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WO 2006/ 138912 PC 1'1 U S20051013129 Mesostructured Zeolitic Materials, and
Met hods of Making and Using the Sane Related Applications 5 This
application clains the benefit of and priority to U S. patent application
serial nunber 10/830,714, tiled on April 23, 2004, and entitled
"Mesost r uctV@rde/Z@étitic Materials, and Methods of MaKiGIGUBAE WER™g t he
Sanme." Governnent Funding 10 This invention was made wi th support under

G ant Nunber DAADlg{‘@eZSOﬂégctifgqt{Zvﬁrﬂq %i,ﬁ’e‘llA Metﬁ(? ch O fice; the

governnent, therefo inv i o Background of
the Invention Zeolites and P¥IkESAndSrgY ‘?‘ﬁ@”’l"ml ecul ar 5| eves are widel y
used due to their regular 15 m croporous structure, strong acidity, and

i on- exchange capability. van Bekkuin, H , Flanigen, E. M, Jacobs, P. A,
Jansen, J. C. (editors), | nt r odfelrfedrirplésatens) i te Sci ence and Practice, 2nd

edition. Studiggs b@ll@ﬁ'&ﬁ @iﬁi‘ﬁls%ﬁé‘ lﬁﬂé'fﬁ o?—:ﬂﬁ pgéxtll@lt(ygsspat%@bpph@ﬁ%n@%@@l) Cor ma,
A., Chem Rev. ; ture, , 417,

813-821. Hé\%@iép/m?Hetl#edawmﬂcétMﬁsﬁﬂé%ﬂtleﬁ Wﬁ@athI%%qO%m%WﬁwIalﬁore

openi ngs, WhieRod & MakRiGAd U¥indAEsaMer than 20 1 nm The di scovery of
MCM 41, with tuneabl e nesopores of 2-10 mm, overcones some of the

l[imtations associated with zeotites. Corma, A., Chem Rev. 1997, 97,
2373-2419; Kresge, C. T., et al., Nature, 1992, 259, 710- 712 Kosst i ck H,
et al., Appl. Carat. A Ger., 9osyunepgluidieg 60: Linssen, T., Cassiers, K.,

Cool , 8., Vansamt mv&}tloEwasxﬁQdéw@%'ubport'dﬂﬂ@rdrant&meer DARD39-0408002121- 147,
However, unlike zeolites e materlt?ll s_are not crgstal K ne, 25 and

-1
do not pog¥aded bt 665%8?5&?rf*y0ffﬁrsﬁﬁg BB RIS PRI ot B gh
i on- exchangenticaapabi lity, which are inportant for certain catalytic
applications. Corma, A, Chem Rev., 1997,97,2373-2419. Over the past 10
years, a great deal of effortpdagoheesr menotednt o understandi ng and
i nproving the structural characteristics of MCM41. It was found that the
properties of Zléohte?»@nd\iEMedmrystallihdmbkeCLilerrp're@aseacbWildelpu@ld diie Jo their eada

oL b ey S48 S BT BBy IIRRRR 38 0 1)
al um nosi [Haniger §MUpsbs, (i v), Jasen, AfC. grdifen), dstrddyionad Zwmmﬂmycedmdl n zeolite
synthesis Ptre%tic\:/g,)m%doe('giﬁ%g?’gf%&%s ﬁl%{tu %%%%éeoa%é%atalysw Vol. 137 (2001); Corma, A.,
Chem. Rev., 1997, 97, 2373-2419; Davis, M. E., Nature, 2002, 417, 813-8§21. However,
their applicatigns are limited by their small pore openings, which are typically narrower than
20 1 nm. The discovery of MCM-41, with tuneable mesopores of 2-10 nm, overcomes some of
the limitations associated with zeolites. Corma, A., Chem. Rev., 1997, 97, 2373-2419;
Kresge, C. T, et al., Nature, 1992, 259, 710-712; Kosslick, H., et al., Appl. Catal. A: Gen.,
1999, 184, 49-60; Linssen, T., Cassiers, K., Cool, P., Vansant, E. F., Adv. Coll. Interf. Sci.,
2003, 103, 121-147. However, unlike zeolites, MCM-41-type materials are not crystalline,
25 and do not possess strong acidity, high hydrothermal 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-

30 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



transformpartially the MCM41 wall to zeolite-like structures, (v)
preparation of zeolite/MCM 41 conposites, (vi) substitution of cationic
surfactants by tri-block copolymers and Gemini am ne surfactants to thicken
the walls, and (vii) assenbly of zeolite nanocrystals into an ordered
nmesopor ousWUWEBENE. Liu, Y., Pinnavaia, T. J., J. MatRGT/UEHEM!4I22002, 12,
5 3179-3190. In the Iatter approach Biu et at vvere abl e to prepare the
first steam stabl e hexagonal alum nosilicate (named MSU-S) using zeolite Y
nanoc! ust dpesfaa piiellyihg e Rl to gsalifediks struswsssi G EPpRSEn G5t ers were al so

used to p"z&ﬂt&%(}w&(%ﬂte@md Wkﬂnﬁ(&%&a)no“ﬂ'sﬁrﬁgtaﬁg 8y asblbal @pblyiNers S, 849, 258

to Lujano et al. aggregates the nucl ei }/stal | ine m croporous nol ecul ar
si eve mat & %‘fm'(‘ba“@“e Sufq%%‘a‘}ﬁ%tﬁlt@?kebfhei’@g? F‘PC&J)‘ i‘séenﬁ%lb%zd%“t%“a“f@ryﬁé}?romed si ze

di stri but iefarddrdéresQpRpeoss sHechiBOLR, YOPMABSIa, T.01, 0 Mgea cpoh.yproystzal | i ne
illustration of a_prior art anorphous

material. Fig a sche JC

mesopor50u§ 7r?a$]eqﬁl inthe @apﬁﬁ?‘g‘a P! HeleF PHeld %‘i}’a’efﬂ&ﬁ'ﬁré%éfﬁﬁ‘rbéa EeI_u1 ano and

Pi nnavai ahepéd@@rtaeﬂur&naé]ﬁ@tel?aatneaamms u@xg&é&naﬁ&amnws@@@umngajmckand Liu, Y.,
Pi nnavaia, T. J ) ater. Chem, 2002, 12. 3179- 13&0. Aﬁ shown in

Fi gure |A1’er§@8|zmll§e lme?luﬁtqrs We5als0 Y6815, Pratyse Mk avraghs MG Kerdr ound 15

sur f act ant mc n d conditions to forma sqlid. Thereafter,
t he aggr egat ed g% Fgss iﬁ?ﬁtg\?o'%5@%%5%1*‘6%5”“&%“%%%&?ﬁ]e%}éﬁ%‘r@?and dried and

t he surf aetyatamme ﬁno@éﬁol’cﬁ@hﬁdcﬁlﬁr sie¢ Mvteds (Ag.AesShickd omsmpgmepls'maeﬁ | pore
vol une 110 us nesoporous eol i erial 100. Each

m NnQg. anor
o L a0y e g e E s B i TR aR2 BB BB foPmipBa PoFky TRVRG s 2o
crystal. Wenal Feyrareisaggieagat ﬂ?ldstltahﬁl sratpeivi @t anddghous mpobyretyattadidl i ne

because t 20. nucl ei . erJ al ackin lLar lattice
otruct ar e 0 Died AR bY i tiphe AN R el S0 EE R0E PRERNE are not
fully crysisa$bise Di)fancb Ettal. 3an¢LstaP1hvael)a T Somev/atr aheqg) 92 hayel 7danaged t o

i nprove appygeci a MCM 41 terials. Liu, Y.,
Pi nnavai a@?ﬁ%@ SPO‘%” “’I\/égfuéer P%ﬁégg (%ft @1?@65?1"55% rf’ml nk, S., et
al ., Qat alsurfaRQMtm1caQ@Bndeﬂ&mtrﬂ%-@ﬂ&&onﬂcﬂet@B kid. Kheredfter, @te agpregatéchem.

Cormun. , 81-22 r 1998, 394, 353-356;

Kar 'sson, icie 14, 455, 10506 ShRn S e gBind vl Sl s 16859197 181~ 102,
Jacobsen, pfovidd a debised edesapbrer sm&dﬁcﬁbvol(ﬁhemo S@l@mg a&@@@ouslﬂegopo%h&@eo?ﬂel? Huang
L., et aI 104, et al.,
Angew. Ch&H{I® IT}J{‘{GFX‘E{POC%@M%%?& ‘S'ﬂfgﬂ (Qﬁam dogﬁ'ﬁ(% befa}élls? Angew. Chem
Int. Ed., n28ited cfystdl28Men (h2ple agdosuaiee khe nditeeial WOt ljcaskallok bbang-tkange
crystallin i n teria cidit t as trong as
e Wiy atsugs SOFRE L rgh i e ks i Ol e 8514759, 230
For exanplie,aggegitgimysieadrd hadulyesepdinoustruintestaldheg, such as nanocrystal line
alum nosilicate PNAs and Al-MSU-S(,"'trp, even being nore active than
conventi onal ASenMGihkdgics sivowndhgsd grimpioganiplegiablgweracatt firsictties bhah H ZSM 5 f or

MCM-41 materials. Liu, Y., Pinnavaia, T. J., . Mater. Chem., 2002, 72, 3179-3190; van
Donk, S., etal., Caral. Rev., 2003, 45, 287-319; Kloetstra, K. R., et al., Chem. Conunun.,
25 1997, 23, 2281-2282; Corma, A., Nature, 1998, 396, 353-356; Karlsson, A., et al.,
Microporous Mesoporous Mater., 1999, 27, 181-192; Jacobsen, C. J. H,, et al., J. Am.
Chem. Soc., 2000, 122, 7116-7117; Huang L., et al., J. Phys. Chem. B., 2000, 104, 2817~
2823; On, D. T, et al., Angew. Chem. Int. Ed., 2001, 17, 3248-3251; Liy, Y., et al., Angew.
Chem, Int. Ed., 2001, 7, 1255-1258. However, due to the lack of long-range crystallinity in
30 these materials, their acidity was not as strong as those exhibited by zeolites. Corma, A.,
Chem. Rev., 1997, 97, 2373-2419. For example, semicrystalline mesoporous materials,
such as nanocrystalline aluminosilicate PNAs and AI-MSU-Sug), even being more active

than conventional A[-MCM-41, showed significantly lower activity than H-ZSM-5 for



WO 2006/ 038912 PCT/ US2005/ 014129 3 cunene cracking; the catal yst activity
for this reaction has usually been correlated to the Bronsted acid strength
of the catal yst Corma, A, Chem Rev., 1997, 97, 2373-2419; Liu, Y.,

Pi nnavai a, T. J. Mater. Chem, 2002, 12, 3179-3190; Kloetstra. K R, et
al ., ChemWOGéiWﬁ‘t‘uHZ 1997, 23, 2281-2282; Jacobsen, C.P4r/u§3oosi@gizy; = g,
Ant, Chem Soc. 2000 122, 5 7116-7217. Previous attenpts to prepare
mesostructured zeolitic materials have been ineffecti ve, resulting in
separat e Z9BERGIkiActha s AT It s B rasHRn bomasiely beearcpadlged oghe  of at .

M cr opor 0LMM%@Q&@rs@@@m\&tﬂ%roasawlt9%%nn£Z\,, k8- A92199Y; brapm-ba19; B, al . J
Phys. Chen. 104, 2817 sonme aut hor s poi nt ed out

the difficll ]f‘S}nad?‘a’s@ﬁt fhdditgi H@”ﬁ HOHZ \Kél%%%’“??oeé%‘ﬁ% Bufs e ki APE, such as

MCM 41, W ¢dmme@Qli9dr, ¢3,9b8 uo g mo&b@ct.pﬂt.,mea1§ur4naqs%eﬁ1.em!,Qono,moci ated with
t he high curvature of the mesosnvcture. Liu, Y.. Pinnavaia, T. J., J. Mfer.
Chem , 20021643173 179-3190. Thus, the need exists for zeolite si ngl e
crystal s with grdered maso orosit ysi ng them

and net hods of nmakin
15 Sunmary of tHEMRIERPISIH rIePPr%WE?/ %f%‘ﬁ%*&etd,ze?lﬁ‘é ”H‘Feé@léﬁ?"eiq‘?g‘b‘ﬁ? Sh'Selates to
a m(::)réSt al |1‘é$’mﬁlﬁllgl’m§e§@.l§]ﬂe(iedlﬁteﬁd zﬁhllorp}@ﬁgraﬂbﬁ(ﬁﬁhsipﬂasas nlgt‘r&&{n[ ycewie. Ina further
e odl nent the In anl C ter X1 a urt.ner
enbodi nentMtRErFHYEBERTUS feéri §F ° 3183 ]g)g ﬁ?'“f“é?“’lehﬁ Jf]ﬁ?’f' I[rfé"F"" odi nent ,

t he i nor gaxone, /ogt2er7-ak2i.s a zeotype. In a further enbodi nent, the inorganic
material has a 20 faujasite, nordenite, or ZSM5 (M-l) structure. In a
farthetd enbodi Werdoyert soeertugheagbinted butrtise diffasltyt dfayinteosagenab- \mje@ arr angenent

of MM 41, lsg?oar‘wéf umrai%la[s sucléas;)ﬁgw . wiet%eogltlc srl!rllfzmoshlgeutc tthe surfd englhne cubi ¢ pore

arrangerren i 1e5o8tructure has the
| anel | ar posceiagd mahglenegit cuofatdOtbnesbsuacthingr hery ., é’nmmhlcrrﬁhi ,J. Maer.

Il Ly M LM A B e I T

enmbodi nent sost ¢ as’r furt her
enbodi ment mesppreosinesms hedtods & making a%ﬂsu@lthﬂﬂnSI onal nanostiucture. In a
further enbodi nent, the nanostructurc i s a nanotubc, nanorod, or nanow re.
In a fu¥ther enbodi nent, the nbesesyplidedrenia a two di nensi onal
nanostructure. In a further enbodi ment, the nanostructure is a nanosl ab,
nanol ayer, or Haensdipeet IBErasent inveniion datesderh odlbtating inonghic welgsalal | i ne

i nor gani ¢ J}E'f;nﬁlé& A a hSosthMM: 41} ﬁnnhMbWeﬁ‘t,lthl ino%ani%%%eﬁaii%eéﬂ' ]
oxide. In a further embodiment, the inorganic material is a zeolite. In a further embodiment,
the inorganic material is a zeotype. In a further embodiment, the inorganic material has a

20  faujasite, mordenite, or ZSM-5 (MFI) structure. In a further embodiment, the mesostructure

has the hexagonal pore arrangement of MCM-41. In a further embodiment, the
mesostructure has the cubic pore arrangement of MCM-48. [n a further embodiment, the
mesostructure has the lamellar pore arrangement of MCM-50. In a further embodiment, the
mesostructure has pores organized in a foam arrangement. In a further embodiment, the

25  mesostructure has randomly placed pores.

In a further embodiment, the mesostructure 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. Ina

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

30 In a further embodiment, the crystalline inorganic material is Y[MCM-41],
MOR[MCM-41], or ZSM-5[MCM-41].



WO 20061038912 PCT/ US2005/ 014129 4 In a further enbodi nent, the nean pore
dianeter within the nesostructure is about 2 to about 5 nm In a further
enbodi nment , the mean pore dianeter within the nmesostructure is about 2to

about 3 nm In f(urther enbodi nent, the wall thickness within
rresostructﬂ'roez”“‘l/‘é”‘ﬁﬁout | to about 5 nm In a further ehﬁoHH?%ﬁ‘tlmt’he wal |
t hi ckness within the 5 nesostructure i's about 1 to about 3 nm In anot her

aspect, the presde@ invention relates to a nethod of preparing
mesost r uct ur ed AEYIY EmbestiprtshhigeadPreARm Y M Pl ‘ln’Fsé’“f‘ti‘”ée ‘Fré'r?ﬁu&?n
conpri si ngo abuaEhd. Ora fubRg@mbadifleRPtht MGl pobe dansettt frathinand mnedoptnRcel 1@9 a

surfactant to.th iumfr ste if it not there alread

opt i onal | ORI R Sl It g b rbo et wukghier SIS g T 10

opt i onal | yis kiysdr piolaBsuraInkly Th b @atheingn Hobithentedle watt thickaess tv@fpindhe or c); and e)
washi ng. and dryin the resulting material. In a further enbodi nent, the
resul tihg ‘Prﬁf’sé‘?{'?t '1%'? "?O’f‘h]t"t’ﬁg udAined at el evat ed tenperatures. In a
further enbodi L g?}&m nattl on tste{:l tisstogler{lorrgf |]n air or oxygen. 1In
a further embodi B r%]f’raslfeﬁ CArEPHATCRIPnI TR 1P & TSHPE SFRSHR 2an i nert gas. In
a bot her ]rﬁcseﬂﬂilctdteﬂ’Eﬂﬂlte ctoh@nmngrat) a(j}fﬁﬁgaﬁzomﬁtodrnecﬁutﬁumhb]ﬁﬁngeiﬂbmdloﬂent t he

maxi num el evate F re. at a out In .a.further
embodi nent effa_ln 0 1ona asur acla )Sad%in ﬁtrttéglear‘r}uglu pm ]Ba)ggks& In a

f urt he_r entmoﬁhemmta,dvtchept'zcmmllly adcehnlgst swellnsg:et cet td themetihm fmmupp b)om)5| sting of
f au] as{g e opglonaH% h 10t5€6magly leea%Me ’megtum fzom 5ttp| bl% or c)) andteﬁ \V&?hll%and g{}{eﬁ?bodl ment,

t he medi um™ t he
base i s anhatekatirig nmyaiabxi de aI kaI | ne eart h hydrOX| de, NFI40H or a
tetral kyl anmoni um hydroxide. In a further enbodi nent, the base is NaOH,
NHAOH, or tetr &nefultidr cabmdmieninthiyedvlong dagrial s fatheusaidiesd aecibotidnent , t he

medium T LeR,R) EOURGESEANAC ol a1l fIRITL BN yhe acid is

HF. In a e sur S ‘an a anuno%%um halide. In
a further Iemtfmdlemmodlmdne tf@Eabmmﬁcalcst@amStperfsmmdcmetlylh@t gfn?etlmeyﬁlahunonl um brom de

(CTAB) lfurefn?o%thﬂﬁhtbshtz theft g,%ylstl\hefn a t%m?eggtq%nt% Wlqu{é&Ii@ﬁ% %Pe%%c treating the

mediumfrom s éurs at out out In a further
enbodi nenttembwmlothemrﬁhbw()@ te@0TCh dgn & fresthprediba dimie nto tie srtas ) el@fatedc) occurs at

about 120 fa ahaut. | o further enbodiment, hydrothernmally treating
the rmediumfF é?omlésal §ql%)m8r@ 0?) occurs at about 140 to about 160C. In a

ftvther enbodi g, dQuRYdrehDes PRI Lieal kbe ddeotRdummELom ateP b) or o)

occurs at about 150C odi nrent, hydrothernally ‘treating the

medi um f r oFFASH, e]ppr@p)nt@(fM@y),tag_ck@%Mm AHD. dx;y@ftnﬁhg“mnbodlment the medium in stcp

20 a)comprises a base. In a further embodiment, the base is an alkali hydroxide, alkaline carth
hydroxide, NH;,OH or a tetralkylammonium hydroxide. In a further embodiment, the base is
NaOH, NH,OH, or tetramethylammonium hydroxide. In a further embodiment, the medium
in step a) comprises an acid. In a further embodiment, the acid is HF. In a further
embodiment, the surfactant is an alkylammonium halide. In a further embodiment, the

25  surfactant is a cetyltrimethylammonium bromide (CTAB) surfactant. In a further
embodiment, hydrothermally treating the medium from step b) or ¢) occurs at about 100 to
about 200°C. In a further embodiment, hydrothermally treating the medium from step b) or
¢) occurs at about 120 to about 180°C. In a further embodiment, hydrothermally treating the
medium from step b) or ¢) occurs at about 140 to about [60°C. In a further embodiment,

30 hydrothermally treating the medium trom step b) or ¢) occurs at about 150°C. In a further

embodiment, hydrothermally treating the medium from step b) or ¢) takes place overnight.



