5 5 3R

ACTA CHIMICA SINICA DOI: 10.6023/A25050163

HAE T ZETEATINES T RE T EBEERHRR™
A b fREFES RHMES B TFE PR

(HEACEER)  ERUMEEEAKREE FH 266580)
(T ERFEGREAC A BB TUT  ARBRAEALS TR OO KIE 116023)

FE AU R F AR RAE TROR 2 A SRR, LA AT 2 A 2 e 5 B BURDRG 4557055 “JEDb
AT FEFER R 2 H T 2 TR S A ik, HAEREA DU T 3 — e PE I, B S22 o AR LA A A R 2
SO, SR, SEUGE AR EAT L2 R T U A e RO, T 2R 1 AR E A 2 T R RS R LS e T AR AR
TR AR BETT 5 SEPRTERE 2 1A A7 A 2 25 22 5. 0 T A — AR A L TC 18] A S5 A T e - 2 e 18] 45 K -1k 5 - 2
RER AR VB AR KRR L B B, ALrb A domif 1 T — R A — AL A AL T R AR R B = 2% k. B
SR AR AL TR, 70 W T AR AL 22 2 T AR Y S5 GRS AE K LA R 5 R D R I HEAL Dh R, B R 1
o —AEPE A TR B = AR ELAE FIALHD: (DBRYIRIERS S HOG BRIE R (R4, (2)FH B 1 A #e J < A2 ZHL e 18] Aoz 14
B RN BR MR s B B AR, (3) TRl ALIE VT BCIGE MEX T USR5, fm, B T 2 oA Bt IR
KI5 1A, SRR e R AL B 5 T SRR s 4L oA AR B ROR AL, IF AR ARRERE AR BE AU I AL
AR 1R 4R 5.

RegE b AR T AR, AT IR, 38

Studies on Structural Engineering and Intercomponent Interactions of
Zeolite—Based Industrial Multicomponent Catalysts™

Xu, Yipu®? Xu, Shutao** Wei, Yingxu” Yan, Zifeng** Liu, Zhongmin®
(¢ State Key Laboratory of Heavy Oil Processing, China University of Petroleum (East China), Qingdao 266580)

(> National Engineering Research Center of Lower-Carbon Catalysis Technology, Dalian Institute of Chemical Physics,
Chinese Academy of Sciences, Dalian 116023)

Abstract The ultimate goal of catalysis research is to enhance catalytic efficiency under industrial conditions. Industrial
catalysts are typically complex multicomponent systems, comprising zeolitic components integrated with non-zeolitic com-
ponents such as silica, alumina, amorphous aluminosilicate, clay, efc. Their catalytic performance is not only determined by
the intrinsic properties of each component, but also is strongly influenced by the nature and extent of intercomponent interac-
tions. However, most academic studies have focused primarily on tailoring zeolitic components, while the critical roles of
non-zeolitic components and their interactions with zeolitic components were overlooked. This oversight has contributed to a
persistent gap between laboratory research and practical industrial catalyst design. This review focuses on the structural inte-
gration and functional synergy between zeolitic and non-zeolitic components in industrial catalysts, with particular emphasis
on fluid catalytic cracking systems as a representative case. We discuss the hierarchical and cooperative behavior of multi-
component catalytic architectures and highlight three key types of zeolitic and non-zeolitic components interactions: (1) alu-
minum species migration and redistribution and its influence on Brensted and Lewis acidity; (2) cation exchange and proxim-
ity-induced modulation of acid sites between components; and (3) pore network matching and interconnectivity, which criti-
cally influence molecular diffusion and transport efficiency. By establishing correlations of structure-property-reactivity be-
tween the interface of zeolitic and non-zeolitic components, this review provides a conceptual framework to better understand
and control these complex systems. We further propose future directions for the rational design of integrated industrial cata-
lysts, emphasizing the use of advanced characterization techniques and computational simulations to unravel microscopic
interaction mechanisms. These insights are expected to guide the development of more efficient, energy-saving, and envi-
ronmentally benign catalytic materials for industrial applications.
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Figure 1 Current status of the refining and petrochemical industry: (a)
global energy outlook by OPEC, (b) refining capacity data (sourced from
the National Bureau of Statistics of China), and (c) typical integrated
refining and petrochemical process flow (sourced from UOP)
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Figure 2 Typical structural composition of fluid catalytic cracking
(FCC) catalysts!® (Copyright 2015 The Royal Society of Chemistry)
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Figure 3  Structure and composition of integrated catalysts for
low-carbon olefin-oriented catalytic cracking
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components in industrial catalystsi* (Copyright 2025, American
Chemical Society)
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Figure S Formation of new acid sites induced by intercomponent inter-
actions*>*l: (a, b) difference spectra before and after CO saturation on
zeolite and its extrudates®’! [(a) OH region (b) CO region] (Copyright
2020, with permission from Elsevier) and (c) *’Al-{*Si} J-HMQC NMR
spectra on extrudates!*?! (Copyright 2021, American Chemical Society)
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Ble —SHACREVEREEE RN AL IR IERFAE SIS (a) ZSM-5
WK SiOy(Z£E ) ALO(H AR A A T B A LA = 4E3E R
VG R EE, (b)E A M PAl NMR BP9k (c) NH;
W BB FT-IR Y6 HEFEAN R 2 4H e fi Ak 77 - (NaY-SiO,, NaY, SiO,P™)
Figure 6 Effect of silica as a binder on the acidity of catalysts®>>"": (a)
3D confocal fluorescence microscopy images of the ZSM-5-binder-bound
pellets combined with either SiO: (left) or AL:Os (right) as non-zeolitic
components®* (Copyright 2019, Bert M. Weckhuysen, Martijn Burgers,
Anton-Jan Bons, et al. Published by Wiley-VCH Verlag GmbH & Co.
KGaA), (b) Al solid state MAS NMR of multicomponent catalysts'>!
(Copyright 2018 Elsevier B. V. All right reserved), and (c) FT-IR of NH;
adsorbed on different multicomponent catalyst (NaY-SiO,, NaY, and
Si0,)B7 (Copyright 2015, American Chemical Society)
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Figure 7 Migration of metal cations between zeolitic and non-zeolitic components: (a) MTH lifetime over milled hierarchical ZSM-5 admixtures with
attapulgite, HCl-treated attapulgite, kaolin, and MgO-doped kaolin, [ (b) differences in average product selectivity compared with respect to the corre-
sponding physical mixtures,® (Copyright 2014, American Chemical Society) and (c) visualizing early stages of deactivation in zeolite-based shaped cata-
lyst bodies by confocal fluorescence microscopy (CFM) images!® (Copyright 2023 The Nikolaos Nikolopoulos, Luke A. Parker, Maurits W. Vuijk, Bert

