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supercages (≈1.12  nm diameter). The 
introduction of zeolite Y has revolution-
ized the fluid catalytic cracking (FCC) and 
hydrocracking processes in oil refinery 
owing to its large pore openings and 
strong acidity.[3] In recent years, FAU-type 
zeolites also show interesting potential as 
efficient catalysts to convert biomass into 
fuels and chemicals.[4] However, zeolite Y 
has been well known with its physique of 
Al-rich framework, which brings a fatal 
drawback in hydrothermal stability toward 
its practical applications.[5] To alleviate this 
issue, repeated dealumination processes 
have been employed in order to achieve 
the high-silica counterparts.[6] These post-
treatment procedures are complicated 
and time/energy-consuming.[7] In addi-
tion, dealumination gradient is inevitable, 
which brings unfavorable outcomings for 
their catalytic applications.[8]

Although considerable progress has been achieved in com-
position and morphology control of zeolites over the past 
decades, it remains a symbolic challenge for the synthesis 
of high-silica zeolite Y. The value of 6–7 is the maximum 
framework SAR for zeolite Y synthesized from inorganic 
hydrogel.[9] The obstacle to improve the framework SAR of 
zeolite Y lies in the mismatch between the alkalinity require-
ment of nucleation/crystallization rate and high framework 
SAR.[10] High alkalinity gel system facilitates the nucleation 
and crystallization processes, but generally results in low 
framework SAR due to the increased solubility of silica in it. 
Lowering the gel alkalinity can help the formation of more 
siliceous polymeric intermediates and products, which, 
however, would cause incomplete crystallization because of 
increased energy barrier for nucleation and crystal growth.[11] 
The introduction of organic structure-directing agent (OSDA) 
with low charge density theoretically offers an effective way 
to improve the SAR,[12] and the crystallization kinetics may 
also be accelerated by virtue of enhanced host-guest interac-
tions in the presence of OSDAs.[13] Unfortunately, only few 
OSDAs have been discovered for FAU-type zeolite syntheses 
after extensive exploration for decades. The highest SAR ever 
reported for the direct synthesis of zeolite Y was limited to 
9 by employing 15-crown-5 ether as an OSDA.[14] Thus, to find 
effective synthesis strategy for high-silica zeolite Y is greatly 
desirable from the viewpoint of both fundamental research 
and industrial applications.

High-silica zeolite Y is a desired catalytic material for oil refining and the 
petrochemical industry. However, its direct synthesis remains a symbolic 
challenge in the field of zeolite synthesis, with a limited improvement of the 
framework SiO2/Al2O3 ratio (SAR) from ≈5 to 9 over the past 60 years. Here, 
the synthesis of highly siliceous zeolite Y with tunable SAR up to 15.6 through 
a cooperative strategy is reported, which involves the use of FAU nuclei, a 
bulky organic structure-directing agent (OSDA), and a gel system with low 
alkalinity (named NOA-co strategy). A series of quaternary alkylammonium 
ions is discovered as effective OSDAs based on the NOA-co strategy, and the 
relevant crystallization mechanism is elucidated. Moreover, the high-silica 
products are demonstrated to have greatly improved (hydro)thermal stability, 
high concentration of strong acid sites, and uniform acid distribution, which 
lead to superior catalytic performance in the cracking of bulky hydrocarbons. 
It is anticipated that this synthetic strategy will benefit the synthesis and 
development of zeolitic catalysts in a wide range of reaction processes.

Zeolites, crystalline aluminosilicates with well-defined micro-
porosities, play a fundamental role in the production of energy 
and chemicals.[1] The applications of zeolites have brought 
breakthrough innovations in the fields of heterogeneous catal-
ysis and adsorption separation.[2] Among them, zeolite Y is 
one of the most important zeolites, which belongs to the FAU 
family with 3D 12-membered ring (MR) channels and spherical 
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Herein, we report the facile synthesis of the most siliceous 
zeolite Y (named SY zeolite) with tunable SAR up to 15.6 by 
a novel cooperative strategy (Figure 1), in which FAU nuclei, 
bulky OSDA and gel system with low alkalinity work together 
and contribute to the crystallization of high-silica FAU frame-
work (named NOA-co strategy). The FAU nuclei, which provide 
highly active nanocrystallites for the synthesis, could help to 
overcome the difficulty in zeolite nucleation. The bulky OSDA 
together with the assistance of Na+ is in charge of the crystal 
growth of high-silica FAU structure under lower alkalinity. 
As the low charge density of bulky OSDA and the weak alka-
linity of gel system are not conducive to zeolite nucleation,[15] 
the presence of FAU nuclei in the NOA-co strategy is therefore 
necessary, which can reduce the requirement for nucleation 
ability of bulky OSDA and widen the selection scope of OSDAs. 
Notably, eight bulky OSDAs (quaternary alkylammonium ions) 
have been discovered by using the NOA-co strategy (Figure 1). 
Among them, tetrabutylammonium hydroxide (TBAOH) is the 
most powerful one with broad phase region for the formation 
of high-silica zeolite Y.