WO 2006/ 038912 PCT/ US2005/ 014129 a In a further enbodi ment, hydrothermally
treating the nediumfromstep b) or c) takes place over about 20 hours. In
anot her aspect, the present invention relates to a nesostructured zeolite
prepared by any of the aforementioned nethods. 5 In another aspect, the
present inY@AP168A% el ates to a method_of preparing a rF'eCsTé‘éﬁz?‘h@E) d zeolite
conprising: a) adding a zeolitc in its acidic formto a medi um conprising a
base, and optl ognally a surfactant, in which the zeol |t%\ partially

di ssol ved 113 Mirparidingnt hxseharahy reying e madua f’é”ﬂ}%t%{"i&ﬁf) tfﬂi‘}st"ﬁ%e medi um
from step @prdbbutiZd hbgsnot there already; c) optionally adding a swelling
agent to the mediumfromstep b); d) optionally 10 hydrothermally treating
t he medi um f roim slogpr dpecq theGrésci invamshireigeand nadsgsirnguehecoliesidpatedg

mat eri al ; .and ftli] npvi ng,th(g sgr({actant fromthe resulting nmaterial either
by cal ci nifg &Pt et IERPELREBTur es, or by solvent extraction. In another
aspect, s t he present e#a[wentl on ré& emon tg.a t| nesastr cteuarrl%d zeolite prepared
by t he “above metHOdS WREHd ]?erPr?Sﬁn lIF’?{estl)strrucst P& 2eSt PR "8 %in the formof a
nanot ube. rﬂé‘somnnmredd@olmcon@nsmg r®.addimg zazmhﬂaerltsaaspi@d’o;m tdvemq:mtesent i nvention
relates to fruct he a t had, wherein
{he nosos o RIEg bEah PP AR et 3P IS s a2 R e o
nanodi sc. nrmuaﬂmthmnmamﬂaeeddmgtc’(wlfmm@nhe mmnemxpmrstep@b dtitesndttheee nmet hod of
anchoring s| ed ch e oSt ructured
zeolite COQ%P& 0 Sy%nc?ﬁ ac(?:d?'}g Y Sweﬁmg a%{ato { ernt]féi ‘ur Pé%ln §teéﬁ %Em%aﬁghe positively
char geth spieldro@@rmeriharemtmgltluﬂmedmn aorhurep heor c).ejryadingand dryingehqresilttngvel y
charged sesles Lo SEhRTLAR Ll AL rouRiGanshak] 08.0L GRlons | of an

el enent, quate 9 egs éle ns, osphoni um

i ons, and ewabcdtmre»srtltrbseorelnffsolvéﬁekmﬁcamt her aspect, the pr esent i nvention
relates to a nethod of anchoring a chem cal species to a nesostructured
zeolite conpri $i mythecaspechditc mqemthwenfésmsl@tﬁufotaunm@wrzet@lleii redlitaprépased aci di ¢
form and &y ﬁé%b%v&ﬂ@tﬂ%oc%eéﬁ‘?ﬁé ﬁ%o&tﬁcﬁleﬁgwllm in tnc f%rﬁ(ild'f& pﬁlo uggrbOdl ment, the
basic chem cal species is an inorganic base or an organic base. In a

f urt hetS enbodiogennanopite basi ¢ chemical species is selected fromthe group
consi sting of hydroxide, am ne, pyridine, 30 phosphine, and m xtures

t hereof. WO 20@Bg_@g)ggq}ggecp@p/wgmgwcgtlegglgtes to a mesostructured zeolite prepared

by the above method, wherein the mesostructured zeolite is in the form of a nanoslab,

nanolayer, or nanodisc.

In another aspect, the present invention relates to a method of anchoring a positively

20  charged chemical species to a mesostructured zeolite comprising contacting the

R

mesostructured zeolite and the positively charged species in a medium. In a further
embodiment, the positively charged species is selected from the group consisting of cations

of an element, quaternary amines, ammonium ions, pyridinium ions, phosphonium ions, and

e gt

mixtures thereof.

25 In another aspect, the present invention relates to a method of anchoring a chemical
species to a mesostructured zeolite comprising: contacting 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,

30  phosphine, and mixtures thereof.



a I n another aspect, the present invention relates to a nethod of anchoring
a honogeneous catal yst on a nesostructured zeolite conprising: contacting a
mesostructurcd zeolite conprising a chem cal species anchored on it, and a
honbgeneous cat aIX in a nmedium wherein the anchored chem cal eci es is
capabl e of WAANHY®dE a ligand to the 5 honpgeneous cat a @/@9520‘?’@1%& her
aspect, the present invention relat esto a nethod of supporting a

het er ogeneous catal yst on a nmesostructured zeq%it 0 i sing contacting the
mesost r uct ur edf n apaihps gspech i e HEPBIPB GeHEdne! Q‘ng&é‘?})‘ﬂﬂ/‘g& met hod sel ect ed

fromthe giomugene@Rshtalybtdg adiesospiystcablimicahpristg: doytadtinph egaatricdied wet

i mpregnati o i nci pi ent n ion 10 exchan nd vapori zati on.
In a fltrtﬁ(gpe %W(S‘&'inﬁéﬁ?em”falluépnﬁl %’F@ Cﬁ@dbgndgaatfogﬂgg'feoﬁs %ﬁ?’is 88 a metal or a
m xt ur e t hesdasf, thﬂ&mahé Mfchdiﬁfchexﬂhﬁldbfmﬂﬁs capddv® diatpageligodso tat al yst
conprises, a neta llde or a mxture thereof. In a further enbodi nent, the
het crogfend’ﬁglo%%‘%ﬂsﬁgt? yStcorrprl ses a nanopartl cle, cluster, or colloid. In
anot her aspect, th res i nvent i at.es of catal ytically
cracking 15 aff %Pﬁgﬁlsge(:?gl bunt mver%oplreg?t?ls to(%(')nr?ﬁlggf’l ﬁlﬁp(fﬁrég or gani ¢ conpound
wth a rreshas:tdgurmbunr@dilyszmd mesestrubtnreazécanteh@mpesrbg)dmtmtmtg th¢ mesostrigamédc conpound
is a hydroc rbo b th anj c gund is an

unsat ur at eaahe aa?iotl(l:e l}eb €ro eneious cata_.rl%s?li)}h metHEdr:%leated Foxp QA DS consrrsRm Ogonpound is
an ar omat md:yshgadimocm bbyumpimrgnaxohuwettheprugrarb@dmmm]; wettnhgregmgamucm conmpound i s
?_.n3a|5k%/r Ialteée{% 1d$€englﬁinvglgorlzatlon IIIla%Llrlg?l e(ral{lgb gé)lplen he getero%etnemg%wllgst cg’m I(I:Sn}gglrjrggulnz i s
crude oil arhmla:rﬁumttherthemmﬁdmarmmb]; emlfoémangamlhetemgmowtdtalyst @mnmsl In a
further i nEen N G, gpmRound i.s val as I.h a further
enbodi ment” ““%q "%rré" ao%‘”re {hurre(ét:ﬁ%%ﬁ t'e e“h%%‘mteﬁe%zge?rg ot Ct“@‘Jc‘ture of a
faujasite c()h‘aphges a morogancle,e (W) ¢ollord. ZSTvl -5 (MFI). In a further

embodi nent, the nesostructurcd zeolite has the hexagonal pore 25 arrangenent
of MCM 41. | n & dnothet dspect, dlrepocsbnvinyention hddatpreis @ stethed phieagady ticaltyl drackings Y[ MCMW
411, MR PV RN Adderinh e BRAKDEY ltn o A& sREGSENT [ nvent i on
rel at es to a e it wlg{)m% l? i ni ﬁc61 &‘Hép‘e 1[], 44 m}?oﬁlg?ﬁ ?:glggogcu% ngcpt he crude
oil with GZC@I*E?SOISItarfU@ICUP@hdeF |tllee)lgalnr¢ Camm}rnti hrerhyémb@ru@melna furthehe cont acting
of the oil I 'S 4 18 S I:IJTg;f hin a Fluid

Catal ytic “30 %rnlgcgﬁlrel %H]fo e I%Etlél(a eer?%aﬁ?r%oﬁ ? X d%rcti on of gasoline
is i ncr easatodialent; tlwel&amCPMPouadmam@lOmﬁtl@a@mcvrh@n dn@cﬂwd@demwdtnmt absence of

the masos'[tﬁé"&é&hﬁceé%nﬁ)g&ld it & alllqu'at?d geh%eqlg.hl%ra fMe?QQ@Jd%&%Jd% oﬁgny US2005/ 114129

20 compound is 1,3,5-triisopropyl benzene. In a further embodiment, the organic compound is
crude oil. In a further embodiment, the organic compound is gas-oil. In a further
embodiment, the organic compound is vacuum gas oil. Tn a further embodiment, the
mesostructured zeolite has the zeolitic structure of a faujasite (FAU), mordenite (MOR), or
ZSM-5 (MFT). In a further embodiment, the mesostructured zeolite has the hexagonal pore

25 arrangement of MCM-41. In a further embodiment, the mesostructured zeolite is Y[MCM-
41], MOR[MCM-41)}, or ZSM-5[MCM-41].

In another aspect, the present invention relates to a method of refining crude oil
comprising contacting the crude oil with a mesostructured zeolite. In a further embodiment,
the contacting of the oil with the mesostructured zeolite takes place within a Fluid Catalytic

30 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 turther



enbodi ment, production of light olefins is increased relative to the anount
of light olefins produced in the absence of the nmesostructured zeolite, In
anot her aspect, the present invention relates to a nethod of catalytically
degrading a polymer conprising contacting the polyner with a mesostructured
zeolite. | WORWUPFHEr 5 enbodi nent, the polyner is a hyB¥BERIBVH4ES yner. In
a further enbodi nent, the polyner is’a poly(allrylene), poly(allcynyl) or
pon(styrene) In a further enbodi ment, the polynmer is polyethylene (PB).

In a furt Herodmseiapiasistion pHishheles ivinetasidaalas eoP feamenst of HERt2l8NS ¢ c

structure RduediRticasich€ it MesodiMEdeDidoBe( MOR), or ZSMS (MFI). In a
further enbodi nent, the nmesostructured zcolite has the hexagonal pore

arrangenent of Id\étﬁMhéﬂaspeJe@ tlh vr@\serﬁtlﬂr{xteﬁt%xﬁmlamﬂ%ﬂ{od of&@almngp&gtaﬂmgt ured
zeolite is YI MCM 4 MOR[ or SMS |n anot her aspect, the

i nventi on ¥R yé‘feégo‘? ising CPWBQI‘Q&FW@OWF‘@?“ %?H“ﬁlj‘ rod 29!y In adPRIEE al | i ne

mes ?st I’SJCtdéHb?dlm-Eﬂ@thE wbllydeCik yayc&bdatb@@ pORBEaS N MGk tﬂéﬁ:lﬂbla@lhié?teﬁ]c ABisApor e f .

Surrtaces eri.n P neso : Cross-sectl on ar.ea O eacC

of the pl P éP?‘Yi‘)P‘g‘F“@?%@lﬁﬁﬁé’éP‘?‘%“@'&Bgt g(h"t %“ﬁ’?rf“ ARG MERinae P‘ﬁ?ﬁm%mb

enbodi nentpﬁlytctmguemp I @la fhdiser al%lmgﬁenm{eum@stmaﬁlredee«aﬂm{aerhetzbtﬂllnpl ur a:ci t% of

rresopores ave a re vo (0] t he erl vol une O t he

plurality 9#° Wéé’&%g@@@“ﬁ (Lgx@gd’f‘?r@ﬂ“lt"e %8r %%\(nggg}lhﬁgggg *be from about 0.05

ge/ g t;) ab@modlalemgmg mehc}mlamﬁm@e][ohlelmmm mmgqlnlalt;ia&a PRRE A MMBCNISHf 1 Iom abogt
5CC ccC The u rsta Ia can e,

for %p be”&l?%‘?g’fe&?It}?edﬁesoﬁ?ﬁﬁr‘tcﬁ”edz%o &t Vét[&ﬁ i{ %}‘[51%14 Brystalline.

An ar ea ofzms[M@M 4ihe plurality of mesopores has a controlled cross
sectional area range. The controlled cross sectional area has, for exanple,
a control | ed disinothotidshem theing®tion ©ates Q)I’halirldjwantchﬁlt@mhha’ngjlaEfdlI)Cr oss sectional

area has a di aneter met er,..r an rom a out nm t.o about 60
I Rt A AR e AR T e

distri but|dmnm1gnglaraht§oasf1mampdse/x cmsbbcmbcperrcﬁ“eeh}mm’ceqmuﬁlay b&§ within a |l nm
gl th ;Ing tlrg‘]gso%or?s 1S SLEb?talmaa%oﬁéts!ugee Ian en%o 1me t, ﬁlcrllnn)lengfljha?r% gr%(%/t%ﬂu%?alz ra].Ir‘netaOhaS

about 3 nnfor ?ktelpﬂmmeg)ammlay mhtmbpcads hcm dma:v@,]unﬁmf tiexasria@andahd farpor e
structure, cture re structur

or str i or t efining
t he p| ur al Yo?ume %}%J‘iu E)llt} 8§mes;I;\H0éésnﬁ%on 1019 ngp%%HOlhlée ganﬁrwg%on a(\).))(zu@eq a
zeolite, achgetohl;cp)m célg, limimdphasipliatdi, tgablcophesphise abai ndcoprgasqbbat e,
titanophos asi g L% rdeni eﬁ&flv[]?, ZSM 5 % Q/F CFl A,
or - any” conbi it T PR L S D5 oE NS0 b BT G0 b Ea Eab i
20 crystalline, or single crystalline.
An area of each of the plurality of mesopores has a controlled cross sectional arca
range. The controlled cross sectional area has, for example, a controlled distribution range.

Optionally, the controlled cross sectional area has a diameter and the diameter ranges from

about 2 nm to about 60 nm. In one embodiment, each mesopore diameter has a controlled

-]
(4]

distribution range, for example, each mesopore diameter falls within a 1 nm distribution
range. Alternatively, the controlled cross sectional area has a diameter ranging from about 2
nm to about 5 nm, or from about 2 nm to about 3 nm.

The inorganic material can have, for example, a 1D pore structure, a 2D pore
structure, or a 3D pore structure prior to defining the plurality of mesopores. The material
30  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.



8 The fully crystalline nesostructure can have a controlled pore
arrangenment. The nesostructure pore arrangenent can be: an organi zed pore
arrangenent, the hexagonal pore arrangenment of MCM 41, the cubic pore
arrangenent of MCNl -48, the |amellar pore arrangement of MCM 50, the
hexagonal POMIAB¥YAgenent of SBA-15, or a foamlike 5 HrVENYEHRAR
Alternatively, the nmesostructure can Have randon1y pl aced pores. The fully
crystalline nesos ructure can be, for exanple, MCM 41], ZSM

5[ MOM 41] , Y[ MOVPa]ly crpsedfinonesesyuctuzasyn Bripeve sy e WR/EM"@%PW MCM 50], or
ZSM 5[ I\/Cl\/hﬁ&bstrué:umﬂo}e arih EkRBSSEn b@ta%@ﬁhlﬁdjpaﬁzanhngmsﬁxpﬂlﬁﬁ&a@(ﬂﬂ peasure about
1 run to about 5 nr}y@w about 1 run to abouté& m, 18a charged chem cal
speci es, OPIEREHA Hoshe FuPi R HRREFEE N N A, Lp&Ricld PO¥an  be anchor ed
to the fU:CJrMng‘eh?éﬁttcﬁMG‘M’zSOmﬂ§Q@&lédlhﬁl[iél‘efhnaﬂ_d&&]eﬂﬂwsgadlxbr&nﬂo@lﬁlh_kgPE_Ci es can be
cations_of an el ene ternary ami nes, anmmoni ym jons X iumions, or
Shosphohi VHATEBIRE: ASEmaiF e GO POHCCHUECOP TSR] aPraLioral §Pe Wfhem cal
speci es caiyshflinanekaiedwanst & for cavmpleeHNgMonndedRMaChvhe |f2MYy crystal || ne
mesost r uct b eci es,

i norganic ﬂ&@y IQEY %?ﬁgﬁll\{@g@fd}ﬁﬁfngdﬁﬁgkﬁﬁeeﬁ%%/fg{ﬁ%gﬁwa hosphl ne
or any condsij,nazsars(Mo-60f A Wil akeidebeneshadihdrnhesoporbonbgrnaasoaat al yst
adheres to, the inarganic a chem cal species hinds to the

hormogeneouks™ ‘EéﬂaEQPVQt m, R ‘P‘Pé’f”e]r‘&jé%aé)&fg’ "ht al yst can be supported by the filly

cr ySt aL(LI ne nE [ t lérlle al S CCICS et ear 0 edn%(S)i 3 Cq]a aegsﬁencaarl] €g1 aCEgIEt al a
netal OXi de, ﬁ(%f)a?*kl ERESPeGes, [Of ST AgPs iV elny 30! CI5h Y onbi nat i on
t her eof | nbeaanﬂtohdno Elns;ﬁekytc;ystahmum\mnhdmm Tlelcatresd d;hemaal SpElDeEsgambe mat eri al

tSrl]ra; aggscgz%logr%éf_o %neql%rﬁen lrf(r]ré%tgr%gl‘a%%ll’llﬁf CE)IB’]H}ORI%%]&?{?S} ]f){,!alidlle%l 9l 10ns lOﬂPaﬂSﬁmetUge eXt er nal
nMesopor es. 1ohs|;10[aany)bdnehsinaaspﬁtetqof tM&nnhalthe&jf]tachlnlcaelsm:&s cm1d)ean¢1meenndaldn t hat has

2 chem cal GOIROSLILON, HEATRARLKISUBSIANLLAL 1 Lhe, SATR. AScf g cher cal

conposi ti of PaNEwor K & he plurality of
mesopotes. baﬁonheaxwmeaps bhmorg‘ammbmamnlol wsbwadhramgetd shiod, @hucbmmbrry after the

nmesopores are defi ned her i nvention re s.to a
material t %Ofphh dr an) %Or%bel%a'?llol\]/lh rcof. qn gnoﬁlef ff‘mboﬁimcn h’lhomOﬁ:‘geOUS C t?e'lléStCOI"lneCt ivity

of the natzeiheradto;ﬂrennmga:no;:ldﬂémahamlgzcthhle:cmlsmcwlsbmys mfthe lm@pabmatalyst anot her

aspect, the invention relate | rpved 30
intracr ystglhftem%enam’fsfc atally otr(fa?:ge S“B‘%"‘”&‘igﬁy t%f hﬁly CIHtStra lme me OSF'IM&TE if f usi on of the
mat eri al platapsgebaus @&lﬂysnmng)etahletthaumeadl btiye, @ﬁmlrm@mple,rwe@usteh roranatdier aspect,

the i nyent (j)r%lrlly go%lb%[aggn 9.8 met hod of maki ng an inorganic materi al

In another aspect, the invention relates to an inorganic material that has an external
surface contour substantially the same as the external surface contour of the material prior to
defining the plurality of mesopores. In another aspect, the invention relates to a material that
has a chemical composition framework substantially the same as the chemical composition

25 framework of the material prior to defining the plurality of mesopores. For example, the
framework has unchanged stoichiometry after the mesopores are defined.

