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Organofunctionalized Seeds Beta (PHAPTMS)

David P. Serrano,* Joséguado, Josévl. Escola, ;
JoseM. Rodriguez, and Agel Peral >
Department of Chemical and kEinonmental Technology, g
ESCET, Rey Juan Carlos Umrsity, €

28933 Mwtoles, Madrid, Spain = ZsM-5 Beta

'SM-5 (precursor) Beta (precursor)

Receied January 12, 2006 e e ZSM-5 (precursor)
Revised Manuscript Receed April 4, 2006 B N
5 10 15 20 25 30 35 40 45 50 10 15 20 25 30 35 40 45 50

Zeolites are microporous crystalline metallosilicates fea- 20(°) 20(°)
tured by exhibiting molecular sieve and shape selective Figure 1. XRD spectra of as-synthesized samples compared to those of
properties, which have found widespread applications in the precursor materials recovered after the precrystallization step.
catalytic, adsorption, and ion exchange procesge=lites
have usually been synthesized with crystal sizes in the
micrometer range and, therefore, with negligible external

Table 1. Physicochemical and Catalytic Properties of the Samples

PP
Ser Swc? Sexr? Vmic?  CW

surface area. These properties impose severe limitations for sample SiAl (mZlg) (mPlg) (mg) (cnlg) (%)
their use in the conversion of bulky compo_ur’?dA.huge ZSM5 40 459 365 04 0157 273
interest has emerged recently for the synthesis of new zeolitic zSM-5 (PHAPTMS) 45 586 272 314  0.117 100
materials with enhanced accessibility: nanozeofitegyrid beta 36 590 568 22 0258 38

" . : beta (PHAPTMS 47 769 649 120 0287 197
zeolitic-ordered mesoporous materidfsgelaminated zeo- ( )

lites® and zeolites with a secondary porosity prepared by (320[?%9?&”%";23;;’;@'23 t\;‘/‘;s’)"’t method.® PP cracking conversion
steaming), by desilicatiorf or according to the confined space Y ’ '

synthesig:1° The term hierarchical zeolites has been applied o synthesis of both ZSM-5 and beta zeolites, using

for designating zeolites containing a bimodal porosity and phenylaminopropyttrimethoxysilane (PHAPTMS) as the
showing reduced steric and diffusional restrictiéhs. silylating agent.

forlntrt]ge sﬂ{r?%igtiswg;kiq?e rg?gﬁ:czrfggh’tg:sw?;egnd;:’r']%gzd As illustrated in Figure 1, the samples obtained after the
. . o . final hydrothermal treatment are highly crystalline. For the

Eurfage area, porz_sny, a;]nd catalyrt:c afctlwt){.. The metlhodbls materials prepared with the silylating treatment, the peaks

ased on perturbing t.? growth o z€o ite crystas Y are less intense compared to those of the conventional

S|Ian|zat|9n of the Zeo"t'(.: seeds fo hmder their further zeolites, suggesting that the former present smaller crystalline
aggregation (see Supporting Information for experimental domains. All zeolite samples possess significant Al amounts

die t\;’:uls r:) fvthi sy:threse?). dOrngi\n;ct;funé:ctili(;nillzfedr m(r)llecilu Isr Table 1), although the crystallization from silylated seeds
sieves have been prepared eariier by addition ot organosian€s , \ceq 5 slight reduction in the Al content.

to the raw gel, which caused their incorporation within the . _ . :
The effective incorporation of the organosilanes into the

zeolite micropore$? However, in the method here outlined . : ; X
the silylating agent is added once the first zeolite entities zeolites occurs with proportions close to that of the synthesis
gel, being checked by a number of techniques (CHN,

are formed. This strategy has been successfully applied to
9y y app thermogravimetric analysis (TGAYSi magic-angle spinning

* To whom correspondence should be addressed. Fag4) 91 4887068. (MAS) NMR)' N('.') sigpificant changes are observed in .the
(1) Corma, A.J. Catal 2003 216, 298-312. content of the silylating agent before and after the final
(2) Corma, A.; Navarro, M. TStud. Surf. Sci. CataR002 142, 487~ hydrothermal treatment or along the synthesis time, showing