The synthesis conditions and product compositions of SY 
zeolites based on TBAOH system are presented in Table 1.  
The effect of reagent sources on the synthesis is displayed in 

Table  S1, Supporting Information. The synthetic procedures 
include the preparation of FAU nuclei solution and its subse-
quent addition to the low-alkalinity gel with TBAOH. The molar 
composition of the starting nuclei solution can be expressed 
as 1 SiO2: 0.1 Al2O3: 0.01 Na2O: 0.6 (TEA)2O: 18.3 H2O (hydro-
thermal aging condition: 50  °C for 12 h and then 100  °C for 
48 h). The advantages of the use of nuclei solution herein are 
twofold: 1) there is no need for product separation; and 2) it 
ensures the high dispersion (high activity) of FAU nanocrys-
tallites. As illustrated in Table  1, the crystallization could 
be successfully completed under much wider gel SAR at 
120  °C, and the total (OH)−/SiO2 ratios (including the con-
tribution of organic bases) are lower than those of inorganic 
hydrogel systems,[9b,16] demon strating the effectiveness of 
the NOA-co strategy. The product SAR shows a clear rising 
trend as the decreasing gel alkalinity or the increasing gel 
SAR. However, excessively low alkalinity would cause the for-
mation of Beta impurity and higher gel SAR (≥70) leads to 
ZSM-5. The SY zeolite with the highest SAR of 15.6 (sample 
SY15.6) is synthesized from an initial gel with molar com-
position of 1 SiO2: 1/x Al2O3: y Na2O: 0.10 (TBA)2O: 20 H2O 
(x = 60, y = 0.10) together with the addition of FAU nuclei solu-
tion (Table 1). Such a SAR value represents the highest record 
ever reported for the directly synthesized zeolite Y.

The XRD patterns of the SY samples are shown in Figure 2 
and Figure S1, Supporting Information, which exhibit the char-
acteristic diffraction peaks of FAU structure. An obvious shift 
of the peaks to high angle can be observed when comparing the 
XRD pattern of SY15.6 with NaYref (insert in Figure  2a), which 
consists with the decreased unit cell of the high-silica frame-
work. The SEM images (Figure S1, Supporting Information 
and Figure  2) reveal that the SY samples have the octahedral 
morphology in sizes of 100–250  nm. The textural properties 
of the samples are given in Table  S2, Supporting Informa-
tion. In comparison with commercial NaYref, the SY samples 
possess larger micropore surface areas, confirming their high 
crystallinity. Moreover, they also exhibit higher external surface 
areas, which are in accordance with their small crystal sizes and 
would benefit the catalytic applications due to the enhancement 
of mass transfer.[17]

Figure 1. The NOA-co strategy and novel OSDAs for the synthesis of 
high-silica zeolite Y.

Table 1. Syntheses and product properties of the high-silica SY zeolites.

Sample Time [day] xa) ya) SiO2/Al2O3
b) (OH)−/SiO2

b) Product

Phase SiO2/Al2O3
c) Na2O/Al2O3

c) (TBA+/TEA+)d)

SY10.2 3.5 20 0.12 18.3 0.51 FAU 10.2 (10.0) 0.58

SY11.2 4.5 20 0.10 18.3 0.47 FAU 11.2 (11.3) 0.56 1.3

SY11.6 5.5 20 0.09 18.3 0.45 FAU 11.6 0.54

SYBEA 6.0 20 0.08 18.3 0.44 FAU(BEA)