In another aspect, the invention relates to a material that has a connectivity
substantially the same as the connectivity of the material prior to defining the plurality of
mesopores. In another aspect, the invention relates to a material that has an improved

30  intracrystalline 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



that includes the steps of (a) providing a fully crystalline inorganic
material, (b) exposing the WO 2006/038912 PCT/ US2005/014129 9 fully
crystalline inorganic material to a pH controlled nediumw der a first set
of time and erature conditions, (c) exposing the fully crystalline

i nor gani ¢ W@Pnﬁfg) 120 a surfactant under a second set B@T’h%/‘&r‘l’&‘)
tenperature conditions, and (d) treat |)ng the inorganic material by
controlll[ﬁ% t he flrst and second set of time and t emperature conditions to

forma pl d¥Ri F¥Splge drorgppis dpbriablop &V Cr?@“%{'e%ﬁf“f’?il“l”@‘a aé’t’%§%t OSHEE f¥hal ar ea

W t hi n t heenickdnite EdndBoA, td) B obiR@the &Ny GrysiHBine ioddanic Qﬁtdn@naLﬂstacfahe met hod
includesthg step 4 %’.fa ustlng)Ftheflrst an\c{j1 g)econ of . tine and .

t enper at urBIE AHCRY What teRfed {EerafyiRCapifipag fdd)dteatines %B‘P@é“‘?g’aﬁp?langed ina
hex?gon?: bly MEddofl bl tHRATre add Scafi@eB®iTtimeiaid RmeeHiue cbhmvhé&i fopR h@h@liiangenent , i n
a anel | ar

2 rangame MEROES B EagR T ORore S ARG HERE T & PRI T

ar r angenemiateria Cptiorangai 1ﬁ£ld)dp@cﬂtﬁies EhE KB @S BB IMLing O firdd aigd LOMHdIseldred pore
arrangenent in the hjl I @B%wt al | ] i nor ﬂ‘?nfldc mat er.i al I.n one enbodi nent,

n
the step (B)°PAEMRHAL SRR ]SﬁE]Chttlﬁqul-Rl‘Eﬂ SRR e TREE O Bont r ol a pore
vol ume of httugodau M@ley{s@rabdranganmqﬁ gaicMaven] pdre atdgeaat,inad a di aneter of

each of t MESopor es, r to a cross sectional area of
cach of o IpdbiRoy'sty Sre TERERRLES s \ﬁgoelhlﬁg%ﬂ%w? GEPRFPIRAT F nor gani o

mat er i @l . fbam-dkofdnediraasidadi, hﬁnﬁndoﬁlﬂﬁ)léilﬁﬁgcﬁ&ht imnelugescspdrect i ng a quantity
of the surfactant to co ore VO

u st al |
nor gant o “HATERFH ot § BRI ARG s Do R e B Aoty of
nmesopores, or Ilﬂoneembdkﬁ)rhcrﬁ, thecsms(s) ﬁemdids@aadtm@themmbmaammnﬁama tplurality of
mesopor es | n the Cul i ne i norganic ﬁ)/é
ot meneonEha Prist hute PLI B Sh RS oREe aRs Furll ot ng ERLer i ng 20
agent and/eash o therpilbhlng kf eappirysnerto b@tltothCl@ﬂslsﬁmmﬁm @deh eﬂeamedﬂ eumxalﬁm anot her
enbodi nent .t he nate e @h §%yced in.ste (1d? b 51 and_d g
Al t er nat i VEIEOPgEs inhe iy ‘r‘/ NGTPEANT Bt “r"éﬂ‘B?f 0 oPY B ke étF‘? pr oduced
in st ep (dacldmys sefle@ting Lquangy efthemrfaaamtnmgmtlhlel rs)w\foacﬁeadftmeammy aystdialeci ni ng the
surfactant, after ﬁeg (t)rm' Eg g%.ﬂe[l)st ] é tﬂti Qulgh éfd(%f | n anot her
embodi mentMOTERE L Ty roERAHIN Y ¥ EFR P U EBHY] i“8ﬁ‘§’°‘c?é:r?‘ %c?f‘h‘dé‘
hydr ot her reedss &otichal dr@ns cachfo€a biureslty dlineS@o@A th thefjiecastdiige morpdhit i ons can
i ncl ude room nper tur ond| n ng g m about. 100 to
about 200¢M @fﬁ‘LeLP PP eFS‘F‘ Ftﬁ%ﬁ {Pﬁfll” ﬁ‘gﬁs{h %pP H@&?”WB "Ybout 1 hour
to abaogt Zhgweelkcsox aThlﬂodkLtlobqulﬁesxysthalplllmandllemmg(amxc material can be a netal
oxi de, a zeoll hos a aIIo hgsphat e,
zi ncophosphat e d[nl 1%8 Bﬁjﬁ%gﬁh Al ma?g Pé% éj " EA Ugd?is hed R GAL
Alternatively, or in addition, surfactant is removed from material produced in step (d) by, for
example, extracting the surfactant and/or calcining the surfactant after performing steps (a)
through (d).
25 In another embodiment, the first or second temperature conditions can include
hydrothermal conditions, The first or second temperature conditions can include room
temperature conditions and/or can range from about 100 to about 200°C. The first or second
time conditions can range from about 1 hour to about 2 weeks.
The fully crystalline inorganic material can be a metal oxide, a zeolite, a zeotype,
30  aluminophosphate, gallophosphate, zincophosphate, titanophosphate, faujasite (FAU),
mordenite (MOR), ZSM-5 (MFI), 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,



nordenite (MOR), ZSM5 (MFI), or C-1A, or any conbination thereof. The pH
controlled nediumcan include a pH control setpoint that is at |east about
8 to not nore than about 12, WD 2006/ 038912 PCT/ US2005/014129 10 at | east
about 10 to not nore than about 14, at |east about 2 to not nore than about
6, or at MER¥WP/HBYEt -2 to not nore than about 2. The BuFPsdp@Ht126an be
cationic, ionic, or neutral surfactants, or any conbination thereof. For
exanpl e, the surfactant can be cetyltrlnethylannonlun1bron1de (CTAB). 5 The
met hod of atkkitroul hetoineomgamas aprit &t irblFasteheuiad ool mesk tde abavt p.odaci ng a

charged gbgnigea 2%&%@%&&& dbgofully crystalline inorganic nateri al
produced in step (d). The charged chem cal species can: positively charged.

I'n addition, thgeahat@adachamici, 10$1Qe§ﬂlﬁ§tral GRnchfts antmmﬁqufan@n el enent,

guat ernary am nes, ammonj um jons, pyridiniumions phosphani um i ons, or
any conbi rfﬁ‘irFangortq’f%‘F%’Svfthe spefacHé CWH%'”&W“%@&PYH@“‘FHE‘Oimr‘l‘éf‘r AP material can
al so include | rod a chem cal ecies to the fully %ﬁgﬁtalllne
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basi c Cherﬂhﬁlﬁicalsspﬁﬁds@&theﬁﬂ]ylcﬂ@tbgla@ln@rgbﬂsmateﬁﬂ p@csdgadan@stb,a(sie Thkydr oxi de,
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hom)geneouﬁnﬁat;ﬁlbb@dfan&eﬂ@ﬁt&fl@@&ﬂ@@ﬂﬁne@@ﬁrﬂ“%ﬁﬁn ibhs, paifienGetact ed with the
filly crystalline inorganic teri a] roduced in step (d). The

het er ogendBaP LI EIYNSt T ABHCPW IR phst &'J%fa met al oxide, a nanoparticle, a
clustegg or i’i a®@é heihdd of:ﬁd’kn@ﬂbfe xﬁ@gmmmbxwlmcatnhesroemlxdeIun;oamxﬁdfwﬂaeascfect, the
invention rel ate an i anic. materia ocess a
PTG £ iR A N A R SR A e A
crystal | i nan30a basardamicsl sﬁﬁﬁe@ranaﬂoxga(ﬁlcam@l arﬂor@@ﬁﬁﬁa@i hﬁdoﬂ&dammunder a first
set of tinme gnd te egature ondi tions, Q} ex osingthef%g crystalline
i nor gani ¢ WELEFAP"18MES QU?“V&B‘P RFHon RFETof &\ heBRESREPUS BYlalYY o4y

t enper ?Jt Urﬁclﬁﬁ&d?¢ ¢hemscal sgades(bda)détort&amdn?geﬁeh@ dafaDkg a0k cteroRh &b adraliésy _
control]in e first . cond set of tine a er at onditions to
Form ab I (Hapr £k viB SisgbPee b e ai T Pet ey G Lbeifbnal  ar oa

W t hi n t heheldubdeyeots ysdlat tdne ainRel, @amtg 08, Aah®phdtle, d dus®nQl Reslloaspect, the
i nvention reI at es to a h%{ic)i ocarbon nateri al produced by the process of

reacting &'I"af gt B B€%Pbon material in the presence of a catal yst

i ncl udi ng i nonganiier spéerthaihvdia vRtea o dalihgrg mcysdtalal mb® byRBOsbEctct ure. The
fully crystalline struchure i ncl udes sopore Iaceslﬂeflnlng a

plurality (BC a)rpé%vbddn&aeélﬂy g\yg? R&inorganic mater ial, (b) exposing th e ly crysta

20  inorganic material to a pH controlled medium under a first set of time and temperature
conditions, (¢) exposing the fully crystalline inorganic material to a surfactant under a
second set of time and temperature conditions; and (d) treating the inorganic material by
controlling the first and second set of time and temperature conditions to form a plurality of
mesopores having a controlled cross sectional area within the fully crystalline inorganic

25  material.

In another aspect, the invention relates to a hydrocarbon material produced by the
process of reacting a larger hydrocarbon material in the presence of a catalyst including
inorganic material having a fully crystalline mesostructure. The fully crystalline
mesostructure includes mesopore surfaces defining a plurality of mesopores. A cross-

30 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.



30 sectional area of each of the plurality of nesopores is substantially the
sane. The hydrocarbon material produced by this process can be

1, 3-dii sopropyl benzene, gasoline, propylene, butene, coke, total dry gas,
or liquefied petrol eum gases, or conbi nations thereof WO 2006/ 038912

PC T/ US20080C9%138 12t i | n anot her aspect, the invention’GRBVREIEL1413% a met hod
of catalytically cracking an organicllconpound. The nmethod includes the step
of contacting the organic conpound wWith an inorganic material having a
filly crystal | ih&oHsswsedt.es nyationmiates (9 petbedyed cafplyiigelly cieldesd™r uct ur e

i ncl udes nRSARAMpSHIT 3GEHcM6H InBLMG 1R sRpWF dnkdednOhe FBEAPYDundWEY 0SS 5
sectional area of each of the plurality of nesopores is substantially the

sarne. Thet"dPYsaicmateihpoineh Bancrpealde maat e Tot aly kydrbear bon,

unsat ur at edeIUALRFARNMEs nRbbpBfeQifdct Ldefiniy 8 hREAE DA Messdradl Khated benzene,
1,3,5-triisopropyl bhenzene, crude oil, gas-oil, or vacuum_ gas oil.

Opt i onal | ysectihal 35298 gack @Ethr BEAIA @gspaess & subskanet brihgreast dPS VB3N a di anet er
of the or@anbemdcenPOMNEhsRL B HliARkSsh, udltutddanalobabord&Pa6Mhatict he i nvention
relates to a nmethod of proceSS|ng%crude oi|. The nmethod includes contacting

crude oi | WidfoRaEen phelkyaRd Bengeieel 1. frfRRIAPHIPCBZeN G (CrUfte @tyEat-gib|of peuum

Mesost r uct gk 8il, GR@nkY, ke fdsy Sdefdnal NQ HIBS BighECreti@ 1ha GldiGiRsr BESOPOr €
surfaces defining a plurality of nesopores. A cross-sectional area of each

of the pl u&IHGSPTBPUTEEHBSHFEEd s substantially the same. The crude oil is

reactedoin thepiRaRNEBed®fthd NentiROBRR L BERS dfPlocdRink Adesil.crrdi tions of
controll ed tenperature and pressure. The crude oi| can be reacted in the

presence oPCHENFRGE GARHNHEPLS Y thgnirarepne M giadhae YHY €Ytk ng unit.

I n one enpeditiente. ThbeulfaGtalPe nRfos@antt intRdRmedeedsutBeds BeT@ased rel ative
to the anount of %ﬁsoline produced usi ng ? full%.qrystalIine_inorganic
materi al . PN Of REPREH o FRERTcCHIRGHE 0bFash Phihe BREHEC MR PROES incr eased
relative t@bithia@mbedmedfThe c@BE oiDlks @fat8$ inRROFGRE o SeMebr@infci hdidriaRO0
crystalline inorganic material. |In another as¥ect, the 1nvention relates to
a met héd OWMBFGB E@Fﬁﬁ“&“ﬁBWVWﬁW?mWﬁémjm§FWBd WHEWE&@§H%HHF§¥FPﬁ§Wa pol ymer
Wi th an i nge@adiof thirBi@dnl mdiaal wehida Fld gagyoestadidiigneit. (esest ructure, The
fully crystalljne mesostructure includes.nesopqrc_surLaces defining a
plurality GFOHEBpEEdRCIR o EaeEteieqiPEaincsiea Giive Rdhe Browhe eptlifal ity of
Mesopor es pradiked sufast famg ¢rgdthliind iRG e Raterki EinRAbMFRMbE@MeREldhhaenal |y treated
in the presence of .the i i r. can be a hydrocarbon

> of . norganl? mat erjal . The pol yner, )
pol yner, pUPSHCHK IMsHased "y (kAR of llgbbcrlsﬁ?@ﬂ)wéw Fsingp Y81 yet hyl ene
(PE), o0 agyst4edEhhdigdniofattder eof . I n anot her aspect, the invention relates
to a benzene conpound made by the process

In another aspect, the invention relates to a method of processing a polymer. The

method includes contacting a polymer with an inorganic material 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

25  substantially the same. The polymer can be thermally treated in the presence of the inorganic
material. The polymer can be a hydrocarbon polymer, poly(alkylene), poly(alkynyl),
poly(styrene), or polyethylene (PE), or any combination thereof.

In another aspect, the invention relates to a benzene compound made by the process

et e 4 Y

of contacting a crude oil with an inorganic material having a fully crystalline mesostructure.
30 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 crude oil is reacted in the presence of the inorganic matcrial under conditions of

controlled temperature and pressure. The benzene compound can include benzene



of contacting a crude oil wth an inorganic material having a fully
crystalline nmesostructure. 30 The fully crystalline nesostructure includes
mesoporc surfaces defining a plurality of nesopores. A cross-sectional area
of each of the plurality of nmesopores is substantially the sanme. The crude
oil is reaé‘f%a)"ﬁ?ﬁsf’ﬁe presence of the inorganic materi aPCUNGEOIEYNYi ti ons of
control |l ed tenperature and pressure. the benzene conpound can i ncl ude
benzene WD 2006/ 1) 38912 PCT/ US2005/ 014129 12 derivatives such as, for
exanpl e, t SAryyEHes @Rkiesc{or exrply, fplusneandntylsas- e Aee epkodigerahtor 6yeng ofbenzene
conmpound preihe 86 pMuhNpbfiRcd ARh GR M FeNR hikdrial hah@y¥ b Ry rfstliling crystal | i ne
nmesostructure is a |esser quantity than is produced with a_conventi onal

unnodi fi ed™PQFTYgureds § Lesr nyaety 2e)is rreduca! Wit 1608y Hepra epsedificd iy i nventi on
rel ates tocasgagekding conpound made by the process of contacting a crude
oil with an inorganic material having a fully crystalline nmesostructure.

