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Photocatalytic reactor configuration QTaAN. ...

(1) Reactors with suspended photocatalyst particles

(2) Reactors with photocatalyst immobilized onto continuous inert carrier
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(1) Suspended-Slurry Photocatalytic Reactor (2) Immobilized Photocatalytic Reactor

Fu etal. (2006) Chan et al. (2003)
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Photocatalytic reactor configuration

(1) Reactors with suspended photocatalyst particles

(2) Reactors with photocatalyst immobilized onto continuous inert carrier
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3D Printing Turns Reactor Geometry into a Design Variable @ TefHaN. .. 6

Photocatalytic reactor performance depends on two geometry-sensitive factors

Irradiated catalyst surface area 2 Light distribution inside the
per unit reactor volume reactor
Traditional reactor trade-off 3D-printed photocatalytic reactors
Geometry [ ) Engineered surface area
Slurry-type Immobilized layer engineered More illuminated active sites

for light and flow

. ° Tailored light paths

°® °® Reduced dark zones and shielding

° ° N /,'/
- b ,/ B @ Optimized flow channels
i NP Improved mixing and mass transfer
+ High catalyst surface + Easy catalyst recovery / O " p g
area £, p
- Separation and light - Limited area and mass /r .

attenuation transfer

Monolithic architecture
Easy recovery and modular scale-up

Conventional fabrication restricts reactor ( High geometric freedom enables simultaneous optimization of 1
geometry light, surface area, and transport.

Adapted from Pareek et al., Asia-Pac. J. Chem. Eng. 3, 171-201 (2008). DOI: 10.1002/apj.129 Geometry becomes a performance variable
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3D-Printed Immobilized Photocatalytic Monoliths QAN ..

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

according to how TiO, is incorporated into the supporting structure.

TiO, nanoparticles
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(a) Pure TiO, monolith (¢) TiO, composite monolith

(b) TiO,-Coated Support Monolith

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



3D-Printed Immobilized Photocatalytic Monoliths QTR
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® Development History of 3DP

® Apparatus for production of three-dimensional objects by
stereolithography (1984, US4575330A, 3D Systems Inc.)

® Forming principle of the StereoLithography Apparatus (SLA)
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Charles W. Hull: | Josiiss

born May 12, 1939
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® Development History of 3DP

® Apparatus for production of three-dimensional objects by ® Light source types (Point vs Area)
stereolithography (1984, US4575330A, 3D Systems Inc.)
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Charles W. Hull: | "5 v' Fastest v’ Cheapest
born May 12, 1939 Texas Instruments unveiled LCD-based projection technologies
DLP projection technology became mature in the 2010s

in 1992
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Mass Production via DLP 3D Printing @ Tean-...

® Photopolymer resin 3D printing: the most breakthrough
® VP-based Digital Light Processing (DLP) technologies and leading companies

Continuous Liquid Interface Production

vat photopolymerization, n—an additive manufacturing pro-
cess in which liquid photopolymer in a vat is selectively
cured by light-activated polymerization. 1 VS S————

i’

N
INTERI

Make Radically
Better Products

Design, Develop, and Produce on Carbon's Idea-to-Production Platform

The perfect fit: Carbon + adidas
collaborate to upend athletic
footwear

Last publicly reported valuation: approximately US$2.4 billion (2019)
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3D-Printed Photocatalytic Reactors
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High-Efficiency Photocatalytic Reactors Fabricated via Rapid DLP 3D
Printing: Enhanced Dye Photodegradation with Optimized TiO,
Loading and Structural Design

Published as part of ACS ES&T Water virtual special issue “3D Printing Technologies for Environmental and
Water Applications”.

Chien-Hua Chen,* Shi-Cheng Wang, Hua-Wei Chen, Ting-Yi Chou, and Chieh-Sheng Chang
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® Printability of the TiO, Slurry
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Figure 2. (a) Viscosity vs shear rate for slurries with different TiO, loadings; (b) shear stress vs shear rate for slurries with different TiO, loadings;
(c) dispersion stability analysis for the slurry R+50 wt % TiO, by backscattering; (d) working curves and broadening curves of the prepared slurries.

