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Photocatalytic reactor configuration

(1) Reactors with suspended photocatalyst particles

(2) Reactors with photocatalyst immobilized onto continuous inert carrier

(1) Suspended-Slurry Photocatalytic Reactor (2) Immobilized Photocatalytic Reactor
Chan et al. (2003) Fu et al. (2006)
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Photocatalytic reactor configuration

(1) Reactors with suspended photocatalyst particles

(2) Reactors with photocatalyst immobilized onto continuous inert carrier

(1) Suspended-Slurry Photocatalytic Reactor (2) Immobilized Photocatalytic Reactor
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3D Printing Turns Reactor Geometry into a Design Variable

1
Irradiated catalyst surface area

per unit reactor volume
2

Light distribution inside the 

reactor

Photocatalytic reactor performance depends on two geometry-sensitive factors



7

Ph.D. Chien-Hua (Jeffery) Chen | Additive Manufacturing & Porous Materials Lab, National Taiwan University of Science and Technology, Taipei City, Taiwan14 August,2026

3D-Printed Immobilized Photocatalytic Monoliths

3D-printed immobilized photocatalyst monoliths can be classified into three categories 

according to how TiO₂ is incorporated into the supporting structure.
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3D-Printed Immobilized Photocatalytic Monoliths

(c) 3D-Printed TiO2 Composite Monolith

Need for higher resolution and faster fabrication → Vat Photopolymerization
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 Development History of 3DP

Charles W. Hull; 

born May 12, 1939

⚫ Forming principle of the StereoLithography Apparatus (SLA)

⚫ Apparatus for production of three-dimensional objects by 

stereolithography (1984, US4575330A, 3D Systems Inc.)

DLP 3D Printing
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 Development History of 3DP

⚫ Apparatus for production of three-dimensional objects by 

stereolithography (1984, US4575330A, 3D Systems Inc.)

Charles W. Hull; 

born May 12, 1939

⚫ Light source types (Point vs Area)

✓ Fastest ✓ Cheapest

300-500 USD

DLP 3D Printing

Texas Instruments unveiled 

DLP projection technology 
in 1992 

LCD-based projection technologies 

became mature in the 2010s 
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Mass Production via DLP 3D Printing

⚫VP-based Digital Light Processing (DLP)

⚫ Photopolymer resin 3D printing: the most breakthrough 

technologies and leading companies

Joseph M. DeSimone, Science (1979). 347 (2015) 1349–1352

Last publicly reported valuation: approximately US$2.4 billion (2019)
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Chen et al., ACS EST Water 2024, 4, 1883−1893

⚫ Printability of the TiO2 Slurry

Time (day)

Up to 50 wt%

3D-Printed Photocatalytic Reactors
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⚫Dye Photodegradation

2.5-fold

3D-Printed Photocatalytic Reactors

Chen et al., ACS EST Water 2024, 4, 1883−1893
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3D-Printed Photocatalytic Reactors

Chen et al., ACS EST Water 2024, 4, 1883−1893

中華民國發明第 I852762 號：

利用三維列印製作觸媒反應器

之製作方法。
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Kazunari Domen’s group in the University of Tokyo, Nature, 598, 14 (2021). 

3D-Printed Photocatalytic Reactors for H2 production 

Photocatalytic solar hydrogen production from water on a 100-m2 scale
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Planar structured

TPMS structured

10x

+ Platinum (Pt)

3D-Printed Photocatalytic Reactors for H2 production 
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Sample

BET 

Surface 

Area (m²/g)

Total Pore 

Volume 

(cm³/g)

Micropore 

Volume 

(cm³/g)

Mesopore 

Volume 

(cm³/g)

TiO₂ powder 

(P25)
50 ± 15 – – –

3DP TiO₂ 3.0386 0.0138 0.000304 0.0135

3DP TiO₂@NC 58.502 0.1675 0.007168 0.1603

3D-Printed Photocatalytic Reactors
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Carbonized 3D-Printed Photocatalytic Reactors
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1. Conventional MOF Reactor Fabrication (I): 

Particle-Packed Bed Configuration

2. Conventional MOF Reactor Fabrication (II): 

Heterogeneous Catalytic Reactor Configuration

NEW｜One-Stop Digital Manufacturing for 

Structured MOF Monoliths

3D-Printed MOF Monoliths for Photocatalysis

Conventional approaches typically rely on: 

Limitations in mass transfer and structural controllability!

Chen et al., A Method for Fabricating a Metal-Organic Framework (MOF) Adsorption-Catalysis Reactor and Its Uses, Taiwan Patent (Approved, 2026.08.04)
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Reactor bed size
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5 cm

2000 m2/m3

Bed size > 380 mm × 380 mm × 210 mm

Surface area > 5000 m2/m3

3D-Printed MOF Monoliths for Photocatalysis

Chen et al., A Method for Fabricating a Metal-Organic Framework (MOF) Adsorption-Catalysis Reactor and Its Uses, Taiwan Patent (Approved, 2026.08.04)
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Chen et al., ACS EST Water 2024, 4, 1883-1893 (IF: 4.8)

Summary

數位製造技術突破光觸媒反應器的

傳統構型，提升光催化效率。

可工業化的專利列印製程與配方。

製程彈性敏捷，可加速新穎觸媒從

開發到落地應用之進程。
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|   THANK YOU
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