‘f’%n“&m"% Wﬁé}tedt“é‘r‘?ﬁr@%/sgé POt i te type and

onrenekemateyBhet naois ¥RUALS  FHE MtoReBptS longinine

ce@mq!méthﬁamhlohmni mmsceqomAB;: sifabasts s The;mib&ure Ml}fdrdtl&smhlly

tre@;(b%t ﬂ%lr#)]é %r zﬁw&t f Pl]lt ZQ]‘;V&; 12t| 1}8‘8?%8 |1$¢ lé) about 160°C, or

abSB 39U feEAU6UES) KH d‘rfoeérnifghﬂiihﬁ@ &hRA M Rblite SPRIrE uBdrdogs short-
the fully crystalli ne Zzeol.ite nmesostructure

rangg FRaffaRGSIEHIS R perommedage tha MM pe planesaststure idigher

sulTREAPInBerttalibRGRA 1or2e R MR A BN RfeaRABRAIURSproice mesostructured
i ncorporated into the conventional fully cryst al line

zelites| withethe MEAdf8eper of mepestrpgiprey Adiey washing aad dbying, thegurfactant is
refiGved %%E F&éfn 1 ¥dl 19@(%%? %Jr%ttaﬂt etxt}gctl%ﬁ B{'bnevgﬁib%ﬁ'mﬁﬁts the

nore {) sur aces, ecause the ase
resplsing enatariat is @mlcmeci; inl Need ajmraxingyn @mt%g@tp@b@ﬁﬁwto §0Q°C, or at
t
abgﬂl @ggmﬁ‘l soI 0 Iﬁlé}%ctél% rg%rg&lﬁ!l nﬁle' SrRd4R ﬁjentn&alatechmque is

selected based, for example, on the time needed to remove all of the surfactant from the
mesostructured zeolites. This synthetic scheme could be used to produce mesostructured

zeolites with various zeolitic structures.
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cetyltrinmethyl ammoni um brom de (CTAB) surfactants. The

m xture is hydrothermally treated at about 100 to
wahosto3@A®0C, about 120 to about 1800C, about 24O/USE005/014129

about 16Q0C, or about 150C0Qsfor about 20 hr or

overni ght during which the zeolite structure undergoes

sh Wﬁﬂoﬁf‘&@ng’tﬁ%& RN Wﬁ@ih‘éox%rolt AORAGTE tak elcbfrdelpAkolution
ty of nesostructure er surfa 6g}}i{ant

Soﬁew%ww%wlpml @lmst@h@eemhty SHIEACh ERAPENS the sWifantant © penctrate
the %@)‘l’i edcr%ﬁ?rgﬂﬁ T dEAS A GEANE dM%x%oshéJlﬁ&llW th& pitRendwlidvs 4t are

ype o sostructure. After was dryi ng, the
empieureﬂ&nabéerﬂw burfacantlo eandite thestrusiesiitee zeeliledpater $i1¢ RbF

contci{ljl Bﬁa(fbtrﬁ)@&s&?\’e tﬁ&%éoﬂ{é Asrfh@{ﬁ g@cm%ghé?ﬁféts thelZ26ljte, forming

i's cal clne at a maxi mum
mesopupe ntmmn@ratqdmwmomxpsm to thegowoutied gH sqlutigm aagt is softened,

ena§15nrgf l%e?ﬁ?nettrgt%h léﬂh?kl[rﬁacﬁﬁt SHE Q&%n do gﬂgﬂ’e@m th-grfﬁshlon

r enov ue 1's selecte ased
throzghonp the Voblmetdﬁehetzenlﬁe n@hedmietramon drough the reobife vph@le may be in
ur nt fromt
anygv}gﬁehc&e Oon O ur, a}r%orré q%%%? Eif’ré‘&‘t"gﬁ’% g)q Fe)%aglgﬂ%gﬁespengﬂtl%n may be
thrcﬁ@ﬁ ﬂﬁ:t)d'dlﬁbﬂlﬂhﬁﬂhe &eﬁﬂecﬁcmsthwztdireulmmj wwey gaobipatiop thereof. The
tructures. Wth ound t t

perR BB a0 OF ok PR B o s Canlofi iy e efed o

opticagllyche y@sirativiahd totstguestlysit aielscbpnfbs ey |be tdisosiaretl ac gandom.
enabl i ng the suyrfactant t.0 ate the zeol

Op Bl ioH of He ot s 0o T B S 8 o pa e, ibor align,

whizh %?Jcts&l@é drdangdrhvart pfihe eosalltihg ﬂnﬁﬁ)pblh)aﬁ ﬁfﬂyer}emﬂlrmyi&dostructure
enab

e the surfactant t%%ﬁe”aﬁ str ture Th
The Highs g8 TS RSN I D G5 el T gy The
typE BEs#BQhAtldBternfificd, RGeSt AT @O tlz@@mﬁé magoperetildudiey ifort e,

orn1ng mesopor es, t he enetrated Y&BOH S eﬁgose
examle, Fis Sz i B PIecRPop AISBFIGR H610T Hivciize O L PisspRage Sross section

PerRRaH iRG thdtohPi&HioRE TRty @Y dtlindP4olitd & rd bbsBica Where'Eh;Gntrolled
penetration continues in this fashion throughout th

pHsolutipre fayfexarnple, e hay mg'ﬁféH pleifeheld o4 @Hﬁ?liﬁdélﬁ‘ﬁﬁfln@ ﬁgnperature
cor?d?tﬁjgk fsGnikd \Hfgif %@Xltéoﬁltﬁdﬂt AWastapgl € direction or in a

I nati on ections, for exanple, the

p enelfaat do‘HOe al k?lﬁl}I JP%Q&IQKE Zeb@esardvE9 GlabRNe.gt ASMY5, MOR,

|rect|on e |rect|on or any, conbi nat | on
CHhee-parfd it mdefﬁpdh@tm@moeme acseperosihingsy thesgzeoljtes. Jpguch cases,

SRS O FEVBIAR A P e St 1
to ahesiSo piem agily fdp exampsl@ rfehayihgofor examidare pHyeRGRG TP abgi @ to
aboug ﬁ,\r/rogltfr%gloe{bot zie 10, a o{)rea? \Akcﬂltt §r1§ ﬁgctessaéng AsEAPNG o and soften

t he arrangenent
theofonizdnaorrae ﬁllﬂb/tcrys@llnasceqzim sufcd t@l elnybltrhys)tuéactanh@ penetrate and

sostruct ur.f act ant abl es penetration into
creg%énefsmqr “Pk}%l}tg? ﬁl s?a(fl fre Yeolftd]

¢ "&r eat i ng mesopores. The

SI 7 orgvf]@ntfs%ulrg{ @ég gxglt taﬁi%g ge eg Sith aac#enieesa‘ﬁétu}erte Qai%M 52 QI% more

dfe T Acl
resifant foeacide smplesis relativerd ﬁﬂlya;mttadimetzh@uq vzlél lo$s dehge structures

neso ecro ect i ration i :
ZeqRuRi £ BRLAOTPURY (- A Piies  seiP ol ikGpadysty sable wit
res Ecﬁpeﬂetﬁe@lﬁh b@ ladzleﬂarﬂl‘ﬂasemj ad:bdnﬁimglyf adilwechtephresthd abasmium
hyflr@\“ g%;ﬁﬁp(g{) hav1ng a pliﬂa(rjlglgé ﬁ%r%na ou?cl 1'0?9 algc;u’rtr? 4 grnadsolution of acid,

for example hydrofluoric acid, HF, having a pH ranging from about 2 to about 6 can be used
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conditions is mxed with a zeolite wthout a

surfactant. Certain conventional fully crystalline
woeoalsiodga2are very stable (e.g., ZSM5, MOR CPATAIISZ005/014129

and it is difficult to incaeporate nmesoporosity into

these zeolites. In such cases, strong base having, for
instsed 0Pt dilutaNpEOHaolgtiog h&vmgra pH(DaItgink]frdm) aladnofito dbdyt 18X, in the

id
syrﬁfxes;s s@l?en} ll\;}ore gpﬁﬁﬁga%jya beagl tli,e Pﬂadorre:, 8Vr%n gg\é ey ﬁ]ﬁﬂﬁ’)k&leis nol:
suffiioieut to Goftedrsoine ofithabenytstaBletz8ol@tk) Ukhe acid ®IF ditsobeositicadandissfiens
the O e R Uy PRI DB PR Aol (i ZSM-S).
Afensdfieging i @Wé‘nﬁ@ﬁa&ﬂﬂlytoﬁysﬁa@lﬁ%tzéaﬁe bpethosing att€HF, the pH is

mesopor.e hro he fully ol |
inQER I PGP £ R SOl forutax g ol BemEppld 1§ iomt L in cuitable
suﬁatcxaﬁetstaa@ed(lﬁaguanagl\ée&):tea a&omaﬁ%etor 5 b, teQuuatityl 5 Adfte
an%asns relative to f crystalline zeolites with |ess

Brdlesitefl mesqspprasity ff { Hhe e s exROfPgIanROPIiaty ting agd
terdpeMtit cORtHARE tPpre@EnS Bie Abditd it pordsty Al REINEG MesdbBRhSe in a
with respect to penetration by acids and bases,
ﬁllb’c‘i&’bﬁt?ﬂll?ﬁg‘PVOStﬁlcﬂquﬁe@]&e{ etramet hyl ammoni um hydr oxi de
( TMA- having a pH rafa%Png from about 10 to about 14
or H angthgt sxsmplry syathgsis.pdpllesrystpliine 2ppHicds added faanggeidcpolution

hatifig a PEVEdAPaRuRY 16 Rt D%br AR Yo sholiP1, %pgtl&boét (1 @&tﬁﬁmg a
usedi nstead of a dilute NHAOH sol uti on, havi ng

neyteah girfagtant Srrexaale. P& URONISSO) (ayalablefromhBASY gk lh@gmé’ark NJ).
The &lHa0R is Mﬁ'b?ed%@ gﬁﬂréﬂrﬁﬁ:l tb¥ er%&%oﬁ&ﬁ@ﬁsﬁ@ﬂ% o83 1im€ ¥k ted to
at very pH, i's not SUFTiCient to soffen some o
achipne Wslyedgmmt@wmqa | The gsixtulthean de held pfrodingeropearauresing istirsed
]fmgn b u
fo K nvgt%{u? gﬁér tto? Lﬁ 1 vxéér%f{ Sltﬁngrﬁ:;t}]\;eeﬁfe thg%?tﬁey is ﬁ%&r%wg treated.
In giict emmbodipfien mherrglxum@lschmdl‘wéntmaﬂyateafea bt e}boutr 132§‘f(éfdr ifroen about 4
ho&rg ?(} éba)ﬁt P‘X/eeel% H?l% régg £l % mego 5@3 h%wg%g B?_rle }aanr% egegasteurlgg ¥rom
abcabdllld) 6(1ﬂmam msslwrds abfaee amrohmistemcﬂ mespad dé theinfesastructure.
quantity sel ected according to, for exanple, the
qualhbe mysopére zigohnd @clitedtutdreaycdsi reednvmiotp omod by yvell—known

tec%’n%ﬁ%es $ Iﬁ”ase thén gg(eff s?rf cianf X0 g—fcgs'?ragt a? ﬁfé) atig é:é?lp Leaag{‘hs non- 1omc

sunfresn Ot ibiick yomiyiners swkiling ggdmsast Fcbrcbkauﬂﬁle i3 af 4 surfaytant with
crystal.line nmesostructured zeol |
o pERER PY S i sch o PnRS e sheterchain
Ier@ﬂﬁ&drems pore size.dF & @kathplousbafa sigelingideittvalNe 2@ the-sdrfhddant
out, 2, fromaboyut - 1 to about 1, or at about O,

mi lﬁf aAW ﬁfg{lege REsAPPLS size ang g@@(gﬁpctulfeaf %‘Hﬁla ermg properties may
be RiddRENrG(dn of R\BbRRLiGH. fAl@dsanA%%tﬁEsllgféa&ﬁenPﬁe I, sitkhhtion,

The m xture i s exposed to_ app roprlate ter¥peratu e
sradige s fase Bnpipnalizagien.ignexshaggemnaghilzatigpithgmeaeneavscagplysts
andia@ogla@ln mﬁaﬁtﬁaﬁmw&s) c&!ne b@bmf_,llew@d t@@ﬁhmnﬂ%&é 8L tek QPN
enperature and stirréd for from about 1 day to about
pmpewg@kf thymeteripla pad/enmodifyrbeinguriacs demisttbiy dr ot her mal | y
treated. In one enbodi nent, the mxture is
hy dABRthenasRect 9f the iggqnisign Aetusgsgngsostoiayess b . gsribwstraisd in Figure

1C. Such mesostructures can be achieved based on the dissolution of a zeolite in a pH

controlled medium, either in an acidic or basic medium, followed by hydrothermal treatment
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hours to about 1 week. The resulting nesopores having

a pore dianeter neasuring fromabout 5 to 60 nm An
woremmasa2 sur f ace surrounds each mesopore of tReT/US2005/014129

mesostructure. The mesopore&7si ze and architecture may

al so be conveniently tuned by well-known techniques,
in tBéJp')’GseaSe éﬂ'iﬁsutﬁi@almf Suitabfeaotfzutints thattnnydiefefrptayad include cationic,
onf LA PR S R AR st
TheRATMy F sfRtaff is aarﬁddraﬁcaﬁdlﬁ@to Yr eRanhysé) gl&rsembmd Burfaefagt dnd the

I NCreases_pore Sl ze an rsel S ctan
SelGG RS E PR 105 PN G A ST LLE 6 o sad) R ifght of
zeoB¥eHABE B0 tmm%n aaltsmadldelyﬂ ﬂleav@egﬁt oPéurfac@irante 4@t half of the

surfactant mcel pore, size an
weightgf@eelite adsed t%ﬁhe Fﬁl‘t‘téo(?t &”&1’%‘1{3 @}5-11 %@“ﬁ%&]ﬁ%ﬁdﬂ%@%ﬁ%d‘ﬁﬁem
that @§dives 1R ekolRd ARE:s Fond 4boGOIND BB 2. Whk®Ahe pH controlled

post-synthesis treatnents (e,g., silanation, graft

medigiiaadidie.he P Siwhdissolies B¢ 2oplin raagesEamyabout -2 to about 2, wien
usnll Ohé | pAd r%g% Rim BOPY BNARUSS, CBH @} ISl @B exHAROZE L i On

met a clusters) could be enployed to further
condmwenqsn@orowm whs Qhtaiprsy whesain g poreevallsterq igitiglly

amaﬁi%lﬁe gblfe%vailp Nasiie (RRSARETH %tZEMltlc?ﬁ%te hefih SSWPR

enti1 on eatures nesostructure .
affécting ﬁmrrmsepbrow sEiguEe Mo speeifipallyeafiss theureelite @sﬂX@%ﬁﬁd krethis

I
L
surfaediniuimg., ICIARMe drodycelsylfhassemblimgpartialky alisyelmed zeolites This
syr%{sl %SS grg)%tgf%‘gc{agﬁg g}lljd’rotﬁ%rtmgﬁy fre %yd 5r%ﬂr§d g’t%xgrg ?e%@gta?ué‘%: B@ér a period

I NC rontc, 1onic,
of ﬁme foaubitAma hl,ghb{rsthfolkrmessopdlolrs&ﬁnomp}muaélumhwsmedtd:.oMlorc, specifically,

.~.J oni and neutr u ct ant.s The ntity, of
eGP S e N SPIU BRBO (B POP Cligra 10 abour
15(8’6! @E'@El@* seblefmsbpordusardrphoes Aahmotitichtz Bobiatned. Kbeérnatively, the

mpl.e, the weight of surfactant,.can be abou al
syRBs S R e FiT e Bapt FReTa e DO HS 1851 Qo apot & hous to
abalt 1| @hy)ab bdteinla highestiwé sibdopeious Mﬁf)@ﬁd}lamunﬁmllhatea et

hal f of the weight of zeolite added to the sg ti
Blﬁln ?95518 hours

MEGYPOFQS @werpﬁpps&élﬁweﬁlhl@tf TR @esnporosity ¢ifes

und%‘r IRk \CERIfidIR. TROAJIdiS JfARURSerid] Brodakkaus hléﬁ)erttl&nam of
14. \Were the pH controll ed medi um.i s aci di pH

C
ampwapu%n%m%%m%%alSz%lnqdefr%n@rééedl% ?Hl%é!dtalunzn@c sgurces.
WHROHE sﬁnhegﬁmxw 15‘9%(1'lﬁheﬂ‘rﬁﬁ %ste&ﬁgsldn%eﬁgeam ahaHd ﬁ?em

to about 6. Under ese nore extrene % cond |t|ons
abavib $2 e tesabew| 2 Weelals zsplitis mesgstidsareis9btapsd.pBY édmﬁlngéhe

synffRlsi ¢ }pﬁ‘dlﬁé l(!:% gqugg{ QiSoeral{le, ROHE tyR! §u§fa&ﬁﬁ c!)rﬁ:teﬁt’r'atf%ﬁ)

transtorne iti'c phase, wi'th or wt
diffefdng eealitegnanbsruntwss,for examplst panotules nanisings, QMC‘SJ gapyviges,

na isfeag , rr%xﬂﬁibér? Aalnl)@lsds Set§ éj useteﬁjraatge& h%oﬁl?ﬂg 8&% \ﬁﬁ IHE'IC a

narfostru@ura W@@lﬂ@rf@ﬁkanmw ngnorddsas made ﬁ@n gdjgce@l’ lAB)’lbetr@ (e g a first
f ol | t ;
ot SO RRTRD L VoRR B bl RERt PR 6P kB e

ad_]ﬁdfenSﬁaﬂbf(ﬂG) aiacll mmttmmneemambesreieﬁnara phurpléty lof)pbref (etgi,mach
na%ﬂr qt,?g)lg{neis lnblés( sgruct%éﬁs B? g%q%%o ?rlrs ;C?}élljnsj o 13 ge?her Within a single

nanostructure, for example, a nanorod may be adjacent a nanoring.
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if the synthesis mxture is hydrothernmally treated at,

for exanple, fromabout 100 to about 1500C, a highly
webtadsloasaresopor ous anor phous al um nosi | i cat e i BCT/US2005/014129

obtained. Alternatively, th8 synthesis mxture is

stirred at roomtenperature for sufficient tinme (from

abo#éeolgticmenreds (NRsPhrve ]beaﬂa)ye)pated by htiiabppreachiimgthieg steps: (i)

9 us anpr osi licate.. The .
vu BB C AR o P RN B BBl RS B ot ana
pradesopaspaisioy oﬁﬁmexrph@malunﬂgosﬂmate AR leadﬁnsmdewnd rseiffctent

gl M omdgibpiehemilBuibra s et e g aca

termmaamﬁ e)ii)lcfaﬂ? mngmg-f?cﬁmhboht 100sb hbaua2@0i0 fad from Bbus wnmm

LR e R A e

me3ubtud WEEK EdnsPordie@td MUM-1E8RSIubltGIows a&rdngelﬂetiﬁ)adna @slihen
on

adj.usting th ynt hesis conditi
trat%f Mﬁ‘é\% é@ﬁ%ﬂ@%ﬁ%@ ar%%@%ﬁ%ﬂ%%@gwmaﬁ REES S walls
aréjtkafnfsi%ﬁﬁéﬂ t04QPYstallfheVBANAR Phake! MEM-50fi94 laBeR@eture and is a
nanot ubes, A nanori ngs, . nanor ods, nanow res, nanosl abs,
ProqHiseN tP BERIEIC nangstustaies including, forgrepwlep pagtbey NaRsingy, pripgods,

naf@fted, defodBWE e spaciffenRsitueftdfofinddy) démgrbgaps fl?fm) is
exanple, nanorods | s made from adj acent” nenbe

g.
detgrmipedsly the seleciesl zeq)itgcwrfactant, §@amﬁ@ru1f¢ah@¢,@@§1 pHvEﬂh@I ée(&lémand
ot}{}?ccfn‘aftg'ﬁ? cé?lec;e%ﬁ@te@w RAEN 2 IRIIORL stﬁfc ¢ sha gg{egg‘?,eaﬂtnanorod)

nanor o nanostructure ne . .
or, ilternafivelyy mﬂtlmn@gst(t@tuge shapesc Wlﬂv@nﬁremg toznd fowng singlg theory, it
aptméaﬁs Rt rnH&&sH[lﬁeres Refb \%Ht ti@&tfﬁ ]Exﬁ't $20ukd Oc?aé‘ zéo%e&]!é‘éﬁ/ed bya