501. - L .
(3) Tosheva, L.; Valtchev, V. RChem. Mater2005 17, 2494-2513 and the stability of its links to the zeolite seeds. Both the structure
@ ﬁzeﬁf"cgf];ﬂgfew-' Pinnavaia, T. 1 Am. Chem. S0200Q 122, directing ag_ent (SDA) and organosilane are removed during
8791-8792. T ' the calcination treatment, which causes the space occupied
(5) Han, Y.; Wu, S.; Sun, Y.; Li, D.; Xiao, F. S.; Liu, J.; Zhang, ®hem. by these molecules to become accessible for adsorption and
©) '\ég:fnrf%o.z,:lo‘:'hilc“fééfgher S. B.: Maesen, Th. L. M.: Buglass catalysis. The weight loss associated with the silylating agent
J. G.Nature 1998 396, 353-356. ' ’ occurs at lower temperature than in the case of the SDA,
Y] ‘2’883'32;"?2)5-?23";2251%”' A.H. Bitter, J. H.; de Jong, C&al. Re. suggesting that the former is located mainly on the external
(8) Groen, J. C.; Peffer, L. A. A.; Moulijn, J. A.; Pez-Raniez, J. surface of SDA-containing particles.
Microporous Mesoporous Mate2004 69, 29—34. i - i itti
(9) Jacobsen, C. J. H.; Madsen, C.; Houzvicka, J.; Schmidt, |.; Carlsson, Flg.ure .2 Shows that the Z.SM S sample obtained (?mlttlng
A. J. Am. Chem. So@000 122, 7116-7117. the silanization treatment is formed by 460 nm _S|zed
8(1); Eang, Z; XII\FA:\AY.; Molgir)]/a, RAIdu- 358%4223?4551;3 (S%B 227—732- nanocrystals. However, the ZSM-5 sample crystallized from
artmann, ngew. em., Int. 2 . . . . .
(12) Tsuiji, K.; Jones, C. W.; Davis, M. Blicroporous Mesoporous Mater. S"a_”'zed seeds consists of pamdes of about—34_101) nm, .
1999 29, 339-349. which are formed by aggregates of ultrasmall primary units
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Figure 2. TEM micrographs of the ZSM-5 samples. T L A, .t N o
4 A—a A0———ao
. . . 0,00
with sizes even below 10 nm. The crystalline nature of the 2 o 4 , 6 . 8( )10 2 2 o 4 ; 6 o 8( ;0 12
'ore diameter (nm 'ore diameter (nm

latter is clearly demonstrated by the lattice fringes observed
in the transmission electron microscopy (TEM) images

. . . "~ isotherms and (B) pore size distributions.
despite their extremely small size. These nanocrystals exhibit

sizes close to that of the nanoparticles elsewhere detecte(pressgres.bglow 0.2, shoyvlng the presence OT a secondary
in the precursor solutiot. The material so obtained must porosity within the supermicropore region (maximum at 1.6

be considered as being polycrystalline rather than consisting?m)' The dat? n ;I"ablel' L |Sd|ca;e that thet mar:erlals doé)g'_ned d
in mesoporous single crystals. However, it is interesting to rom orgljano; unctiona lzeThsee iprgsée_rn enf ance faﬂ
note that adjacent nanocrystals exhibit the same crystalline?g&rga rS;raarZil ?rroena:séil Ializ’dtsse ds (5Zlé;g;ﬁ§ :;?:2 (f the
orientations, which suggests that they present a significantt. I E r?f MEI I'ty hile its ext | surf P
degree of intergrowth. This fact has been also observed in ionailly igh for zeolites, whie IS external surtace area

0,
the crystallization of other nanozeolit¥sand it may explain ;C:?)Z?z;szg)glir:(]aort(ra\éhs&:eneggi/loagrztzﬁo?\\f;i::glas%ea?wr?:(;rizrse
the relatively well-defined X-ray patterns corresponding to '

these samples. In a previous wofkwe have shown that in the micropore volume, which confirms the presence of a

o secondary microporosity.
ZSM-5 consisting of nanocrystal aggregates can be also . . : .
obtained when carrying out the synthesis at low temperature The effect of the drastic changes induced in the zeolite

and atmospheric pressure. However, under these condition%rc;]pi?lishby tg € snees sllla:llz;tlo?ntretitmernt ?(?nthelfr ca;[al{uc
very low synthesis yields are obtained (around 20% in enavior nas been evaluated using the cracking ot polypro

regards to the raw silica), which is in contrast with the yields Egl\e,ge (szz)siftii\sleat;e\?;rzz:iigg(s)?n(:r-]ibzlee}olli)t’e V;T('tg:n'; I;E(I;\ggeto
over 90% corresponding to the crystallization at high ry '

temperature from silanized seeds. For both zeolites, the.sample prepa_red from silylated seeds