SY12.7 3.5 30 0.10 25.4 0.47 FAU 12.7 (12.9) 0.52 2.6

SY14.1 4.5 40 0.10 31.4 0.47 FAU 14.1 (14.3) 0.47 3.6

SY15.6 6.5 60 0.10 41.3 0.47 FAU 15.6 (15.7) 0.50 4.0

SYMFI 7.0 70 0.10 45.3 0.47 FAU(MFI)

a)Initial gel: 1SiO2: 1/xAl2O3: yNa2O: 0.10(TBA)2O: 20H2O; FAU nuclei solution: 1SiO2: 0.10Al2O3: 0.01Na2O: 0.6(TEA)2O: 18.3H2O (hydrothermal aging condition: 50 °C 
for 12 h and then 100 °C for 48 h). The addition of nuclei solution into the initial gel is 10 wt% (based on SiO2). The crystallization temperature for the final gel is 120 °C; 
b)SiO2/Al2O3 and (OH)−/SiO2 molar ratios in the final gel, which contain the contribution of the sources from the nuclei solution; c)Measured by XRF. The value in the 
bracket is calculated based on 29Si MAS NMR; d)Deduced from CHN elemental analysis.
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The 27Al and 29Si MAS NMR spectra of the as-made SY15.6 
are illustrated in Figure 2. The 27Al spectrum evidences the sole 
existence of tetrahedral-coordinated Al species in the frame-
work. Two strong resonances ascribed to Si(4Si) and Si(3Si, 
1Al) species dominate in the 29Si spectrum. Moreover, the 
slight asymmetry for the peak at −101 ppm suggests the exist-
ence of small amount of silanol species.[18] This assignment 
is confirmed by 1H/29Si CP MAS NMR spectra showing an 
obvious increase of the signal at −102 ppm and by FT-IR spec-
trum with the appearance of the peak at 3738 cm−1 attributed 
to isolated external silanols (Figure S2, Supporting Informa-
tion).[19] According to the deconvoluted 29Si spectrum (Table S3, 
Supporting Information), the framework SAR of SY15.6 is cal-
culated to be 15.7, which is in good agreement with the value 
derived from XRF. The weak broad peak at around −112 ppm 
in the difference spectrum of (d) suggests that there may exist 
tiny amount of amorphous silica. The 13C MAS NMR spectrum 
shown in Figure S2, Supporting Information demonstrates the 
coexistence of TBA+ and TEA+ in the as-made samples (TEA+ 
is from the nuclei solution). The molar ratio of TBA+ to TEA+ 
was estimated to be 4.0 for SY15.6 based on the CHN elemental 
analysis. Moreover, a rising trend of TBA+/TEA+ ratios for SY 
samples can be found from 1.3 to 4.0 with the increased frame-
work SAR from 10.2 to 15.7 (Table  1), implying that TBA+ is 
the predominant OSDA in forming the high-silica framework. 
According to the combined analyses of XRF, CHN elemental 
analysis and TG results, the unit cell compositions of SY sam-
ples are determined and shown in Table S4, Supporting Infor-
mation. We further tried to use Rietveld refinement to identify 
the locations of guest species occluded in the SOD cages and 

supercages of the as-made SY sample (Figure S3, Supporting 
Information). It reveals that each SOD cage is occupied by one 
Na+ ion. But the high symmetry of FAU framework and the 
diversity and flexibility of OSDAs result in complicated electron 
density clouds within the supercages, which disable the inter-
pretation of the locations of OSDAs.

To understand the formation and growth of SY zeolites, the 
FAU nuclei solution and the subsequent crystallization process 
were examined. As displayed in Figure 3, the initial solution 
was highly transparent, which evolved to a colloid suspension 
after hydrothermal aging. The XRD pattern (Figure  3c) of the 
solid extracted from the nuclei solution is much broad and 
weak, which presents the characteristic peaks of FAU-type zeo-
lite, implying the formation of nanosized Y crystals. HRTEM 
investigation (Figure  3d,e) reveals that the nanoparticles have 
clear lattice fringes and in sizes of 10–40 nm. The particle size 
distribution of the collected solid by DLS analysis (Figure 3b) is 
consistent with the HRTEM result, which, however, is clearly 
larger than that of the nuclei solution. Given the low yield of 
the collected solid, we speculate that more ultra-small nanocrys-
tallites may exist in the nuclei solution. This is well supported 
by the smooth crystallization of SY zeolite using the “solid-free” 
nuclei solution (prepared via high-speed centrifugation).