InN a sin e nanos ruc ure, or exa nanor od
pHm;atr@l@dasd]uaoe o @ suspension ngaﬂ@phous |ahurnmsdrcatdsetélﬂ$\m1)e degree

of Eh%\ég%lg% com? i ﬁfrtﬁgt 1? éli}a%ame?lst%p& ra%@c?lﬂe ISthtltplg ?etrlaf %F R gxpected

thatreehneiof th@IRJmettraalbdnyls diagseliste df lzeaohzemhmam peeseht jor thel dissoleed
ensi o anor phous nosi l.i ¢

s P nistfe SiatBRrRERESHECANER SRS B sl 1 fhes han

disasldling iaizeglithyochrodute b Bisperdsioaal amoiphois dlthﬁnﬁﬁlwatetanra@mma a

olid at a .tenperatur.e typically,ran f.rom abouyt
sif G0y s s BBt ats FEk cabtst e DD et tboye, the
nah e HSGure Puilsi t8 Gorth €T hle daildisd Blcks oh eonedvivity pleséie ih@ixapea adolite
ore ar r angenent sostructure is first transforned
S0 BOW%éOg lap @ patin “B’&géancﬂs'i‘" hent) and is then
transformed to MCM 50 (the | a | ar pore_ arran t
r\itL?lH%élt mﬂaﬁ@reﬁ&g i tg seite e falbn el oo Hhe ) have
a fBw )Aﬁi"ts’ih'oh@ ergcﬁeh bitd 4t BRASBstalfiabobble |p§ly6ry|st@lmb | 8dmi crystalline
ana‘;tructure and is a precursor to zeolitic

BpY HRRqelss fonfor eeRE: nanpsizedemiitle crysinh BYqlgiey crystallites
thaf Mﬂaﬁgﬁ; aEé@?J tORSornN AN U8R cellAROHeaRSplesticPeatih %mt ina
speci fic nanostructure fornmed by using steps (i)-
orysepllime svaivmg ot cytallipe maisrielc Nepossaepies éavesa@ropwtwﬁture They
ha'treee[mgﬁ QlrfcEarch Hﬁ@ato aft @Qtelméd sth¥uré ‘?rpl!hé Eﬁc@ggjwéﬂ aﬁ%fue to spaces
condrtions can be selected to achieve a sing
befyeppmuHipta Wuetusis ap voidewighin thelsirugtenssthempel s, Generally, these
na@dsfrﬁ&ﬁ@g hlgc?h%'e a'];lt%/ht éxfélrr?all E\ﬂﬁgec‘ 5&&' Cltnl'blhg er?lggcﬁfr‘\@nt Wetnlaf?&s{ructure

el ng bound to an
is adjacent another nanostructure. Flgure 1C deplcts a TEM image of a nanosostructured

E!

zeolite of the present invention where the nanostructure shape includes nanorods. The
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appears that nanostructures are achieved, at least in
part, because the zeolite dissolved by a pH controll ed
weabastazga2i nt o a suspensi on of anorphous PCT/US2005/014129
alum nosilicate retains som® degree of the zeolitic
connectivity that is characteristic of a zeolite

nardkd¥s hhth tARkEst Alasutihg AfouEXRAC Wedepibtad, tﬁ&%ox%ﬁs tih&ljdcBat one
spectra bands characteristic of zeolites re

an%beé auhihe panorefs caives She bagkerepnsk G dhe curved rodsisgen lﬁéhe TEM image

is e BEDS si1Ofe igAREPhous al um nosilicate. In contrast,
if rather than dissolving a zeolite to produce a

SUSRRNELIKR nRfterfID WRRAYSHrakitH di@Sing Emalyeofahbradnididnaa, a
slilica, or an anorphous alumnosilicate were exposed

org@@c/mlc(mqucuéqns;eyes wak alse baoped W@curqqﬁvefor the synthesis of
meSARAGhEY SdoER, diftle!iRs styﬂth(zf?cr dPprohBiRs Qéﬁchﬁ’émo@é ﬁ@}kﬁe Rlapted for
connectivity pr esent di ssol ved zeolite sol ution
a wagspasietyop mgieziglsa part |n form ng nanostructures.
Al t hough the nanostructures are crystalline they are
not Theunespstereipsedereplitawandypriiods awaking &g mpspsiriciurpdgpalites of
theqh#a%? Hv&ﬁlo?l RetiA &R, uﬁi&éfe?l%l% oR80Q¢, n@ﬁ evaste producing
crystalline. Sem <crystalline and polycrystallTne
mateera r Breyipys amnms(mpeoveﬁ peresityzn aeqinte,sg@callrgd moFe HeRgy exercised
t e t
iU st S NSRS B ool RS RIBLE P RBLABRL R, i
methmtitimpmvcs omrtb%maﬂetialrwestgnd protleptien efficiengys efairior A processes,
c r T
reo B8 s PRABHEHE b G20 RERRAR 20, T4 BAUGAAH the s of
theiinventien prpdure ity mgdtdlllmnckastrucmr@momss bBteweethodsof thepl e
. Structures e Sthugt t hensel ves.
in G i\ﬁomxpoduf%%@gsmg%%@f ollel PRrR et B8 4065
Su%:%%% essgudumg rea, I n one enbodi nent, one
ent anot her nanostructure.
Fig ed.
7ot bl SR Do e by TRAE0 Bhoifis AR SRR HORD S Figures
anhsrlmwttheJKRDrmtt&hapﬁHN[MGMGé] ERMOTR)NYECM Al & et Br 6% -5[MCM-

ave uri ng about
1] Sec R oS R BelT I e A ek Burp iR kfines e
-Y[M«ZM 41MHiest bmktgs ﬂiﬂ@dﬂ'tﬁfg zeblite situcted] elg0dE Ysamd theinnpladed
EM i ma se a it s d be | no )
a0 i1 BAEleo s e B e PO € DREVTEL e migsostructured
zedlReHIMEMIAN DFegai the ﬂmld;rmaglanuycdfma@e@aa HeY yenld dedtibrey

sie ed as ecursors for
ewﬂ%i @%Qﬁé@\@j 35? Tl spatalig glesqsuctu; SHH@uf{Bﬁ these hexagonal
me§6ﬁ(‘)¥é§@ﬁa‘t ﬁa@lﬁbl%érpﬂﬁh@cﬁb}dﬂhé aiveRRe. ahey thelfoithe sadapkech fully

for a wide vari et materials. The nesostructured
é@reé

crysiglling He¥ maiahibe ﬁn[hwfﬁ*d] PReOhBERSTYHEE-uF @ gonvenionce,

thi¢ RAkdifBRdal H-RpMCNRLANt i nvention utilize available,
| nexpensi ve, non-toxic, non-waste producing materials.

F’r ew e @S DRI RIS XAy UITRIRYE gattéa{ S%hd MedoBtrd@@bd tR%te H-
red nore steps, exercised [imted control _on the

Y[M llsqqd@@th}h@ordawd megestragiug MeMet leikgyspled b ths AeRP psake at
lov[/r% he 28t 19%%&&15%%%@@1 hee P8RS iraburé 9 Abpicts the

ctlon e f|C|enc prior art processes,
X—ray d1 fractlon pattern of the mesostructured zeolite H-MOR[MCM-41] and both the

ordered mesostructure MCM-41 (revealed by the XRD peaks at low angles) and the zeolitic
crystalline structure H-MOR are present. Figure 3 depicts the X-ray diffraction pattern of
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requiring fewer steps to achieve inproved porosity in
zeolites. In addition, the nmethods of the invention
wonrodwseitul |y crystalline nesostructured zeol PCEAIS2008014129
nmet hods of the invention al®o produce nanostructured
zeolites having a high surface area. Structure of
thd\r‘hemsttucm&dﬂeehte FebSMt4NICV€ 1 hatdrtioth the pideted nesastrutthe MCM-

‘BY? a’\%ﬁ%ﬁg)?ﬁ%s aé[otwearnlg es)o%ndEE“ edy c%yﬂ)tgﬁﬁ)ne J%riugéﬂ{reeﬁ-ZSM-S
arehbrMéﬁ[ Wekdrdrig no“amﬁgmm-si \M@\Anteﬁad peaks bR @t fowednyl high<o°

valf e LS e grebiod Rty MR e Ry s Ky of

madrialst iIngll ZRey, the PesisatiDMIe val@eskan bélindedsddo hy@gondD bamaetry

infiSAiRE i @&?%f?cs% T kot e v tingd KRB, neks  bigh 26° values

coﬁt@s@bmd especki b ﬁib]zedSl&éﬁY FORNAd 78M-5 CTis bbdekvatib 15 Of
zeglite HY, and features hexagonal lj)gores

rew@w%ﬂm npfengrange,crea/unig) hap henmEyiruply g0t in mesoporous

meiH bk RIBER ohieRRidexAnaRaiud B IRARELRRcel dTatol ReNMoBIBRErs) has been
formed by the invention. Thus, the resulting structure

achigved in thidkywall asoperopsyaaiprials pigpased wing triblock expolymess. Kloetstra,

K. @@[e'}/gi\/@%ln EYRRA199EI9SINRNOb RS- iy, KOkt AORNEHY. EMER. Ins. Ed.
his i’s designated as H Y[ MCM 41 gur ‘HD depi cts

20%@7, 1550258 91, Padt icb#-» ﬂag%rqlvei@f)ntﬁ?é’ ari}éﬁ-é%ld
zeolite HY[ MCM 41] and both the ordered nesostructure
MCMTha cqnesfiz iy efithpinesqserustiued peadiias wes sfugigd AN infiasad sperdroscopy

(Fﬂ?{g (§e%qilgdrés°4 Hulg; zéﬁré?éi Mé;hé%é Fﬂkectﬁ}auéﬁidﬁbﬁ p&akY f@NRe fully

sent. gur’e depi ct ay diffraction

crsfmllwmswrucm@ rze@@@Hrﬁ[@»ﬂ@Meﬂ],zl@hﬂlqdﬂ‘éesthﬂRpmﬂoh@]Y
Re‘?ﬂg g}%ﬁ) B tg%reoéf ‘&%fﬁqk ;‘ fh%tﬁg[)ﬁ%r&m&]més%%/&ﬁlr&pzegﬂte H-

s at low a e zeol
Y[dIGM4d], [labeked Masordt-Yy s omlllm alrdethpFEE?ewmtraFofghﬁ wnddified

oS80 53500 PP L By s o

H-y[dMeMd] In(epes tapy di- M(R[IMIBM—M] pperaviddep H—BSMt-ﬂMONREI] (upper

ool ek RES ARG R el SRt Pt B Ry ona,
unfiogifie Sorh DHSY (IVWMOID)DHGVIG)R (pﬁ&kmlddm;; - zsvsanantbtigh The

T B PRy L PRAE 51 HESoR o secs

anﬁfﬁie%béoﬁb%fthb lﬁnﬁbdhﬁ@caﬁﬂil‘_iy cryishifling eadiie HLY isam 12>Qemab ygtra. The

Sp?ﬂ‘ré§gﬁ’8$‘ﬂ o 51%1135%)%?{ Eﬁf‘gﬂ @ﬁ@gﬁ%ﬁi&&i@& t%%mddle

sp&ira Rh@the 2pcua bEBS ufRbdiESPAMN cry%t@ﬁiﬂ@ﬁédlﬁ/ﬁl{éMORQs hB ®ower
zeolites Y, MOR and ZSM 5. This observation s

middigspaetin| Bhesiprctie ot dhe Ty sialjae wesperurphracYiicHhL Skl ICM-

41Pfs@l¥é el Bbtt@*ﬂ%ﬁéc\(ﬁqml ﬁle@B&‘ﬁﬁ %f ﬁ’k’ %mﬂ@&ﬁéd ol @%@taﬂﬁﬁ zeohte H-
Senlcrgsta Inlt presence o zeol

ZS%rﬁ o%:!ha davesr 8yttanspepisr rin eaﬂr@%alaroh befyicencagh |ﬁ|111y crystallme
mé@ﬁﬁ%f&%olﬂ@gﬂ 1&5%0%6@09&9%91‘%%ﬁéwfufl%ﬁggt%he zeohte is observed,

COpO yners. [ oetstra
indigQing t@aeolz@smn@zewy i presenyin fatly atwstalhmgaewstr@’wnd zqalies.

Flé%f#e 5 shows a remarkable match between the IR spectra of the fully crystalline
mesostructured zeolites H-Y[MCM-41], H-MOR[MCM-41], and H-ZSM-5[MCM-41] and

those of the their corresponding unmodified fully crystalline zeolitic versions, H-Y , H-
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2001, 7, 1255-1258; On, D. T., et al, Angew. Chem

Int. Ed., 2001, 17, 3248-3251. The connectivity of the
wors@asuet ured zeolites was studi ed by i nfraredT/Us2005/014129

spectroscopy (FTIR) (See Fixgures 4-5). Figure 4

depicts FTIR characterizati on peaks for the fully

MOR, ¥szens, @gntFﬁﬁffésfﬁgﬁlbeit&HI@ﬁl KEN1i4l ewhfclY[)MsAdh]y one IR broad
| abel ed Meso

and zeoliteY. Referrlng stil %@n
peals.cblart@mperf@ﬁ@eqdrﬂcn%l}ﬁ@%\f% Lt Yo Ringaypipy ér{ré{aéfm fen., 2002,
12, :iz’ﬁsgﬁi_g{oﬁlgtdé{sﬁg 1@@@ dthle d*;%z &/9%2671]199'}' @b;iz%qi 2&’9@11#\?% al.,

AngeynGlaie. i loh &P mll ZA 18?%%%& |Thﬁ @eaé% PﬁQ @n HthhP E- %W?%‘”J
e&%ﬁc@ﬁbd géo%ér ng?/[) dﬁﬁfa@t‘éﬁstl: -Uf RiARE&bIR dﬁftl)lé'bvéﬁ Méklﬂs an

per top (upper md

addpthwﬂenquf@l@'mmpqr@wyzeg }m)rldgngtp@(gf m;:sqﬁru?tﬁl@p |zeohtes

I |,
Gelglﬁih%écﬁ'l gg&@ Obar&?s sana[y%,;o%zxq% el ] zk%ﬁ%? négﬁg i ona

m Lp?ésenéé‘o%% %eﬁllne‘a"l‘@ersom&tltg'ﬂ me%@ﬁ &ﬂ@&&éoﬁfc@tzaﬁ B¥uitably

fu crysta I ne nesostruct zeo Ite
studied brheitrogrpephy sisguptinpet 7 ’f E atuick Ne ebqle dppligddiatalipés A: General

19%”?99%*} &8 ﬁlg.hlfh% 85, Otg)%elﬁ EQJPE&?% YKot e*}ﬁlly QY&hiline

’spectra e spec crystal It ne
mesm‘sulsmrcdl getalitescH- XéMGMéll-IHI\mR{MﬂM 11]1] and HI‘Z&SMré pdEM-41],

resfBefi IS, AP Al AnBRfiel ASGAREALER, By MRAGRMRGI L8]ty

I Ne zeo 'e spectra.
preaélnee sipedt deaelobedtda&oﬁvlpbfe;slzermmfa&rIdusmbunels ossapoesily Baevident in

1 he u er bot. t S
coch R RSP o ke Rt A FeBREp iy SR EUEP R e
diamewt arideor HLRIWE sdatibiml tlegof vk ol thehlbmpbﬁpﬁﬂd spacifit fulfyi ogystadline
crystal

5 a mat ¢ch between, each ful
mespuRR R el SUBT A Bl Delbmst difipuign. In accordance
witld Ly érgstaliitid hysostiychiréd 2dofigds Zﬁlﬁhb idvention, Dlae EMB@Hlment more

ting the zeolitic, connectivity is present
tha B0 Hie Sesapareedias rELB St (b SRSt irilogs cropy gpiekarca) tha
fall§ %Wﬁx Pus &@iﬂﬁdﬂsall@t%ﬁoﬂmé SRrdaepyreenet Hﬁnbfﬁeﬁ&ﬁéﬂdﬁﬂerﬁ fmdrS than
fully crystalline nmesostructured zeolites H Y[ MCM

95%okhrasiiroaes|has & pere sizy G\ 51 thrle]nd OR 8 cpﬁ%%eéthglpl E1 tlllat falls

w1tf1i|ﬂ‘:fﬂhfs &9{11‘31?535@%@%%\1@&@9 Ed)rfa sgd fntéltlll)én&ﬁéf%%bhlhﬁﬁt more than
zeoli1tic versions, ZSM 5, contrar

95%iofAreynesengsesdiapg pwe:mza ie g mﬁlerﬁetsvr BYOR e §f06?1$69“%’|5}£af13@ that falls

wnﬂfnﬁﬁ\&% &%ﬁﬁus ABYEoiR Av@ﬁgs b&e kiz& ePAdhlpofe &Qm%%%ﬁdré Yorface that
Liu, Y., Pinnavala, ., J. Mater. Chem, 2002, 12,

surpunds Bdignetergosieliadmaesopore v subsiantially simiaransizeoRaflly

P e L Wt

crob4-seftiiohh atdd. Whero Qtenmopqr@cartzmbstamtedlg ayﬂpjdelcal in shape in addition
to har\} r aCt :]sll%set clrc():ss ?gctlﬁl!xal 2o heg@{ &#%%agga gg}g sige di m%féF ﬁ%&er,

i onal evi dence orous/ zeo
whbr;t hild srﬂapeedfuheenesbpwressars hotwytindee ke sl ard, s .exdtepldelit shiaped,

o 1R i RS AR ABR AR B AR O B B e
mempofmﬁs&erthmsmfr@ﬁbdzﬁoémehm&r)cmasobaesmm nbﬂ hbi‘ynedtshajxeedleinyt least
a p&btﬁﬁ ggwckg{%%g@?e; u}fao até Icéx{trolﬂed mesopore cross sec%onaq ared . The

size of the mesopores is controlled by, for example, the selected surfactant and/or quantity of

surfactant used when making a fully crystalline mesostructured zeolite from a conventional
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1998, 17, 137-146. Figures 6-8 show the nitrogen
isotherns at 77 K of the fully crystalline
woremasuet ured zeolites, H Y[ MCM 41], H MR MBbrA$2005/014129
and H ZSM 5[ MCM 41], respeckively, and their
unnodi fied zeolitic versions, HY, HMR and H ZSM 5.
unni&Efiqy) REE 66/6taline We&lite. Feioehteppt th Mcbmaﬁ@mesosmres into

r di stri but.i.on ity is ev [ each
et BEXeTret PAs DTG Sooh BB i eesaesp oA st
SubIRARDG a0 ShdsYpdrés i QREAIR ha&dlg&wﬁbstddﬂlaﬂy simildint @, aﬁtt’hem

cross sectional area of .each of the ?@@%ﬁi jeh
andiqyEqse seetipral pipabandeantlivd PESBaECTER P &d {lhayipgya
he kAl Pord aﬂé’i{gre&\éhu? ORﬁhe?l ﬁrﬁ)r dﬂteﬁ\ﬁﬁ§ R folhh MlesdsRudthredin Zslites
accordance wth crystalline rresostructur?d

respla 40 €83 GRmIFEITHR) 8 ﬁfqaéeﬁ poierTizg Histriibigr rangie fio
meﬁﬁlﬁln toarde fze })Bx%s NREORR LPedBtesRaRDiRoftARd aRarBemerds.
di armet er’ and/or ‘a cross sect ional area) that falls
W Amgﬂlfﬁhﬁ’tsvoﬁfmer@f%@opl)%ét?f:aﬂ BeanRyREaDIBtoRAE Sanfle EFor kxample,
anot her enbodi nent, nore than 95% of the nesopores has
referripg e igyre 6. the mesopore volumesoRghlyAeiblss whe thsgeoldrist i onal
me?(fs‘caraétulteh aip efc@é)ljda?‘rlc\é"v&ht'ﬂ'pﬁn&})l'@oﬁﬁe fvBion 30 ¥i9 Exantpte, the

avera ore size. In'sti anot her enbo di ment, nore
unmpdifiesmiitsf-{Hend puresprare wolwae o3 s feswigreas thegfully crygalline

megtgs?r Iz@tﬁféé f3beild MégbsﬁYS@@El'n EW[WI@I@I 11384 nde@bdofe volume

us or mnus 75% e average pore sl ze.
of Eéi; hc/po€en\wall¢nab160h'@s ajsorbenitsagen aely at loa presguies pragycing type 1