The fulfy crystiahloiReasiesand ivditivh Rlatdd € LghesinesARANE matl §yaeesrosef | ni ng a

plurality o nesopores., A Cross-section area_qf each of the plurality of
mesopor es ?tjs“’%tﬁ%@% ﬁ"t“ﬁ%?‘l‘ yit ﬁrém%%a%mawﬁ lh%‘?‘&ﬁzlaefugY Fry?té”lf‘%%scoét&‘cﬁ‘ﬁ-t he

presence Ofhd iy dridlgRMMGodIMt @ iddluddNfledopsio nafatds@BEniad a ARratigndfr ol | ed
tenperature and pressure.. | n one_enpodi ment .the quantity of ol i ne
produced WFPRE e‘\?rﬂﬁfsﬁﬁﬁf‘@ aFFﬁf’éFflrggPp thg{)j}’lﬁbty&?f“g?ql’WE}Syg‘f%ﬂ“ﬁ%&ém
Mesost r uct s, THe cudg b @l redcteduihk ipfeyenthidhe ih& g Odued udcr Boraitioadwrent i onal
unnodi fe')ed fu%‘}&;‘%ﬁ‘%r stalline zeoljte. vednti on

t

| n anot her aspect, the i
rel at edd { ot TS Ralr R e PHRT e YGRS o bl rge
cont am nat @th watmrgawi ifatedial HaRdE gadiliyerysaties madostastira @ aarrdatdh hyanatyyisdnal 1 i ne 15
mesostructure. T e.Li I I% cr.(%/s al | idﬁig sostruct urg i ncl udes nesopore
surfaces dBPIIIrYd VA 2 5PEeRy “Fb““&’fo ggﬁ%?@g& B €P88s- secti onal area of each
of t he pl uralityn efothresppariRsinvétios ktsds &y inathddyoftwieer SrasmBent@@ninaniisdant s from
the water are renoved nor C nrabaag%vllﬁlq]@hn one enbodi nent, the

.Wth the, j ani.
renoved co?ﬁ’&‘ﬁ’i‘%&f‘ﬁ?la'?‘gmﬁéwg Wltharéﬁg"tg% malg ghBY AYEALSN relates to an
i nor gans c fmdostfichike. thatfuliyngysties niksadQuairy Sicabids mofranassdd @efilig havi ng a
plurality o[f gerrgers. Eac& nmenber (;Ilefi r}ﬂ(gs g Pl ur‘all i].ty of ores and adj acent
menbers dePTREVPHPGEPPREre ST e A of &98 P YR B UEREN ST W O6F Seach of  the
plurality aibstaeialdems sink. |@aantihan ibB0hdwiter atdrembecdavithabd memnptnic at | east one
di nensi on of "ﬁ]afh of éth %Iﬁutéal_itypf rrenbetr. neasur es bet ween about 3 nnl
W M HC SR B AR RETRET i

and about 2¢ t & material is seni
nost r uct
In

crystalline or poly crystalline.. The n ) ur Za?cnb:one
di mensi onal , tW a'&’?{hreréﬁ Ie%’?lt!’}ﬁ Inveyioy F?%‘éeeb?%al“r%%éa Snare" ﬁhéq?vlﬁ%lﬁ%ssfar ucture can be

a nan@t ubeystdaronnaguctmahavingly plnahigwi membanaritsh abmberaiabha yeturalior ofuanodi sc.
In one pores and adjacent members define voids therebetween. At least one dimension of each of
the plurality of members is less than 100 nm. In one embodiment, at least one dimension of
each of the plurality of member measures between about 3 nm and about 20 nm. In one
embedment, the inorganic material is semi crystalline or poly crystalline. The nanostructure
25  can be one dimensional, two dimensional, or three dimensional. The nanostructure can be a
nanotube, nanoring, nanorod, nanowire, nanoslab, nanolayer, or nanodisc. In one
embodiment, one member has one nanostructure and another member has another
nanostructure, for example, a nanorod is adjacent a nanotube. The inorganic material can
include a metal oxide, a zeolite, a zeotype, aluminophosphate, gallophosphate,
30  zincophosphate, titanophosphate, faujasite (FAU), mordenite (MOR), and ZSM-5 (MF1), or

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

Y[ZNR], MOR[ZNR], or ZSM-5[ZNR].



enbodi nent, one nenber has one nanostructure and anot her nenber has anot her
nanostructure, for exanple, a nanorod is adjacent a nanotubc. The inorganic
material can include a netal oxide, a zeolite, a zeotype, alum nophosphate,
gal | ophosphate, 30 zi ncophosphate, titanophosphate, faujasite (FAU),

mor deni te MURYSIRHA ZSM 5 (D71), or CHA, or any combi PEFVESMIYHER&0f , The
nanostructure can be. for exanple, nahbstructure is Y[ZNR], MOR[ZNR], or
ZSM 5[ ZNR]. WD 21106/ 035912 PCT/ US2005/ 014129 13 In anot her aspect, t he

i nvention reIaﬁb@OW@Y@Pmbﬂﬁ@@@dﬁmﬁ§W?ﬁ@aaW“Wﬁ@F@dﬁF&NWEW€Wﬂ%Wawﬂﬁat i ncl udes
the steps ft icRNesRRONELAE) ﬁroﬁemgta%lstbnﬁe masaarg@ﬁnmel Iﬂa(tb%\lp@&mg {p) exposing
the crystalline inorganic materr al controlled nediumto partially
di ssol ve tchstalling MOEgapiE materiplip p gHisoetr q#lﬁ@ @fa#p WP (gl idisee entha prsstpIHGUS

i nor gani c llnm§e@rcl dtorial &))dl@mglﬁtahleﬁh&tﬂ%d?an%fmattehi%l ) aammbwsm fQkgani ¢
material, (d) exposing the anorphous inorganic material to a surfactant,
and(e) 5t r SAOTARGUIPREEAN TP YRl Draxpesineabe BPTRIGHT POEMTInEAETi#E0 &ind tenperature
condi t i onsy@fctapt, @Iﬂﬁe)(tlQ)tlr;ghﬁ&H&Qarﬁ@%atE@llBQEmrBI@HQﬁﬁ]E Hed dfBSaru@Pt i Onal Iy, the
met hod further ‘includes treating the inorganic material by controlling the

tinme and tepEaPLTWPs & Hupeahdmsio fasm nepgspctirgy Psopalipvbsoethad &8¢ uct ure and

then to fQﬁdﬁd@ﬁﬂ&ﬁBg’tﬁ@H&Fgﬁﬁlc mikrih Ny QB3R ARRARY BUnd ¥ém tehfuriBddaaidns ohe pH
control |l ed. medi um has a control = setpoint that is at |east about 10 to

not nore tH%ﬁ"&ﬁﬂh@miﬁolTﬁﬁﬂ“ﬁ%"%%mﬂ%@§imaﬁaﬂpﬁﬁmﬁﬁmnot nore than about 6,

or thaty is at hemsemBhPHEnt vPtht e, tl@ﬂ@c&nﬁ@l[&d&t&@bﬂn }qualpﬁ Rhed her
enbodi nent, the anorphous |norgan|c mat eri al glng from about 8

to about PeIPOiH thalis 4t kg apoy (f & Pbmaret iR Ah t@éhgé‘ef%?ﬁué Ut 198 t o about

200C. The thdnMBo@dMor@NEE kehi@abolb-2abastmotLthioibost 2 On kRt cdbdMpeks. The
tenperature condi ti ons can be hydr ot hermal tenperature condi tions. In one

embodi nentthe pEPhopt *rlalétﬂahmféﬁﬂhé%eﬁ feige oy aﬁ%étwbpht hdMeret hod is a

cationic &émﬁeaeﬁﬁrae&mn@ns dagmén%eﬁﬁhfaﬁ&tt@-Mtoa%ut e Uthaimsenfragt &ofs, or any
conbi nati on t hereof. cetgltrlneth yl anmoni um br om de (CTAB) can
1

be enpﬁbyé@ogézngﬁpﬁg@ﬁéﬂﬁemid%Tﬁﬁu¥U [eopdijs S bedwdioftsFgdni ¢ material can
be a net aliegyrd@e cohddRAd. i te, a zeotype, alunlnophosphate gal | ophosphat e,
2|ncophosphate tltan hosphat faujasite nordenite (MOR), and
ZSM5 (NFI), ofn eran %ﬁmaﬁylﬁ%lhfﬁ?tﬁr&tewaqudn@P@alrdancrsh\’“&ﬁ%rn@rwddébect t he

i nvention craﬁdrﬁd PBadtaht, AN idnOJuGAAALE, dﬁahaﬁlhedurm Byanl RemPih @A sierecdf (a)
providing a crystalllne i norganji c materi expasi ng the crystalline

i nor gani ¢ [P5EYREWEr ?ealltr‘trk?thélab‘ﬂ‘oéb‘ﬁ’t lP‘BIPIdééCW:%\ Cf]‘PH"i gjaret paf pyteErdsol ve t he
crystald i ng.ciinRrBaM ke ItRhicMaterial can be a metal oxide, a zeolite, a zeotype,

aluminophosphate, gallophosphate, zincophosphate, titanophosphate, faujasite (FAU),
mordenite (MOR), and ZSM-5 (MFI), or CHA, or any combination thereof,
In another aspect, the invention relates to an inorganic material made by the process

of (a) providing a crystalline inorganic material, (b) exposing the crystalline inorganic

25  material to a pH controlled medium to partially dissolve the crystalline inorganic material
producing an amorphous inorganic material, (c) adjusting the pH of the amorphous inorganic
material, (d) exposing the amorphous inorganic material to a surfactant, and(e) treating the
inerganic material by controlling time and temperature conditions of steps (b) through (d) to
form nanostructures.

30 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



produci ng an anor phous inorganic material, (c) adjusting the pH of the

anor phous inorganic material, (d) exposing the anorphous inorganic material
to a surfactant, and(c) treati ng the inorganic material by controlling tine
and tenperature conditions of steps (b) through (d) to form nanostructures.
30 I n anot W& 2V4EHEYE | the invention relates to a cr acketBFYANYE @dnpound
made by the process of contacting an’ organl c conpound with an inorganic
material that ipcluydes a  crystalline nanostructure having a plurality of

members. EATHYY %&Pefaéwﬁé@s@arpl%’r%Pyn%?mboﬂmeégﬂ&ﬁl@idlaaf}fs%mwrwénbers

define voiigs3idiiepelpet aeRe, ghdolih& pRiylOMe bidted¥BaRE, Aftalafy £RCH 1Rbe8® 2006/ 038912
PCT/ U82005/0 4129 14 the plurality of nenbers is less than 100 nnr. In one

embodi nentPePRER ﬁ%ﬁasr’BE%?P‘t?Hﬁ“?fﬁt“Efqo | is |,3-diisopropyl benzene, gasoline,

propyl ene, but ﬁﬂ@oth@ﬂiﬁ@ect tiRtidlen@inyclg@Sio adhethddpy et gstallpehsi@lgemm gases, or
conbi nations thereof. |n another aspect, the invention relates to a nethod
of catal ytql%?ﬁlclﬁ‘?mE?‘ﬁ‘ékF hgmethod ‘5°'6$§§1‘?ﬂ“19h%%85§ﬁ‘60 Ceﬂfé’“‘r’é‘t"ﬁl@)ﬁ‘ i ncl udes

cont act i Ngnérh@icOhgail haCifd AdryWallifc MostiuBQf:gAMhE a PRSI dmenibdls. | ncl udes a
crystalli having a plurality ers, Each nmenber

n anostructure
defi nes a%‘FGP‘ﬁ e es68@?%‘%9{@0'589583%6%%[%?%3%@??"H@S VB EHer ebet ween.
At | east om@edi criigrdﬁmﬁomfheaac&ttmfpmrhla) pfm;atbdlstlyle@g‘thfmmoem Ihﬁni ess than 100
nm In one od| nent the or nc co east one of a
hydr ocar boet‘?’bog‘b?&tt {hF Steagic i‘éjﬂwg‘?kﬁc%\‘fﬁbgp‘? gé‘%‘%ﬁ‘?ﬁ’@f‘ unggiweSdar bon, an
al kyl ateed Hyemaenm arﬂ-aerﬁ'rctlfytilloS@l&an@ydlk}b&&ﬂﬂ%ﬂﬁme, 163, LalRsopiobyl t@ag&n@i |, or

vacuum gas @{p not her asp eﬁ , the invention relates to a nethod of
processi ng” lﬁ’degaé‘lo [ O'FREY™MHEE Plod i ncl udes contacting crude oil with an

inorganic nmaterial that cl.udes a talline.  nanostructure_ having a
ol or ottty of - mibiers Beset B Ey abl Rathet B BRTEDE LB entand T
adj acent meetheriscielief coneacuad deetohemmlmetnmgaamc niMierfaestinddnies eli;nsrnﬁiﬁheon of each
of the plurali As react ed

*h the pr ceiackye SouRET RSBl e R A e Mes A S s e  of 1
t enper &t ureljaacrd npmeéas défine vaiit lhenabﬁt\lvgfe,n Ahagc bm:dﬁmalslon of sacheétt @thrality t he

presence of. th r te thln id Catal |c Cracking unit.
In one erﬁic&ﬁ“%@'ﬁtls %ﬁh nquap E ec} ?)'Ief’ﬁ l}% reed® Pgt T HCtE4€ed rel ative
t o the anousériabfind@Ocgdsions dﬁeouprronetuwmderusuemgd pxesfsunu Q)pﬁdﬂylﬂi’ ahd drinde dilnor gani c
material. In er enbodi.ner ? ased

ol ot | ve 1R WG proBE of Memirasn e By i eR Ry ey M B ot al 1 1 ne
i nor gani c smkmbodihent| the fandbihef gaasipe pioduced indnsenitrelotivertethatesuttof a met hod of
pr OceSEd nggagolf%g llj%qt?ged u;Ii-pg6a fully crystalline inorganic material. In another embodiment, light

olefin production is increased relative to the amount of light olefins produced using a fully

crystalline inorganic material.

In another aspect, the invention relates to a method of processing a polymer. The
method includes contacting a polymer with an inorganic material that includes a crystalline
25 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 the plurality
of members is less than 100 nm. The polymer can be thermally treated in the presence of the
inorganic material. The polymer can be a hydrocarbon polymer, poly(alkylene),

poly(alkynyl), poly(styrene), or polyethylene (PE), or any combination thereof.

30 In another aspect, the invention relates 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



met hod i ncludes contacting a polyner with an inorganic material that
includes a crystalline 25 nanostructure having a plurality of nmenbers. Each
menber defines a plurality of pores and adjacent nenbers define voids

t herebetween. At | east one di nension of each of the pluralit of menbers is
| ess t han YSOXW¢%¥82%he pol ymer can be thermally treat ed"?ﬁ“ﬁ%&*”ﬁﬂ@%ence of
the inorganic material. The pol yner &an be a hydr ocar bon pol yner,

ol y(al kyl ene) , oly(al k ), |l y(styrene), o ol yet hyl ene (PE), or an
Ponbi nat ] oes Bne Y58 i Sdenoft HE b e hen PhBh et Bt eiares 1o 0o o

benzene compabuidis MBddabyoddie THeoadssil isedacROn Be picftPcofChicut@gaid W th an

i norgani c ma,(teri a th%t‘ i nctJ ude oSl stal line nancﬁt Luct ure having a
plural ity BFCHEHEEF ondiiopnolraipllpd FRPFANE 259 picgivist 10§ "YFFSPEEOWAG adj acent
VO 2006/ 0389121 RED¢NISZ0REH Qildslsdéh asnienbamglefefubieny @i ldse. ttherebet ween. At

| east ope dinensi on of eacog of the Bl urality of nenbers is |ess than 100
am The’ cr YERIBI 118 AyaBHB L BCPRMeCRBP IS SOAREY St HIFE Ty SHUMG RS W er i al
under condinktbiGn$ adbsseaubtdy ihedis pedpet atit keoartihiasgivtgied Tile benzene
conpound can “Clﬁ?}e benzene derivatives such as, for exanple, toluene and
xyl ene. | n$H4"% 2EABGdi nent the quantity of benzene conpound produced with
the crystalli n%n Qr?bt%?gr gccittHr%venﬁg{% reeiaile%‘lt | 5 sal'nleessecgu guaagéﬂw:[t}ﬁet %gn Is
produced wi th a conventi ohal uhnodi |ecf)ar%ﬁ?§/ C%Wsln MFhe ZeBi’rte. 1n

anot her asgeottactinhe crudv eihivith an metgatie matenal thagmslotidsnercolino nadsmedee by t he
proces of contacting.a crude ail Wt n_inorgani.c naterial that includes
B ry et | T EE Gl defete Fothhonteh Sl LPGRART B Shielishiert Eacn' merber
defi nes a pbubad ddfiyic edidpberelxtand. Adicac enrtdimanie bscadrbi thepMoiligft her ebet ween.
At | east one ei‘rr,equs‘[%n g&o ea c%f dth 'Qlea%{?l'i%%’ of 'rretglbergpj s less than 100
m. The crUHB G P PEFeact®Y 171 “tHhe “predeiic ' of PERET horganre™ materi al
under condmbteda sndek cadlitionobi coslrdledpempatureandndsypree ds tmeeembloginenighenbodi nent

the quant )iy, 0l SRRl PLAdHGRAMELR: LG RARAAN . IRLShAAL, haYi ng. a
crystal |l i né nanostructure I'S a greater quanti an I's produced with a
conventl} onal gumarroghahiigydhadnud prydiced/sitlad $anmentiozed obradified| inllyaerptdlidre aspect, the
i nvention rel.fat es to a nethod of water treatnent that includes contacting

. ZeQIe. . . . . . .
cont ani nat €d Water with an i norgani ¢ material that includes a crystalline
nanost r uct ur e HawaigrasppétuthalnvenyionfelatmndemsthodEsoriarenigeentdet imbgesa plural ity

of pores and 20 ad] acent .nmepbers define voids therebetween,. At | east one
G monst on BpeE Ao TRIP RhE pf BbighRe Ml AR AP E RIS PRI, o
Cont am nanhahodtruotoret Haginpatpeiraligy & nrogtivons e Baohintdmbehaefinesrgrigality of pra¢send al . 1 n one

enbodi gnt L Leoveds contaninanl s & dye,. Hiess. enbod! i 5.qly the
present i nvention, other enpodinents. "an herr teatures
of members is less than 100 nm. Contaminants from the water are removed with the

inorganic material. In one embodiment, the removed contaminant is a dye.

These embodiments of the present invention, other embodiments, and their features

and characteristics, will be apparent from the description, drawings and claims that follow.
25 Brief Description of the Drawings
Figure 1A is a schematic diagram of a prior art polycrystalline mesoporous material.

Figure 1B is a schematic illustration of a fully crystalline mesostructured zeolite of

the present invention.

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

30 invention where the nanostructure shape includes nanorods.



and characteristics, will be apparent fromthe description, draw ngs and
clainms that follow 2S Brief Description of the Drawings Figure 1Ais a
schematic diagramof a prior art polycrystalline nesoporous naterial.