According to the TEM images (see Supporting Informa- leads to a PP conversion very superior to that of the standard
tion), the beta sample obtained omitting the silanization one. These results show the significant effect of the presence
treatment is formed by particles with sizes around-4600 of high external surface area and secondary porosity in the

nm. Inspection of these micrographs with high magnifications zeolltgs optamed_from silylated seeds, which lower the steric
: : and diffusional hindrances.

reveals the polycrystalline nature of these particles, as they The protozeolitic nature of the precursor materials obtained

seem to be formed by a tight packing of grains. In the beta . € protozeolitic nature ot the precursor materiais obtaine

exhibit a lower defined shape, while the grains are more ' Y d (

- Supporting Information). X-ray diffraction (XRD) spectra
clearly visible. (Figure 1) indicate that they are X-ray amorphous, although
As shown in Figure 3, the materials prepared from silylated th(legruFo r'(;r trlansform 'nfra)r/e d (FTIR)ys ectrz rgsént a clljgar
seeds exhibit significant higher,Mdsorption compared to Ir -ourl ! b P

. o S shoulder in the region of the zeolitic framework vibrations
the samples obtained omitting the silanization treatment. For 1A
the ZSM-5 zeolite, this enhanced adsorption is originated (500600 crm ). Likewise, CHN and TGA measurements

how that they contain significant amounts of the zeolite
by the presence of mesopores between the nanocrystal o )
(maximum at 4.5 nm). However, for the beta zeolite the Iozgsé;rrlluos(') ;I'((:S A(;)r];g;?neatzeSdM;Sopr)r:efgtr;cgr%g:Zﬁn?ovxi:g?t
increase in the bladsorption occurs mainly at relative (TPAY) cations strongly retained in the solid, whereas its

(13) Kragten, D. D.: Fedeyko, J. M. Sawant, K. R.: Rimer, J. D.: Vlachos, N, .adsorpnonfrdesorptlon isotherm is typ_|cal of microporous
D. G.; Lobo, R. F.; Tsapatsis, M. Phys. Chem. B003 107, 10006~ solids, showing that a part of the TPA&ations are occluded
10016. : within micropores.

(14) Tsapatsis, M.; Lovallo, M.; Okubo, T.; Davis, M. E.; Sadakata, M.
Chem. Mater1995 7, 1734-1741.

(15) Aguado, J.; Serrano, D. P.; Escola, J. M.; Rpaez, J. MMicroporous (16) Aguado, J.; Sotelo, J. L.; Serrano, D. P.; Calles, J. A,; Escola, J. M.
Mesoporous Mater2004 75, 41—49. Energy Fuelsl997 11, 1225-1231.

Figure 3. N, adsorption-desorption at 77 K of the calcined samples: (A)
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As a summary, the following mechanism is proposed for properties. This new strategy can be considered as a general
the synthesis of hierarchical zeolites from silanized seeds: method, as it has been successfully applied to the crystal-
(i) Formation of the zeolite nuclei occurs during the lization of different structures. Moreover, the availability of
precrystallization step. These nuclei must be considered asa large variety of silylating agents, varying in size and
pseudocrystalline entities, because they present propertiechemical nature, provides great opportunities for altering and
intermediate between those of amorphous aluminosilicatestailoring the zeolite properties.

and those of zeolites.

(i) Anchoring of the silylating agent on the external ~ Acknowledgment. We want to thank “Ministerio de Edu-
surface of the zeolite nuclei takes place during the silanization cacian y Ciencia” (Spain, Project No. REN2002-03530) for its
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(iif) Hydrothermal crystallization of the functionalized
seeds occurs, which leads to materials with macroscopic Supporting Information Available: Details of the zeolite
crystalline features and hierarchical porosity, because thesynthesis and characterization techniqdési, MAS NMR spectra
presence of the silylating agent hinders the aggregation andof the hierarchical zeolites, TEM images of the beta samples, and
densification of the nanounits. FTIR spectra and TGA of ZSM-5 samples (PDF). This material is

In conclusion, a novel synthesis method has been devel-free of charge via the Internet at http://pubs.acs.org.
oped for the preparation of hierarchical zeolites with unique CM060080R