1soﬂxe§1§rset51§tr ar%%&"e{c%# Ft?cdof%a%gfrfn% Ihacteﬁehlp Ss‘t@l%k ' Sal Jt gl %ﬂzécﬁr
I'n size. e TullTy cryst I ne mesostructure
Caaflystshe Gemarent1998) Jﬁam ldontiowkvesdheriudly poiseline ynesestryctured

zedlit J £ etf gﬁoss flgﬁ: Eh' lgvln shiarp.n 1t?c1ger|1 ﬁp\@h[@{?g B"Ie ﬂ?%e@%ﬁ%rgﬁur@g &’/Po ~0.3),

rtiron to
whhﬁ\la; mghaaaqlmisﬁc feame: afmesestraeioted aradriabrveth naneseopnsies

o B e I Shrh TP 8 B o,

17emsanmabe Figﬁfds% Séhopainilamstltd fokﬁllly erygtallinsinfehostructheed gecrlges

i1 P AR S b UOKER Sk 4 P25 PR a%i@a%ﬁgr?@ﬁh
B e e
mq%%%raﬁawé 29118 Bore Selmgn hTker mns)rﬂ%ﬁy lyg?l\%}f‘ﬂﬁ

MORBICRI-£S (ée%tégp Bid QiZsed spyeMian (@%@&H%ﬂﬁﬂé@ht&ﬁ‘e@ﬁ&@ dlighter

surfact ant and/ or guantity of surtfactant used whe

colyamp)ry Fa Yr(Iat) H-MQR {egnten) rand fZSM-P (tight dermaragad; tp gorvepfignal

ze(ﬂltc,fsoﬁll\é ¢ty QP RAbEthRArddebite LML AbLitidR hdRAhdrE Ehan double
Prior attenpts to |nC0r€0rate nesostructures into

thezot Yalerse (ray Bigheeeh duniatiheineasperatiinefe vellcdevelopsgnnatioM ed
disFRnile? 5@%&%2@ 5]1%6 eleﬁlagohoﬂoﬁ li&?etrﬂﬁé étﬁf tlﬂFl :ré 9, the volume of

nmesopores I1n a zeolite aV| Stanti a 'sim | ar
mesppoeosity thyt s indospraated caarbd /c@trtrozﬂ%slﬁ,hesfrbﬂy pmfallmarnéa)strmwed

r

zecﬂltg %@golﬁ)g%os%(jvcﬁﬁ)&u? }S%ﬁ%@ngg t@? %'Fé(gﬁlgle th[a Wg}@%ft sgﬁ%(dtaﬂxg aded
ash pemmm@ﬁ theumbntite sf Zenlitz.e Otliet Gstoretbat| cpnurlhufa mtymowparosﬂy
Voﬁlglﬁ 1ncﬁ (Ieftﬁ% ﬁftlrr?? l%rrlcp f%gngcrara{%l%r%n&ﬁkiéﬁsge%pi&%gb&H 6n%rsl:mbod1ment the
volﬂmfefoé tl&rdonﬁdsiﬁdemll pedias thaaizdddeddomt anoduneshimble amgdarmn ths.

desired surfactant concentration in view of the amount of zeolite. The pore volume is
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A significant volunme of nesoporosity can be introduced

into the sanple. For exanple, referring to Figure 6,
woheosmssapor e vol une roughly doubl es when t he pewilust®s/014129

is mesostructured. I n accoridance with principles of

the invention, in this exanple, the unnodified zeolite

exﬂﬂes\éechﬁ@c@ ﬂﬁ@%@&@&&nm{ Ies Ser &1/ %i!aﬂﬁ‘@ﬂ’tﬁ@%eo‘hfbe The Ikt

sta I'i ne nesostructure zeolite 1 abel ed Meso- HY

nialleR megostygtved pepiite paiazolampEey FoEe 0w abaw (15 /%8 about 2
cc/? CdrGronfaNAuENS LOPR ab%ﬁtof & f St @m&&r@élié 29614 ¥ndthe

ow pressures, producing type I'sotherns that are
mesqpRFeAlEng is cprsraed hy &xecsmra@d' ﬁlemﬁ@réw af syrfagtengussd to Sreate the

zecﬁﬁe lﬂgsostru%aﬁ’l: frgﬁ t eﬁhﬁés "lJiﬁT; f\ne %ﬁg@{amtu}ec)&ﬁdltl%& also contribute

However, y cryst I ne nmesostructure
to tilemesqp@se sizte anfiler thavwasepcomvalinasy shar p nitrogen uptakes
at _higher partial pressures (P/Po ~ 0.3), which is a

c hEheameseptrusiured Fepkiies havesharpasaipiske aidevi Partiahpresshies vhich

L L R

surfastapt-tenplatedgBesoporousis@iidsisybtheds, thersizs 06 the nedsopersinni | ar

s Eee 15 Bl b PRI, £ oL

aliplati¢ chaimofishk fur@ckanto Goend, |130,n@benz E@\P i199% 99, é?r3§ B GAE9; IHiﬁSsen T.,

ot R s Mok Fo s TR TR Sieion. 100

1214167 tmng,amm aMCihgéit] c@m ireky., 19&9|,CBSL-B€$M sp:[lcmaw 41

right their zeplitic v ht B 4CO
mePoFy P i e bRp BB AP Iod BBy i orectant
andlomhaqedtityof genvehdtaronal zeolites, the fully

crystalline nesostructured zeolites of the invention

hapeviony ﬁtetrip&rbydnwﬂé ® prdpareposiioadsustiicussiandteriily Bd &) phase

to the tion of a we el oped,
sergEiph PHSLAALIF 201 A paPRot DSt A lss. REYSOrbeste Hicoporous
anm@fpbmgmartdzs, 19992 guRe-192; Huagg LOLLMIR S Qbhys. Chem. B. 2000,
]0¢ﬁ§9f0r03|ty that is incorporated can.be cgontroll ed.

o1y MOrGRteRISpnf authers BSinieg vt he g aakly of waking thin-walled

meBEHRORRE Gk, 368h BORIOM-4C Ot Rbli®Swis, difeqb sﬁmer&lngon tdi8ed
g@antlty of surfactant added as a percent a

it qujvagre oblby Frsturey K, P aettabrfgarmaa”@o%w T & o
nesopor05|ty vol une incl ude the pH

e atnsredT dhsiayntigne ulbpergsalline méﬁoaﬁecﬁg%%feilmmroduced as
deJcHB‘edVa%bVéTBy eipotsﬂag aCORfehRbraBLtoRtd (58 gthfametﬂpﬁéonwuaﬂs@ﬁ@ion

i S an anount sui |l e to achi eve the desired
corﬁwm&ewﬁbl%@ﬁ@@ﬁ@m% qf gricledted susipetant unfes timannd forperature

coMnk H&sired REoUREA ﬁle\éc&e!sifga e36p0RE ﬁ?@ﬁq nllégﬁlgd}é ?olux%@ €The fully

cubic centinmeters of por es over
crysiaBing mesostraetured mqhtq:liegamsaubsitméalbetb@ mfmzctqmoe sirfacopantaur

(e.%.of;ag sl aﬂgﬁgﬂﬂy %O i % (Earl ﬁl%%%errgao%tﬁp%QJng f&\%rﬁ,ﬁﬁﬁgntﬂlly the
sameemlpwtee agthe enmsdlﬁodwmbrht@dalafmlw ¢rhﬁalheeswpbte£uscddb wrakse its

fulfé/%g);dsgat(l)l rle%gesg ru%{& edtz%gl% i ?lﬂta‘aﬁ%n 31?’%{1 E?ngg{lt}ozl%{eﬁgtteéaggy

0 crea e Zeo neso ruc
range 01 sizedroml #tut 400enma tchbbeinpeicainsr Eheanditivhoeasplayesido form the
contribute

mesopores do not substantlally change the external size, external shape or the perimeter of

the unmodified zeolite. The density of the fully crystalline mesostructured zeolite is less
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to the nesopore size and/or the nesopore volune. The
nmesostructured zeolites have sharper uptake at | ow
weoaodeiagoipr essures, which indi cates the preseneeTmi2005/014129
m croporosity, and slightly4hi gher pore size. As well
known i n surfactant-tenpl ated nmesoporous solids
thaf it deasitysof thehmnmidified aéoliteh aommpm denbity chﬁ“smscterm daeuo ¢tok

olites, c eeas r .cont.rol
7o R F R RECRP e HEt el er et P ARl
me_iﬁf?ﬁstrllu%areéxzeolﬁls rodiesd. flroh99 ﬁlly%?ystaﬂ&%%oﬂvfbiﬁ(bnawlgﬁ@ﬁﬂed zeolite,
ssi.ers, K., Cool, P., Vansant, E. FE. .A nces ..
they Al Y NgHiRE RERpSTIRY Liplieaimies o SHbSySaly ke yopgodiicd
condefiionalzeollte, €t ah, Angew. Chem Int. Ed., 1999, 38,

56-77. Optionally, the nesopore pore size dianeter can
al $helahe Minhdddiddedniamtiodad beotiteriip b €hentibal compositbonah its

surfactant and/or the quantit of t he urfa
frapewgy rgte@%mﬁsgr%fgma@na eafler&ér Tigeo e 41%10&1
comPB&afnlihl tHeués@ﬁmgml@rdrﬁﬂta&hﬁeaﬂesbgtr@hﬁe&iemsm@ Gfamlework wlrntranam
zeol ite and anor phous nesoparous solids, egarl ssan,

substangiplly thegamess &recf&gm&ﬁbww@@a@% #uke wodificd) convenggep] “ealite
ﬁa%zwoﬁ&ﬂatjﬁgdg usddid 8&lirée matBilial2The chémiddN¥cmposHiBof Be uRMO@ ied

04, 2817-2823. Myreover, sone authors pointed out the
cowerlmr@mepvte@ﬁn Wk feen theeverpalishisere e s oﬂtﬂubﬁhg zZepditepsrigeter) to
theSiHE cB%. Moeddd, thmenn@ﬁ e&mﬁdsﬁlo%k Ifmod#i&1 doflvéikibha Geolite

tensi on caused by t hi gh’ curvature of the structure.
framgpygrk, Whethestcopgistent Rm’qmable ﬁ:pggtge pgiasterts the imer corg ofthe zeolite,
f. | 4
s GERRELA B 1E O SRLLon oGf1 g o
creatsabefullp yryetebios mespstrucwied eprlitodres nczt@b¢m10é11}t adtegthe framework of
I 0
U IRbBLBERE DSBS SRUERP SO A B
cotvenpiarabfully erysehoe zédimstodiesivile drystallinb tresastrudtered zehditd. r ed
nmesopore size and nesopore volune. The fully
cr ¥etvivlub ampmwheruwtfum dlemtymtmres nekalitesshas resulted in a change

in Utc): érral’ ntsltcgrlrl]alpgm n of amee)\(;\;o er nﬁchIcﬁt?e% cove (51?1 atl &gdlﬁfi 'For

%$"<0 Yo Sare ex Si Zze an

exathplpah zeohitks momtammg:&u hmt Abh pnazd thgthdds érestaiezep bieiwitht aelvasaselected
t he unno | | t al

to 5y ol AR o < e s e B alibl s pa e ©

enpRIkd, tae leas$u ipbAjoh ef tlma rmﬁmf:al edmpasiticarih iterfamenett oftthszdotite

ze from ahout nm t.o about
ChRES SBHATCR N s ‘AP B Bt U e o e GheRiges of the
inveHiG @8 biployed wited g litedn@ml snahd Al ARa me¥dstlidtared Sdvdipeot
or the ?erlrreter of the unno fﬁileze olite. The
theapentioy thsriymHea Vihin fhedpgsestaiciur cRHE GempiPBAnS
tetfeR&drbiingied S | essthan the density of the unnodified
zeolite, however, the density difference is due to the

ze ﬁlﬂeét%vfd%ﬁ@\'f&dth&\ﬂﬁﬁldtsh%l PRHES oFRERsthiuredzeolifts was
addi tion, where the fully crystalline nesostructured

obtagnsd |Vtaérqn§n1§$1%ﬂe@wnf°rr@ﬁﬁoacw ((P5Me r Nigwrss | 9apad 10b show two
defaROY¥EAL HOPAlICHRIDdhdsb fFhcARS Aebe nﬁé}@stfu%ﬁulké/at‘afﬂe%rﬁ lkddi e

mesost ruct ur ed zeoI ite maintains the f
whigh/botiathe cryistelfingy andherderadpgsapprogity can be observed in a single phase.

Additional TEM images of mesostructured zeolites are depicted in Figures 11-12.
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conventional zeolite. Where the unnodified

conventional zeolite has a chem cal conposition inits
woOneovwsenk, after nesopores are forned in the PCT/US2005/014129

conventional zeolite, the cisem cal conposition in the

resulting fully crystalline nesostructured zeolite

f r addnork evitldnke bRtH@hybridwatikastmabltctuba zsalites cfm;ets Iﬁem

hem cal co ition in.the unnodifi nt|
cagSi 8 e e Wik Srbate caf e SAER i Atbore wal
or the énier{ve Wall dktveammysdehti ristopdred i6 e~ 2 ARP.ATHiE ﬁ‘ﬁist allow access to
zeolite can vary fromithe exte

onventional r
buligr F*a[fegule%an& redugg, ey ialine Gl ptien freistensstia fhe f?@v ¢rprgalline
mekd@ﬂﬁétut@@ &&)htéﬁ%‘f‘@l‘é@ﬁvenﬁ&ﬁas%tiﬁﬁ&r‘é@{o RMRNASHA 'uﬁ’rﬂocﬁﬁed zeolites.
unnodi f d conventional zeolite framework, whether

So.ceshaiced @}ﬁ% Yigraciiuity fopbaky melecelpmps b Aesesied imesesryciped

Zaﬁ@g%oﬁ£m%@§”%§m£§te i s unchanged when the nesopores
are formed in the zeolite. Thus, form ng nesopores to

cr epdr@xhhiflef deink s@dlmtlﬁésblbdi@usm&faﬂsr b&:hléﬁ sﬁmé@@danm@
does not chen1 g@alter he framewor k of

alugiipsdistipoAs %@oﬁdr U-Stinre, Shewp isug@lﬁg@rt%wwﬁtﬂw fpicumene
crabiAfd) s LERM LBRIHNTB gfr(f)ﬂgqfiiro 1&5&’&7&11?/?{?@111 cdi¥bhtonal H-ZSM-

crystalline zeolite to the Tul crys 'l ne
5. Mzegvzﬁ@wtu@si dp@ifesz kyyyavere shawy avgh @rﬁgtea@qtmmt@n Beliashaps hkdy

dud rtﬁ@‘%ﬁﬁ%ﬁggg i b coﬁ%ﬁéﬁ%omop&? ﬁ leliof r arrg)vvér

change |1 em Cca osition o
S[MEM-4i] reonatiek ts 8800 ob prvaame iab I C rdstens eommpgyeialet-iBpI-& converts 95%

ntaining Si and Al, prior nmethods treat the
Hl%@%%h%ﬁ&uggh a base selected to renmove nore Al than S

e n'po’Fi(a)y 4 gl’lgrﬁlgl o'fEﬁe‘mu\!!ﬁ SPeCics Hﬁ’ nleg(%ﬁ'#l 2@&1&@ v{l@ E&Hﬂﬁe@ﬁf

[east a portion
InfoansdRpstirasorpyi (ETIRje The pure mkmnmczdfsmcte@ togoinchaed tenges,

me?c%ﬁﬁétﬁlleﬁg Xesé ethe s%e{ ﬁs"lﬁé’& cﬂ?% Sl %%h{egéljegared

anges 6T et e |nve ion a
acoermrhg)t}ne (hevhotl Idesanlz@ﬁierdnewememﬂananlyzgd By FamRd Rie,speatesamodified

el eSS BRb B S ot i PP A o

distppesradieowashitattedsaniplesect evi dence for the hybrid
si ngl e- phase nature of nmesostructured zeolites was
obt somedf th¢ eheini@ahgrtissanehored em tm:mtractme(t readico pyere UbEdVhs

. Fi 10 d1l t
i PR ROt BB Rod P aBel e Bl ¢ pSapbioy sy ves
corfirint@ by Rifrat@CSpedtrosydply CRTIRYL AR bl @ataly W6 testirlgl oTibbh tRrd

ordered ne [ can be observed in a single
O‘B?\%g%"“sﬁﬂtaf&?tg B‘FF{;‘% %R/P%eﬁwé gatgly Stﬁé%fgg"tea ag f‘l?r’%%osu'“cmred
zeohi@D | THe@SexPE@MEHRPNEE Speattd it WaSlingl the Sanhekcintiin® ﬂﬁlbor changes
evi dence of the hybrid nature of nesostructured

werERbpgTY e indisging thatdhis mether ysgudablefs apshodag beth ghemical species
and TRHRRLHR&8s cflhigdls. sur f ace area, and the thickness of the
pore wall or the interior wall between adjacent

gegyes is (~ 2 nnm. This nust allow access to
Euik

ul kier nol ecul es and reduce intracrystalline
di f fatsiriquesBadti dNERsdsttudtited Ladlite¥ will ¥shRbll kdvariety of fields,

and should address certain limitations associated with conventional zeolites. As catalysis is

the most important field of application for zeolites, special emphasis is placed on the

catalytic applications of mesostructured zeolites. van Bekkum, H., Flanigen, E. M., Jacobs,
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mesostructured zeolites of the invention as conpared

to conventional unnodified zeolites. So, enhanced
woav@loggdie activity for bul ky nol ecul es nmust beCT/US2005/014129

observed in nesostructured 3eolites conpared to

zeolites. For exanple, semicrystalline nesoporous

P. mlaeagénab . A{@dﬁ%{!? aftrb@RasH HHAcaliteiSIRnd mmmé lzﬁdibdiﬁon

d ). sh f |
Stuél@f rwﬁtrr]@c? %@ﬂ@@ﬁ% atele/%sl?ﬂﬁlgmffeaﬂggﬁrégfé uéﬁw Rev. 1997,97,

23305410 Bhed NOE ShEARD0BE Nstad-gmi dity) than

conventional HZSM 5. Mesostructured zeoli t es,

hovEneQlombiRA¥h SMEReBERRIRS, a Afphi sMithds- atréaaahdz@a{rbmeaspore or
nost |ikely due to their full zeolitic structure and

intqripg ﬂmk@g%f»r{c é ngy aﬁﬁ@w@ﬁ@ﬁtwe%?%ﬁﬁam?sepmpﬁ shapjd provide for
acc@is%:%lﬂ}}noqé%ﬂl\é§ﬁﬁdsre%e/odféfmt%ggﬁﬁm@tdlfﬁg%@am%r &8s, enhanced

commercial HZSM5 converts %in simlar conditions.

catgiiéc aptitiofar hulky madtssles ghenlddgobsessedayermessityctnsed aegtites, as
cor%}%%’_ %%5%0&Pfgoﬁlﬁg%e ??@u*e@ f54n ef’lg%ﬁ:@ G800 SRR reactlcr)]ns with

ure chem cal” species to be anchored
1,3iPetsidropropilbenzent beiag qataéglcalb/rfmacﬂchfét@p@@ il <liisertpiyil benzene. The

R r od
EERSPRUEMILA SSRLLLRR R ERALEe ot b e
diiwpmnpi,s/bbrnmﬁilsf lepsambivs oﬁa.m'oqlucew_ltlzleélhd ga@@lir@xaﬁgbi Thatet he
expé)rl nté earnedassu?r%%trtg ﬁ% gﬂ?&%ﬁﬁrg?egg 1?11%: Jt] alqtl ?ac?%c} to form
gasolimm cal speci es anchored on nesostructured zeolites

were used as ligands for a honpbgeneous catal ysts. This
anclhiguie§ depicta tHeqmugese catslytiatratlisg ofilad S-trdisdprepyd benggne by

zeogﬁg %g ﬁg?taigﬁ%(tgr S5 gelé tlgjéfqu/oar %?ﬁm L a§ ?ﬁff)tl %tb gaugeeé I’flxﬂgn is

ySts a
limétad By yhetsmal IpGﬂanze of the z¢dlite HBS oBdcausetthy @ variohal Iueconverted

hese Wer e r ft hi
secliliyed MR il i o AREeT Gty BeaRar bR seaat ng
diidopadpy! bensendEloRRi theeslite.t AbS ﬁ:snﬁlf) marwdrwrng rogeudodrd light
chem cal spegl es_and hono

t
compayngz.afe fymed fsulting mefreess Hormata o ‘%ﬁgﬁ‘%@s Brodps eHmesges

ber8RY, bi®&okd Flgukel Rt lthe RorsydchRtyic efackihg biE3,5afidopropyl
shoul d address cert gl nlimtations associated wt

benzgpR/Bht mespairucsEed 7ot of e preserj)igienidon. s‘ntcwar%gfatagﬂc

crabm%thﬁ e Jnh{%;dﬁie@fco@fé@dldnﬁﬁieb% H-97 thé @RbdripBfe si8 a6 b(ﬂitrolled
asis is 5 aced on the catalytlc appl i cations of

meﬁw&s‘fqlm% @pdthe geprqlied intsyion ok Wl thlP eqsma%iﬂgélhthe fully
cryMalth g&@&ﬁu&ureé‘zeohl@ BRAfatesthe Sxit éﬁfébﬁf&l MpRaducts, e. %n L

Intro ction to Zeolite Science and Practi ce,
diigsgprapybbenzenieuiora he messxirpacandeverrieckingdhatarogigesicgmene,

ben‘%ggelané%?ge ar%)g\zmdpga ﬁ@ageéﬁlt@%?ﬂ& }égfgz cat}i%gxz cg%n%co]r_l.version of
the desired product, 1,3-diisopropyl benzene.