Figure 113 is a schematic |IIustrat|on of afilly crystalline nesostructured
zeol ite of WQ HE/pB_Eent i nventi on. gure 1C depi cts a YETAHP2HEGE0f a
nanosostructured zeolite of the present 30 invention where the

nanostructure shape includes nanorods. WO 2006/ 038912 PCT/ US2005/ 014129 16
Figure |11 depiFéguse {hdepicts ty Xy fifaeetipronptipact e mloforsskhdingi | 1y crystal line

mesostr UCtMEs‘é‘Qlu%ﬁFéld it &itd Xt W\TQ’IZAH -BoBOhboili8d RELEr RAIRIRFUT HESHELE MM 41

(revealed b XRD peaks at | ow angles) and the unnodified zeolitic fully
crystal | i n® tg@c XBPtPEﬂfké aHoy anglps apyt B wipgodifisd F?%UP &lly ceipilive strychse X=¥ ay
diffractiopepatchern of the fully crystalline nmesostructured =zeolite
H MORFMCM 41 ]. Both the ordered nesostructure MCM 41 (reveal ed by the XRD

peaks at | ow amgues) d@ms hb&- Mﬁﬂ@@dcﬁé@ﬂﬁaﬁ@{ thE ﬁmyfcgls{amn@mé&tsﬁddnhrae structure
H- MOR are tgf{ﬁ\g& ure 3 depicts the X-r ractlonigattern of the

fully crystaf ?Uctliﬂté eorferei@Sﬁo?tf‘ét‘i—?%Mé Ve ¥y th8ot h t he

order ed NMESRBhEAKS hiube aAQM 44 h¢ evealed byt hetly c?&&&lﬂﬁ@@th&uﬁé HINoOR aRRgl es) and
the unnodified zeolitic crystalline structure HZSM5 are present. Figure 4

depi cts FTI'R*¥har act eri zati on peaks for the fully crystalline mesostructured
zeolite H Y[ | abel e zeolite Y. 15

i oure’ 5 dont UL FFIEPEE bR TR Ok G AP FRESS I e

zeol it es HeoME MASMSIMCNPPE! Bbdihe ordidrddisbanNt ] MC MpPEEe veal et yerhe

25 M 4 AOERSL, 02 L 200, T SRR LIEL L e Tl 1

H ZSM 5 (| geent. bottom). A match between each filly crystalline
nmesostructured zeolite and its correspondi ng unnodified zeolite is observed,
20 indi cating tFignré db¢pictz EDIRI dhiamta@an’mqiehl«sifcbrth)ﬁu&ysamtaliline nbestfudluled

S0t hor m ofRETat ki bl SRt T ap b e ReLsd: vt brea zeol ite
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Y[MCM-41j (upper top), H-MOR[MCM-41] (upper middle), H-ZSM-5[MCM-413 (upper
bottom) and FTIR spectra of their unmodified fully crystalline zeolitic versions H-Y (lower
top), H-MOR (lower middle), H-ZSM-5 (lower bottom). A match between each fully
crystalline mesostructured zeolite and its corresponding unmodified zeolite is observed,

20  indicating the fully zeolitic connectivity present in the fully crystalline mesostructured

zeolites,

Figure 6 depicts the physisorption isotherm of N; at 77 K of the fully crystalline
mesostructured zeolite H-Y[MCM-41], labeled Meso-H-Y, and its unmodified zeolitic
version, H-Y. The pore size distribution (BJH method) of the fully crystalline

25  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/Pg ~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

30  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.



25 mesostructured zeolite is included in inset. The presence of well

devel oped narrow pore size nesoporosity in the nmesostructured sanple is
evident by the sharp uptake at P/Po -03. Figure 7 depticts the

physi sorption isothermof N2 at 77 K of the filly crystalline nesostructured
zeulite H MORREEAL], 1abel ed Meso-H MOR and its unnmobf FFE™ Y6l tic
version, H MOR The pore size distribltion (BJH nethod) of the fully
crystalllne 30 nesostructured zeolite is included in inset. The presence of

wel | devel oped FitFs Sdepistythe Biysieorpinadisim el Yaat A K aherfadoatvilitcur ed sanpl e

i s evi dentm&ystiub@red PﬁlW%W@K@élgt 1ab¥dd0ies0-HBZ SO, ZR0BLARB LY zeolitic
PCT/ US2005/ 014129 17 Figure 8 depicts the phyS| s]o P[Z:}tl on i sothermof N2 at

77 K of t nESf; h4p %PyE‘%ed%OF‘i%d‘%ﬁ*é%‘Ei%‘t%@t“lﬁ‘@d)?i ISPNEMIBA] | abel ed

Meso- H ZSMh&ostabidreti b&olit8Rdiubiéeid im0 hé br@senc\éﬂﬁﬂeﬂﬂevehdp&@ﬂ%@ poTet"ﬁzepor e size
di stribution (BIB pe }hod) of the fully crystalline nmesostructured zeolitc

i s i ncluddtesPRPresHy &y the TFF@S%F%%H&@NSFWI"F“M @ISBifBélpﬁzlﬁer%tgﬁopBrg’e size 5

mesoporosity in,the nesostructtue dent t he sharp uptake at
R A S o iy oy R R fa b R R
crystalli I’Baollifﬁﬂﬁ)sﬂ[MGM unewt), EDHOH[MSNHAM[(WA% K ZestM- ﬂMCIJM-ZI\Ym[gWVI- 41]

Vor si ot (PG Py ey <oy s stttk (KREREMEERED obd 26w 5

(right). 1@7Bhvgu@ihdO depicts inmages obtained by transm ssion el ectron
m croscopy (TEM of a) detail of a HY[MCM 41] fully crystalline
mesost rluct ur ed Fizgeed 10t d@picandads} odteihai by tehsnaissidn c\f[ct\/@l\/inibl(]scépyl(TBM()Dﬁcht alline

mesost ruct d.zeol < ifferent foc dlf raction
patterns acweell ﬁa[d[&e\&cfﬁ\él%tq%“éf?sm nelt]}?qé)&ﬁlfm d’eOlﬁe &Ifﬁlﬁ[llt ImagTéI of a fully
crystalli n‘é[M@‘ﬂdstl ffuuszblux;teldnezmeﬁosttmuoefd edlge at]jﬁfemneﬁem Tihagkeetanon. Fi gure 12

depicts a E M8 stal | ine mesostructured zeolite of the
I'a .IO qms

Y,
pr esent |nven of eﬁnsaremdﬁigd e I"tt's a schematic illustration of calab tic

cracking of 1, g‘igﬁré {1 def Pa( ?@Mlmtaged?%% lhgnlé%%u ek ARy RAL I Onal

zeolite HY. 2 |gure 4dep|c asc Free i tration of catalytic
cracki hig ofrestnt3pvsatiani i sopr opyl benzene a fully crystalline mesostructured
zeolite of the present invention. Figure 15 depicts catalytic activity for
1,3, 5-triisopr dpre Betrrishe TdMdokicagl shiaweryeallincoppersiuon pelite eithe for the
frilly cry, O‘%Sg}n igidesostructured zeolite H Y[MCM 41], |abeled Meso-HY, its
unnodi fied zeolitic version HY. and a conventi onal AI -i MCM41. A 50

Figure 13 depicts a schematic illustration of calalytic cracking of 1,3,5-triisopropyl

benzene by the unmodified conventional zeolite H-Y.

20 Figure 14 depicts a schematic illustration of catalytic cracking of 1,3,5-triisopropyl

benzene a fully crystalline mesostructured zeolite of the present invention.

Figure 15 depicts catalytic activity for 1,3,5-triisopropyl benzene cracking shown as
conversion vs. time tor the fully crystalline mesostructured zeolite H-Y{MCM-41], labeled
Meso-HY, its unmodified zeolitic version H-Y, and a conventional AI-MCM-41. A 50

25  mL/min of He flow saturated with 1,3,5-triisopropyltbenzene 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

R S

30 from a commercial sample of unmodified fully crystalline zeolite H-Y. Catalytic cracking



25 nL/mn of He flow saturated with 1,3,5-triisopropyl benzcne at 120 C was
flowed at 200 C over 50 ng of catalyst. Figure 16 depicts the catalytic
cracking of 1,3,5-triisopropyl benzene with the fully crystalline
mesostructured zeolite H Y[MCM 41], |abeled Meso-H Y, to diisopropyl

benzene an®AHEHE12The 11- Y[ MOM 41] results are conpar BVt WEARSr mal i zed
results 30 froma comrercial sanple of® unnodified fully crystalline zeolite
HY. Catalytic cracking WO 2006/ 038912 PCT/US2005/ 014129 18 with the fully
crystal | i méthripsib8y enjsellineadespepiciuzed AEoiMOMINICM ¢ By eguits injivighsi itetivigel ectivity
and reducth@RdidicRENEGAG: Plo@stues i on. Figure 17 depicts the hydrothernal
stability of the fully crystalline nesostructured zeolite | f-Y, HY MM41
1, |abel ed Mespiglirer17 RPRRMEHdloMelnhte sGQMY SNIE AMidleryR@NinG EESehdlite zeolite

Al -MCM 4l . Figure 18 depicts c?al tic activi t%/ for 1,3, 5-triisopropyl
benzene ciZ8RKT Ol -4TERACHS i Fa AT BH- VaeompRRb Iyt SR PSP-cr ySt al |1 ne
nesost r5uctlw5@gti@@e]i&m$mwm MCM 48], | abeled Meso-M OR and its unnodified
zeolitic version HMOR A 50 niL/min of He flow saturated with

1, 3,5-triisoprapyldmuEeng cablyliGonas 1,5 b aweshralyl Bhdenecavieing §wags of 10 each

catal yst. H MOR MCM 48] an H-‘NL'RE, Figure 19 depic lyiic activity for
1,3,5-tri iCQB‘ﬁFSbOWIS-‘B’é%éé??ég’élﬁfé@ﬁ‘ia g© ?%W?\“C&Eed Zéglﬁ?/ié‘r%ﬁgi‘%ﬁ"‘?]i me for the
fully crysmlehimgom,t é’ddgits]'cdﬁlﬂﬁhiﬂﬁmleblﬁtﬁ veisiod BIMVDMCM: ddLin]./mih abgEt ed / f
Meso- H ZSM 5, and its unpodified zeolitic version HZS V-5 A 50 nll/mn o
lie flow avt%i%eéid“ﬁx ¥£5'T}‘§P*§P¥1PF‘1Z§%? oy bsttened %ttzl%ﬁzé ¥ 8N oned at
200 C pvereadfkatiysQH-MBOREACH-£a0al HMORH ZSM SMCM 41] and H-ZSM 5. Figure 20A
depicts, on the left hand side Y axis, the conversion of 1,3, 5-

triisopropyl bchizanelvepsissathiytieactioity fohe3 Hanegiropytbaw e ldaMOR) ANRh aand t he
unnmodi fied fully crystalli zeolite HMOR The.ratl f ne produced
by T L coptiiee TR SR o5 R B N e BB BB e s al'so
shown on tlteledinghb-HhzagM-5sardets ¥naxdified 220litA viagloh iy $aw 050 mQ/mihoffHer sat ur at ed

with 1,3.5:trijsopropyl benzene at 120C .~ I Ntroduyc Quer of each
catal yst, i Sl@}dffﬁ%ﬂﬁ?y]aﬁg HRESRY %&‘e%@s CF‘i\ﬁdioéve 6@%%?&?38&%% oactivity
test (MAT)eatlestilliss HafSNa-5Qaavenlt] nondlZsthubl y crystalline zeolite HY
(Si./Al=I5) and its fully crystalline nesostructured version H Y[ MCM 41 ].
25 Figure 20C @egpreld) ddpetsconpoiiithhahsidelY thie tHeRGersamtal @13,5%bt ai ned by

Mcroacti thriltsgpmpylbenzene versus time for the nanostructure H-MOR[ZNR] and the unmodified

fully crystalline zeolite H-MOR. The ratio of benzene produced by H-MOR/ benzene
produced by H-MOR[ZNR] as a function of time is also shown on the right hand side Y axis,

20 A helium flow of 50 mL/min saturated with 1,3,5-triisopropylbenzene at 120°C was
introduced over 50 mg of each catalyst, H-MOR[ZNR] and H-MOR, at 200°C.

Figure 20B depicts microactivity test (MAT) results of a conventional fully
crystalline zeolite H-Y (Si/Al=15) and its {ully crystalline mesostructured version H-
Y[MCM-41].
25 Figure 20C depicts the composition of the LPG fraction obtained by Microactivity
test (MAT) of a conventional fully crystalline zeolite H-Y (Si/Al=15) and its fully crystalline
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, (3): H-ZSM-5:PE
30 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.



test (MAT) of a conventional frilly crystalline zeolite HY (Si/Al=15) and
its filly crystalline nesostructured version HY[MCM 41 ]. Figure 21
depicts the percentage of polyethylene (Ph) weight |ost vs. tenperature for
the m xtures of catalysts in weight ratio to PE | abelled: fA . _no catalyst,
(B): 11-zSMBBESYG 1:2, (O): HZSM5EMCM 4 []: PE 1:2, [QYUSTRAIINS: 1' E 1:1,
(E) HZSM5:PE 2:1, (F): H ZSM5MCM #1]:PE 1:1, and (G H ZSM 5MCM 41] : PE

2:1. WD 2006/ 038912 PCT/ US2 014129 JElgur e epi.cts the FTIR spectra
of a) H Y[ MOM A'Br e%z)deﬂﬁfzﬂlf%?%e&ﬁ ?f‘“&f’% WM%N%’@?@]@MH ©)

NH2 ( CH2) 2 N3 I MBIé; 41 ) Neb)(CH)R{IRBABIMNICON;4 1 AT RRYPPh;);Cl, and ¢)

Rh( PPh3) 3 - ]..oDetail ed Description of the Invention 5
Definiti oﬁ@%é—%ﬁ%#\%ﬁgﬁ%@h@é}d#% further description of the present

i nvention, certain terns [, d l.n.the specification, exanples, and
appended cl ains are coll ect eedl”%ﬁlés."'ﬁtﬁ)gs?zmeg'é‘fef’ﬁf”fi ons should be read in

| i ght t shai nder of the disclosure and understood as by a person of
skill i'n t%ﬁ 10 The articles "a" and "an" are used herein to refer to

one or mor & € gy fifenldhe beroR furnkPRSLAARI A L IR (QIANTELIGAl Rl ect of the

. 10115 C
article. By way of exanple, "an me nmeans one elenent or nore than one
el ement. Fhwlae¢ mtheweeliggion, ckampgst and @pregtridetadm sarel cqlispied kere.dhagdy subst ance

that not abieﬁmams%g&ﬁd bd & ha ﬁto@gle@enm 1 Gthe i&ARLL IR Wd‘éﬂ%gﬁnégt};%elf bei ng

consunmed or signiticantly altered. 151£Iijhe terns "conprise” conpri sing”
are used inirsphef skdcindisiale, open sense, nmeaning that additional elements nmay
be included. The term "cracking"” is art-recognized and refers to any process
of breblki ng upThowgepi @ ethpaueyser Aereindsfa & ongsr Bels By oThe- fler m

"i ncl udi nggasi sheysank %erﬁ'iﬁﬁ’dal oHjdaEs gl RELIDUSy VBLorlckdMfi&dart Qement! AGhydi ng”  and
20 "including but not Iimted to" are usedy i nt erchangeably. "MCM 41"

r epr esent <°n§ SkBBRtor BgFRTBET e cl§hey) att er and refers to an anor phous
mesoporous silica with a hexagonal pore arrangenent, wherein the nean pore
di ameter is in ! n¢iEm renist ot arhsseanized 4t e o anyesnbsEmee halgiokslsftects Mobi |
conposi t e 1 rafRtrh ShenfBl rdaf RNGhH® 184 R BRQASI S5si FBHRARGS Mdedsi | ica with a
cubi ¢ pore arrangenent, wherein the nean pore dianeter is in the

15 The terms “comprise” and “comprising” are used in the inclusive, open sense,

meaning that additional elements may be included.

The term “cracking” is art-recognized and refers to any process of breaking up

organic compounds into smaller molecules.

The term “including” is used to mean “including but not limited to”. “Including” and

20 “including but not limited to” arc used interchangeably.

“MCM-41” represents a Mobil composite of matter and refers to an amorphous
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
25  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.



range of about 2-10 nm "MCM 50" represents a Mbil conposite of matter and
refers to an anorphous nesoporous silica with a |lanellar pore arrangenent,
wherein the nmean pore dianmeter is in the range of about 2-10 nm WO

2006/ 038912 PCT/ US2005/ 014129 20 The term "mesoporous” is art-recognized
and ref er s WO24M878us naterial conprising pores with BRTURSYHEHate size,
rangi ng anywhere from about 2 to about’ 50 nanoneters. The term
"mesostructure” is art-recognized and refers to a structure conprising
nmesopor es whi cACEHE FBFsopdieuss i ewebinidendfelehe aners nwlerighcopResitlesoscopi ¢
or nanomet@kes il eakorme ek Yidé, mgqg%d@m@re&% Mat-0bdssedo pBSESkRl ctured
materials, as well as nanostructure materials, i.e. materials in which at

| east one of t Wed kerndli@O&HRIMG Ss driret d3RizERdma nEEe fo SitdiCurd BRGEsinguch as
nanot ubes, nanor i @gﬁ nanor ods, nanowl%r es, . nangsl abs, and the |ike. The term
"mesost r udPUPREES RSN PRl thearchdlegiiry gty RAPRl PUBRRCSRFioPEY) 83eMeithe

Mes 0por VUSsca@tiRNidalgSrdesddiCind asn-&@atd estnalutadinnaphesghadlies na@aklcapiiosphat es,
10 zi ncophosphates, titanophosphat es, {]10 Its mesostructure maybe in the
form of orBRTEE LFredPgIGSR ngwﬁa%le%h?nefog Cipdigipiien ¢ JPOMRICENFAS or

SBA- 15) , nafpeodutiessetndt@iseofRidamigt, Yianol@S, nhibwiks eefdslabt and hoars (MCP)), or
nmesoscal e nor phol ogy (as in nanorods and nanotuhcs). The notation

zcol i t e[ mesost Mhetetnt &hesosrugsied tditdesd goblieeeit heludésfadlergntlintypes of
mesostructured zeol |

. tes. 5"Ng'w’"re resents a nordenite which is a zeolite
conpri si nd“eéﬁ%of%%in}%et“g‘%ysu% fegreyges %}’f"g%‘g’ios ﬁﬁatﬁ?‘lﬁal O@?%f’?b?tﬁ‘m and approxi mately
1 nol eldf zdabgiosyhnicy titdnsplospaes, ventis messystad magterintiec dsrel of bliesdt er m al so
i ncludes the aci.dic .farm of i al represented as. "HNOR"
U S e e SRR £ A SRR RS S8 S eol | s
with 20 aapamnesscamde fodfmabai)), 8- h&osnate mbiyeho bl Bk Jn fa@betdsaido i ts structure.
"MSU-S (BEA)" represents a nesoporous material, mad i th. nanosi zed zeolites
wch a pordruliSh G Fh e SRR S s Brar oM RNSR 8L ur es - PR
r epr esent smaosenuedysdliadsl i zed form of MCM 41, "SBA- 15" represents nmesoporous
(alumno) silicas with pore dianmeters up to 30 nm 25 arranged in a
hexagohal nmannéMORIdepoeEs walotdnitepvitich iGa rdofietchinplsingfperox@namly Zoofeact ant " i s

art -recogn f%goqurf?gl% eﬂo?e{sﬁl}lﬁ abc?zg%@&h%#{l)t ‘i"ﬁw%l‘e%?"cdlé’i%n%ﬂS?J‘&th%paom%}ét%éﬁsél‘Ce t hat
nodi fies thé nature of surfaces; often reducling the surface tension of
wat er . structure. This term also includes the acidic form of MOR which may also be represented as

“H-MOR.”

“MSU-S (MFI)” represents a mesoporous material made with nanosized zeolites with

20 apore range of about 2-15 nm. The (MFTI) refers to its structure.

“MSU-S (BEA)” represents a mesoporous material made with nanosized zeolites

with a pore range of about 1-15 nm. The (BEA) refers to its structure.
“PNA” represents a semicrystallized form of MCM-41.

“SBA-15” represents mesoporous (alumino) silicas with pore diameters up to 30 nm

25 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 |
30 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.”



