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2 School of Mathematics and Physics, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Ceramic additive manufacturing technology, through high-precision structural design and multi-
material integrated molding, provides a new approach for the field of catalysis, ranging from carrier
customization to precise regulation of active sites. Catalyst carriers prepared based on ceramic additive
manufacturing technology feature higher mass transfer efficiency, freely formed geometric shapes, and
excellent thermal stability, demonstrating significant potential in reducing production costs and advancing
green energy Initiatives. This review systematically examines four principal additive manufacturing
technologies applied to ceramic catalyst carriers: direct ink writing, stereolithography, digital light
processing, and fused deposition modeling. The review summarizes four major kinds of ceramics applied as
catalyst carriers, and outlines the current research landscape of additive manufacturing in fabricating diverse
ceramic catalyst carriers, with a focused analysis on their applications in automotive exhaust purification,
denitrification processes, chemical synthesis, solid oxide fuel cells, and solar thermochemical cycle
reactions. Finally, the key challenges and future development directions of additively manufactured ceramic
catalyst supports are discussed. Future research should focus on the development of novel multifunctional
ceramic material systems, the synergistic design of high-precision and multiscale architectures, the coupled
regulation of active sites and mass transfer behavior, as well as green, low-energy fabrication and post-
processing strategies, to promote the large-scale application of additively manufactured ceramic catalyst
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supports in energy conversion and environmental catalysis.

Key words: ceramic additive manufacturing ; catalyst carrier; structure design
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Fig.1 Schematic diagram of DIW process(a)!?!!, storage modulus (G’) and loss modulus (G") as function of shear stress for different

ceramic inks studied (h)"*’, high magnification SEM micrograph showing the interconnection among channels inside the rectilinear

geometry(c)™, and gas velocity passing through the DIW printed catalyst with a rectilinear geometry (d) %
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BHMA R o KRR it 4R TR 0 RN AR A TR A AL T
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Fig.5 Catalyst carriers coated with catalysts(a)!", green parts(from left to right: U-lock, thread , and twist-lock) (b)"", schematic illustration of

fabrication procedure for 3D-Cu-SSZ-13@Si0O, monolithic catalysts(c)" !, schematic diagram and digital photograph of catalytic
testing(d)' ™, and NO conversion of 3D-Cu-SSZ-13 and 3D-Cu-SSZ-13@Si0,-50 at 300 °C with different WHSV ()™
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Fig.6 NH,-SCR process(a)'®*, 3D-printed closed-walls lattice (left) ,and 3D-printed and sintered closed-walls lattice in its

final configuration (right) (b)'®*!
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,and schematic diagram of printed Mn-Ce-Fe/A TP monolithic woodpile structure(c) '

VEREVE FEL AL ROR WL T A R 2R A = H R
5 29U =4k % fL3E E AL L2548 5
F12EVERE S TR R AL T RN Y AR B A
Y/ kRN RON o H RS R SLA DLP H AR



72

FHRLT A2

2026 4F 2 H

il 2 1 A 8 O 2 45 R W e A Ak R 84, TG DIW R &
DA e [ 75t B e HORE o 5 ) 3 A BB X T BRI 22
FLILMI 2545 . Zhang 45 FI H SLA il # EL A #h b &5
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Fig.7 The topological structured ALO; carrier printed by SLA (a)"*%, conversion of CH, and CO,(b)"% digital design of the catalyst

architectures and optical microscope micrographs of the catalyst architectures (¢)™”), BCC structure as printed (top view)(d)"",

optical microscope image of a calcined BCC structure (cross-sectional view ) (e)**), FCC structure, as printed (top view ) ()",

and optical microscope image of a calcined FCC structure (cross-sectional view ) (g) "]
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Fig.8 Current density-voltage-power characteristics of the 3D-printed anode-supported cell MS-3DC and 3DC at 700-800 °C with the supply of

humidified H,=0.4 L-min~" and air 1.2 L-min~", respectively(a)'**, procedure of forming multi-cylindrical objects and stacking layers(b)"**,

DLP-printed honeycomb structure(¢)', and a cross-sectional microstructure of honeycomb structure printed by DLP(d)"

95]
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Fig.9 Photograph of DIW-printed CeO, scaffolds(a)""",morphology comparison of CeQ, structures with different gradient channels the two pore
structures with different effective density gradients are presented in one image(b)"®!, steady-state temperature profiles across the sample during
the reduction step for the 10 structures (insert: volume-specific fuel yield (mL, CO generated per unit volume) during the oxidation step of the
CO,-splitting cycle) (¢)™*, 3D printed Au/TiO, monoliths, photographs of a post-impregnated (left) and a pre-impregnated (right) Au/TiO,
monoliths(d)", micro-CT 3D visualization of the internal section of an Au/ TiO, monolith(e) , SEM images of the Au/TiO, monoliths printed
with nozzle diameters of 580 pm(f),410 pm(g) ,and 200 pm(h)"'%, and effect of microfilament thickness on photocatalytic hydrogen production
using post-impregnated Au/TiO, monoliths calcined at 400 °C containing 4 layers and a mass fraction of 0.005% Au loading (X-axis corresponds
to the ratio between geometric exposed surface and monolith weight for each microfilament thickness,

Y-axis corresponds to the normalized activity on an Au mass basis ) (i)"1%!
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