Acid catalysts with well-defined ultralarge pores are highly desirable for many
applications, especially for catalytic cracking of the gas oil fraction of petroleum, whereby
slight improvements in catalytic activity or selectivity would translate to significant
economic benefits. Venuto, P. B., Habib, E. T., Jr. Fluid Catalytic Cracking with Zeolite
Catalysts. Marcel Dekker, New York, 1979; Harding, R. H., et al., Appl. Catal. A: Gen.,
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The conbi nation of a nmesostructure, a high
surface-area, and controlled pore or interior

wohowlkngas (~ 2 nm as neasured between adj aceRCT/US2005/014129
mesopor es shoul d provide fa7 access to bul ky nol ecul es
and reduce the intracrystalline diffusion barriers.

2001215, 38NnbeRICREnGAT Ak Ydtiak, Bekdpsiduy Me9spopbilskiyarem) momls’esssé
shoul d be obsérved over nesostruc ur ed eollg S

245 oM drefett seastiony é\f?tha&%%ﬁamf@&ﬂfeﬁé? ‘Séé%éﬁné oF S 13 14

trufob%%l%@nz&%‘: @Atitd intislSioh €5 ingT) So Woﬂl!ibe 1,3- dusoFropyl benzene.
triisopropyl benzene being cata tlcal y cracked
Flgtlr@ lfS SEPIFtS cega]apq; adsiyity B3y 1> 3 LRHEOREPY @zene cracking shown as percent

conlfeémﬁ tJ b 'dﬁ Lé?ﬁ&?ee\)@emhéfof RIS SHhBluk IS eSite H-Y[MCM-
nmol ecul €s t in crude oil and 1, 3- diisaopro
41]bwhigl ﬁéaheﬂed Jéqga?ceHeY}ttm rephitedt-Yaarpsharirentignal mlrM@rE L.

Catggﬁeuap&’ g@ggﬁrfom&ﬁﬁh %n/ﬂa?m&ﬁ{@;aﬁuae@%ﬁ qgafe for

ent in crude oil that are cracked to
trusfotprqwl@alg@hq 1d 20 PC gias @owgd ddpy &¢ svarne nyg ofcaelscagglyst. The H-

t
VOSSP RGO E by SRR RS i
reaaiofnl aﬁbwﬂ@ynlhlaniﬂ()éﬁ (96 convswsian) Edmpsiagiio iths H-Ynaephitg (ﬂ%
ore Z
conelstﬁvg ? ! gl'rl]é; esoHCr8H§ éﬁ\d(g\ﬁ' ) g(gn?rengsot @ﬁﬁ%h’ﬁ%qn} hﬂ‘lds result
waglatfrfbuted omits Cdl’ﬁblllla$10d of §trong h¢1drt}ozrndtnm08tl®latutqd0mﬂm obhgct ,

Zeolldde.
meﬁg’%’gs ?‘équ?TF fnes?f'vr 8&“ rsércff%‘f“ﬁ gcecnﬁ?sg Sorg érfgatgihr? mé%%ﬁlé%ends
hyd6@rionrdiftdionesitii the Q{-Y[Mék/b eﬂsaﬂab'lstrthd:rebmmqﬁoving conversion.

R A et e
eveh, Lfﬁ{lé:]r ‘Hafsh lc§1€t@t{icﬁ1@y Flgb@nwaieplcbyheaqyﬂmmmmmum df HaqMaM-41],
e presen |

of tio Cont ast C
tabglede Mg G SoPeisa 1o T e mesty o AMGNERE ol sl he
boildaGnds84t@eturddee81its HZ gMENE4 g OabalIed l\@éo-mess ONQY Baik@inddrits

and the controlled interior _or_pore 6?? i.ckness
physicoshemical integrisy $yenafiercheingbajled Rbseyee Yﬁa {hring a high 1.3,5-

trug(ﬁ)%ﬁyib%nzeilé‘ﬁétiv'lt& P85 cdlersPyitd 1,91diiskedye Ber2edifiet $00 min) even
- di i sopropyl benzene, fromthe nesostréﬁture
aﬁqwuc*wwre treaierntn g he Feam borehis seed fer repKeniensehowRver hgspecific

tregtméﬁtl 15 QT E‘félud@sss Bk ke soﬁd‘ﬁrv?atérscma hbdt#B efe water and

yti1c cracking con ersifon of the desired product,
solid Batetiid] soger ogflpix corditiense SeqGigere d 4t Ahig spigomp ilppstrated the superior

hyffs hernga?fstkﬁﬁgltdfll-f W@Mﬁ Q)QFletﬁe ?{a&pﬂéﬂ'mméﬁ/ﬁhf @é@élf‘st fy@fich

1 ONsS espe r catgmgtlc crack I Ng
losofts dCh&l‘qgaEi wildred meswstreture aftepj ekpasire derpimalaeeantifions. | Bme results

RS B BN E0 | n RSB sty
coMexdiy E& anBrp}Bﬁs AHaflfIEM—41E:ataH5/st thakrstrudhmallyl lcc@hp@ldytﬁimcboﬂlng,
5 : - |
rer%&:% 1|t ‘_‘T%l?g‘ tE) ﬁ&l}vgﬁﬁlaltor%ﬁa ?_lque%’fc' {1es via ca'iajgtbc] c%c&h‘@gl . Nzw
2 | .
1 cFHS S ePRE AR B RS S drybo Ghersyckipg shown as

perdént@otiv@ssion Batihe 6ot H- Esl\/hﬂwmmmlabetéd Mimso-dhEaMyd, iand its

zeolitic versio -7 50 mL/min of He flow saturated wi -
Gra%king 8% <3 X 50 mL/min of He fi d with 1,3,5

triisopropylbenzene at 120 °C was flowed at 200 °C over 50 mg of each catalyst, H-ZSM-

5[MCM-41] and H-ZSM-5. H-ZSM-5 is used as an important additive in cracking catalysts
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triisopropyl benzene (critical dinmension ~ 0.95 nm to

produce 1, 3-dii sopropyl benzene. Figure 15 depicts
woavmloggdie activity for 1,3,5-triisopropyl benremass2005/014129

cracki ng shown as percent c8nversion to

1, 3-dii sopropyl benzene vs. tine for the

to 1ﬁ@§e@§ fopFlEdt ﬁgdu%ﬁ&{ éﬂdelﬁroV[a W%e rthdber iﬁfga&hmb SDEQ’&Q' T.qd et

the zeolite convention

al. MZCIWMMes@awawW@r e?‘!ﬁ?k?%é‘s \iééé 238r Horred: %éwtswa“

por@g—f-lUZS'Mgf is hﬁct%tlﬁj § @tﬂlﬁﬁgﬁogylﬂ)e&egb crﬁdkidgsa@ po®eykhenzene
0C was 0C over nmg of each

con@@rﬁlan ysi 3- dnrmsrqﬁy{ bqvmwﬂ?r esws)- rﬂ@tl@ﬁowraz@awf MCM-41
me&@%ﬁg fBh Qeccﬂfepg-i Z?M ﬂﬂ@{dyéﬁ'_])csu@c%géﬁm aﬁ z%hfe%d stuB§t§nt1al
cracki ng reactio ter 400 nmi'n at
actwrsmf@ﬂis‘iot}{na)onacrmpa péb&tSdrltsm@rowlhenzmlt@ 18- <klr$q1%>py1 benzene after
400§rg 1 \;gé;eal n% Vs %e&i}ﬁ:a%? @%%%@Wf‘éﬁl&@ S@fl‘]} tl(e?’iﬁe/é’opores and strong
acuatymﬂﬂmmmsttwtu'retdgeelanbl nati on of strong aci d| ty and
mesostructured nature. The nesopores and the
e sMisterthent 136 diffuant seohitc siguctires hwe byporenortgd toadatey but only about

a d%@fk}é&}@kﬁf n{“?ne%?éﬁ a%?ﬁ a}ﬁ&% %ogn‘a}‘kﬁé )i égﬁﬂ\}/‘gr%rﬂgrﬁ Stl‘]f_ tléres.

Coﬂﬂlayw w;lljtevrmS% 197 U317 824419, Z]MIiSL MeEi, é\’agtrak%@l,aﬂ d, 813-821.
Thd'f 18c(gp%rlat(1)or{1$ I}C%'S:B ‘?’r}eg%%gel% ot uicﬂ%: & Sf;c!tc a¥ly %&%@ic#ﬁlﬂfé}? Eeqhi%’s%th 1-D and
2-Depcab Btl'uctuyesmﬁ it hko\i[d\@h&tl@]ﬂiclhﬂa’abﬂkdcgdtam (difﬁi-skﬁnc ﬂmﬂ&essdlth 1-D

and 2 5t SRR R Lt el Ber pecsths O Ponctira e hen Sptimal
To lilRioeatt e pbifiiel bf Mesoairmuremdaming efizdolites phihidow poeem cal

inesgngiet g EXh Gih T pres Pest Pessiied YoV I BECHGH b

eXp(;&K qtfécmmlsmntetmhll-&wress@@bamshtrch&a Z6lagoraih ttey préddfce of a
even after such severe tr at ment term boil e

surfRg e B Fa D GBS D BHOTY ﬂ@cgtﬁgékﬂe he esulfing b-

MOR[RAEVEIB] witR 3iINRciBEredthBd sttRelrstdRE cRARRENFbr ﬂﬁ craﬁgmc cracking
solid in water and heating the water and sol

of hp driseproryirsazene @t 2q9xCc BW&WS&‘?@“SS@@WPF @cmvgy fOF L3%%i s
trné?)?l;cfb?pi?enkénk: Uakkind Stbwng G§M%dﬂ5 lt?bygfs%rbﬁrl mzenel\/‘gl\/{l%i for

over the armrp ous

H- MQB&W-“W&M M@ﬁ@tm aed itsAepljticaysesion HeMER- 'A'50 mL/min
of ﬁﬁﬁ@é%e&&%&ﬁ Lamald e Eruﬁg)%bﬁw fzeh® atSIZW b"’Was %W@H L BSC over 50

ese results show rot her mal | stab

mglef yhalemalysy HiJOR [MOM8] ansi AEMQR- eGatdytmmlclqutgsWIth H-
I
M(g]f{a[?(fg((r‘lgisiﬁ %H{ll%éteﬁ QR Briver 1{)1{]8:&‘? BH‘P %wﬁl %%&anﬂg higher

sfructura coI apséd
commmlﬂeip ithegy/ % conymaimhechlovedw\leOlhbpﬂf BighizldBy Zpedites ivtithd sD

pOI‘C S l.l uar%sasl ¥t Ircl']ié:r% Ckl Plg 1m§r09e¥nen W Cl’l € !)S%Ei ?0 &g&m%lsgsﬁrhﬁure

PP enz ne crac
proaess pecanqaatedmﬂweeﬂntesrmﬁsz D: pom@stfwrurdsl,- RBMiHis MChé eb{b]sqted
zeo

| abe] ed. Meso-H ZSM 5., d.it
becal ke G TRTe TR Do Pt f TR Bl g Whep ggposed
to thé eSPliamy bleaz eneliet witk Q-D)ﬁbm/aﬁucftdrénhedﬂtah 30 thefifstructures.
Ex&}éﬁfg 1§19 arqu %f po?e‘:rjl gtpuc‘gu?é galo ites to tt'é 1nstant process for forming
mesostructures in fully crystalline inorganic material, e.g., zeolites, may increase the

usefulness of these otherwise underused zeolites.
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5 MM 41] and HZSM5. HZSM5 is used as an inportant
additive in cracking catal yststo i ncrease propyl ene
wonroemwsgdion and i nprove octane nunber in gasol PAEUS2005/014129
Degnan, T. F., et al., M criporous Mesoporous Mater.,
2000, 35-36, 245-252. However, due to its small pores,

H- Z8doStrictirddVR61ited/ 8ot ofily ShSweat rhiidhi Heghef W&mﬂﬁt}e but also

cra kln . at 200 <_1% conversion t 3-dii sopro
enhgissd sriertAfY erer &e&gﬁ% RFLCrrEoNHE 5yt £ fispmpee sSiabie
zeo MRIDI WatGipl§ell T dabiilyBicaBOdradkel, 1 disdr&iyMelvied.] The resultmg
successfully achleved sEbstantlaI activj

produgts e L grliispprapys besizene, pagERe pA BEitae Al %%fractlonan composmon

resulﬁs %vesié hERRERAYS bORIVZE NEhedthidsBlirud R dPeRité ﬁ@@ile‘ﬁll\@érbbﬂ{ﬁ Dhich
his case, the activity was attributed to

is WMSM@H HATERRIPXSA & %?éalmqavy grrcl héﬁﬁ@@e@rw)ﬂ'&ﬂa@éd‘nder
1dex¥tf°cgi doh&tloﬁ@é'n‘?pl(S}Qé R)Vlti‘l:i'ﬁYd 'Ilflér@is&f‘ﬁroéﬁﬁbh Bf P3-%ﬂ1§d15f=‘dp9r ®hzene

have been reported but” only about a_dozen of

(abeuid AN thedohsiopony] bawnﬁ: pradiesAVithiieszepljiet ) srdiereased
pro@ﬂl?cttilaxé ggl%ng%gné’ %)\g{f/fﬁltg lﬂz{bl%lﬁt 7[55@9 Qf’\‘tlge Beﬁgeneqﬁﬁ 'EhmEi?e rodub@Pith
the 84@itsH4Y) Wisebiancedr pothistexemplos H y[MGMéébmp%trw@irdeZ%te

ial i - B - .
R
a toxivtqoanpoyrst whdse pesaicé ngssadine 1muig| inareasimghtrestrigedpyilegisBtion. |
Deg}%rﬁl,ﬁ]é ? i r glt i ?}%ggrro%e%pp ! 8%%0?{@ ter %’0(% ?? 9? ? iS?e THO béhzene
profhadtien txias hvemflomsmﬁlb icare tofi HeM@RQM—HﬁQ ami wazsaoininha $n thie case of

R T S ORBEELI b S BT YO

zeoliteMoRta§ ahd as rélateld td thD ipongisability af giyktale mmdnligheldsurface areas to

solution in the prese of syrfact nde
limG ShECaiTG or1e R S o B RS 8 At P g A0 226
13983 elt alth fodo@aWhd fortghtiolYIORE ol GMVhiéiBIvayiht bnc&sila:d end—product of the
nmesostructured structures was exanm ned

cra@alegapryfq%the?\éi%swm@n%trle for gaiglysherdyA Al b ﬁ%ﬂ%ﬂ%{um&d
zeohRQ A6t onfly ﬂ'éf/l@ecﬂ-ﬁr HRRérChialyeis batvity iafid addctiVitt, Yuf o 18ngdr Batalyst
triisopropyl benzene cracking shown as conversion to
llfePngidllsopropyl benzene vs. tine for H-NCR[N(m448]
| abel ed Meso- and its zeqglitic ver A

50 4Rolitis ﬁar@fodﬂéZIﬁquv\g@glﬂﬁogp ©f ans‘ﬁuctureg zeoh’ce Hso enhance
cate;l\g’x)’o &Tﬁ/ftﬂ/ by% 9191%9@15@ RENLERcAssiBAR. Oﬁne\’i@cﬁ/g\a}%@mﬁs afe 080

over nmg of ‘each catalyst and
nauqmvtqrmzesbtwa}mqt% sorinietorhdjfiusionsl WPCGI\?E}WW@P hRsedieted

meﬁgg{%‘&ﬁ)ﬁx SEotitdMa ?J Itefae'freéL Qpasrﬂaﬁbstrwhl%g‘) WES teste R cfrb&&%fdaiél sts

er CO are to the 7% conversi on achi eved
for (rlms pil @@pt@nmPetrOZ@m fotasspssyhein pqwl@labo‘iléurgﬂ%@mﬁéson the left

han%%a@! 20 &5&%&%&&%@@%& d&@@)ﬁoeﬁme%@fs tdﬁscm?p

ruc’t ure process as Cd e zeolites VVI
berrze@ \pamuetlmle rfqzrd{ MQR[ZNR] tand HrMORS Tihe résie afbprzenaptoduced by H-

VGRS LRI B RS R A8 ol
seorma@qs‘l{ramstlona&d pn dme'@t handgldetof ElgwetZﬁ)AzanED aperrew is present on the
liné't Eltuc%tnrlilerc &nis G a‘caI }\ hePum ﬂownq%SSr’rgLr/rlfll?nt ShiEated with 1 ,3,3-
triisopropylbenzene at 120°C was introduced over 50 mg of each catalyst, H-MOR[ZNR]
and H-MOR, at 200°C.
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Exposing 1-D and 2-D pore structure zeolites to the

i nstant process for fopning nesostructures in fully
wonymtasdizne i norganic material, e.g., zeoliteBCTNBY05/014129

i ncrease the useful ness of 4#hese ot herw se underused

zeol ites. Mesostructured zeolites not only showed nuch

hi g]lnehe aradkalgydfilc3, ﬂﬁhsoprdpy],beﬂmhe alesonesmiiammd EEMOR zeolite

sheld e peshd o sodritn € L eBrere Bt P i g B
medinadizedi(0.85 kY. 0maok1-D, phrds: i d:onaegmwd)hmm]%hle%ma much

iR A G R BBt b BT por!

beriz85d) (de& FRRFE20201 This lsfgﬁﬂicm idgeadOf%ataliie a&ﬁ&@s\ta@ uﬁlﬁw@do
zeolite | abelled Meso-HY ich is H-Y[1 dlll

ZNgﬁ.plp g]g,ﬁ‘éaurlf%:e @ggwreﬁi}l}ggqcpvlb agfipe sites, and improve tracrystalhne

diffsRitp: triisopropyl benzene under identical conditions
enpl oyed with H Y. Increased production of

1 3B 6hides aRFARM ackfi)Z 2RRs 6RO Hlwed 1PRo0dd deBtivity due to their
3-di i sopropyl benzene produced wth the zeqlite H

narmﬁ@uca@eqi @&sséepeg%rab@?% opexafles B ORIGNRI profeeed 4 isiss less
berzetl Rk nkk?oﬂ%i—?rﬂ%p?dﬂﬁlb@%ﬁ@@on%@éﬂi% %Qm}%rt:chtottﬁ@commermal

zeolite HY) was observed. In this ex

zeqhie{{imaqe thessegendaiy Y pieen the sishithand F‘é%l aﬁféauré RP4y. ABrpgene
Dfindilig, 113? %ﬂgﬁe 96DELAlRatRYs SR aEH e%@ﬁ’]l)fet BluemE &ylene, and

[ gure nzene is a toxic conpoun whose pr esence
othenregaaesiaierlm@vrs sopoungs. i Hay Bensfiengt increasstin pelectigithglso helped to

BB o s b r oo s SRR kg,
catplystslespeictatly Wevse eanginihgWbY pares, susk ag mswlenite.