Cetyltrinrethyl anmoni um bromde is a non-limting exanple of a surfactant.
"Y" represents a faujasite which is a zeolite conprising 2 noles of sodium
and 1 30 nole of calciumin its octahedral crystal structure. This termal so
includes the acidic formof Y which may al so be represented as "HY." WO
2006/ 03891 ¥ OP¢GY 1381905/ 014129 21 The term "zeolite" isPEBPINEN148%in t he

| nternational Zeolite Association Condtitution (Section 1.3) to include
bot h natural and synthetlc zeolites as well as nol ecul ar sieves and ot her
m cr opor ous an@hafesopgerlvelss deftned psah ehuntigny! dealite dsipebper Eonediubgnd/ or
structur e%Sectla-hIa@tt@Tnmu &6Qh hdtfral Al %ﬂltﬂeﬁtfs Edofitet & P18l Moy BF si@Y 1rmenber of a
group, of structured 5 alumnosilicate mnerals conprising cations such as
sodlunlan&ﬂ@aW@FWﬁﬂﬁ?mﬂﬂ@@@“@ﬁﬁﬁﬁﬁ*@“h“ﬁéﬁ?éﬁ?P%@@VP%W@%T“UPWHFUH}

pot assi umrLERGH el aasire&wte@tgkdamm qw]@fﬁ&ew z&gulmsf thewratio (AI+Si): 0 =
approxi mately 1:2, an open tetrahedral franmework structure capable of ion
exchande, a&WngstiedeMncrdy c@mpeisieg catipnssed a8 SodiHaandgajchum preleey impmroaly,

dehydr at i Qnmun?r heryli RFMith] zﬂqe%ﬂﬁsﬁlm %g&sﬂum&wgﬁo%muze&hﬂagt@nze@Ib@l&h%ql atf¥t erial s”

or "zeotypes" which are prepare acing Si4+ OF A lj' with other
el ement s 44MiSHQ harrsadsately 12, wma&ﬂe@ﬁwbg@ée%k gfructureaagity ofSAPO,  EI APO,
MeAPSO, aQQdﬁ%%Fﬁ@%me?%&@RH&?&B%&@&th%Mﬁ%ﬂ@hQQH@H@%@nmEﬁPﬁﬁQ&h"Cates etc.
"ZSM 5" or " ) esents a bi | synghetlc zeolite-5. This term
al so i nclaends” ?'ﬁ‘é'“é@ij‘ﬁl geofi g’rrﬁ%dﬁfi nRSKRIS” hFOH PRy st BePeEdesent ed as

" H ZSMS. ".e;mﬁqgw*ebfx‘lp*)wnred)tﬁ&%&n{e@tsbm ﬂ&tcaéécotfummo@\h&pmws@@ensI ve list of
t he abbreviations util msts of ordinary skill in the art

appear s |ﬂdWﬁg)§ﬁP9tEP§%h§mﬁﬁﬂQa@WE@@Wﬁ@égﬁkmbﬁﬁhﬁ%hﬁ AEIPhehate gani ¢ Chenlsh)
this |ist tismoliN@icsaldy presented in a table entitled Standard List of
Abbrevi ations. For purposes of this invention, the chem cal elenents are

identified in mmfsdalmz%MZ@(wt)hremgcnmm&msng@Jelz@omé5tmms%@m@ts CAS '}
ver si on, Handbook of st&g ysics, 67th 1986-87, inside

cover . c:oﬁwé%fffaﬁéﬂd%&hwéﬂé %WB‘Fh’tﬂ%a‘fe‘ﬁI‘?&f?%“‘%‘i ?bué{%%é dbunits and
ot her gpnppﬁmmb@@§m.g@@&ﬁh@ed above include such materials which ot herw se
correspond thereto, and which have the sanme general properties thereof
(e.g., bioconpatcoip@hensinbdstel the abt@e\adtiofBlt@z&l Uy R @n 2T hytaikis af br@nsryof

substi tuen ar.e de whi ch_.do. not _adversel ffe t efficacy of such
D eeul o ChTdERE alaes m P Bl sl SuRSe i Blkiry b e SetnSe of the
present ithivé@std tgpicaigyprddentqarie pabednbyedtShadaet Boasatbkdvisibiisat ed i n t he general

reaction schenes as, for
For purposes of this invention, the chemical elements are identified in accordance

20 with the Periodic Table of the Elements, CAS version, idandbook of Chemistry and Physics,
67th Ed., 1986-87, inside cover.

Contemplated equivalents of the zeolitic structures, subunits and other compositions
described above include such materials which otherwise correspond thereto, and which have
the same general properties thereof (e.g., biocompatible), wherein one or more simple

25 variations of substituents are made which do not adversely affect the efficacy of such
molecule to achieve its intended purpose. In general, the compounds of the present
invention may be prepared by the methods illustrated in the general reaction 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

30 possible to make use of variants which are in themselves known, but are not mentioned here.



exanpl e, described below, or by nodifications thereof, using readily

avail able starting materials, reagents and conventional synthesis
procedures. In these reactions, it is also 30 possible to nake use of
variants which are in thensel ves known, but are not nentioned here. WO
2006/ 03891 0PG4 3¥IB05/ 014129 22 Synthesis of Fully CrYsthpPyd+12Y
Mesostructired Zeolites In recent yeaf%, experti se has been gained in the
synt hesis of zeolites mnth deS|red propertles by the choice of the organic
mol ecul e esigof. in ¢S (SDA), control of the syntheS|s

condi ti ons, an nt hesi eat ne ni gen, E.
M, Jacobs, ) ece“g%ﬁ‘ée‘ﬁ{peésg"&g Ee(egé'f“f]?)‘#'g)thelsﬁlf P%HLYEFE%WS x‘éth%(ésérle?t e Sci ence
and Pr aCtﬂrQﬁmeQb}dlhedlhdidemﬂtheS’tgadllceﬁ)ldcﬁleSwdfa@.ﬁlmcﬁﬁa dreciingaigent 8dA), ysi s, 2001,
137; Cor g, 97, 97, : Mat ur e,
2002, 417,%° @%“’“héi)ﬁmeﬁév‘?ngmoﬂﬁ B postg Sty“éFS‘““’é‘j%"ﬂli* N/E’t%“ﬁ‘“‘“mi%gz 4, 756-768;
de I\/bOI’S P -HharkigeA, E.&M., Akobs, FCRAeMnsEY . C.JedithQP IntroB(clion to 208R- SZ&B&,anﬂSal o, J. de
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single crystallinity, mono crystallinity, or multi crystallinity. Multi crystallinity includes all

solids having more than one phase having repeating structures, referred to as unit cells, that

25  repeat in a space for at least 10 nm. A fully crystalline zeolite is exposed to the surfactant,

for a time, under temperature, and pH conditions suitable to achieve a desired mesopore

structure throughout all or a portion of the volume of the fully crystalline zeolite. It is

expected that any fully crystalline inorganic material would have a similar structure, would

similarly be produced, and/or would similarly be employed where, for example, a zeolite, a

30 fully crystalline zeolite, or zéolites are described.

In contrast with Figure 1A, Figure 1B is a schematic illustration of a fully crystalline
mesostructured zeolite 200 of the instant invention, which features a fully crystalline zeolite

structure 205 with mesopores 210 penetrating throughout the volume of the zeolite structure



simlarly be produced, and/or would simlarly be enployed where, for
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Suitable surfactants that can be employed in accordance with the invention include
cationic, fonic, neutral surfactants and/or combinations. The quantity of surfactant is varied
according to, for example, the surfactant and the zeolite that are mixed. For example, in one

embodiment, the weight of surfactant is about equal to the weight of zeolite added to the

X
e

solution. Alternatively, the weight of surtactant can be about half of the weight of zeolite

added to the solution.

The mixture is hydrothermally treated for a period of time that is selected to allow the
fully crystalline zeolite to achieve a desired mesostructure, for example, a H-Y[MCM-41] is
a fully crystalline acidic form of faujasite having a fully crystalline mesostructure
30  surrounding a hexagonal pore arrangement. 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

SO - i AT N



The m xture is hydrothermally treated for a period of tinme that is selected
to allowthe fully crystalline zeolite to achieve a desired nesostructure,
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of tinme, tenperature, zeolite type and quantity, and surfactant type and
quantity af% e constant, however, the pHin the first synthesis is 9 and
the pHin the second synthesis is 11. As a result of the different pH val ues
15 in the two $YMOHERNESISERPEIISGHINDS PAAPEeTs i MHSs fMPFraviFg $toifq tYifedeol i t e
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di l uted NH4OH sol ution containing cetyltrinethyl amoni um brom de (CTAB)

sur f act ant &t thihenygnieryl &1y ¢nipine teediensempyred to thafudy castalipetrelito0 t o about
200C, aboufehdfictuft @Qf%'stizegiw’th@lb% whith hﬁs(?mﬁpf?l%op@r@os@rfa&ﬁ, because the

20  higher base concentration resulted in increased mesoporosity.

In an exemplary synthcsis, a zeolite is added to a diluted NH4OH solution containing
cetyltrimethylammonium bromide (CTAB) surfactants. The mixture is hydrothermally
treated at about 100 to about 200°C, about 120 to about 180°C, about 140 to about 160°C, or
about 150°C for about 20 hr or overnight during which the zeolite structurc undergoes short-

25  range rearrangements to accommodate the MCM-41 type of mesostructure. Higher
surfactant concentrations and longer hydrothermal treatments would produce mesostructured
zeolites with the MCM-48§ type of mesostructure. Afier washing and drying, the surfactant is
removed by, for example, calcination or surfactant extraction. In one embodiment, the
resulting material is calcined in Ny at a maximum temperature from about 500 to 600°C, or at

30 about 550°C; and then in air for surfactant removal, The surfactant removal technique 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.



about 150C for about 20 hr or overnight during which the zeolite structure
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Certai n conventi@fi@btonkéntibyal Gl Shatallind e Lieobictves sabr (Y er gsetablar, (e. g.
ZSM'5, MOR
CHA etc.) and it is difficult to incorporate mesoporosity into these zeolites. In such cases,
strong base having, for example, a pH ranging from about 11 to about 14, or from about 12

to about 13, or an acid, for example, HF having, for example, a pH ranging trom about 2 to

[\
w

about 6, or from about 3 to about 3, or at about 4, is neccssary to dissolve silica and soften
the conventional fully crystalline zeolite surface to enable the surfactant to penetrate and

create mesopores through the fully crystalline zeolite.

Conventional fully crystalline zeolites with a dense structure (¢.g. ZSM-5) are more
resistant to acids and basis relative to fully crystalline zeolites with less dense structures.
30 Zeolites with a low solubility (e.g. ZSM-5) and/or a dense structure are relatively stable with
respect to benetration by acids and bases, accordingly, a diluted tetramethyl ammonium
hydroxide (TMA-~OH) having a pH ranging from about 10 to about 14 or a solution of acid,

for example hydrofluoric acid, HF, having a pH ranging from about 2 to about 6 can be used
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surfactants, triblock copolymers, swelling agents, etc. For example, use of a surfactant with

longer chain length increases pore size and conversely, usc of surfactant with a shorter chain
length decreases pore size. For example, use of a swelling agent will expand the surfactant

25 micelles. Any of these mesopore size and mesostructure architecture altering properties may
be used either alone or in combination. Also, post-synthesis treatments (¢.g., silanation,
grafting, surface functionalization, ion-exchange, immobilization of homogeneous catalysts
and deposition of metal nanoclusters) could be employed to further improve the textural

properties of the materials and/or modify their surface chemistry.

30 Another aspect of the invention features mesostructures, e.g., as illustrated 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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Al ternatively, the
amorphous mesoporous materials obtained from non-zeolitic silica and alumina sources.
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Where the synthesis mixture is hydrothermally treated for a longer period of time (from

o
w

about 12 hours to about 2 weeks) a zeolitic mesostructure is obtained. By adjusting the
synthesis conditions (e.g., pH, time, temperature, zeolite type, surfactant concentration)
different zeolite nanostructures, for example, nanotubes, nanorings, nanorods, nanowires,
nanoslabs, nanofibers, nanodiscs, etc. can be produced. Referring again to Figure 1C, a
nanostructure including, for example, nanorods is made from adjacent members (e.g., a first
30 nanorod adjacent a second nanorod). Voids can be formed between adjacent members (e.g.,
adjacent nanorods). Each nanostructure member defines a plurality of pores (e.g., cach
nanorod has pores in its structure). Different members can join together within a single

nanostructure, for example, a nanorod may be adjacent a nanoring.



synthesis mxture is stirred at roomtenperature for sufficient time (from
about 4 hours to 20 about | day) to obtain a highly stable nesoporous

anor phous al um nosilicate. The nesoporous anorphous al um nosilicate

mai ntains its mesoporosily after boiling for 48 hours under refl ux
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and is %hen range ntz) whi |l e

re
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(j)-Ciii) imt sodletoél’hﬁ'iIRlQ&cﬂn&yb*ﬁhﬁchﬂﬂbt@:ﬁﬁtledfEeﬁlbs xteﬁamspmsémm tamtli,ssohedrper ature,
time, and pit  The zeplils and cothero.conditions gan.be. selactd to achieve a
si ngl e nan Hoﬂctijr”é gﬁ%SBnkono TOTRIS ?51“(5]? jiyte- Sy coniiy- PRI V&l y, multiple
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anor phous adnosrunesd thilcatfenr. ethaibnglipdiekdeggoaectivity present in dissolved zeolite

solution appear to play a part in forming nanostructures.

Although the nanostructures are crystalline they are not fully crystalline. They have

25  afew units in one direction and are semi crystalline or are polycrystalline. Semi crystalline
and polycrystalline refers to, for example, nanosized crystals, crystal nuclei, or crystallites
that, for example, aggregate to form a solid. Unit cells are the simplest repeating unit in a
crystalline structure or crystalline material. Nanostructures have an open structure. They
have a high surface area due to an extended structure in the space as well as due to spaces

30 between multiple structures or voids within the structures themselves. Generally, these
nanostructures also have a high external surface area. In one embodiment, one nanostructure
is adjacent another nanostructure. Figure 1C depicts a TEM image of a nanosostructured

zeolite of the present invention where the nanostructure shape includes nanorods. The



of the zeolitic connectivity that is characteristic of a zeolite starting
material. It is expected that sone of the IR spectra bands characteristic
of zeolites remain present in the dissolved solution, i.e., in the

suspensi on of amprphous alunminosilicate. In contrast, |f rat her than 20
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i nexpensi ve, non-toxic. non-waste producing 10 materials. Previous attenpts
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produce ful 11T ne mesostructu zeolites.
20 H- Y[MCM 41] first includes the starting zeolite structure, e.g., H-Y and then, placed
adjacent, in brackets, is the name of the mesostructure, e.g., [MCM-41]. The mesostructured
zeolite H-Y[MCM-41] retains the full crystallinity of the zeolite H-Y, and features
hexagonal pores [MCM-41]. The fully crystalline mesostructure surrounds these hexagonal
mesopores that have been formed by the invention. Thus, the resulting structure is a fully

25  crystalline H-Y material that features anf[MCM-41] type of mesostructure. For convenience,
this is designated as H-Y[MCM-41].

Figure 1D depicts the X-ray diffraction pattern of the mesostructured zeolite -
Y[MCM-41] and both the ordered mesostructure MCM-41 (revealed by the XRD peaks at
low angles) and the zeolitic fully crystalline structure H-Y are present. Figure 2 depicts the

30 X-ray diffraction 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



15 invention al so produce nanostructured zeolites having a high surface
area. Structure of Mesostructured Zeolites The hybrid structure of the
mesostructured zeolites was studied via X RD. Figures |ID 3 show the XRD
patterns of 11- Y(EI\/CM41] H MORf MCM- 4] ], and H-ZSMS[I\/CM 411
respectlvewﬁ)ﬂwgiﬁéﬁd herein, the nanming convention for "nESSRIYUCHr ed
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mesost ruct ur y I nfrared spectroscopy
unmodified form, H-Y (lower top), H-MOR (lower middle), H-ZSM-5 (lower bottom) The

spectra of the fully crystalline mesostructured zeolite H-Y[MCM-41] is the upper top spectra
and the spectra of the unmodified fully crystalline zeolite H-Y is the lower top spectra. The

spectra of the fully crystalline mesostructured zeolite FI-MOR[MCM-41] is the upper middle

[\
n

spectra and the spectra of the unmodified fully crystalline zeolite 11-MOR is the lower
middle spectra. The spectra of the fully crystalline mesostructured zeolite H-ZSM-5[MCM-
41] is the upper bottom spectra and the spectra of the unmodified fully crystalline zeolite H-
ZSM-5 is the lower bottom speetra. In Figure 5 a match between each fully crystalline
mesostructured zeolite and its corresponding unmodified fully crystalline zeolite is observed,
30  indicating the zeolitic connectivity is present in fully crystalline mesostructured zeolijtes.
Figure 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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(FTIR) (See Figures 4-5). Figure 4 depicts FUR characterization peaks for
the fully 15 crystalline nmesostructured zeolite I1-Y[MCM4l], |abeled
Meso-11-Y, and zeolite Y. Referring still to Figure 4, the FTIR spectra of
the fully crystalline nmesostructured zeolite H Y[ MCM 41], | abel ed Meso-H Y,
is on the tVop2unts¥ie Fri IR spectra of the unnodified rconsenthomzl fully
crystalline zeolite HY is on the bott3dm Figure 5 depicts FTIR spectra of
[1-Y[MCM 4] (upper top), I-1-MOR MCM 411 (upper mddle), II-ZSM 5] MCM 411
(tipper 20MDb8t HefM-andnfraky R Isgidcstatde SFMOMeiT, whithIpyesenystiabicilRéraeol i tic
versions i I d;fo H-Y( gy pele (1 over
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st abl e Al - MCM resent l'y one 1 R broad due to inperfect
zeolitic c@dh@e&oﬁtwcttyed smnale Yhe popg ﬁﬁa\féheanesonpiomq is cwwé!ﬁd sichéwia 2002, 12,

3179-3190; dlﬁ]&gtaﬁg EIaa crgss qgtlonaﬁlre?&faaclm ,Wﬁma%%%?m ﬁﬁ@’m)%%ﬁﬂneZZBZ Liu,
Y. of at. Angew. 2001, 7 1255- 125 peak at 960 cm 1

in the |+vpmww&qedaewg’E&ﬂt\\flﬁh@tﬁﬂﬂé@hvzaer@ISIZ@ éla@atﬁlp:iléllbtéwzarbmceqr@@@q c of
si | anol QF\QHme ﬁnlytclv%tamle kme%éﬁﬁc%&ﬁzeoht%s &Mhe ﬁ%@li i, Q{W&'e J?Mixﬁﬁaﬁ%&fe the

mesoporous/ zeolitic "hybrid nature of Inesostrucltired zeolites Geidel . F.,
et al., M®m SPopriohsmamdorneyeporiense et erdiaicsr arDY3,cr@becdanasgca) The presence

of el |- dehinGA ERORORASL 1%, LLIRS0RL EhL GHATEAARPLEbAT GAMAEYSUI L abl y

studied by nitrog ysisorption at Ag ie
Cat al ydd s &% @”éh@mawpme*ll@s 2998 sizq &g, p3tankss ﬂn(lﬁPlglwr@SS%‘“‘B“’sﬁwﬂtci lfi t rogen

i sot her ns \Qﬁhn?glugoﬂfnnw.@)% Y hy a&fagéf)&& Libd8n siill another embodiment, more than

