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Research Status and Prospects on Structure Design of Zeolites

YANG Zhiping, YUAN Haowen, ZHU Shenmin, L1 Yao, ZHANG Di
(School of Materials Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: Zeolites are widely used in catalysis, adsorption and separation, due to their regular pore structure and rich active sites.
However, the internal active sites of conventional bulk zeolites are hardly accessible, which lower the actual utilization rate of
zeolites. Therefore, designing new structures thus improving the efficiency of zeolites has attracted intense attention in recent
years. This article reviews the progress on zeolites with newly proposed structures and enhance efficiency, including extra-large
pore zeolites, nanocrystalline zeolites, layered zeolites and meso-microporous hierarchical zeolites. By designing new structures,
the performance of zeolites in conventional catalysis, adsorption, and separation can be improved. Meanwhile, new insights for
expanding the application of zeolites in heavy oil catalysis and supported single-atom catalysis are discussed.
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Fig. 1 Framework structure of the calcined ITQ-53: (a) D3R, D4R and the new [4°5*6*] CBU; (b) The 32T unit built from two
[4°5%6°] CBUs; (c-d) connectivity of the 32T units, with each 32T unit connected to other four 32T units via D4Rs to form a

14-ring layer in the ab plane; (e-f) 3D framework structure of ITQ-53 viewed along (e) [001] and (f) [110] directions
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Tab. 1 Extra-large pore zeolites with structures to be solved in recent years and the corresponding SDAs used for syntheses

Type code Material Channel system SDA Ref.
SFH $S7-53 ID 14R [1-(4-ﬂuorophenyl)cyc.lopentyhlmethyl] [15]
trimethyl ammonium cation
SFN $SZ-59 1D 14R 1[1-(4-chlorophenyl)cy_clopent.ylmethyl]l-methyl [15]
azocanium cation
UTL IM-12 2D 14*12R (6R,10S)-6,10-dimethyl-5azoniaspiro[4,5]decane cations [16]
UTL ITQ-15 2D 14*12R 1,3,3-tr1methy1-6-azomum-trlc.ycl()[3.2.1.46,6]d0decane [17]
hydroxide
ITT ITQ-33 3D 18*10*10R hexamethonium [18]
IRY 1TQ-40 3D 16*16*15R diphenyldialkylphosphonium derivatives [19]
IFT ITQ-53 3D 14*14*14R tritertbutylmethylphosphonium cation [14]
IFU 1TQ-54 3D 30*14*12R N,N-dicyclohexylisoindolinium cation [20]
CTH CIT-13 2D 14*10R monoquaternary and dlqugne}‘nary benzyl-imidazolium 21]
derivatives
2 3DOm( ) MFI 1301

Fig. 2 Schematic of formation of 3DOm-i zeolite confined in the pore space of 3DOm carbon

[30]
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[30]

Fig. 3 3DOm-i zeolite crystals. TEM images of 3DOm-i LTA (a), FAU (b), BEA (c) and LTL (d) grown within a 40 nm 3DOm

carbon template. Insets: electron diffraction patterns from the circled areas in the corresponding TEM images

[30]
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Fig. 4 Crystallization of MFI nanosheets. (a) Proposed structure model for the single MFI nanosheet. Surfactant molecules are
aligned along the straight channel of MFI framework. Two quaternary ammonium groups (indicated as a red sphere) are located at
the channel intersections; one is inside the framework and the other is at the pore mouth of the external surface; many MFI
nanosheets form either multilamellar stacking along the b-axis (b) or a random assembly of unilamellar structure (c) B3]
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Fig. 5 Schematic representation showing the influence of Al content on the desilication treatment of MFI zeolites in alkali solution
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[2]

Fig. 6 Schematic representation demonstrating the crystallization process of mesoporous zeolite using
organosilane surfactant as the mesopore structure-directing agent !
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Tab. 2 Pore architectures of the hierarchical zeolites obtained using different synthesis methods
. Pore volume  BET surface area
Framework Strate SDA Crystal size Ref.
& v (cm*/g) (m*/g)
Carbon nanoparticle:
BP2000 0.30 pm-1.20 um 1.010 - [45]
Hard. Carbon nanotube 0.25 pm-1.00 um - 360 [54]
templating Carbon acrogel 10.00 nm 0.200 395 [55]
3DOm carbon 0.20-0.30 um 0.520 487 [30]
PHAPTMS <10.00 nm 0.287 769 [56]
MFI TPHAC <10.00nm - - [48]
PEI 0.20 0.110 - 57
Soft Hm [57]
templatin i ;
p g Polyquaternary ammonium thickness 2.00 0.500 520 [33]
surfactants: Cyy.6.¢ nm
Polyquaternary ammonium thickness
surfactants:18-N3-18 1.70 nm 1.580 1190 [35]
Desilication - 0.5 um 0.150 415 [58]
FAU Dealumination - 0.20pm -0.30 pm - - [59]
Desilication - 0.40 pm 0.550 443 [60]
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