H MOR[ MCM- 48], and was mnimal in the case of
H Zsmﬁlpm\immpnswrmd densralimedsyinthebie siratery deswibad hérepllows for

thet})@?pafa%gﬂ o?Elﬁﬁ y Sﬂgblﬂnéw&%%ﬁ W:Ilﬁ fﬂ% ¥Rt ?gﬁseve@{dq)ﬁm&eters

L::

rnsic
thitk GH2Ormns)uinf veldeh samedisgstaod junetiidns 8wcnoemmnv ahc new:k S}mgiesm
ol G383 S5l ol pemghlBhar kP Speres

whith avoided theljptdal tasbidieofmteshled dectincsypthosisiEte. dbw tylvtl,

ki f t t
T L S R R R
preQiisyr. (e hideélcrystalliné gheturcelZNBA providat ﬁ)t/irﬁm‘m&ﬂdatalytic

sel ecti yi ut alsp longer catalyst life. ti
coxzf@bsllqntqu {]éﬂ&ﬂ? ag:s %&mg]?jmg%ﬁsfl??g?sﬂ%ﬁg/m 5* mlcroporosny, while
redUBIR S Htérpatitle @6l Haadariicde disfhsien BN@sce catal ytic

activity by increasing active-site accessibility. The

r odr &g néNRs Favuees 0B Ynd1201) @iﬁ%@tm&thfeﬂdeélﬂedih@ﬂ’%&t@d for crude
so_internal diffusional nce i s m

oil el Mprgratiyite des Ry TN %Qﬁsshlﬁ syl Lenop aag widely

accréﬁﬂ%@ SehMGhd o RSImME R pbEsthRAccAT FOAEKIiD QataBtid Cykngf @falysts.
as oil fraction of petroleumto assess their

Vaﬁ'@tneercal waspysgdpsefecrtin adbist-badstaindess sige! rpastar. ﬁawr@méntwere

corbibRd uhdtf iREAGE BindARAY R1tR hidfsBhictured zeolites and their conventional
1,3,5-triisopropyl benzene to 1, 3-diisopropyl benzene

zelisgsoQunterpwes. f or H MOR[ ZNR] and H-MOR. The ratio of

benzene produced by HMOK/
Figure 20B depicts microactivity test (MAT) results of a conventional fully

crystalline zeolite H-Y (Si/Al=15) and its fully crystalline mesostructured version H-
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benzene produced by H MOR ZNR] as a function of tine
is al so shown on the secondary Y axis |located on the
woigistozgpand si de of Figure 20A and an arrow i SPOTASENE/014129
on the line that connects téis data. A helium fl ow of
50 nL/mn saturated with 1,3,5- triisopropyl benzene at
Y [MZOE 40 Micrdat @dtyaedt cenditiond thehidedthe eaactionctainpdrytate, of 500°C, the

ZNR] and MOR,, at 0C.In the crack
cat'if,ygt/%wi%dmsﬁﬁrﬁ%ﬂ% 31‘?&?” SRR V8 RS B HaRsvacuum
gaZ@Diatibrewsd ) WROWBISIVOMAseaDt /it yhe(cZ)%eman 8p&difisally,how much of

3-diisop benzen after 400

therf@a?waéloﬂrefge%?‘%asssn\;@ﬂ@ e prayuct s aafc}f o RSt 4&t for

coripdYIsbih Fi¥pdsea Gt ek @mﬁ‘edffmmstaﬁﬁ@iemeq&-&csl Y2%Y¥ind for
under sinilar conditions (~ _52% conversion

thejfully g‘wtglgﬁe( @Eggstrmgtéﬁ@}lte( Igl@é[l\/ﬁ;lgtﬂ,l& GZ”E%QV AlehOéxgh not depicted

in ﬁltgglré|2f)B Cie Feshlﬁcd'f@ﬁ§ ?esﬂ BoRad & VG Gradfohlof HLY ofV&B45 % and LPG
tributed to ZNRs her surface areas, readily

fragiéaneod §1- E[MC%H]\F@@W s, and inproved intracrystalline
d' f aggfe\ﬂobydep gg%hég@ﬂoa%@@ﬁﬁam@tﬁlayﬁgnyobta%mye}!mfbacnvny

I Mprov ectivit due hei r

tesh@ma ofiacconyestiona @ﬂb’k@ﬁéallﬂmﬂsﬂﬁﬁ HgY (Sifr1 Deadyis &illy crystalline
mefbsgfeghémrsi%qﬁ miw&énﬂea%ﬁo@gﬂ £6NEnRSE wnglp?gupe‘ 20B.

tTi1sopropyl benzene converted as conpared to th
Thc omrmsmoalof thed PG %ac{ﬁowms {mbeed logletcanion d@rwmvomsyf@w LPG

fractlo rngehé % q‘@lg’ srflrpﬁhﬁ)g %Cgiltg Y.¢ v%agﬁged tFéaﬂI;@ Bac vgass 17f48' r%.

ertvatives suc
wmmp Iflﬂ ly drystaiiineemesestivetuegd zanlate OEYHMCM ¢l hvesiusdé thie L RG fyastion

e g e R T
oldmj;,avhiq:lfamb taired\pioduct rRza‘mmg)mai/ tocthe Ekaxisgpncgark 28€ she label C3
eci al I

S on -D res., .such as.
indSRe e oflE S el Bbuiee e HHERCE BRRAE isotupane, the
latﬁ:}/ﬁl-Ch @fidl@&té‘sﬁmb?ﬁaﬂ GMtafle Sier 1atiee ﬂf}fﬁ@ tndicatek fswb‘utiér@:[ aridntze label n-C4=
aration o cry ine. material wth I

inflE et B SGeiag o s QHHBt P BT R0y et g e pppduced

1ndMﬂsﬁ1br OFene) rlfcﬂﬂfena \eld nbiigil blﬁglfé i E}ﬁhLCPQIIﬂMOn fitke thivn@lodified
nt hesis strate ased gn the "progr

Ry Al Ee 2eplifie F BRARR N FY Iy erysialigp Besrst e Figglﬁgprow‘ﬁﬁé A
lesR Fabifsh inmd tHEM @ﬁh 1t§' em%{scdafvern@ﬁg%moaﬁﬁea aalyi di’}%talhne

synt hesi s % Id, difficulty in separati

g

ze%iﬁ@ ﬂiegntemabg hﬂ)ecka%é ,9§§he ﬁab/cprwélm@d{wspgww@ Zeplite eﬁsless than
thihtethal @Xl?fh?&npsrs %@ H{e%fmdl}:g@ ﬁﬂ'l?'c%ﬁllﬁl%)i&;lﬁé | Tlﬂﬁ the thinner

structure of provid iI'nproved catalytic
intemalveallsiimihe cﬁtﬁllymmta,lhmmn@s@ﬂr@glr@;zepm? @d@qeﬁgdmﬁ@l transfer

rea%ﬁ r%svc’/hlkah Lnle r¥sprPs lBlE %or'{ﬁeCJnEle% §6 ¥r o‘m)lfloﬁﬁ {a@f%s
d Tt

particle and rntraparticle usi on | ers.
Adaefdmgm, gy inaaset] anumbgmfelssuzdlaleﬁnsjar@ @Iodumls'd@ter by ouyetdlline

R e
zealitek. W del y
In the MET, generally, the samples were displayed in a fluidized-bed stainless steel
reactor. Reaction temperature was 500°C., the amount of catalyst was 3.0 g, the catalyst/oil
ratio was 2.0, the WHSV was 30 g/h/g, and the contact time was 60 seconds. These tests
showed that using H-Y[MCM-41] in place of conventional H-Y resulted in a 43% increase
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accepted technique to estimate the performance of FCC
(Fluid Catalytic Cracking) catal ysts. Vacuum gas- oi
woasocsgd2as feed in a fluid-bed stainless steelT/US2005/014129
reactor. The experinments wekke conducted under
i dentical conditions with nmesostructured zeolites and
in gasaline pumlwt&mt a ifr%lmcz@&i 1ntpaa®ydma| atda P mcrebsegu bate6B
ro

ARERGENTRERE © P i bRk okl P14 Bl & otp g e

andn 2% tiscréasd inyL AT ([quafied PetrohmaSdsed).c The welseves fimesopores in the

P e BE G o St e BUEY Jelo e Gaprior

thetlarg® mmﬂ&uﬁ@ pfe@ﬁtﬁ ﬁﬁﬁie ctubie ot attaty@hng bargesfovasd i nahs

t he catal st/vagcu ration S he WHSV was,
I Gy R R T I R A A St
abdul 8.7\Wa; WHIth @aSio® bhall RedfineslyGaites desithbleProdudtspfbe 6tample,

0 100% f or con&arlson

wth aII |eI nornmal i zed
alkﬁmeﬁa@éscon% f’o‘fea%@“é‘h%’é?q“%% Liagger Pore sizes 3P Fqauised to
facARA idhRovdd Yurfb ared YomAet (fn@ﬁld%lﬂlm thé/ péié Wallabd hé&ep ore

nmesostructured zeolite, . 67.20% Althou
surfges) adipitke hygdracarbpn g@?eélalzoﬁor qomawguqh? diapeter pf cach @%
meE’cﬁBYés dehieNark E’lﬁc{uhé&t Bi)otﬁe &%s&fbr% sﬁffac%g oﬂtﬁe %’1@ steflfae

fraction of gure depi cts
mepqsEueiBgb e tipveatiars cweeaéFu@ §.g a%houb%mab B¢ ewassyd productlon of

llgll}{logerfﬁg%é bkt b @rp%tre((dWﬂ ﬂfyd?og&@&?rﬁfgr kAP@dn d dé |t$ the presence of

['1 ne zeol and 1ts fu

faverapletinfetiorms pore wé.ltthlelénea& @dhw‘@ﬂs pwﬁamnwmsﬂn@reg zeolites (~2
o558, RN, s DS R AL S i T o

pommaélrtlmplnesst d® reoip onieducgion bf oteecradRBef mauﬁwmﬂy radiieassoke
for*na? o) Illci %d&créyﬁnpaﬁnléfog f t?d Ibltye%A_SL a dp?é used the LPG

Faction was ere y crystalline

fr aglfr&g 4 o &a@%?gg%%lg%lﬁgﬁi ﬁ%é‘ly%a\%té&l]ion t(y@g sf}gsﬁﬁ‘h& P?convertmg

thest atsiddnk ivagte predsd intectaliable chenicals wiallmlsxdpméwbmgﬂnergy

l fi
ngs P x.‘&h é: ’Pl"gfl ep{j e?n?&fs ﬁr o B%fl?e&ng %gnrsr ngh&?eW IBI@
195!8 omme patﬁl!;ms |sﬁ7dh&ls gé?r@esl, halie (baftmown aplgruble tblnﬁlubabgﬂuﬁcantly
1 SO ane

the S FRRIOR b BRDErY GO BIBBIc P comRnedEe of Bopfefereted
Widlthhs e, | whstd TiRatrbat arﬂd])@}ﬁisﬂs Jelarwaty dndtSen€ Chichester, UK,

19988, b it €A LotV pahd 5oy BRGTIs: Hiee g o

AnBDP ysszﬂOOﬂQﬁ' 29J4lneHbE&@vefrrtﬂgﬁdc@@lbmhsaefmaulupmcﬁnegd

crystal I'ine zeolite. Further
PF%‘P%%’&F‘P% Plastirelsgratiatioahat kg sevsral %‘“B‘?%%’JIS%H“%OH%%?@ peolites.
fraction of LPGthan with its counter part

COMYEDLLANR! o ARRID e 8l Lt ke BEY R @b D ReRlahi e 2ebifes

i nt erhal y Crys
and'BeR %&&é&ﬁ&ﬂaﬁ@%@segwchﬁed oliteSwad Mfled ByQhéraPradneR! analysis
t hi ckness of the unnodified fully crystalline zeolite.
(TGAYSFigire 21 Hepicietheipatcentagd of\palykthylene (Pie weight dpst vs. temperature

crystalline nesostructured zeoljtes reduce hydrogen
forith fpdpwing mixtures of catalysts in weight ratio to PE. The curves’labeled (A)-(G)

depicts results of the following degradation curves: (A): no catalyst, (B): H-ZSM-5:PE 1:2,
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reacti ons, which are responsible for the undesired

conversion of olefins to paraffins. Accordingly, an
wonersmasaed nunber of desired ol efins are produeet/ush®smi4129

fully crystalline nmesostruciBured zeolites are used

i nstead of conventional unnodified fully crystalline

zeolites. In the

||
(CRTETUTMNGAATTT b2 D S50 5 st bl ELE A PE e b H-ZSM-

tr a
SOFEFEH SR (RS 2N haraR G e [T By gvpptine
meb&GudtiRY W@ FesIHow A8 rgduc@@@ect)}ﬁﬁo%tt@:ﬁf)erﬁthfé? cHBSar&o the
seconds. These tests showed that using H Y] 41] in
unpbdified efmmenMERblieN@Y ~H5YC Hiethe kise df () 1a-Z8BE6[MCVeH] ek.I(B)
gasollne production, a 75%increase in propylene and a
9¥9%)i even athigh ¢atalystiPB ratios (e figuresHal Inyfact; 1g g t@ tla: PR,

o S ST R R et
L P A B .

zsnpsagqﬁn@hyammﬁyqurs the cracking of the |arger

nol ecul es present in the crude oil, which cannot be

t r afikd largerccepdible surfacd@rennt 10@@K<ﬂlﬁngef proy@rties of fubly @kystalline

C nt naI olites have

me g‘gﬁﬂ,ulrea ée%lﬁ%m/lﬂ@lsg Taﬁﬁﬁr}%ﬁ" (§Hr age écuqc§8na§1ﬁ§trc1n ﬁs 1mgxo£1%zatlon
of Ecﬁrﬁtbgéh&ﬂtk hafcalpit@ QRS the dessitiah |oemeaDdu$Iér§ ThwJ fulty afyetaktine

alﬁy é contai ned in gﬁa crude oj | fractégns”
mepestryepred SPIES s9SeIyF as 3 ‘é‘ﬁ& sedi] crBlypLaePpoTt it %V‘i‘r}FSf gaptions.

sur e area contact |nc n the
Gt EheSen aREt D Gt el Sl b asi o eeBiqnal aediites
mlﬁwrysaammﬁeswfuctﬁmedmagrﬁa}eals@se @il byedfin place JTREMRAITRS ,
whi ch are surrounded 61gqthe nmesopor e, surfaces of the

cowmugpa&%eygteam Gthez applic rastﬁélflmsegaéﬁnci biquid-phass rdsgption.an

Hrc%talﬁlsgeaxalﬁiewckl%g,rmalﬁia Hﬂ%@fa@l@ﬁg‘f‘@a’tﬂfyﬁg}éﬁﬁlb%n@ﬁ
iy ht olefins was related to t%e reduction of h drogen

catlyEip By dspgenations paiy tis hy draforlation, é@télare‘éalls!rlatfoawﬁt%lmweacylanon

iorl- %ﬁiﬂg@ Fwier tRHRnBbllutioR k GHORIDn, dic. tﬂ@n}f dithe¥e applications suffer
crystal i ne nesostructured zeolltesg§ as opposed

cumrenthy Heont limgations gssecirted with termel prish Zezh;téfr, ﬁ@l@glal(lwb@obulky

md“&lxlesg 'ﬁvdl\%e PBeRUmPAT F14feh, B M. Ch@&fssﬂ) a SR §e%,3}4 I s

In reduction o overcracklng, significantly educes
(editoksd Ihtnedwationdin Zealitel Seienhg dod Praciietudnd editionf Stdiealin Byrface

Sclgﬁ a%ﬁ‘?:alca'ﬁgb éﬁ’%( 09373’ Sho3 eBng ?\I?;:dh‘ér?z RAS 1984 @?%3‘7?%‘@@%av1s

ention the pobss of cdnverting
M.dhuVatanet 20,0@54167 &rk&mlctl\desomuvad mbteepltcmmwmtele \bmetﬁ@ over
energy. Wllians, P. T. WAste Treat nent
za)nﬁ“f$¥% gg ?Bhn VVIey and Sons, Chichester, UK

;—gg \Nng%%C ! (g)e lﬁlka%’? reim! Vé?ll’ﬁ;olﬂm \%gte %%k ﬁ]%l_]]%? el%\hr%}{mexptglqﬁportance

0 reduce sig |ca
andimpmmmsuhb |tlrmml magmrpme of zmohtem(acq:duasmg bs S(atmds bireolitas pfﬂ!lyear)

h a product s E@@i ans P. T. ste
el Lot Sy e e Sr O G0 el G st or e
dyé&shire bislB§, @vhichlfake their removal slow or incomplete, requiring a huge excess of
zeolites in the process. Fully crystalline mesostructured zeolites offer significant advantage
over unmodified conventional zeolites in organic dye and pollutant removal with their larger

surface area and pore size.
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1998; Park, D. W, et al., Polym Degrad. Stability
1999, 65, 193-198; Bagri, R, et al., J. Anal.

woypomloggdls, 2002, 63, 29-41. However, the acce®erhiskoosyi4129
of the bul ky nol ecul es proddced during plastic
degradati on has been severely limted by the

Kitgi cropores of zeolites. The catal ytic degradation of
pol yet hyl ene (PE) by comrercially avail able zeolites
andThik éivpntimraisesap@nidts kigs fwemtmiwtymné dffectivblytimplemaating the

| I '
oS bR Sy BAYGIRIL 45 IR T gy
inveigEm ove combmptmrﬁhmrc@f dngira meh\es fom Ifdcdmmtmg tidindse cemsisgit with

meﬁ-nat a éﬁxis zngleeré({VI\lg kit aptgoxgget o%ol?lv? ?qt 81\}\; ér']f%ec Je l a & tfc‘Sar%ssurmg
thatthe Vr&ﬂiodé a@r): ‘pra’mcddan al|l yfdctivd Bynnett %Moﬁrpl?&lc& n%axjsﬁ)f such kits

incﬁd&%ﬁys %ESM yﬁﬂf]‘l fa(%%tgtéﬁﬁr%%dnggﬁéﬂ%é] Fl)%@%in ifn( g?ﬂ%? cc)@pllance

mebhsfnivhde] iltMctidis, ;E%Ek&nib, atddigehsitg@ s, dndlcbyibinations thereof Kit
stal line sost ured zeolite aII for reduced,

corpRATSRYS B1EY OF B kPR Sier BeateRpartEly Sevielly AllamARChRT e of

theqmgaﬁg: tna{hoaﬁthouﬁSerﬁlkwlmexﬁsaﬁvd»mmg RRs, s ﬁwa{uoﬁ Cdntemplates a
SM 5[ MCM 41] vs. {hg H ZSM 5), even at

kitg ugirectylqreopoliymers of te arasery mvsntm and, %)UP%?&&Y ln%?t&nﬁ f gheir

usd 0 the curve labelled (F), with a HZSM 5[ MCM 41] : PE

wei ght ratio of 1:1, a | ower deconposition tenperature

was achi eved conpar ed t@ceSWCdiﬁﬂu' red by, referring
to curve | abeled (E), 5: PE weight ratio of 2:1.