05% of the mesopores has a pore size (e.g., a diameter and/or a cross sectional area) that falls
within plus or minus 75% of the average pore size. Each pore wall or mesopore surface that
surrounds a diameter controlled mesopore is substantially similar in size. The tully

25 crystalline mesostructured zeolites of the invention have controlled mesoporosity pore size
cross sectional area. Where the mesopores are substantially cylindrical in shape in addition
to having a pore size cross sectional area these pores have a pore size diamcter, However,
where the shape of the mesopores are not cylinder like and are, for example, slit shaped,
worm-like, e.g., with a changing diameter throughout at least a portion of the depth of the

30 mesopore surface that surrounds an exemplary mesopore, or non defined shapes then at least
a portion of such a mesopore surface has a controlled mesopore cross sectional area . 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



tnesostructured zeolites, H Y MCM41], H MOR MCM 41], and H ZSM 5[ MCM 41 ],
respectively, and their unnodified zeolitic versions, Il-Y, Il-MR, and
|-1-ZSM 5. The presence of well devel oped narrow pore size dianeter
distribution mesoporosity is evident in each nmesostrttctured sanple. The
pore size CWOIZ‘H’é/OTF‘)?élszopor osity is controlled such that a’f8/$PUFEte? and or a
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of i nesopor 91%|sotst¥uc?19‘9d zt%%llte %Erré%g m%%g (dalrllel co umns)so?rlzlp'!’ﬁ\?ICIEIO i) 1] axﬁnﬁl €
MOR[MCM-41] (center), and H-ZSM-5{MCM-41] (right) and their zeolitic versions (lighter
columns) of H-Y (left), H-MOR (center), and H-ZSM-5 (right). Compared to conventional
25 zeolites, the fully crystalline mesostructured zeolites ol the invention have more than double
the pore volume (see Figure 9) due to the incorporation of a well-developed, narrow
distribution of pore-size diameter mesoporosity. Referring still to Figure 9, the volume of
mesoporosity that is incorporated can be controlled. The fully crystalline mesostructured
zeolite mesoporosity volume is controlled by, for example, the quantity of surfactant added
30  asa percentage of the quantity of zeolite. Other factors that contribute to mesoporosity
volume include the pH, time, and temperature conditions employed. In onc embodiment, the
volume of the controlled pH medium that is added is an amount suitable to achieve the

desired surfactant concentration in view of the amount of zeolite. The pore volume is



referring to Figure 6, the nesopore vol une roughly doubles when the zeolite
is 10 mesosuuctured. In accordance with principles of the invention, in this
exanple, the wunnodified zeolite HY had a nesopore volune of 30 cc/g
whereas the fully crystalline nmesostructured zeolite | abel ed Meso- HY, which
i's HY[ MCM 249 20048898 mesopore vol une of 0.65 cc/g. ConVERUSHNEN 142¥0l | t es
adsorb nitrogen only at | ow pressuresproducing type | isothernms that are
characteristic of mcroporous materials. Storck, S., et al., Applied 15
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have nore than doubl e gore vol Ume (see Figure 9) due to the
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zeolite. Other factors that contribute to mesoporosity volune include the
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vol une 18f HhgeRMYubRl ednds-aRGi:um that is added is an anount suitable to
achi eve the desired surfactant concentration in view of the anount of
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in cc/g, the cubic centinmeters of pores over the grams of the zeolite. The
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0.05 cc/ g umy pRRpSrods MEEHGs, 1999, L1 oM 2P0 Whald 12, £61.9. PR sabRUL Loee/ 9. The
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contribute, to the nesopqgre size and/ of the nmesopor e vol y .
by the high curvature of the structure. Yang, P., et al., Nature, 1998, 396, ]5q 155, 3

In one aspect of the invention, a fully crystalline mesostructured zeolite is produced, as %
described above, by exposing a conventional zeolite to a suitable pH controlled solution
containing a suitable concentration of a selected surfactant under time and temperature
25  conditions desired to obtain the a desired mesopore size and mesopore volume. The fully
crystalline mesostructured zeolite retains substantially the same exterior surface contour
(e.g., has substantially the same external size and external shape) and covers substantially the
same perimeter as the unmodified conventional fully crystalline zeolite used to make the
fully crystalline mesostructured zeolite. Suitable unmodified conventional zeolites may
30  range in size from about 400 nm to about 5 microns. The conditions employed to form the
mesopores do not substantially change the external size, external shape or the perimeter of

the unmodified zeolite. The density of the tully crystalline mesostructured zeolite is less



The nesostructured zeolites have sharper uptake at |ow partial pressures,
which indicates the presence of mcroporosity, and slightly higher pore
size. As well ]Jrmown in surfactant-tenplated nesoporous solids synthesis,
the size of the nicsopore in 10 nesostructured zeolites can be easily tuned
or control I¥82HY/ 0¥ %&hgi ng the I ength of the aliphatic dNdIUP2YFHHY
surfactant. Cornm, A, Chem Rev. 1997' 97, 2373-2419; Linssen, T.,
Cassiers, K., Cool, P_, Vansant, L, F., Advances in.Colloid and Inteijuce
Sci ence, 2?@3}"‘31‘_16%3,“}’ Oi%il“lfﬁ@fi?&?iZﬁé}te’j‘F"V‘?‘ﬂe"’é'F dgpsity dﬁﬁ&é’\?\f Sepewhe Lu. . Ed.,
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of "the. sor B TR oL PRLRT & By Shohlihe Ay bayareS OBl fepld

mesost r uct gheetdllynay edlliglnsesdserdettued pdudiseanaigepathafillerystatiindly 2e0k whirBodfid anor phous
MBSOPOr QUS solids., Karisson. A, et al., thiicropurous and Wsoporous

Mat eri aPs, “186Y10037081 "192- | ljuang L., et al., J. Phys. Chem B. 2000,
104, 2817- 2623y, Mo 0w ety cSOM%, AHLART S R0 Sdaoul i il fligul ty of making
thin-wal | ed 20" ESoporous rateriars, “suchas MR AL RV P8l itic wall's,
due to surflamewbdr@ndicomesopeisede fdoyied inehehbglentanahvadlite.ehoihetal st ruct ure. Yang,
Py et al o Nature s, §998.: 390y, 195105, b0, ane aspect, of fihe,f avention, a
filly cryst@rPihe” fEost i Ured” 228l PECT Y o due sd e Y EE FPB8d above,
by exposi ngutatactimyelt saiogad the dehiidabecdnpositiatin tlabhaopifed ant ¢ioloh@desiod ut i on
cont ai nigng g3, 841 Aabl c.concentral hon.qf 1 sehectsd, syrfagtant under time and
t enper atur e ‘25" condr tions desired to obtain the aldesired ‘edspore size and
nmesopor e vebuwretiondlheolitatdnywarydropsthakitema smiso &t 9. bdwitled.czlito bertngctaretoai ns

subst anti altleyinrgerr]eores.ffjl OWGeV)ért ﬁlrelc ermigaLfr face. con Ourodiﬁ(egb(givbnt%%"sll z%(?intg(gj[ ?;t It ﬁlel y

the sane external Size and exter naICOlglFloﬁlﬁ)‘g?Oauﬁ]H] covers substan
sane peri nétsevas, virtheu romeidictit g dargdlvient thoprimefeutd the omyrsbal dfilrecdenl i t e used

to ma‘ke. t h(? unchalnl é@ \%c%%lgearlll i no?esrgl?es orsligcrdl{r?¥lllél%eo itez e[?lllsi tferl'n' SOUi ésg‘]:polres t(lwmm)di fied
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zeolite. The ensﬁfy of ' the T4 y Crys ST P A RSO S IS tVEE Yol ite is |ess
WD 2006/ 03882nRGTV WB26 0541 k42 @8e to34he fuhporyfthlBndeessittuytuofd zedlee.unnodi f i ed
zcolite, however, the density difference is due to the zeolite renoved when
t he mesopores Werieusatemetd by btheratidiotmh owsosinivare in helifes hisyrewihgdinalchinge
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the fuld0 creyanpdélin reotitgs ehtairies Linnbdi, Piigdnett®de or trzéoialitly @ bdst swected

to remove more Al than Si from the zeolite. Where such dealumination methods are

employed, at least a portion of the chemical composition in the framework of the zeolite

changes, specifically, the tetracoordinated alumina ratio changes. Where the methods of the

invention are employed with a zeolite containing Si and Al, in a mesostructured zeolite of

25 the invention the alumina within the mesostructured zeolite framework remains

tetracoordinated,

Direct evidence for the hybrid single-phase nature of mesostructured zeolites was
obtained via transmission electronic microscopy (TEM). Figures 10a and 10b show two
details of the H-Y [MCM-41] mesostructured zeolite microstructure at ditlerent foci in

30 which both the crystallinity and ordered mesoporosity can be observed in a single phase.

Additional TEM images of mesostructured zeolites are depicted in Figures 11-12,



Where the unnodi fied conventional zeolite has a chem cal conposition inits
framework, after nesopores are formed in the conventional zeolite, the
chemi cal conposition in the resulting fully crystalline nmesostructured
zeolite framework will remain substantially the same as the chem cal
conposi ti oVPRMHEnnodi fi ed conventional zeolite 10 CARBRIFR HHat was
used as source material. The chem cal 3corrp05|t| on of the unm)dlfl ed
conventi onal CQilte can varﬁ]ﬁfromthe external surface ( 9. about the
zeolite peri ms‘? Yonghsvideprs of WA &y Priddpnre qﬁ&lfaé%\mwe%eoe%ﬁ?*w fonposi tion of
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with a base sel eCt¥dR%o S FEHEVE ?deésowo"fsﬁ Liras g b‘?"?]”taﬂ%”ieolnl te. Wiere such
deal um nat hlominseititlod PNavsend AFPISOYR;), dibwh dgsificaatdpbiet @rviof fot hiencabem cal
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t hi ckness @¢00tdhg tpﬁi)methwadlelscnbed hctlhewwt"tétan@lﬂyzwalbﬂ Fgt Weespeaidy modfitd mesopor es
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Some of the chemical species anchored on mesostructured zeolites were used as

ligands for a homogeneous catalysts. This anchoring of a homogeneous catalyst was
confirmed by Infrared Spectroscopy (I'TIR), and by catalytic testing of both the
homogeneous catalysts and the homogeneous catalysts anchored on the mesostructured

25 zeolite. These experiments were repeated alter washing the samples and no major changes
were observed, indicating that this method is suitable for anchoring both chemical species

and homogeneous catalysts.

Applications

The unique structure of mesostructured zeolites will be useful to a variety of fields,
30  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,



So, enhanced catalytic activity for bul ky nol ecul es nust be observed in
mesostructured zeolites conpared to zeolites. For exanple, semcrystalline
nt esoporous materials, such as nanocrystalline alumnosilicates PNAs and
Al - M8U- S(M shows significantly |l ower activity for cunene 10 cracking
(which is u lﬁ’aq"?(il%ﬂizrel ated to strong Bronsted aci dity)r@Haspoeenvient i onal
1-1-ZSM 5. Mesostructured zeolites, hoWlever, show even greater activity than
zcolites, nost likely due to t hei r frilly zeolitic structure and the
presence off: fied®pdr £ (RiprskXaimpiveion i ZShie S5jemevng Practesnvaladyiod8% of cunene
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of i nesostructured zeolites will be useful to a variety of fields, 30 and

shoul d addeEREMERE FEiATITPEHC I8t PeIRIca 8Eewt Reato ! ! ¥BAVERLIVRET zeol ites. As
catal ysis igsdiig nmost inportant field of application for zeolites, special
enphasis is placed on the catalytic applications ofinesostruct ur ed

zeol ites. van Bekilwdns depicts bk @f@b@eﬂﬁcaﬁlyuh/l:r,aculabc@bs,,a W 02000/ HR388ELR/

PCT/ US2005/ Jansen, ntro tion to
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Cat al ySl S, lﬁﬁt@& by Mekmall pofé sicO6 TR, zeblite HONEBRcalRe Vie b AtioRVuncod3edr 2419;
Davi s,

Covt & M BN 000 TS B (TS g mesostructure

diisopropyl benzene, to exit the zeolite. As a result, over cracking occurs and light
compounds are formed resulting in excess formation of undesirable products cumene,

20  benzene, and coke. Figure 14 depicts the process of catalytic cracking of 1,3,5-triisopropyl
benzene by a mesostructured zeolite of the present invention. In contrast to catalytic
cracking with the unmodified conventional zeolite F-Y, the larger pore size, the controlled
mesopore volume, and the controlled interior or pore wall thickness present in the fully
crystalline mesostructured zeolite, facilitates the exit of desired products, e.g., 1,3-

25  diisopropyl benzene, from the mesostructure and over cracking that produces cumene,
benzene and coke are avoided. As a result, there is a higher catalytic cracking conversion 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
30 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., dppl. Catal. A.: Gen.,



5 interior thickness (- 2 nn) as neasured between adjacent nesopores shoul d
provide for access to bul ky nol ecul es and reduce the intracrystalline

di ffusion barriers. Thus, enhanced catalytic activity for bul ky nol ecul es
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2006/ 038912 PCT/ US2005/ 014129 37 20 21, 3 96; . Degn , et al.,
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di mensi on _ﬁe(r)such sevn?e tleatment de[I]e tern]i bglltglllsl Usbo(P g:o?g(};wemglrgg %ov\ rever, the specific
treatment to the material includes suspending the solid in water and heating the water and
solid material under reflux conditions. See Figure 17. This outcome illustrated the superior
hydrothermal stability of H-Y[MCM-41] over the amorphous AI-MCM-41 catalyst, which

25 lost its activity and ordered mesostructure after exposure to similar conditions. These results
show that hydrothermally stable H-Y[MCM-41] is a crystalline material and its crystallinity
contrasts the amorphous AI-MCM-41 catalyst that structurally collapsed after boiling,

rendering it unable to convert appreciable quantities via catalytic cracking.

Figure 19 depicts catalytic activity for 1,3,5-triisopropy! benzenc cracking shown as
30  percent conversion vs. time for H-ZSM-5[MCM-41], labeled Meso-H-ZSM-5, and its
zeolitic version, H-ZSM-5. A 50 mL/min of He flow saturated with 1,3,5-
triisopropylbenzene at 120 °C was flowed at 200 °C over 50 mg of each catalyst, H-ZSM-
SIMCM-41] and H-ZSM-5. H-ZSM-5 is used as an important additive in cracking catalysts



Figure 15 depicts catalytic activity for 1,3,5-triisopropyl benzene cracking
shown as percent 5 conversion to 1, 3-diisopropyl benzene vs. tine for the
mesostructured zeolite HY[MCM 41], which is |abelled Mso-HY, the zeolite
I1-Y, and a conventional A -MCM4l. Catalytic cracking was performed when
50 i/ min OYOH0&0832urated wish 1,3,5- triisopropyl benz@R&U&E003901¢ was
flowed at 200 C over 50 ng of each caf%lyst The FI- Y[ MCM 41]
mesostructured zeolite denonstrated superior catalytic activity for this
cracki ng 10 cEagetenleas preduc4oDandiimprye XUOCNOBYHEERYErLs PegNancbipar ed to t he
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VO 2014%/ 05812 Berredboesr 614028 Eggeﬂ%dﬂﬁﬁ%ﬁé ic BFHHY ¥ e’ Br oduct i on and
i nprove ockigbsofuBhREnc chaclias Mowhes cEBeRRA to 113-disoproB¥! benzene vs. time for

H-MOR[MCM-48] labeled Meso-HMOR, and its zeolitic version, H-MOR. A 50 mL/min
of He flow saturated with 1,3,5-triisopropylbenzcne at 120 °C was flowed at 200 °C over 50
mg of each catalyst, H-MOR[MCM-48§] and H-MOR. Catalytic cracking with H-

25 MOR[MCM-48] exhibited 50% conversion after 400 min, which was significantly higher
compared to the 7% conversion achieved by H-MOR (see Figure 18). Zeolites with 1-D
pore structures show a more dramatic improvement when exposed to the mesostructure
process as compared to the zeolites with 2-D pore structures, but this is to be expected,
because the 1-D pore structure zeolites begin with a more limited diffusion. When exposed

30 to the mesostructure process, zeolites with 2-D pore structures result in 3-D mesostructures.
Exposing 1-D and 2-D pore structure zeolites to the instant process for forming
mesostructures in fully crystalline inorganic material, e.g., zcolites, may increase the

usefulness of these otherwise underused zeolites.



al ., Mcroporous Mesoporous Mter., 2000, 35-36, 245-252. However, due to
its small pores, HZSM5 is inactive in 1,3,5-triisopropyl benzene cracki ng
at 200C (< 1 % conversion to 1, 3-diisopropyl benzene after 400 min). The
i ncorporation of MCM41 5 nesostructure in this zeolite (H ZSM 5[ MCM 41])
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inorganic material, "e.g., zeolites, may increase the usef fi dhess of these

ot herw se hf‘i’dl@r%sed zeolites. WO 2000038912 PCT/ US2005/01 4 12 9

Zeolitic nanorods (ZNRs), another form of mesostructured zeolite, also enhance
catalytic activity by increasing active-site accessibility. The rod-shape ZNRs are only
nanometer-sized in diameter, so internal diffusional resistance is minimal. These new
25 mesostructured zeolites (also referred to as nanostructures) were tested as cracking catalysts

for the gas oil fraction of petroleum to assess their potential. Figure 20A depicts, on the left

hand side Y axis, the percent conversion of 1,3,5-triisopropylbenzene to 1,3-diisopropyl

benzene versus time for H-MOR[ZNR] and H-MOR. The ratio ol benzene produced by H-

MOR/ benzene produced by H-MOR[ZNR] as a function of time is also shown on the :
30 secondary Y axis located on the right hand side of Figure 20A and an arrow is present on the

line that connects this data. A helium flow of 30 mL/min saturated with 1,3,5-

tritsopropylbenzene at 120°C was introduced over 50 mg of each catalyst, H-MOR[ZNR]

and H-MOR, at 200°C.