M. Weckhuysen. Published by Elsevier Inc)
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Figure 8 Effect of metal particle deposition sites on the performance of composite catalysts: (a) n-heptane conversion against the reaction temperature,
and (b) yields of total C7 isomers and cracking products’? (Copyright 2019 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim) and (c) impact of na-
noscale intimacy on hydrocracking activity and selectivity!” (Copyright 2015, Springer Nature Limited)
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Figure 9 Effect of incorporating non-zeolitic components on the pore hierarchy of the overall catalyst: (a) pore hierarchy reorganization induced by
non-zeolitic components* (Copyright 2019, American Chemical Society), (b) construction of multiscale pores with well-matched pore sizes from
macropores to micropores enhances mass transport??! (Copyright 2022, Sun, Ming-Hui; Gao Shu-shu 2022. Published by Oxford University Press on be-
half of China Science Publishing) and (c) significant diffusion limitations arise from poor pore-size matching between components
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Figure 10 (a) Schematic illustration of pore interconnectivity alteration induced by orientation mismatch between zeolitic and non-zeolitic
componentst®$4 [Left panel shows aligned orientation between the micropores of the zeolitic component (blue) and the mesopores of the non-zeolitic
component (pink). Right panel shows a misaligned pore orientation between the zeolitic and non-zeolitic components], (b) frequency response (FR) tech-

nique for identifying zeolitic and non-zeolitic components interfacial resistance!®! (Copyright © 2014 Published by Elsevier B.V. All rights reserved), and
(c) surface mass transfer resistance caused by blocked pore openings on zeolite crystals'®*! (Copyright 2011 Aptara Inc. All rights reserved)
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Figure 11 Crucial roles of pore interconnectivity between zeolitic and non-zeolitic components in enhancing diffusion and catalytic efficiency?®*: (a)
Identification of multicomponent hierarchical pore network connectivity by HP '*Xe NMR, (b) relating pore interconnectivity to diffusion in multicom-
ponent model catalysts by time-resolved rapid-scan in situ FTIR technology, and (c) catalytic efficiency assessment of multicomponent model catalysts

(Copyright 2025, American Chemical Society)
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Figure 12 (a) Schematic of the effect of the spatial distribution between
zeolitic and non-zeolitic components on diffusion pathways!”>7¢% (The
left panel illustrates a loosely packed configuration of non-zeolitic com-
ponents, whereas the right panel shows more uniformly coated), (b) guest
molecules in nano-zeolite and the impact of surface covering with small
silica particles!’. (Copyright 2019, Zhou, Jian; Fan, Wei 2019. Published
by Oxford University Press on behalf of China Science Publishing) and
(c, d) surface barrier schemes for mass transport in zeolitic component!76%*!
(Copyright 2021, Shen Hu, Junru Liu, Guanghua Ye, ef al. Angewandte
Chemie International Edition published by Wiley VCH GmbH. Copyright
2011, American Chemical Society)
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