TheTheingéntios 66w Seink GertHlly AR riBEE & vill e nfdfe RYAMIRANIE stood by
roperties of fully crystalli ciz sostrg}ctured
refergngeite the f%lqum&pwpﬂe&c\i&/}mp}t e dnclyde 5108 purposes of illustration

of EamtdspRe dnd inbOimehtd 81 ﬂhgpﬂbénk {n&adtioRNarfard WTRESTIB P 1Slimit the
catal ysts, and the deposition of mnet al clusters. Thus,
inveRfiqny” crystal | i ne nesostructured zeolites al so serve
as a very useful catalyst sug&ort for a variety of
reactions. Wt h their inBrt9B laccessibility and
di ffusi viyt ared to_ conventional zeolites

G- Treg efrzselits BoY i(feady Sﬁﬁ?"a?@ogl/@é‘w) were

stifdiRh 8y &, bk @3 ALENRJOIY SERHn! cofidinf2/ bm“ﬁAB 28030 thBStes,
in other applications, such as gas_an qui d- phase

aftgrardiehgime e swrhesisapixwFe wesdtydtoymallyctéﬁazﬂdﬁ 1390°e rf%rclr@ heyrs.
Thé sm' »vatslfﬁteﬁn%m@%a ﬁ&nyqahﬁédxh hﬁro%érpﬁ%ﬁd:/%ﬁﬁ {i:550°C, and

catal ytic hydrogenation, “catalytic Rydroform [ ati on,
thep gwitthedite ain faeyH hepiso ﬁlmlg;aapmdyqqn@ wgreyised foealcine all of the samples

AR YL 85 RO P PP 000
tettaimethy rinoména bgbyotide @V AQH sthidios nHlidn Ogiog ek of
' ' l.es. .
cefihb g BRAREhBR K CTRE) R M TARE ool ot imne
suspensichawesdiydrothermially(tediet dor2)) holnstat THACT Boyuctbrol péesmhatdreare
SC|te g Practice, 2nd edition. Studies in Surface
pregae 83 E‘ﬁ Catalysis, Vol. 137, 2001; Cormm, A.,

Chem Rev., 1997, 97, 23@? {’lé Davis, M E., Nature,
2002, 417, 813-821. MesoftPHRIHred zeolites present

sy b EASE NRORRREILS - 9% of zeolite H-MOR (calcined Zeolyst CBV21A
Si/Al=10) was stirred in 50 mL of 0.27 M TMA-OH solution. Afterwards, 1.0 g of CTAB
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20

zeolites in such applications. Organic dye and

pol l utant renoval fromwater is of major environnental
wonperisgaiee, and represents the third maj or usecofus2005/014129

zeolites (accounting for 80i5tons of zeolites per

year). @Glo, J. de A A, et al., Chem Rev. 2002,
wag-%ie(d 4@%% o‘lﬂe?’go n{'p&?@svcﬁfstlmﬂgﬁ{e s?ﬁthéslihesoﬁﬁlgﬁ Ra§ hffEferdlaly

Y, heir renoval slow or inconplete,

treatedpl| 1§@°€9f032¢1h@@s eswé%al oframelgrsiagfeRresented fieTalo bess.
Fully crystalline mesostructured zeolites offer
signi fi cant advantage ovExamplagdi fi ed conventl onal

zeolites in organi c dye and pol | utant renova
Svithigiiof PRl STMEAAL L 62" BHr 2501 6 Caropist RPN 30l STAI=15) was
stirkdd4£ 56 P b1 S0 KDF QOhiftRSFold hotrd. This Qﬁ’s‘ﬁ&%'iﬁneﬁa{sl 2d& a solution
effectively inplenmenting the methods of this

conjigigiag P68 §.0f STAR, kid Hirged rios@n@tﬁgx The respling aethepis gixture was
baﬁ%eg;bg W%négfmgtfg ?5? H4@ R, F:Hial@ F VIO LBbh &hally

aCI Itati ng their use
treateshatil§9°6ror 9 hwrﬁe‘itmasal obrampiers arqpreseniedin Tale b Khe wall

' t L B8t
i3 GBS ARER 0L FLLSEHNE TSR0 4l D55 B
betFhen worpotd @nces (AR abrsmccﬂ vig Oetay Kiffractionpanddbs pan ylzw@ammmed
litates practicing a nethod of this
a&% pftlgﬁj Such conpliance neans include instructions,
packaglng, and di spensi ng neans, and conbi nati ons
thereof. Kit conponents may be packaged for either

u d practice of
Ta?ﬁri ?&P%’&P rgﬂl@t%#f%fgﬁe WL&% &Uﬁ{g?mm S i nvol vi ng
KI lb llllb IIVCIIlI ntenpt
bl ock copol ymners oéz’{t]ﬁg pr e%eﬁ?rgpﬁl\glgﬁlk%ﬁ Wéh%cmess(nm)

Y’WIC o ||y rjstruct i4(én> forTther e ExerpiTfTcyigon
€ 1 nv ntlor now bei ng generally escribed, it wll

‘—W‘W 1 ty—urrd t-ood—y !L-:feb" ncetothe 272
0 ovvlngg nples Z\/\7/Im1|ch are incl tded rrerelyfor

DR qfTHust tgon of Tcerta gaspects and——5 5
H%%OEI rren%%] af the grgesent ilnvent |gn and E}re not

intended—to+inmt—the—tnventton—Exanpte 1 Synthesis
of HY G\CM4 11 - 0.79 g of zeolite HY (Zeol yst
CBV-720 Si/ Al =15) were Shk{#@%“l n 50 nL of a 0.37 M
NHACH sol ution cont ai n| ng

g of CTAB, for 20

; tZQI%SI W@&%};f%%amed

ouism Ia M) smls pﬁcpkledé)cé datalyﬂasﬂwrﬂqr camd:cfed urazh g@s cheompéagraph (Hewlett
t t

Pacgcardr I?l%é?@g{% I’IGSP\X}I[L f)etrol Jihs dlxtolzons V@f gncﬁé;ﬂs&g{]&lgn fhall

caseg |50 migmad of Hxf wirh élowadtrﬂir@gh 50 mg of catalyst. For cumene cracking the

gas flow was saturated with cumene at room temperature and the reaction temperature was

300°C. For 1,3,5-triisopropylbenzene cracking the gas flow was saturated at 120°C and the

reaction temperatures were 300°C.
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Al ternatively, 1 g of HY (Zeolyst CBV-720 Si/Al =15)
was stirred for in 30 nL of a 0.09 M

woetrcasgtiby| armoni um hydr oxi de ( TMA- OH) sol ut i eaT/USh®@s/014129
0.5 g of cetyltrinmethyl ami4ni um bronm de (CTAB) was
added. After 30 mnutes of stirring the suspension was
hydrothermal 'y treated fpgamgflegours at 1500C.
Structural paranmeters are presented in Table 1.

PolXB{phePR) Qppddagsd SAR tnitidi Mek MBIk catal%st@fgsaﬂfples with
zeolite HHMOR (cal ci ned Zeol yst CBV21A Si/A =

ratigy {2y il A1 25vavE gD ey HRFAgRaVERFEE PR Porkin T Bimés TGA7)
at WPCRKNGAT £4550 nki./Bhif) 116 oETIRBRaSs08et eRlesulty 48 UettB®hn Bre 21.
m nutes of stirring the synthesis solution was
hydrothermal |y treated agxdm@ee for 20 hours.
Structural paraneters are presented in Table 1.
ChénRAMbE i3 aRY AbHSShSoud fandtrodpivbd hdMrdhidred zeblifs 9 The acid form of
O NH4- ZSM S ( ZeoT@t CBV3024E, Si /| Al =15) \ﬁ\ﬂl(;lff Sti rred in
thegil gy gialling mesoptpetugesd Zpoligrvithdauiasitg sipedire gpg MCM-41,
arcﬁft'e%ﬁ@@fﬁ PIMORES ﬁld@/@llg) aivé‘s%d%)dc%géd)ﬁtaaﬂ DMVIRHOE Sol8tion for
CIAB, and stirtred fof 30 minutes. The resul ting

24 by‘ht)lﬁ@stp §rq¢v§@t1&HeYM§%éklu flihg gpsping matsrip! \wdplh@xcba@eg again
in aP‘? 0%hM Mzwﬁgﬂﬁ%by Ldi@n fﬁ' ﬂq{ |A[fter ilteM@Sand washing thoroughly,

ydr ot her mal treated at for 20 hours.
theS@mnl@tvw dtied ﬁ@‘i@e@\@rrsglar Empﬂie él@mr@me fimctienigliscdimesppfeuctured

2o R P Y e G S D B dntr

filtening qod mesluwﬂlemyglelwhe sﬁmrén weaﬁrmd at 60°€ ayerdight. r At the products,
o 0 By AL R, s e
com‘.'a'ml the mssen&(ﬁrﬂmd diffdreliagpedigst anghememkiruvtpred zeGlitvemen alted

thofuyigh %vaghrlrlé%(fégl 2R 29g WiglE 22 8%5’;‘%}9 él)é‘g'rgz% Rehso t‘[%ﬁc"gﬁY[MCM-u],
b) NHMMCM'@ (1] e):NHg(CH@)le\@aél ¢WH@Q‘JMPHY[W'¢1]I d)

M@%ﬁé‘flﬁﬂpgﬁi&%&%ﬁ#%ﬁ% YPIREMED himin of re

were flowed through 50 ng @a/.t al yst. For cunene
cracking the gas flow wa rated with cunene at
roomtenperature and the react ion tenperature was
Sw% ROAGF ZeBiticINahoRodd (ZNRQPL BPY {ABRAS BEnaabRakiund ZBiRed 836 g of
ow was saturated at 1200C and the reaction
NaDHmedﬁioﬂMedSn $eme o BOAEGo pralngd £basic Boﬂu;iai With e pH rjdE)ring 13.5.
degradation - An initial mass of -10 of catal yst PE
Thgraﬁ&ﬂrleg ofjltYh(ZealysidsBY 720) withan qwaQSIiAmh@OEalﬁpé@ﬂdeﬁ togthe
er no |c a zer&(ﬁerk

basicgﬁhmoﬁ ?.ﬁteraa 1 mg,a oglfterpgerﬁE‘LH{e-r he é@(dg‘)canad base mixture
had¥ pH lrﬁeﬁsd@ﬁlg l‘ijg.p Tﬁér@gftér,rb.f b gHEPAR :l‘cetyl-trimethyl ammonium bromide)

was added to the zeolite and base mixture to produce a cloudy suspension. The cloudy

suspension was transferred into teflon-lined stainless steel autoclaves and treated
hydrothermally at 150°C under autogeneous pressure. The samples were collected at
different times, washed, dried and analyzed by X-ray Difraction, IR Spectroscopy, TEM, N2
adsorption at 77K, TGA and Elemental Analysis. In a similar synthesis procedure H-ZSM-
5[ZNR] was produced using H-Y (Zeolyst Si/Al ~ 80).



Exanpl e 6 Chemi cal species and honbgeneous anchori ng

on nmesostructured zeolites - The acid formof the
woubdeyozgnyst al | i ne mesostructured zeolite w t hPCT/US2005/014129

faujasite structure and MCM741 architecture,

H Y[ MCM 41], (Si/Al ~15), was ion exchanged in a 0.1

MNH 4CH sol ution f Qhcaotarib bPRE@Fenk® Produce
NH4- Y[ MCM 41] . The resulting material was

I ONARXE thapgrats aghpublitdlioas ditcd eI h&ER) iBddYPa&led by reference.
solution for 24 h. After filtering and washi ng
thoroughly, the sanple wWagieiémgd at 600C overni ght.
Finally, this am ne functionalized nesostructured
zeoThdse skitis] iadgbett Widl recognie, BivbEIKIEPRIB3dedtailsitigindimore than
W I kinson catalyst).for 24 h. After fil|teri and |
roul 4% Rt e AT NS oA o s G St e o Gscvention
desonBydHegin. Suél dquivaRnBaadrhded téBe WRbinpaSed Hethe GAlhaiad13ims.
am ne and the WI ki nson catal yst, were anal yzed by
FTIR to confirmthe presence of the different species
on the nesostructured zeolite even after thorough
washi ng (see Figure 22). Figure 22 depicts the FTIR
spectra of a) H Y[MCM 41], b) NH4- Y[ MCM 41], c)
NH2( CH2) 2NMe3C , d) NH2( CH2) 2NMe3- Y[ MCM 41], d)
Rh(PPh3) 3Cl, and e) Rh(PPh3) 3NH2( CH2) 2NMe3- Y[ MCM 41] .
Exanple 7 Synthesis of Zeolitic NanoRods (ZNRs) - In a
synthesi s of nanostructured zeolites, 0.36 g of NaCOH
are dissolved in 30 M of water to produce a basic
solution with a pH neasuring 13.5. Thereafter 1 g of
HY (Zeolyst CBV 720) with an original Si/A ratio of
-15 is added to the basic solution. After a 12 hours
of stirring at roomtenperature, the zeolite and base
m xture had a pH neasuring 11.5. Thereafter, 0.5 g of
CTAB (cetyl -trimethyl anmoni um brom de) was added to
the zeolite and base m xture to produce a cl oudy
suspensi on. The cl oudy suspension was transferred into
teflon-lined stainless steel autoclaves and treated
hydrot hernmal | y at 1500C under autogeneous pressure.
The sanples were collected at different tines, washed,
dried and anal yzed by X-ray Difraction, IR
Spectroscopy, TEM N2 adsorption at 77K, TGA and
El emental Analysis. In a simlar synthesis procedure
H ZSM 5[ ZNR] was produced using HY (Zeolyst Si/A -
80) .l ncorporation by Reference Al of the patents and
publications cited herein are hereby incorporated by
reference. Equival ents Those skilled in the art wll
recogni ze, or be able to ascertain using no nore than
routi ne experinentation, many equivalents to the
speci fic enbodi nents of the invention



descri bed herein. Such equivalents are intended to be

enconpassed by the followng clains. W claim | . An
wonaeregasaie material conprising: a fully crystabkPtTms2005/014129

mesostructure conprising ne8opore surfaces defining a

plurality of mesopores, wherein a cross-sectional area
wedlaimach of the plurality of nesopores is substantially

the sane. 2 The inorganic material of claim lwherein
1.theAphuﬁgmkhymaﬁﬂnmﬁmpm@es have a pore volune of the

mat e re volune .is controlled. 3. .The .

ot BierHilline esp Ui oS R Spate FIHAS dRining ity of
mebdpofds ORhaRtiA dlcrdds-Ohtioid @red 6f @bIDUL th2 pluealigl ofdnesthies is

nor.g c material of claim2, wherein the pore volune

“M%?W?Sﬁ$%ﬁﬂﬁt 0.5 cc/g to about 1 cc/g. 5. The
2 | NOTRARAbFaMB hkdrial ofelain l1avhigteln thebRigitnof MesopBtehdvak pofe

single crystalljne. 6. The inor ic mterial of claim
volymepf heanaterialand-{a¢ Bery yplume I%FBH%%@Hyst alline. 7. The

3. | NOTERRb&EaAB hikdril ofRfaif RalvRRrdin thRESIduhE R oAt Soued.0% &c/g
multi crystalline. 8. The inorganic material of claim

to aboutyheY®i n the material has an external surface

4, CONTRU o BURIS hifdia PoA cYaith REWRGER tiRSpokd ol %rm abit 0.8€&g to
contour of the material prior to defining the

ab%ﬁ&ﬂa@ity of mesopores. 9. The |norgan|c.nater|al of

5. Cl & oy %@F&%&llaf (lﬁ% AR Sh&bin QUieAd crystalline.
conp05|t|on anemor substant i al y t e same as the

6. C he’ﬁh@mbrg@wprpmrla dfieldim dwhgreik tiegf matprdal pamend aiystghineor
to Ly

7§ nof Sl e f Bl oo HRRABREER 1 hlh cl¥ling

8. hasThe inorgaric unavariayofﬂdwtlawhcvralhltl)e hiterial zhmsane:s(tewm surface

f_the I [

co%?llljrrsgﬁstt En¥1afé¥thrgrg%rr6e %srtggéx%{ ba&f qxﬁarce %é%tlrn?r aoz?lfé: n?rdat%}%l Fp(ﬁ to

deﬁnhﬂg meblurallhﬁb’émesobhes mat erial has an i rrpr oved
|nt r stal line, usi.on, col
| o FEERY G nfpt i R SRR S erd ph chispicgt oqryposition

fradleévbm smgstarhﬁllp thersahé agthothemiad pangsitiod Zraméwerki af dregaaterial
nat er wherein an area of each of the

p”ﬂﬂﬂf%‘??%aﬁﬁ&ﬁagﬁ %Wg?pﬂﬁ§ a control |l ed cross

10S ecrhomalganic @atdrANGRlaihd, whEeinitROh@didl %am&cﬂlhéc&iwt@f
claim1 wherej n the cont{ Il ed .cross %fgtloql ar ea

tg o defining the pl

substaatially 1B 45 95l CAnRTCHY IR tBimptgFigrior urality of
mesopores.
11.  The inorganic material of claim 1, wherein the material has an improved

intracrystalline diffusion compared to the intracrystalline diffusion of the material prior to
defining the plurality of mesopores.

12.  The inorganic material of claim 1, wherein an area of each of the plurality of
mesopores has a controlled cross sectional area range.

13.  The inorganic material of claim 12, wherein the controlled cross sectional area has a
controlled distribution range.

14,  The inorganic material of claim 12, wherein the controlled cross sectional area has a

diameter ranging from about 2 nm to about 60 nm.



14. The inorganic material of claim12, wherein the
control |l ed cross sectional area has a dianeter ranging
woOnewagaat 2 nmto about 60 nm 15. The i nor gaRCT/US2005/014129
material of claim 12, wherei9n the controlled cross
sectional area has a dianeter and each nesopore
15.di ARG gAESm e EIn €1 v@lbﬁfnr th@b’&dtr@[led &B88ectibfial aldathas a
inorganic material of claim1l wherein the controlled
diappteisand sacht Pesapore disgiston has aepoaﬁr%lkétdéﬁtrﬂa%n &48% nesopor e
16. d' am%tnﬁfrgefn% hteMAlloR bl'élm@lzl w@l@eﬂi 18 LRl PEodsIBL Rnalbifea has a
he |nor§dg|c material of claim12, wherein the
dla@@iﬁlﬁﬂéleﬁ esopers disgneter fllawithingal a disHitytiant0es. rangi ng
from Bffn 8 contidfled HBEGRE oRal area h
17. ‘mat er ?Q?%?gmﬁalél%fgﬂwm}we?g n nttilwlec%nont ?o [ esd croo%sarea wa
diameter ianging framahow domatodbaytstnar. r angi ng from about 2 nm
to about 3 nm 19. The inorganic material of claim1,
18.whéFhsiimprgdnéc matedsliod Flaim 2, avhpoingbe éorgltolﬂed:@resﬁesegrqn@lrarﬁtadlas a
diafiEiht Bl R BbUDHA Ihp8ls SRR OPOTES. 20. The 1 nof gani ¢

ereln the material has a 2D

19.PO r"ﬁle%d'rgeﬁltlééﬂfgtefllﬂ'o? Elaln? 1. A6ekdd f18 tﬁa‘lﬂﬁlaphééraaillj bofe gf'ucture prior

nmesopor es. e inorganic material of claiml
unkﬁ&mgﬂmrﬂh@ﬂﬁafewwmbmhas a 3D pore structure prlor to

o.def Jrﬂylacggérp@mpéeﬂgla# cf% ?quéﬁa@@e Q'8 Rerialas Jéﬁ%@ QRRaRL  frior

ma mat er | rises
unhﬁnmgﬂmxmddnyafmeﬂmpw@ a zeotype, al um nophosphate,

gal phos hat e hos | 1 al .
PR ERR e AR SO i PRI ey
'mchﬁnmgﬁwqﬁmbMQafm@ﬁmbhsreof 23. The inorganic nateria
aim1, wher. sost uct re has a
ar r’];l‘ﬁdlé(ﬁig?ﬂlc t&rlelr?g' % erreélh rlal co rls?f% ﬁn?taldomde a
zeoﬁt% a 240y ple Mg MOl spiiie galmph@bheﬁé airm)ﬁhospbfa&t giianogthlgphate,

it ALY GaPEn N Ta SO (R e PRSP on oot

st.ructure has r angenent ted fro
23, oy ST Gattar: oPah b PiehB e Mooty SRR s # PPy pggment
andtH®pére pRARcRERENgRMNE]. of MCM 48; (c) the lamel | ar
pore arrangenent of MCM 50; and (d) the hexagonal pore

24.ar remdesentic MhteBRATtRim 26wheldig themidsgainiciraies an behniodd pore
claim1, wherein the nmesostructure has pores organized
a”?ﬁmﬁmﬁoan}llke arrangenent . 27. The |norgan|c naterlm

im1l, wherej sostr.uct ur rand
p| aﬁlggnorgamc material oq’ Ialm 1 maherécin the mesos ucf%lre hasa pore a\{rangement

selected from:

(a) the hexagonal pore arrangement of MCM-41;
(b) the cubic pore arrangement of MCM-48;

(c) the lamellar pore arrangement of MCM-50; and
(d) the hexagonal pore arrangement of SBA-135.

