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Outline

Introduction, background to 3D printing for chemical reactors
A Why do 3D printing of catalytic systems?

A Examples of studies on 3D printed reactors
ZEOCABDproject

A Approaches to designing ZEOGAT catalyst

A 3D printing approaches, DIW vs DLP

A Examples

Consulsions



3D Printing of monolithic catalyst
Introduction, background
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that allow for:

precise and uniforndistribution of active material over a high surface area

highly adaptable and weitontrolled design for optimal flow pathways

low pressure drop

Improved massand heattransfer

easy (insitu) regeneration and coseffective product removal

overall greatly improved productivity per cubic meter of reactor volume
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3D printed catalyst, adsorbents and reactor components at a glancé z=ocar-so

"

-———




~ Sample
Puralox powder as received
Calcined Ni impregnated alumina powder
3D printed (calcined) Ni-alumina structure
3D printed Ni-alumina structure after reaction
Ni-alumina pellets after reaction
Octolyst as-received powder
3D printed (calcined) Octolyst structure pm)
3D printed Octolyst structure after reaction
Alumina 1.0 mm spheres as received
Ni impreg. 1.0 mm spheres before reaction

Ni impreg. 1.0 mm spheres after reaction
-=-Equilibrium

_ SSA(mg)
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——3D printed Octolyst structure

——Octolyst pellets

—&—3D printed Ni-alumina structuré

—4— Ni-alumina pellets
—8—1mm beads
—a—3D-SS

—a—3D-Cu
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CQ conversion(%)

0.7

0.6

0.5

04

340

Al,0, crystallite size

Al,0, peak centre

Ni crystallit

Ni peak centre

400°C under methanation operating conditions

crystalline Ni species seem to be less homogeneously distribu
A Nispecies are less crystalline with smaller crystallite size
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ZE0CAT-3D

3D Printing of monolithic catalyst
in ZEOCAT-3D



Monolithic catalysts development by both DIW and DLP =

ZS0CAT-30D

: : Computercontrolled :

Printingmodel DIW (extrusion) vs DLP
30 min printing time 11 hours printing tipé VItO



3D-Printing of monolithic catalysts by DIW =

ZS0CAT-30D

DIW 3D MICRO-EXTRUSION

SIEVING/MILLING

PASTE PREPARATION

D10 [pum] 1,53 1,25
D50 [pm] 12,60 13,93
D90 [pm] 45,30 40,21

A Post printing treatment (calcination) prior to catalytic testing
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Z=0OCAT-3D

Plattorm moving vertically (Z-Axis)

Platform

Liquid Resin Tank

\

PDMS

UV Lighting

F

Mirror
Lens

Projector

Wau et al, 2016, DOI:10.1109/IROS.2016.7759338



https://doi.org/10.1109/IROS.2016.7759338

3D-Printing of monolithic catalysts by DLP Z_

Tuning printing parameters
0 Initial exposure time
0 Basic exposure time
0 Layer waiting time
O  Brightness
BN Moving speed Too high exposure times
0  Motor moving distance Insufficient exposure times causes causes 'bleeding' of
% structures to break during printing cured fibers
0 Temperature

Examples of successfully printed monoliths
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o To I» Do

3D-Printing of monolithic catalyst

DLP Printing of Mo-ZSM5 (TUe/HYBRID) + binders .
Calcination
Successfully printed several cylinders (diameter = ~3cm) w0
Slow calcination up to 700°C g™
Sufficient mechanical strength for transport/testing 3 e
Catalytic tests and BET measurements 100
TG 1% Time (hrs)
100 +— Iw::. =9,02-% / a
N . f 90 y
Before After
calcination calcination iy W
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