The crucial role of the FAU nuclei in the synthesis can be 
demonstrated by designed control experiments (Figure S4, 
Supporting Information): 1) with the addition of initial clear 
solution; 2) with the addition of solid NaYref crystals (only 
TBAOH as OSDA); 3) with the addition of nanocrystallites 
collected from FAU nuclei solution (only TBAOH as OSDA). 
Only amorphous product is obtained in (1), and very weak 

Figure 2. a) XRD patterns of the as-made SY15.6 and commercial NaYref (SAR = 5.6), b) SEM image, and c) 27Al and d) 29Si MAS NMR spectra of the 
as-made SY15.6.

Adv. Mater. 2020, 32, 2000272



© 2020 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim2000272 (4 of 7)

www.advmat.dewww.advancedsciencenews.com

XRD peaks are observed for the product of 2). However, well-
crystallized high-silica zeolite Y is achieved in 3), which evi-
dences the vital effect of the nanocrystallites in the nuclei 
solution and also confirms TBAOH rather than TEAOH indis-
pensible for the synthesis of SY zeolites. These results dem-
onstrate that the introduction of highly active FAU nuclei can 
effectively help circumvent the difficulty in nucleation, and 
provide more opportunities for the bulky TBAOH to play its 
role in directing the crystal growth.

The crystallization process was investigated based on the 
synthetic system of sample SY14.1. An induction period of about 
2 days can be observed before the fast growth of high-silica zeo-
lite Y (Figure S5a, Supporting Information). HRTEM images 
(Figure S5d, Supporting Information) reveal the existence of 
nanocrystals in the solids extracted at the induction period of 
crystallization. An interplanar spacing of 1.418 nm can be iden-
tified for the nanocrystals, which corresponds to the (111) lattice 
planes of the FAU framework and evidences the good stability 
of these nanocrystals. The amount of nanocrystallites increases 
as the crystallization proceeds, as revealed by HRTEM images 
and the incremental micropore area (Figure S5b, Supporting 
Information). After 3 days of heating, the characteristic octahe-
dral morphology of zeolite Y becomes apparent, and their sizes 
grow larger along with the gradual diminishing of amorphous 
materials (Figure S6, Supporting Information). The crystalliza-
tion is complete after about 4.5 days.

Table  S5, Supporting Information summarizes the solid 
yields and elemental compositions of the solid/liquid phases 
collected at different crystallization times. Both the solid yield 
and solid SAR show an obvious decrease at the initial stage 
(0.5 day) and then maintain at almost constant values until the 
end of the crystallization. N2 physisorption reveals the early 
solid products (Figure S5c, Supporting Information) have obvi-
ously enlarged pore sizes compared to the SiO2 source. Mean-
while, SEM-EDX analyses (Figure S7, Supporting Information) 
demonstrate the homogeneous elemental distribution of Si/Al/
Na in the solid particles of 0.5 day. It is thus speculated that fast 
reactions between mesoporous silica gel and Al source occur 
upon heating, and the SiO2 domains without the protection of 
Al dissolve into the solution.[10] TEA+ cations are detected in all 
solid samples. The contents of Na+ and TEA+ in the solids show 
little variation in the first 2.5 days. Afterward, their contents 
drop gradually together with the appearance of TBA+. The con-
tent of TBA+ in the solids increases until the end of the crys-
tallization, in parallel to the formation of crystallized products. 
Thus, the crystallization process of SY zeolites is speculated as 
follows (Figure 4): i) the rapid formation of meso/macroporous 
TEA+/Na+/aluminosilicate composites upon mixing/heating 
and the dissolution of SiO2 source having no/less interactions 
with Al species; ii) the growth/accumulation of FAU nuclei and 
the local solid–solid rearrangement on the surface of TEA+/Na+/
aluminosilicate particles (the latter involves the participation 

Figure 3. a) Photographs of the nuclei solution before and after hydrothermal aging, b) DLS analyses of the nuclei solution and the solid extracted 
from nuclei solution by high-speed centrifugation of 20 000 rpm, c) XRD pattern, and d,e) HRTEM images of the collected solid.
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of TBA+ from the liquid phase); iii) the migration and attach-
ment of these organized TBA+-containing hydrogels to the FAU 
nuclei, on which surface-induced nucleation works and contrib-
utes to the crystal growth.[20] This proposed mechanism is also 
supported by designed dry gel conversion (DGC) experiment, 
in which dry gel prepared from the 12 h hydrothermal gel (via 
filtration and dry) can be transferred to well-crystallized high-
silica zeolite Y with similar SAR to its hydrothermal counter-
part (the mother liquid separated was used as liquid phase for 
the DGC experiment).