26.  The inorganic material of claim 1, wherein the mesostructure has pores organized in

a foam-like arrangement.



pores. 28. The inorganic material of claim1, wherein
the nmesostructure is Y[MCM41], MOR[ MCM 41],
wWasheapsaidt 41] , Y[ MCM 48], MOR[ MCMt 48], ZSM 5[ MEWVIAB2005/014129
Y[ MCM 50], MOR[ MCMt 50], or s8SM 5[ MCM 50] . 29. The
inorganic material of claim1l, wherein a wall
27.t hi ThNRGSaRCIURAM Adiafk ¢ WheiBR BRIMASsthuStuRDIRN kanloM isted
about 5 nm 30. The inorganic material of claim1,
POigherein a wal |l thickness between adjacent nesopores is
about 1 nmito about 3 nm 31. The inorganic materi al
28.of "Ehednorganic materiple claipnd, Whareip th reqsestiysrein HMEAM-41],
MORRACNSH 1 RSMRs pdch o4 1 hE[M@MQ%% MIGRMEM-A, 7SS [MCM-48],

inorgani c material of claim3l, wherein the charged
Y[ HaMORIMGM 0], or £EM-F MY 0bhar ged. 33. The

i norganic material of claim 31, wherein the charged
29.c hehicdapredperpiesal o gisin d shesein p 313l thiskngss hefwqep gejacent

meStpRBEeS ibY: 18{Fh Resbou®MRNI UM i ons, pyridiniumions, or
phosphoni umions, or any conbi nation thereof. 34. The

30. NOTARbEad @ btetidl ofefairkt 1 ,(ajsixll'f@rélin a a1 i8N SOHTRN d e laBfEl et

chem cal "species anchored to the fully crystalline
mepapees fsrabewtylrwm tozaboutthemi nor gani c material of claim 1,

further conprising a chem cal species coval ently )
31L.ponHisdnerganipmateripl of clajny 41 fyrther sempgsipgsa ehasgedcbemigg, spagins

andhBRA $ARE Ml e&l@l of claim 35, wherein the chem cal
speci es conprises a basic chem cal species. 37. The

32 noFgdnerganiamererial of glairg P& whessn theiskareedrhemicabipepiecial
PO aE B ne. pyriding.. o phosphine. o any

33.c onbherinerganic mhwrieloff clagg 31, Frherdimie gharges ahamésal specief comprises
oL ey Il e SRR A b,
ions,lve enycambgipgion dsrdof.nds t o t he honobgeneous cat al yst.
R AR N e—
theffuilyt grystallist raédostneturesost ruct ure. 40. The inorganic

35.2: re;}'gtlfrg%rg%%]:a egigllsqf%%lgim ’e 1{11%6@ cgr?lSrisqggt ae Eh%gqelcna? gpue%ies covalently
bonded to the fully crystalline mesostructure.

36.  The inorganic material of claim 35, wherein the chemical species comprises a basic
chemical species.

37.  The inorganic material of claim 35, wherein the chemical species comprises an
inorganic base, an organic base, hydroxide, amine, pyridine, or phosphine, or any
combination thereof.

38.  The inorganic material of claim 34, further comprising a homogeneous catalyst
adhering to the inorganic material, wherein the chemical species binds to the homogeneous
catalyst.

39.  The inorganic material of claim 1, further comprising a heterogeneous catalyst
supported by the fully crystalline mesostructure.

40.  The inorganic material of claim 39, wherein the heterogeneous catalyst comprises: a

metal, a metal oxide, a nanoparticle, a cluster, or a colloid, or any combination thereof.



netal, a netal oxide, a nanoparticle, a cluster, or a
colloid, or any conbination thereof.4 1. A nethod of
woabkoorngsam i norgani ¢ material, the nethod conpPCEiusSgo05/014129

the steps of: (a) providingia fully crystalline
inorganic material; (b) exposing the fully crystalline
41.1 NOK GRMo8 o RbhE & inb%aﬂic RldicFRI) iHeGhdtRsl dBRAHrisY Uedesps af:

first set of tinme and tenperature conditions; (c)
ex8srrAydinga felly qrystadiisedpomepninateral gani ¢ material to a

surbpsipaihe HB4RE vggsﬁaﬁ%ﬁﬁqréﬁﬁc RbtelidlT®a BAGhSIRE hkibkunder
conditions; and”( treating the inorganic material by

a figsbnt polime fgl tempergtpiesendifienssecond set of time and
te rﬂ?ﬁéx@%éiﬁ%thg al 'cws%%etiﬁor%églgé%gteﬁél% derfa\‘,taﬁilc under a second set

nmesopor es having d control cross sectional area
of tigng ndrierapreatangichydidenysand| | i ne i norganic material. 42.

Th f, | r . i.5l t
or RGBT By DS R e g
tempenapes eonditienstorfietnt 4 pislisuafmespporesthiawing  gouttdlled crobs sectional

aregfvﬁﬂiﬂ?ﬁeefﬁu% §1P/%51Eiﬁ£91§€ﬁaiﬁg n&é}ﬁfagonal [ MCM 41] pore

rangemen crystalline inorganic
42. mat Brei nadthod( o e lagl U itrthage dnipeising tist steprid: second set  of

ti and. .t e rature c j td.ons ch he,.
ol (ELRIRGPETRTES bl el & PorB e ity chitfiqny sygh s the
plupityeofaiasepogarivmtaniged intachekagohyl [MGN 4] pare errangemeerin the fully
r{alhgri al : g% ad{;ust ing the first and second set of
cryptplipe MATgapiR WAL i e conditi ons such that the
pl uepddjisyin@the Mgt afdseesnd 8t efitingd g denhperaturk @omlidi@rs such that the

Pl e R TR0 oy OS] o e s i

crygtgmin@fnpfg'aﬂen@[wiagenper ature conditions such that the
pluraljty of nesopores js arranged in a hexacgonal
[

SH) adiystipg ihe Tt aahisepndet plfinpeaad fompegatine yapdiyiqns guch that the

plutdi) SMsEpIBtieskased n®)laRellad SHIONG 58 MR drfahberddifl inSBE RN
set. of time and tenperature conditions such that the
crygipllipgjnprganigmagggidbpor es is arranged in a foam!ike pore

ar r(@f‘&@ﬂfﬁﬁﬂ% te Birdt BRd {eebld/sef Ml Adrlditfper Qe 38MUifons such that the
material; (e) adjusti ng the first and second set of

plurglifieofampgopcsesiearzangpdi drgondlSBAuISh perk atranggment in the fully

cry?rLul‘l’iB@lnioF nigfma'fgf'iﬁﬁpor es is arranged in a random pore
arrangerent 1 n the fully crystalline inorganic

mat @) adausting the find podseconyl sehef time and temprafere gnetligas sugh that the

P ST BAAEECOh HRSH IR i,
inorganie natarmhgenent in the fully crystalline

(e) adjusting the first and second set of time and temperature conditions such that the
plurality of mesopores is arranged in a random pore arrangement in the fully crystalline
inorganic material;

(¢) adjusting the first and second set of time and temperature conditions such that the
plurality of mesopores is arranged in an organized pore arrangement in the fully crystalline

inorganic material; or



inorganic material; or(e) adjusting the first and
second set of tinme and tenperature conditions such
woOheade/o3sa2pl ural ity of nesopores is arranged i RCUS2005/014129
control |l ed pore arrangenents2in the fully crystalline
inorganic material. 43. The nmethod of claim4 1
f urEhatjustiafieifRét A8 sccbid bR 4 téhigerite COMiticis|seeh that the
diumto control a pore vo} me of the fu]l
plu?ﬁgysqfamspmes Inaard 1 afgpisplie ﬁworea?ﬁranw}eng@ el grgtalline
inofbdaRmdiafiapf the surfactant to control a pore vol une of
e fully crystalline inorganic material. 44. The
rretrﬁt?d“@%’/o‘t? st 41 furthGr ¢aFisBghpr i si ng: (b) sel ecting

t h e(bP !iélé‘cﬁﬂ% frl kﬁ‘énﬂ&i&ﬂ WRdheh EABhEAa p’éréjsbcﬁkﬁﬁé &fthSfungach
[ ur nesopores in the fully crystallihe

crystﬁléingaﬁr&gnmaéﬁmahlan and (c) selecting the surfactant
to (%9&!1&;% %ﬂw% sgffac%ﬁtb fntr81 PHdiE Frih¥ ofthe fully

Mesopor es I'y crystalline inorganic naterral.
crystglllnq'h@rmtcmager@f claim4 1 further conprising: (b)

44. selﬂ&tﬂlgﬁogmla@l@fﬁgg{chﬁp%%ﬁg g@dl umto control a cross

sectional area urality of nesopores in
t he(b) sald¢cying the pHadohirelted inrrdfugaiel contreltaatidnagdir ofiparh(of p plurality of
| ect | e . tral a cross sectional
me%’ﬁxe)gegyf &ggﬁclﬁ' c@% %gtn%ﬁ%o?gehu'{rgatgﬁﬁh%@opor es inthe fully
cr y@) sdlldciingthie murfgmrit to crrmtreka'. dihmetdicof edd¢heofmptlurality of mesopores
. tglﬁ\ﬁ-\ilmdf éllfur.thea 0Dk iy sing the step of adding a
mn liyicﬂﬁ a&ﬂ’@ﬁ?or% (5“0 IH% baH controlled medium 47. The
45, rret’hlminaﬁod:d)f&ilamé!llfurfher tdmeprisingnpri si ng the step of
addj atr C I r tot pH cont.rol | ed
mockt] Shicta g Bt Rl Lo tohliSl s SRUPTR i or cch g
plutdligy &mopéremml famy anslaitife/inBggahib enaftdiial; yin®r yst al | i ne
| no&iganl C erl aotzirPr oduced in ste

d). 49. The .
Splesting | Hqsfere “ch?fﬁF‘ftE’PiS{gj‘“iar?g e%ﬁ@@%ﬁ@%urahw of
meSdHORY e IR Mﬂl@@tlﬁ&gaﬁmaﬁfeﬁme ful I y cr yst al l I ne
inorgani ¢ material produced, in step

46.rot RScMehodpiglam A firihgr EHRRTISES PG ks ?fg"dfhﬁ% aé‘tV%‘Bn%?gent to the

pHe¥hkAR hRAkhe surfactant fromthe fully cryst aI l'i ne
i norganic material produced in step

47.mret Rsomethod ofglaim 41 furthgr eqranrising e el ‘i('f@)‘ithﬁé aémlé?fsk@ppolymer to
the%ﬁirégag%f%dl{lmﬁurf actant after perf ormng steps (a)

48.  The method of claim 41 further comprising the step of washing and drying the fully
crystalline inorganic material produced in step (d).

49,  The method of claim 41 further comprising the step of removing the surfactant from
the fully crystalline inorganic material produced in step (d).

50.  The method of claim 41 further comprising the step of extracting the surfactant from
the fully crystalline inorganic material produced in step (d).

51.  The method of claim 41 further comprising the step of calcining the surfactant after
performing steps (a) through (d).

52.  The method of claim 41 wherein the first or second temperature conditions comprise

hydrothermal conditions.



52. The nethod of claim4 1 wherein the first or
second tenperature conditions conprise hydrothernal
woanwiissans. 53. The nmethod of claim4 1 wherei RCThS2005/014129
first or second tenperature3conditions range from
about 100 to about 2000C. 54. The nethod of claim4 1
53. WNEFRINLl diflclaid 41 WheRRIGROHrst a@@anataﬁ&raae dbiditRIS rd:e
roomtenperature conditions. . The nmethod of claim4
from abps A 89 fo abhet 2005t or second t| ne condi ti ons range
safr Ome%k?é?l'i’c;d ol 41 WBel%QlOcH‘% fifst &es@&%d té@pera[ﬁ% ORfRE akfroom
laim4 erein the f y crystalline inorganic
temmaequatndttl@npn ses a netal oxide, a zeolite, a
5.28 f from about
52 oM A UTARAF ORONELE ARt QRPSOTLin pygeom sos
lhomrt«alebuutéweel@?) ZSM 5 (I\/FI ), or CHA, or any
CO i . .
Wherﬁleelqﬁédtl c{]oftcg C%Ehhgﬁ%in tge Rl%& %ﬁggle%org it tgatgr}l_# comprises a
metabortide b zedite talzaditypdn alumnrmphusph@agallcaﬂxo:tma@, Ztincophxtsplnm e

. than about .12 The f | the
st e Pl na e B AT AT RRORS. 2 S, by EREL By
comifigdtioh sheaddofl east about 10 to not nore than about 14
59. The nethod of claim4 1 wherein the pH controlled
57. nedrhermamwﬂm 44 whietetrothé pHIcostediied netlivirhaimpirisesat pH control
| east ab 2.tg not nore.tha ut 6. 60. The nethod

Setltﬂmtéltaé P IFes A S0 pothas B o ? 11ed medi um
52 A0 Bk o

setpoiivhiledt 6 41 1dabtabsutriDach@miore thapabose$4 cat i oni c, ionic, or
neutral surfactants, or any conbination thereof. 62.
59.TheTeahéthell @ffclatialil whérein ths pHesontrdlled needufreetepnises a pH control

npyises.cetyltrinmethyla anmon) um brom de (CTAB). 63.
Setﬂer’l’etﬂli;@t%&ea tfa%B'ilt'.?ntPrflﬂt org {fiap é Orrprl si ng t he step of

0L BB 5L o ORS E34lf fconr
setffint tH1 65 amablmﬁomf-z e it Motshadtenel n t he char ged

chem cal species is positively charged. 65. The nethod
61.0f Theaheth&Bof ciigrde iwhefelitethe hafgedt cprisesalatiaie ¢ongs or neutral

onpri ses cat ons el enent, quaternary ani nes,
sur i Ay Ge mﬁiﬂn ?ﬂr%um i ons, o? phosphoﬁi um i ons,
L I A R

broﬁh@dﬁccmﬂB)S peci es

63.  The method of claim 41 further comprising the step of introducing a charged
chemical species to the fully crystalline inorganic material produced in step (d).

64.  The method of claim 63, wherein the charged chemical species is positively charged.
65.  The method of claim 63, wherein the charged chemical species comprises cations of
an element, quaternary amines, ammonium ions, pyridinium ions, or phosphonium ions, or
any combinations thereof.

66.  The method of claim 41 further comprising the step of introducing a chemical species

to the fully crystalline inorganic material produced in step (d).



to the fully crystalline inorganic material produced
in step (d).67. The nmethod of claim66, wherein the
woheovsisgdi2speci es conpri ses a basic chem cal SpeTius2005/014129
68. The nmethod of clai m66,54wherein the chemica
speci es conprises an inorganic base, an organic base,
67hy dTRXh&tRod GBI 66PWhdrElin MR chehicPNPSREN ddghpri®ds adJa¥ic chemical
conbi nation thereof. 69. The nmethod of clai m 66,
SPeCigSt her conprising a honogeneous catal yst, wherein the
68Ch e’ﬁh@lﬁéth@@ﬁlé?ﬁ 681 WHSreih Onel @@mh@f%gﬁ&%ﬁﬁr@@taﬂllﬂoﬁwlc base,
70. The method of claim4l, further conprising the
an grgaRic P@b)e hygyoxidsnemie. nygxdmemmb@seg@ﬁe@ @BY eqptinafion therqok
t he ldgi C
69 TlfnéJth%t}{o&Sfyc?zhﬁ del ﬁﬁth%&%@gﬁflgg?n H@%@ée&ﬁdélrs gfltgf}& §erbifl the
chm@aé spRgEen bnds tocthe onyegeneyarpatelssis: a netal, a netal
oxi NEORARt41C colloid, or any
7Qcon§§ﬁ%??on t%@&é%fhﬁygq;g%HﬁhgﬁmgﬁpgsnateriaI made by
t he(epratasting afhetefegenqome vataly gyith thqﬁully ciysighing Inlorgasic material
terial; (b) exposing the fully crystalline
pﬂkﬁ%?qgﬁ%éﬁﬁgterial to a pH controll ed nedi umunder a
Tifir fhe methoddf Cﬂdllﬂ[g Oawblerbmrﬂmdtewmgeeecm& patalystonmprifes:)a metal, a
sta I |no erlpl to a

h
meRi PRI Alab i Y Se Ll ot A Pl RE b ure
7250ndnmumg&kuﬂmduﬂdkdébﬁﬂhmnge&hﬁ i norgani c material by

nfrollin and secon t of tine and
C onlsh Py s auffy pobalio® Mo B L o1 11y o
rres(bpemﬁmgahel fagy erysiallihé dbteadic afaesial tvaqH enablial malium under
l]ine inorganic material. 73. A

RY
aiﬁ?dﬁé@ﬂ?ﬁ@ﬂé 8??5¥‘H®5@H%ed by the process of

r eagh bxi@dsiag Itmrfaney crhMsllipe Mblp@ilc Attt 1Bla shifadidhe uiklee s SRR set
of a catalyst including an inorganic material

OfE‘E}Frﬁ‘Fq @Wﬁﬁra‘é‘ref‘iﬂnfl?‘(’% 944 al | i ne mesostructure
CONRY) krSdtg HERORANIE mdkhPsnES fihdHhB Girsdt aitd $&c&d deVof@ime and
mesopores, wherein a cross sectional area of each of
tengEatysF Genalitiong tosforme obselite of MmesoperBshaying aonolladerass Pﬁétlonal

areZQNlthmﬁe Hﬁﬂ rc%%ﬁl%@ndf?'j & th@kriddr oduced by the process
[aim?7 wherein The hydrocarbon materia

73 c o nﬁrhYér@garbqn Baigriglpapstueplty thepreesse of igagiink jadwger hydrocarbon
ma%ﬁpﬁlt%eseﬁwcﬁﬁ%ata%ﬁ 111(‘119% nBfe¥nid Arite {ﬁfcc}n{pglg\ﬁge%ﬂ 8/ q

pe role gases, oOr CO I nat | ons t hereo
crystalling mebgstrietatel opmprising imasppars sorfesan definingreplunatity of mesopores,

whiiHP %rﬁgs@gctltonﬁ a7 o o‘f‘g{%tpﬂﬁélftg g %18&381%% F&[%bﬁsta%%m%@ Gime.

i'norgani ¢ nma i nc
T4cr y@haalh}ldrowerbnn am!ﬁruahprbduced bytip lprcsbssg)f nle s ph véessin thaces

hycﬁj %ge{rbonnrgaterla? ccl)'lrﬁgrllsleg y1 P dnsoprogﬂ%enzehe gasollge prc?pylene butene, coke,
total dry gas, or liquefied petroleum gases, or combinations thereof.

75. A method of catalytically cracking an organic compound comprising the step of
contacting the organic compound with an inorganic material including a fully crystalline
mesostructure comprising mesopore surfaces defining a plurality of mesopores, wherein a

cross sectional area of each of the plurality of mesopores is substantially the same.



cross sectional area of each of the plurality of

nmesopores i s substantially the sanme. 76. The net hod of
woledemsgdE2 wherein the organic conpound i s at PeaIS28014129

of a hydrocarbon, unsaturat®d hydrocarbon, an aronmatic

hydrocarbon, an al kyl ated benzene, 1,3,5-triisopropyl

76. benﬂﬁ%thd&fdf@ﬁm@ 75, widRsn felorgaflc HAPMHANIIATeRd dne of 4.
The met hod of clai'm 75, wherein the cross sectiona

hydsgearbopamsaiureied Fedrasarbsiean @pmﬁ%hydépcaﬁbaﬁ@p@#ky@ﬁfedt heazene,
1,38 rtﬂﬁ%rs?ﬁ ‘B%@H&n drube| bp 1%aSbACK  leuuhfas il Met hod of
process ng crude ol l conprising: contacting crude oi
77.M tThe@fthdAVTIRM 65, WRleRiih Be FRIRIAiGaNtrefhds W didmeter greater than
crystalline mesostructure comprising NEsSOpore surfaces
a digapienpiithe ergpriesampopyd beingrerselisdr es, wherein a cross
78.S€Ch Stan?ﬁgﬁﬁgﬁ%gggpoﬁgmhg%n%luraI|ty of nesopores

|s su he sane; ‘and Treacting the crude oi
BN vath Mlﬁoegsm giaRkel cgﬁﬁ;ﬁslhgs R stalline
con I't1ons of control temperature and préssure. 79.
meSDh@uWﬁP herdprisingahesoparg surfases desinipg @ plusplith ef mesoppies.syheepin a

crogses@& dngl%réarb? nghlb(?%e\?élﬁrﬁh of nngfc%'éf(? %ﬁ téHtLaflf;‘ﬁle same; and

gani ¢ materi al ytlc Cracki'ng
uni Jeacuﬁ the Eiifdle pRdsorck BF e ibnoAMRGRALI Andek 8GditRids of

of gasoglne pro uceg i's Increased relative to the
condnotierhtempératyeesroll ipressyse-oduced using a fully crystalline
inorganic material. 81. The nethod of claim 78,
79.wheFlwi methadgHiclaish @8 ihe metheil fttheysomprisivg ieaiing dherandgrgibia the
prebdficd pﬁf.? hic ﬂfatérfapéa&mﬁ'a%ﬁmga@ggg %g\a%ﬁm %h§9 a fully

Crys |norgan|c materi a
80.Pr Oﬁﬁ%ﬁé‘cﬂ&l & cRah Y8R aRR Wa%dﬂ%fg&&ﬂﬁ@ﬁ%?uﬂ:g? & 1H&lez§ég@felatlve
an Inorganic material conpri’sing a
to tbev yowlt bf gasolime posiucedousinger folbyrpy staliinginatggnip maéer@u rfaces
defining a plurality of mesopores, wherein a cross
81.s ecTheonethodufeknin 78 cwlesein dightradefinl m¢ch1pi1<tryls dfcraassslgpletivesto the

amblﬁ‘1t %f"ﬁ)%tt gféf'tl.ﬁﬂrhé/uc%@ fisift mly%ﬁgtﬂlnﬁ g a!n)'c tﬁgtgﬁzh ing the

presenc I'norgani ¢ material. 83.

zﬁﬁ%%%%@ A
2o LTS P YRR i Dy o

t h emprogiossEe efmprisigtreesoparg sufages deéiniog b pwralﬁy aﬁmesopores
I no [ 1€ GitRtantiall
b RG5! Bl SEH P DL R 3K ot
conthe kBuaygndresopor e surfaces defining aplurality of
mesopores, wherein a cross sectional area of each of
t hethpimatlz krieating dlie prdwogon gs presersa lof tha irarganioymateral s ane;
and

83.  The method of claim 82, wherein the polymer comprises a hydrocarbon polymer,

poly(alkylene), poly(alkynyl), poly(styrene), or polyethylene (PE), or any combination
thereof.