39 Mesostructured zeolites not only showed nuch higher catalytic activity,
but also enhanced selectivity over zcolites. Referring nowto Figure 16, a
commercially available zeolite HY was enployed to catalytically crack
1,3,5-trii 505 g}/l benzene. The resulting products were 1,3-dii soElropyI
benzene, beW2éiE M cumene and t he fractional conposi tHIBOBREURY s” wer e
normeli zed to be 100% The mesostructut’ed zeolitc Iabel | ed Meso- HY, which
is H Y[ MCM 41] catalytically
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reactiops. Al , 139- 153.
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catal ytic v c tive-Si L 0L .The rod-shape
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resi st arfce catslym rinveiklly hhesentpiging 29 pesosth achadedtezeol ites (al so referred
to as nanostructures) were tested as cracking catalysts for the gas oil
fracti on of petFhsisoupe.tivexagsios snd dyeirplizpdiyarcsinitiategy deseebed Oacdbpicibs, on t he
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precursor. The unique crystalline structure of ZNRs provided for improved catalytic
conversion of bullky molecules by increasing the accessibility to its microporosity, while

reducing interparticle and intraparticle diffusion barriers.

25 Referring now to Figures 20B and 20C, mesostructured zeolites were tested for crude
oil refining via Microactivity Test (ASTM D-3907). This is a well known and widely
accepted technique to estimate the performance of FCC (Fluid Catalytic Cracking) catalysts.
Vacuum gas-oil was used as feed in a fluid-bed stainless steel reactor. The experiments were
conducted under identical conditions with mesostructured zeolites and their conventional

30  zeolites counterparts.

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-



and HNIOR, at 200C. WD 2006/ 038912 PC T/ US2005/014129 40 In the cracking
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20 increased propene, isobutene, and normal butene in the LPG fraction then the unmodified
fully crystalline zeolite. Further, the fully crystalline mesostructurcd zeolite produccd a
lesser fraction of I.PG than with its counter part conventional unmodified fully crystalline
zeolite. The internal wall thickness of the fully crystalline mesostructured zeolite is less than
the internal wall thickness of the unmodified fully crystalline zeolite. Thus the thinner

25 internal walls in the fully crystalline mesostructured zeolites reduce hydrogen transfer
reactions, which are responsible for the undesired conversion of olefins to paraffins.
Accordingly, an increased number of desired olefins are produced where fully crystalline
mesostructured zeolites are used instead of conventional unmodified fully crystalline
zeolites.

30 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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1998. Acidic catfllysts such as 7u011tes have been shown to be able to reduce significantly
the decomposition temperature of plastics and to control the range of products generated.
Williams, P. T. Waste Treatment and Disposal, John Wiley and Sons, Ciichester, UK,
1998; Park, D. W, et al., Polym. Degrad. Stability 1999, 65, 193-198; Bagri, R., etal., J.
25 Anal Pyrolysis, 2002, 63, 29—41, However, the accessibility of the bulky molecules

produced during plastic degradation has been severely limited by the micropores of zeolites.

The catalytic degradation of polyethylene (PE) by commercially available zeolites
and their corresponding mesostructured zeolites was studied by thermal gravimetric analysis
(TGA). Figure 21 depicts the percentage of polyethylene (PE) weight lost vs. temperature

30 for the following 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,



30 In the MET, generally, the sanples were displayed in a fluidized-bed
stainless steel reactor. Reaction tenperature was 500C., the anount of
catalyst was 3.0 g, the catalyst/oil ratio was 2.0, the W-1SV was 30
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have been shown to be able to reduce Significantly deconposi tion
t enper atur ecoptenfiprasaobiss wridhet BPPEBIOPDFUCE Aeeds aﬁb‘éﬂﬁplﬁﬁf‘oﬁ‘ﬂ‘a‘é?@”gener at ed.
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Chi chester, Se% pon SﬁIS ) % 1 1@ P NC Ilit)gl\érlad Sl at]n [ily 1999,

Pol
65, 193- 1980ata5@6|hydrog§nat10@t agqutlc h)]dlofggmlbatwlp catpiyp%¢l§,\§q1t§1l hpic agdatiopg. 41 .

However, the,ech8ss] PitrttedinRht, [%JFI@&JOIDMJNKM%ITBQ'@@LN/I%@ of PleQi ?ﬁ&u@lwshﬂg plastic
degradatl on has been severely |limted by the m cropores of zeolites The

catal ytic orélgﬁ‘ﬁkra&qnbhm&fmﬁwwaﬁy|VéWéhf'(%DE} PBAyS %ﬁﬁ'ré%mwﬂ Iyavhsn balky e

zeolites) molecules are involved. van Bekkum, H., Flanigen, E. M., Jacobs, P. A, Jansen, J. C.
(editors), Introduction to Zeolite Science and Practice, 2nd edition. Studics in Surface
Science and Catalysis, Fol. 137, 2001; Corma, A., Chem. Rev., 1997, 97, 2373-2419; Davis,
M. E., Nature, 2002, 417, 813-821. Mesostructured zeolites present attractive benefits over

zeolites in such applications.

25 Organic dye and pollutant removal from water is of major environmental importance,
and represents the third major use of zeolites (accounting for 80 tons of zeolites per year).
Galo, J. de A. A, etal,, Chem. Rev, 2002, 102, 4093—4138. However, most of the organic
dyes are bulky, which make their removal slow or incomplete, requiring a huge excess of
zeolites in the process. Fully crystalline mesostructured zeolites offer significant advantage

30 over unmoditfied conventional zeolites in organic dye and pollutant removal with their larger

surface area and pore size.



and their correspondi ng nesostructured zeolites was studi ed by thernal
gravinetrie analysis (TGA). Figure 21 depicts the percentage of

pol yet hyl ene (PE) weight |ost vs. tenperature 30 for the follow ng m xtures
of catalysts in weight ratio to PE. The curves | abeled (A)-(G depicts
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H ZSM 5[ MSN%41]: PE 1:1, and (GO H ZSM5[ M3 M41]:PE 2:1, In all cases,
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97. 2373-2ioptiodavis, M E., Nature. 2002, 417, 813-821. Mesostruenured
zeolites present attractive benefits over =zeolites in such applications. 25

Organi ¢ dye and pol lutant renoval fEsmmeater is of nmaj or environnental
i nportance, and represents the third nmajor use of zeolites (accounting for

80 tons of SywssispsE-WMCNIY)0.79 gpfiz0litgH-\qeleplystABY-d10 JIA=10NEm Rev. 2002,
102, 4093- 4438 .in HOWE\ER 0. 3MRENHDH ENRiIALIARSEL 0.55 g of CTAB, for 20 minutes,

after which time the synthesis mixture was hydrothermally treated at [50°C for 10 hours,

The solid was filtered, washed, and finally ramped in nitrogen at 5°C/min until 550°C, and

then switched to air for 4 hours. Similar conditions were used to calcine all of the samples.

Alternatively, 1 g of H-Y (Zeolyst CBV-720 Si/Al=15) was stirred for in 30 mL of a 0.09 M

25 tetramethylammonium hydroxide (TMA-OH) solution. Then 0.5 g of
cetyltrimethylammonium bromide (CTAB) was added. After 30 minutes of stirring the
suspension was hydrothermally treated for 20 hours at 150°C. Structural parameters are

presented in Table 1.
Example 2

30  Synthesis of H-MOR[MCM-41] - 2.0 g 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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Example 4

Catalytic cracking of Cumene and 1,3,5-triisopropylbenzene - Catalytic tests were carried

out in a lab-scale packed-bed catalytic reactor connected to a gas chromatograph (Hewlett

Packard HP6890 Series) with a DB petrol (50 m x 0.2 mm x 0.5 microns) column. In all

cases, 50 mL/min of He were flowed through 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

reaction temperatures were 300°C.

and the

O g .



presented in Table 1. Exanple 2 30 Synthesis of H MORFMCM 411 - 2.0 g

of zeolite H MOR (cal ci ned Zeolyst CBV2IA Si/Al =10) was stirred in 50 nL of
0.27 MTMA-OT-1 solution. Afterwards, 1.0 g of CTAB WD 2006/ 038912

PCT/ US2005/ 014129 45 was added. After other 30 minutes of stirring the

synt hesi s sBIUAGH*UAs hydr ot her mal Iy ,Lreated at 150C f /DOl S
Structural paraneters are presented in *Tabl e 1. Exanpl e 3 Synthesis of

H ZSM 51 MCM 411 - 1.0 g of NH4-ZSM 5 (Zeol yst CBV3024E Si/ Al =15) was 5
stirred in 50 nL of 0.8 M HF sol utid@amgleS4 hours. This suspensi on was added

to a solutio cont% ning 0, 69 g, .of CTAB and stirred m nutes. The
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30%\] I 40H s@ttoutuzom anti nalvleye rahﬁ)ed/\ﬂ% tlhbyldésgyahertnallda}yyelt(watneﬂma{w@mc for 20
hours. Struc par anet ers resented in . The wall__ thickness
was deter m'ah %9‘ Wﬁzasé)t‘@r{ﬂ‘&“r et Ao P n- nR‘tSHleS aé? @e"b?"ds‘l]lgéﬁt“?eaétl ng the
di stance 10 between two pore center;é obt ained via X-ray diffraction)
and the pore si ze (determ ned by N B‘ﬂ?rptl on). Table 1. Structural

par anmet ers Cfr Lhe ruct ur eda ZFO|nI tes. sl (

t hi ckness ( eOLifEs gﬁleaﬁld${>|£$§nl) Vial |
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packed- bed cat onnec as chronmat o ett
Packard 1 - m618@61d8€n pasiced Y MOB-43ét T @:Iles(uﬁlﬁg materi@l. Vs m%cmlngedngalmons)

col um n.a re.flowed t
cat al ys{OI I'—mal7 d‘ﬁﬁﬁ‘@ﬂ?@gfﬁw’ gh%)“‘%%kg%)gffg%% " ﬂnp “‘gﬁ'e%l%mo?% 1ciumene at
room t enpertat sanmleawd dtidveat & @otvemizht. eﬁrpelly,ahlsl neinndscti@RDLEd nfeavstructured

1,3,5-trii SO&H% R'Xs a%rg%.dtztures v\gﬁﬁ(% %%It %‘?Wﬂ{\mson ca1salystzjl rZche(/:lfat 120" C and

the reacti’s enpe
filtering and washing thoroughly, the S'lmple was dried at 60°C overnight. All the products,

as well as the quartenary amine and the Wilkinson catalyst, were analyzed by FTIR to

15 confirm the presence of the differcnt species on the mesostructured zeolite even after
thorough washing (see Figure 22). Figure 22 depicts the FTIR spectra of a) H-Y[MCM-41],
b) NHs-Y[MCM-41}, ¢) NH(CH3),NMe;Cl, d) NHy(CHp)oNMes-Y[MCM-41], d)
Rh(PPh3);Cl, and ) Rh(PPh3)sNH»(CH;);NMe;-Y[MCM-41].

Exampte 7

20 Synthesis of Zeolitic NanoRods (ZNRs) — In a synthesis of nanostructured zeolites, 0.36 g of

NaOH are dissolved in 30 ml of water to produce a basic solution with a pH measuring 13.5.
Thereafterl g of H-Y (Zeolyst CBV 720) with an original Si/Al ratio of ~15 is added to the
basic solution. After a 12 hours of stirring at room temperature, the zeolite and base mixturc
had a pH measuring 11.5. Thereafter, 0.5 g of CTAB (cetyl-trimethyl ammonium bromide)
25  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, Na
adsorption at 77K, TGA and Elemental Analysis. In a similar synthesis procedure H-ZSM-
30 5[ZNR] was produced using H-Y (Zeolyst Si/Al ~ 80).



W 2 0 0 6/0 389 1 2 PCT/US2005/014129 46 Exanple 5 Pol yet hyl ene (PE)
degradation - An initial nmass of-10 ng of catalyst: PE sanples with ratios
1:2, 1:1, and 2:1 were ranped in a thernogravinetric anal yzer (Perkin El ner
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crystalline nesostructured zeolite with faujasite structure and MOM 41
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N[ 1401-1 soluti for 2 qr.der t oduce NHA- Y] 41]. The
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solution for 24 11. After filteri ng . and shing thoroughly, the sanple was
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di fferent species on sostructured zeolite even alter 't orough washi ng
(see Figure 22). Figure 22 depicts the FTIR spectra of a) H Y[NMCM 411, b)
NH4- Y[ MCM 41], c¢) NH2(CH2) 2NMe3C, d) N -h(CH2) 2NMe3- YLMCNI - 41], d)

Rh(PPh3) 3Cl, and e) Rh(PPh3)3NH2( CH2) 2NMe3- Y[ MCM 41] . Exanple 7 20 Synthesis
of Zeolitic NanoRods (ZNRs) - In a synthesis of nanostructured zeolites,
0.36 g of NaOH arc dissolved in 30 Inl of waterto produce a basic solution
with a pH nmeasuring 13.5. Thereafterl g of HY (Zeolyst CBV 720) with an
original Si/Al ratio of HI 5 is added to the basic solution. After a 12
hours of stirring at roomtenperature, the zeolite and base m xture had a
pH nmeasuring 11.5. Thereafter, 0.5 g of CfAB (ectyl-trinethyl ammoni um

brom de) 25 was added to the zeolite and base m xture to produce a cl oudy
suspensi on. The cloudy suspension was transferred into teflon-1Iined

stainl ess steel autoclaves and treated hydrothennally at 150C under

aut ogeneous pressure. The sanples were collected at different tines,
washed, dried and anal yzed by X-ray Difraetion, 1R Spectroscopy, TENT, N,
adsorption at 77K, TGA and El emental Analysis. Ina simlar synthesis
procedure |-1-ZSM 30 5[ ZNR] was produced using 11-Y (Zeolyst Si/A - 80). WO
2006/ 038912 PCT/ US2005/ 014129



47 I ncorporation by Reference All of the patents and publications cited
herein are hereby incorporated by reference. Equivalents Those skilled in
the art will recognize, or be able to ascertain using no nore than routine
experinentation, many equivalents to the specific enbodi mrents of the
i nvention described herein. Such equivalents are intended to be enconpassed
by the followng clains. 48 W claim,,l. A material conprising at |east one
nmesostructured zeolitic one-phase hybrid single crystal nmaterial having
| ong-range crystallinity and conprising a plurality of nesopores. 2. The
material ofe ¢digtm | , wherein the zeolitic material exhibits a sharp
nitrogen uptake at a partial pressure [P/PO,] higher than a partial pressure
i ndi cating mcroporosity. 3. The material of claim2, wherein the higher
partial pressure of the sharp nitrogen uptake of the zeolitic material is
bet ween about 02 and 0.6. 4. The material of claim3, wherein the higher
partial pressure is about 0.3. 5. The material of claiml, wherein the
zeolitic material has a faujasite (FAU), nordenite (MOR), or ZSM5 (IVFI)
structure. 6. The material of claiml, wherein the rnesopores conprise a
mean por €. di afrenaggriaf ¢Qmmrisml§@utea52 onomedostutctuBedaep litic. origipbasediybrid sibglof claim 1,
2’83{1?2 H;]e génl\‘/lsf% matté/r{a? 1avu lgggoFal%g ?’rﬁ\{‘%l"% \é@g .com PlJISInngﬁ é%rafltrytommeséjp%gessoIp:)(r)es
have a pore size di strlbutlon that is narrow. 9. The material of claiml ,
wher ei n the pThemitetiaf 06€lainhd, N@smpnheseOdjmnpaﬁeSS eahipitﬁraeshsipznétrogxthamek&aat
di stribution havréag% a raﬂgF ?f frt m abou (!I o about doubl e the
average por e® BTUY PESHIBLIAT ] MEGCr it nRa F’r|e§;§lure P %W?mp%sétryel n the
mesopor es define a nmesopore pore voI ume, a majority of the mesopore pore
vol ume havi ngTke rpatemlsleeindi?ammn ttle B'rghdrlpaltihlqmessa‘ﬂgéth@fshar[bnilmigabqnhtkeone
hal f to about Hﬁu B avlerglbq ooy t%lzza d(a|6ameter | I . The material of
claiml, wher®&H° t5e '%'é?oe[? g mafé1 2t sy faujasite. 49 12. The materi al
of claiml, wherein the zeolitic mat erl al has a mesoporous vol une

4. The material of claim 3, wherein the higher partial pressure is about 0.3.

5. The material of claim |, wherein the zeolitic material has a faujasite (FAU), mordenite

(MOR), or ZSM-5 (MFI) structure.

6. The material of claim 1, wherein the mesopores comprise a mean pore diameter from

about 2 to about 5 nm.

7.  The material of claim 1, wherein the plurality of mesopores have a wall thickness from

about 1 to about 5 nm.

8. The material of claim 1, wherein the plurality of mesopores have a pore size distribution

that is narrow.

9. The material of claim 1 | wherein the plurality of the mesopores comprise a pore size
diameter distribution having a range of from about one half to about double the average

pore size diameter.

10.  The material of claim |, wherein the mesopores define a mesopore pore volume, a
majority of the mesopore pore volume having a pore size diameter distribution range of

from about one half to about double the average pore size diameter.

1. The material of claim 1, wherein the zeolitic material is a faujasite.



adsorption of at |east about 0.05 cc/g. 13. The material of claim1, wherein
the zeolitic material has a nmesoporous volune adsorption of at |east about
0.1 cc/g. 14, The material ofclaim1, wherein the zeolitic material has a
mesopor ous vol une adsorption of at |east about 0.2 cc/g. 15. The materi al
ofclaimI| wherein the nesoporosity is arranged. 16. The material of claim15
wherein the arrangenent produces one orygore distinctive XRD peaks at two
theta val ues between 0 and 8 two theta angle degrees. 17. A materi al
conprising at |east one hybrid one-phase nmesostructured zeolitic single
crystal zeolitic material having |ong-range crystallinity conprising a
plurality2of Thesopebclaisubhwhiratn thtzeolitmigaterdm fes angsopaiors valtipe resul ts in

XRD peaks at S%Qmﬁﬁ?&%Iﬁﬁgkﬁom@QﬁQ@ s higher than 8. 18. The material of
claim 17 wherein'the zeolitic materical has a nesoporous vol unme adsorption

of at |east about 0.1 cc/g. 19. The material of claim17, wherein the
zeol i tic Ifat eFhanateal af ¢laij als MhereinAlie zepliee matesa ihad a BeseParions Ytumber ei n t he

zeolitic nate&k&%ﬁag§}§kggggag@qqﬁkyolune adsorption of at |east about 0.05
ccl/g. ‘ o ' '

14.  The material of claim 1, wherein the zeolitic material has a mesoporous volume
adsorption of at least about 0.2 cc/g.

15.  The material of claim 1 wherein the mesoporosity is arranged.

16.  The material of claim 15 wherein the arrangement produces one or more distinctive

XRD peaks at two theta values between 0 and 8 two theta angle degrees.

17. A material comprising at least one hybrid one-phase mesostructured zeolitic single
crystal zeolitic material having long-range crystallinity comprising a plurality of
mesopores, such that the long-range crystallinity results in XRD peaks at two theta angle

degrees higher than 8.

18.  The material of claim |7 wherein the zeolitic material has a mesoporous volume

adsorption of at [east about 0.1 cc/g.
9. The material of claim 17, wherein the zeolitic material is a faujasite.

20. The material of claim 17 wherein the zeolitic material has a mesoporous volume

adsorption of at least about 0.05 cc/g.