Based on the NOA-co strategy, we also succeed in fur-
ther improving the SAR of zeolite Y with the known OSDAs 
such as TEAOH and 15-crown-5 (samples SY-TEAOH8.9 and 
SY-15-crown-510.2 in Figure S8 and Table S2, Supporting Infor-
mation).[14,21] This should be owing to the allowed lower gel 
alkalinity in the presence of highly active FAU nuclei. Given the 
structural similarity of TEAOH and TBAOH, it is speculated 
that other quaternary alkylammonium ions with similar struc-
tures may also be effective for the synthesis. We thus selected 
eight bulky OSDAs for the synthesis exploration. Fortunately, 
seven of them (Figure 1, 2–8) can readily deliver well-crystallized 
products with SAR of 8.6–13.1 (Figure S9, Supporting Informa-
tion). However, when using more bulky tetrapentylammonium 
hydroxide (TPeAOH) as an OSDA, the crystallization cannot 
be initiated even after 5 days. According to these results, we 
believe that more quaternary alkylammonium ions with struc-
tures as illustrated in Figure S10, Supporting Information 
have the possibility for the synthesis of high-silica zeolite Y by 
NOA-co strategy. Moreover, the above results suggest that the 
effectiveness of bulky OSDAs for the synthesis of SY should 
be closely related to their structures and charge densities. The 
OSDAs with relatively high charge densities (such as TPAOH 
and DEDBAOH, Figure S9, Supporting Information) lead to 
products with lower SAR due to their smaller size and thus 
higher OSDA number occluded in the FAU supercage (more 

Al atoms have to be incorporated into the framework to balance 
the OSDA cations). The highest SAR achieved on TBAOH is 
possibly a balance result between the charge density and crys-
tallization kinetics.

Additionally, the synthetic strategy is demonstrated to be 
effective for the improvement of SAR of other zeolites. For 
example, nanosized high-silica EMT zeolite (SAR = 11.4, named 
NOA-EMT11.4) has been synthesized by using its known OSDA 
18-crown-6 ether (Figure S11 and Table S2, Supporting Informa-
tion). The SAR of NOA-EMT11.4 is higher than the best record 
(SAR = 9.8) and the crystallization time is dramatically short-
ened from 40 to 5.5 days.[14] Given that EMT zeolite is a hexag-
onal polytype of the cubic FAU zeolite and has 3D 12-MR chan-
nels, NOA-EMT11.4 with nanosheets morphology, large external 
surface area (172 m2 g−1) and mesopore volume (0.27 cm3 g−1) 
is expected to be interesting catalyst for the conversion of 
hydrocarbons.

The thermal and hydrothermal stabilities of zeolites are 
important for their industrial applications.[5b,22] The thermal 
analysis curves displayed in Figure S12, Supporting Informa-
tion reveal that the structural collapse temperatures of the sam-
ples have an order of SY15.6 > SY10.2 > NaYref. The hydrothermal 
stability investigation was conducted based on the H-form sam-
ples. The textural properties of the samples before and after 
steam treatment are characterized and presented in Figure S12, 
Supporting Information. For H-SY samples, about 80% of their 
micropore volume was retained after 100% steam treatment at 
750 °C for 2 h, much higher than that of H-Yref (30%) treated 
under the same conditions. In particular, even after steam treat-
ment at 800 °C for 18 h, H-SY10.2, and H-SY15.6 can still preserve 
more than 60% of their micropore volume. These results high-
light the excellent thermal and hydrothermal stabilities of SY 
zeolites, which are owing to their increased framework SAR.