14 August,2026

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



3D-Printed Photocatalytic Reactors BAMPM (©) TAIWAN

NATIONAL TATWAN UNIVERSITY OF
ADDITIVE MANUFACTURING & SCIENCE AND TECHNOLOGY

POROUS MATERIALS LABORATORY

(a) Fischer-Koch S structure (F-type)

5 &

® Dye Photodegradation

5
(a) 1.04 -4~ Tio, photoreactor in "F-type structure” (b) 2
i -~ TiO, photoreactor in "D-type structure™ 1
\.‘ 4_ N
08 & 2.5-fold
(b) Diamond structure (D-type) - 06] o 31 » 5
O \ > Q’\o' ] w
ZeX o o + i
"!(!' . o p Ty A ke 0.4- EZ- 4“:«/
fe e A=34.7 cm? A x A . o8 ) X 1 kel
'l.:r ‘e \ - ] g
rLe : ’ 0.2- S - 14 >
: : ’(: N ¢ e - el | @ >, ~ 1 TiO, photoreactor in "D-type structure™
P4 "’ 0.0 e i 0L TiO, ph in "F-type
%o fo 0 120 240 360 480 600 0 120 240 360 480 600
Time (min) Time (min)
100 - -
= = — 2
(a) Light penetration assessment (c) 5 apb . Jofr- il (d) 7
B - 1.04{» v f 4 E
ront view | 1 1
- D-type I | | S E
= s ]: £ 8 i 5 |
) o | | | E 1
Thermal imager g O 0.6 . ; - [
a { , [ A | O
1 v 1 > 40
UV lamp ' A 4 4 (&)
0.4 i \ b }
F-type \ AR ‘ = |
. Reflector board 0.2 . ‘ 'v ¢ < 20+ |
M i Observation area ) : % ‘4 B \
23 N ‘ b |
: ﬂ | 00— —— :
. 3 L [ 0 600 1200 1800 2400 3000 3600 4200 W e ® o o o
--. . [ -' . by e N\ e o G
? ~.n UV lamp " L Thme: i) “&\1\"“ 6"\\\\’“\a o o 6‘\\\\‘6‘\\
Thermal imager D-type F-type
D-type (e) t=6 min Figure 6. (a) Plot of C/C, vs time for the photodegradation reactions; (b) corresponding linear fitted plot of In(C/C,) vs time for pseudo-first-
F-type ) order kinetics using the 3D-printed reactors with different TPMS structures; (c) recycling photodegradation experiment; and (d) photodegradation
study of the 3D-printed reactors toward various dyes.
Chen et al., ACS EST Water 2024, 4, 1883-1893

14 August,2026

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



3D-Printed Photocatalytic Reactors NAMPM (© TAIWAN
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3D-Printed Photocatalytic Reactors for H, production &
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Photocatalytic solar hydrogen production from water on a 100-m? scale

Gas (H,+0,)
outlet

25cm
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[]

r'___|—’ Oxyhydrogen

To:gas flow meter
bubbler
filtration apparatus

Overflow level
detector

From: city water service

Water purifying
cartridge

Feed pump ~ Water tank

Fig.1| The 100-m>water splitting photocatalyst panel reactor.

a, Aphotographicimage of apanel reactor unit (625 cm?). b, The structure of
the panel reactor unitviewed from the side. ¢, An overhead view of the 100-m?
solar hydrogen production system consisting of 1,600 panel reactor units and
ahuthousingagasseparation facility (indicated by the yellow box).

Kazunari Domen’s group in the University of Tokyo, Nature, 598, 14 (2021).

——e Product oxyhydrogen gas line
— e Reactant water line
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Fig.2|Electron microscopyimages of photocatalyst sheets. a, b, Top-view
secondary electron (a) and backscattered electron (b) images acquired by
scanning electron microscopy. c, A cross-sectional image acquired by
transmission electron microscopy. d, A cross-sectional backscattered electron
image acquired by scanning electron microscopy. These specimens were
fabricated by depositing the photocatalyst on frosted glass sheets usinga
program-controlled sprayer.
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3D-Printed Photocatalytic Reactors for H, production @ Tatsan.....
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3D-Printed Photocatalytic Reactors WAMPM (©O)TAIWAN
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Carbonized 3D-Printed Photocatalytic Reactors NAMPM Q) TAIWAN
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3D-Printed MOF Monoliths for Photocatalysis
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Conventional approaches typically rely on
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3¢ 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)
14 August,2026 .D. Chi
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3D-Printed MOF Monoliths for Photocatalysis BAMPM QTAMAN. ...
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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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