84. A benzene compound made by the process of:
contacting a crude oil with an inorganic material comprising an inorganic material

comprising a fully crystalline mesostructure comprising mesopore surfaces defining a



reacting the crude oil in the presence of the

inorganic material under conditions of controlled
woeopasstinr e and pressure. 85. A gasoline conpeanaspmdei4129

by the process of: contactisag a crude oil with an

i norganic material conprising an inorganic nmateri al
pluralitp of mesvpo@s,fwheteyn Tergsstsattidnalearsmagesdhrofthielplerality of mesopores is

c [ Si nesopore surfaces defining a plurality of
Sul?‘?gaémglﬁlb'tgg %8‘?‘& n a cross sectional area of each of

t he repbmﬂgahe tmd@a‘)ﬂ hmbopesease éfshsiuOghimo tatkib)uridBiecondie®ns of

aﬁﬁ(ﬂ gactl crude oil in the presence of the
Cof’ led ‘?’i‘?‘ter @'i‘ RFSSWSder conditions of controlled

erature and 86. A _nmethod of water
tre WHCGBWBW“@"?@ %Xﬁﬁtpé%ﬁef'srf’g’ cont ani nat ed wat er
VVI t bor@tsicting @ c@AE bit with a8 irloddanfa@érias borfprasidelnl m{orgamc material
/stal Line nespstructure conpr.isin rresoﬁaofre sur f.aces
°°’&1‘B i§ipg & G cpisilpeimegosyrc e Lophrsias P Hrigeeg feflding a

phE8I&Y oPMalopdies, aviRfeiRcidssabctiong] dddakifahdhlof tRf pliBBQ R KRSopores is
IS substanti al I% the sane; and renovi ng contam nants

subsiaptiplhibe ses Ay t h the inorganic material. 87. The

et Raghigf the L@uem)m tH@TSrE&hEb $ike mEIEBME thafeiat @A @Rbitions of
roses a . An inorganic materi al conpr|3| ng:

Coﬁtrgggléqf%nelfqﬁﬁéali*fhﬁé%?tlﬁeuct ure conprising a plurality of
menbers each nmenber defining a plurality of pores and

86qdj AcEsthoheliwas! regErnOMPEISHE: t her ebet ween, wherein at
| east one di nensi on of each of the pl urallt of
menBeRecting coanaingtsd Watenpyith an msszammatqrwb‘f@msglg a fully
mat @fysﬁhmeﬁne@ésahéfm%%om sﬁﬁ in@soﬁ)&% sﬁﬂfac'e?@e?‘fnn%rbeplurahty of

di nrensi on of each of ur a nmber neasures
bet WEEPORISoMRerEn A §1 Oéhﬁfcﬁ%h@f@@f qﬁlﬁh Ofgbe Pl’lff*iléty Qféli*egﬂ?ﬁf?ﬁ 15

mat @ﬁﬂs%lntlﬁfytﬁé?ah{@ , Wherein the material is sem
crystalline. 91. The inorganic material of claim 88,

whe ?&ﬁ&lﬂéﬁnﬂﬁﬁrﬁtﬁfs‘ﬂorﬂ t?le RAteY with YRt iRbrkbAdi®maRdhal. The
inorganic material of claim88, wherein the

g7nangy fn!é%lsﬂ B?clluﬁm Whe@énﬁﬁfé%xﬁ@@e‘d co&@mlnmtecohfﬂﬂﬁéﬁmﬁ
mat eri al of claim 88, wherein the nanostructure i S two

g mmah&?aiwm%laﬂeﬁpm@ggamc material of claim 88,
wherein the nanostructure is three dinensional. 95.

The 2ick§tal HS NENOTHYGEYT Spmprising apIHiaBE of Weerbersigaghyaember defining
a PREIRS F H&’eélz!{rﬁ aHj“%wéa‘lt RRRBLY *aéﬁne%ﬁkgfth&‘&;etv%ﬂ %&%m @ least one

nanow re. I nor?anl c material of claima8
dimgnsioaiof e@qhe)f ﬁmmbgolrtme nembers isdess o d P&bm. nanol ayer, or

gonanggli fiforganic material of claim 88, wherein the at least one dimension of each of the
plurality of member measures between about 3 nm and about 20 nm.

90.  The inorganic material of claim 88, wherein the material is semi crystalline.

91.  The inorganic material of claim 88, wherein the material is poly crystalline.

92.  The inorganic material of claim 88, wherein the nanostructure is one dimensional.
93.  The inorganic material of claim 88, wherein the nanostructure is two dimensional.
94.  The inorganic material of claim 88, wherein the nanostructure is three dimensional.

95. The inorganic material of claim 88, wherein the nanostructure is a nanotube,

nanoring, nanorod, or nanowire.



97. The inorganic material of claim88, wherein the
material conprises a netal oxide, a zeolite, a
woeoioypg12al um nophosphat e, gal | ophosphat e, PCT/US2005/014129
zi ncophosphate, titanophospgtiate, faujasite (FAU),
nordenite (MOR), and ZSM5 (M), or CHA or any
96.C OMRileNALH i R 88, WierdiN @k A sGudfire & d Bnoftip,
claim 8811,‘%%%{%@%?1%(%{%5 narf-cl);g}ﬁéfjc?lﬁr e issu%NFé l,ﬂno
nangBRpZ NRjanodisc. ZSM 5[ ZNR] . 99. A net hod of maki ng an
inorganic material, the method conprising the steps |
97.0f ; Thedporgprig aterigl of clainy 88.avheraithe mategiah¢anniigeser gfpl oxide, a
(i) a SRLR hildpRGsph O AR ifafbpHoShHat
e o S DG P Bl R p b ARSI Fsbptohide,
faupssijesaU)i merdenitey EOR e anved BYLiSMET), ot GEAR gr amy cambingtienibereof.
inorganic material; (c) adjusting the pH of the
98.anoFlishHpersanip oyetyanl of cleim 88, veiereiy thp nasgsudtvrg it MECNR],
GAN NS i ﬁmic material to a surfactant; and (e)
Mtreatl’n(g%t eg[norgani c material by controlling tine
and LeRRar A ddn@RatHal 6 Jork PHsRigg 0
99'f or?n nan_o_sd;f?ltégzc{‘%l 5%82% %ﬁlgo?ﬁaltﬁea_’ﬁr%%ﬁgtg (g%o CIPZ;HI:% %9&895 of
f ur ehprovisingpy dredtallinetinerganiematefialt r eat i ng t he i nor gani c
mat gr | 0 ]I : | t .
cort PRoSmY SN e R bk GF B BRI R i o pialy
disgoresrthe ory$talline imargasic matdrial preducii@lan affoephons inotganif mekegian

99 er.ei.n the on I i prises a pH

cont’ %‘fju%léltgtﬁ%elprﬁ) &tﬁ%?r}l(lgrgﬂoé'? grfog%gic ggbt%gatrfplo to not nore

t hafd) etposing k. anibdghous mergawit nackriaf toalsarfmtH®; antier ei n t he
ontraol set

P b B e R TR BB s e Bt bR hons of
stes0B) thidigh Ifadttb Gtmafancstrattore®9 wherein the pH control |l ed
SO BT 3558 ool S0 ARt B
by b&itatthgahe Ghehid BBpartiareaiondiastsus fiest foph aJMANES0] mesostructure

amor phous i norganic material conprises a pH rangi ng
and thep{oABER pangsyEWMefout 12. 105. The method of cl ai m 99

10MheTiRd Heth€oft GRSV HeFeE he Eﬁi doht®d1Red hdddn EdnePMsaXOpH control
100 to about 2000C. 106. The nethod of claim 99

setpgigthat is gticast abpy 104pgeangre Bian ab3Ed412 hours to about 2
weeks and the tenperature conditions are hydrothernal
103. ¢ rplsy methedofedziny Pivigeein the pH cppfgoljed medypny¢omprises A 1fg control

setpIR iRt s 4tMsSdbbhidch ABt m&e Mk iab&it 6cat i onic, ionic, or
neutral surfactants, or any conbination thereof.108.

103TheThEhaasd of c14m@oraRinhe Bl BndrdlRd SR E@kprises a pH control
conpri ses cetyltrinmethyl anmoni um
setpoint that is at least about -2 to not more than about 2.

104. The method of claim 99 wherein adjusted pH of the amorphous inorganic material
comprises a pH ranging from about 8 to about 12.

105. The method of claim 99 wherein the temperature conditions range from about 100 to
about 200°C.

106. The method of claim 99 wherein the time ranges from about 12 hours to about 2
weeks and the temperature conditions are hydrothermal temperature conditions.

107. The method of claim 99 wherein the surfactant comprises cationic, ionic, or neutral

surfactants, or any combination thereof.



brom de (CTAB). 109. The nethod of claim 99 wherein
the fully crystalline inorganic nmaterial conprises a
wort@lozgpede, a zeolite, a zeotype, al um nophospmalse)os/014129
gal | ophosphat e, zi ncophosph@te, titanophosphate,
faujasite (FAU), nordenite (MOR), and ZSM5 (M), or
108C Ehe MetiRAYF Gf&fﬁ@ by %bl@ﬁl thd\QkB&hAnt cddhBrise8Bety RGHEANRGEMOonium
nmaterial nmade by the process of: (a) providing a
brO@Wé?ﬁABDne i norganic material; (b) exposing the
rystalline inorganic material to_a pH controlled

109me dibgmathpdipdclaima PP yheredbs ply errgtatling srosganicreaterind FefaRpTises @
metﬁ%ﬁdehﬁ‘kedﬁfeog 'i@dtﬂ% ﬁﬁm}?ﬁ?ﬁcﬂﬂ%&s ghl%ﬁ%ﬂb‘t@ ARbfidsptlate,

he anorp hous i norganl C

(c) adjustin
ttapphesphut g ayedR A mirgdaoiie (B R ASM- VG HapRCHA, or any

contBa@ibh fHerdof @ surfactant; and (e) treating the
I norgani ¢ material by control | i ng tine and tenperature

110¢ orfth inprgasic ofatesiabpede y)the proensgef: (d) to form
”a'}?ﬁﬁrwﬁﬂx a%?sta#i'nje f%a%fcarﬁéﬁ&‘f’a 10r gani ¢ conpound made

acting an organic conpound with
an (b}mquang thewmtselling Ilnomgamrrnas¢rmg toen ol gerttenlled medium to partially

diss%éy%ﬁ rgs%?l ne 1n8r%n1]1)1c %{elﬁ?L }?o wg%ll aﬁ%rp%fo dﬂggq%ég%é Irrllt%f%figl,

I'ni ng ura ores "an
rrer(b)eardg;usd&g tha@ﬂm’tlmhsantdnﬁroabmbmmnmamm ein at | east
one di mensi

) n %a nt c r1U1 tQ 1¥ac? gbers A
| e PRSHE B 2RIHP 53‘152‘ ’??1‘3 ﬁl dr %ca?ﬁ% P{ al
pr qegetingihetitegdniconasisal df c@itx&ﬂlmglﬂ:ie, an‘dllnﬁn}mralum kenditions of

rises: 1,3-diisopropyl
Stepﬁéﬁbztg’f?é‘ghgﬁéﬁf‘ﬁé‘anﬁpgﬁ%ne, but ene, coke, total dry
1119asA cREkddi olgtmid @dappatdxﬁ&cewtwa@ss@ﬁ conbi nati ons
thereof ., 113. A nethod of cata ti.cal |y cracking an .
or GAREINERFERANF CORSRIEYHE Herbenic plstialompasing a grline

nanSSERNIE cmMRUEHD WL oBiemB&E e@nlneen{mf &sfindlg d pledaligtion ?ores
a crystalline nanostructure conpri,sing apl rality

and pdjman scawers debnpwnd HAFTPREHG I RArEiP Al IP%S} oz d PR ofigaeh of

the%ﬁirﬁﬁy%fm&ﬁﬁ@?fs%s@ﬁ{ahVI@O Ngl ds therebetween, wherein at
' east” one di mensi on of each of the plurallty of

1 2me ierhy diosarbers materjalpradyoedam the precesy REclaig Hdewasreiaithg m
hy J%rbo cﬁiapcén:;kﬁ'lsgsr g%rﬁlﬁoﬁwgéiﬁgné gasdlind, %ﬁﬁ)&]eﬁ@ Suiehe, Boke,

rocar at urat ed rocar bon, an aronatic
totdh}imga@,aﬂf bgneﬁeémewmyn gases! obeamytawasionsitherest t r i | sopr opy!

1198 NZ Gflfhod S UAByRlally A8k 8o thelshep ofA

3*ranat hgﬁ gfi proc SSI 5 _crﬂ%e %rfg?{ ri gellng contact %ﬁjo

congactivgtheiokganictchmaeuridrvithyaring ganid mahelaal indhwding semigfalline

nanogt¥ucttu% é InieisHNS Silsljéfil& of Embers each member defining a plurality of pores
P

and adjacent members define voids therebetween, wherein at least one dimension of each of

the plurality of members is less than 100 nm.

114. The method of claim 113, wherein the organic compound is at least one of a

hydrocarbon, unsaturated hydrocarbon, an aromatic hydrocarbon, an alkylated benzene,

1,3,5-triisopropyl benzene, crude oil, gas-oil, or vacuum gas oil.

115. A method of processing crude oil comprising:



conprising a plurality of nmenbers, each nenber

defining a plurality of pores, and adjacent nenbers
wdeabionesaoi ds t her ebet ween, wherein at | east ORET/US2005/014129

di mensi on of each of the plvrality of nenbers is |ess

than 100 nm and reacting the crude oil in the

Pr esffcEnudefl Wﬁpﬁrgﬁmgﬁnlﬂﬁlta@hh@oniﬁﬂgﬁ% a@%@ﬁlﬁnb %ﬁ)s@ﬁcture
control ] ed tenperature and pressure he net hod

of mpriging aplurdiy rEmABBers. grehayMRS Apfining mpluralineafipags, and

t he,dedcbift@netlers d&ﬁh@@mﬂg ﬁ&%ﬂﬂﬁ@ee‘ﬁf whd¥€inlaPREGBA Gimension of each
material within a Fluid Catalytic Cracking unit. 117.
Theofitis MWGIIWfOf@emWSIS:L@SS thaet08inm; 4nd r act i on of

gasol i ne produced is increased relative to the anpunt

of gadise theeriedlie & niesereg ohthe inarganis aterial junges conditions of

codtggggcg@ﬁb&aﬁpga%@p@gssurgw The met hod of claim 115,
wherein [ight olefin production is increased relative

114.0 ThEnARRIEY 180 1h5 elRtm QbR iiger e&&gt«g@%@%ﬁsfng %eacr&deldlmn the

crystalline inorganic nmaterial. of
prepange elsthe ingreanisarajariat witbimprilyd ﬁgtalyeé fragkingngita pol ymer
with an |noggan|c mat eri al conpr|S|n9 a crystalline

11 hanBimpetead efeladn i f.i veherrin & fipetion &I pasligs pradied isdncreasedy
relﬁﬁ‘/m AR5k 0P GasBlik po@lchd Ysifa ARV @@staﬂi'ﬂg i aﬂﬁ%‘a{terlal

nbers define voids therebetween, wherein at | east

11€N erﬁ?@ HEBRS mw& 1@9%&& hgﬁ omﬁu wddh&tyonqg ﬂa?ela&@rraam to the

l'ess than 100 nm and thermally treating the polyner
ampynt phlight pleflanpredused using p Adly gafifallingdnasganyg matedd. The

met hod of claim 119, wherein the polymer conprises a
11%y o aresliod of Prsessing e, pobsiey cemmipingne) . pol y(al kynyl ),

poly(st{rene) or polyethylene (PE), aor any

congsintestt %pqlwa?rewh anfipqreanic HaREYFaMpHEHRY AR SHlEE by

th EndbReRire %prﬁfﬂgta%@drblﬁg oﬁn%h@? edH m@hibd? défihing a plurality

i norgani ¢ material conprising a crystalline

n an@fslorqaoftndraélae@wmen@pns gefineploisls shergbptvesen.lieiein at leastope
L'Q%nﬁﬁf #ﬁ%‘a@oﬁh@élu{aﬁé) dt¥neflbeRQS £S A1 RHRGHE
efine vold re

ers tvveen wherein at’ ﬁeast

onethgﬂnﬁlﬂg ﬁje%glgqle Ecgﬁﬂeﬂﬂ tﬂetﬁ?esmcg ro?{h'e ior n1 MIS i's

| ess t reacting the crud In the
r i1Rer
L

polzeHyyisnekd Pets@EybyD troly (Pyisedses polycbpinnadit)rmy 2By eqrukieation|
thelobh an inorganic material conprising a crystalline
nanostructure conprising a plurality of menbers each

12{1°TREEn AR L in BBl EPE ool ofror es and adj acent

ers et ween, wherein at |east
onecaiiagtingsd ondodil W&b hn gbrganic material comprising a crystalline

nanostructure comprising a plurality of members each member defining a plurality of pores
and adjacent members define voids therebetween, wherein at least one dimension of each of
the plurality of members is less than 100 nm; and

reacting the crude oil in the presence of the inorganic material under conditions of

controlled temperature and pressure.

122. A gasoline compound made by the process of:



the plurality of nenbers is |less than 100 nm and
reacting the crude oil in the presence of the

wonaregasdie nmat eri al under conditions of controPCeMS2005/014129
tenperature and pressure. 183. A nethod of water
treatment conprising: contacting polluted water with

an Lok GudBiPHRhn MOFERAL FHafili aPcog{le?ﬁl%E falline

nanostructure conprising a p ur al ers, each
nanesiisdyre epprisingg PAUTPHY pémewer@feaqhon@sber defthingh plovakity of pores

o R ol e, SR Sy PR A 6 ot Blnch 8874 cach of
the|pdusality hEmembgs isrdgss thad 10@moyandg cont am nant s f romthe

wat r%gctlep%%@ ! l?(% 011']19 Z)?ésgnc%if gfeiir?(lr%an?czlﬁatellen %nggtcloj&ﬂtlo%s of

claim renoved con
cortypled temperature and pressure

123. A method of water treatment comprising:

contacting polluted water with an inorganic material comprising a crystalline
nanostructure comprising a plurality of members, each member defining a plurality
of pores, and adjacent members define voids therebetween, wherein at least one

dimension of each of the plurality of members is less than 100 nm; and
removing contaminants from the water with the inorganic material.

124,  The method of claim 123 wherein the removed contaminant comprises a dye.