1,3,5-Triisopropylbenzene (TIPB) and n-dodecane were 
used as model feedstocks to probe the catalytic cracking 

Figure 4. Proposed formation mechanism of high-silica SY zeolite by the NOA-co strategy.
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performance of H-form SY zeolites (Figure 5). Herein, 
SY10.2 was selected as catalyst for the reaction (Figure S13, 
Supporting Information), and two high-quality ultrastable 
USYref with comparable SAR to SY10.2 as reference catalysts 
(Figure S14 and Table  S2, Supporting Information). USY-1ref 
and USY-2ref were prepared by typical dealumination methods 
from conventional zeolite Y by ammonium hexafluorosilicate 
(AHFS) and steam treatment, respectively. In the case of TIPB 
cracking, H-SY10.2 exhibits higher conversion and cracking 
depth (Table  S6, Supporting Information) than reference 
samples. As the kinetic diameter of TIPB molecule (0.95 nm) 
is larger than the pore opening of zeolite Y, the cracking of 
TIPB should occur on the external surface of the catalysts, 
suggesting a large number of acid sites located at the external 
surface of H-SY10.2. The n-dodecane conversion and the cor-
responding products distribution are displayed in Figure  5b. 
Under identical reaction conditions, the n-dodecane con-
version on H-SY10.2 is 94.1%, which is 4.9-fold and 11.9-fold 
higher than those over H-USY-1ref and H-USY-2ref respectively. 
Moreover, H-SY10.2 also displays higher cracking degree, which 
is consistent with the superior conversion on it.

The distinct catalytic performance of the catalysts suggests 
their difference in acid sites density and acid distribution. The 
NH3-TPD results (Figure  5c) demonstrate that H-SY10.2 pos-
sesses more strong acid sites than commercial H-USY samples. 
Besides, distinct Al distributions among the three samples 
have been revealed by XPS (Figure  5d). The surface SAR of 
SY10.2 is close to its bulk SAR, implying a homogeneous acid 
sites distribution in the crystals. Nevertheless, USY-1ref gives 
a much higher SARsurface (40.5) than its SARbulk (10.6). This is 

reasonable considering that dealumination by AHFS is a diffu-
sion-controlled process, which would cause Al gradient in the 
crystals and Si deposition on the outer shell of the crystals.[23] 
For USY-2ref, lower SARsurface (8.1) is found and there is a 
significant amount of extra framework Al species (EFAl) 
(Figure S14c, Supporting Information). Such features should 
result from the migration of EFAl species to the crystal sur-
face during steam treatment.[24] The surface Si or Al deposition 
observed for commercial USY samples not only reduces the 
concentration of acid sites on the external layer, but causes a 
decrease in the accessibility of internal acid sites. Therefore, the 
higher concentration of external acid sites and larger external 
surface area of H-SY10.2 provide more opportunity for the TIPB 
molecules to be cracked. Regarding the cracking of n-dodecane, 
the superior catalytic activity of H-SY10.2 should result from 
its abundant strong acid sites, uniform acid distribution, and 
small crystal size. These results clearly demonstrate the advan-
tages of high-silica SY zeolite in catalytic cracking, which is 
expected to be more prominent when processing increasingly 
heavy feedstocks.[3d]

In summary, the NOA-co strategy developed in this work 
opens up the way for the direct synthesis of high-silica zeolite 
Y. Eight bulky quaternary alkylammonium ions have been dis-
covered as effective OSDAs, among which TBAOH is the most 
powerful one with wide synthesis phase region and the highest 
SAR of 15.6. The structural features of OSDAs which have the 
possibility for the synthesis of SY zeolites have also been pro-
posed. The high SAR of SY zeolites endows them with excellent 
(hydro)thermal stability and superior catalytic cracking activi-
ties. Given that this strategy has been proven to be effective 

Figure 5. The catalytic cracking of hydrocarbons, acidity and product SAR on H-SY10.2 compared to commercial H-USY-1ref and H-USY-2ref. 
a) 1,3,5-triisopropylbenzene (TIPB) cracking versus time on stream. Reaction conditions: T = 160 °C, WHSVTIPB = 4.1 h−1; b) N-dodecane conversion 
and products distribution. Reaction conditions: T = 250 °C, WHSVn-dodecane = 50.0 h−1, TOS = 2 min; c) NH3-TPD; d) bulk and surface SAR of the sam-
ples determined by XRF and XPS, respectively.
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for the SAR improvement of EMT zeolite, it is expected that 
it can be extended to other types of low silica zeolites. More-
over, the high-silica SY zeolites offer exciting opportunities for 
fundamental study and industrial applications in adsorption, 
separations and catalysis involving bulky molecules, especially 
for the FCC and hydrocracking processes.

Supporting Information
Supporting Information is available from the Wiley Online Library or 
from the author.
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