Effectiveness of 3D-printed hybrid metal-zeolite monoliths
for the direct CO2-to-DME hydrogenation
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Introduction

Catalyst Design

CO2 conversion into bulk chemicals or
fuels is an attractive way to cut down
greenhouse emissions [1].
Particular attention has been paid on
the direct catalytic hydrogenation of
CO2 into dimethyl ether (DME), an
environmentally
friendly
fuel
compatible with use in conventional
diesel engines [2-3].
A bi-functional catalyst is necessary
for the process, containing metallic
and acid sites for MeOH formation and
MeOH dehydration into DME. In this
work, matrix-like Cu-ZnO-ZrO2/HZSM-5
catalysts prepared by 3D printing are
proposed
as
novel
systems
characterized by controllable and
precise architectures that are unable to be made through conventional processes [45].Factors affecting activity, selectivity and productivity of 3D catalysts in the direct
hydrogenation of CO2 to DME have been evaluated.

3D printing

A CuO-ZnO-ZrO2/HZSM-5 system, prepared
by gel-oxalate coprecipitation of metal
precursors in a solution containing the
zeolite in a dispersed phase, was taken as
representative for conventional hybrid
catalysts.

An ink paste based on the reference catalyst
formulation was extruded through a thin nozzle
and
deposited
layer-by-layer
(external
diameter, 13.0 mm; length, 50 mm; porosity
voidage, 30%). The 3D printed structures were
dried and then thermally treated for mechanical
strength.

Results
Morphology and Structure
Zeolite

The 3D printing (direct write) allows a reproducible geometric
arrangement upon extrusion of the active material through the
deposition nozzle, laying down the filaments into log-pile structures
with a 90° pattern.

The printing procedure favours a quite uniform distribution of mixed oxides on the zeolite framework, ensuring an
intimate surface contact among the phases and predicting minor restrictions in terms of transport phenomena during
reaction. The intensities of the diffraction peaks at low angles (<20°) and ascribed to HZSM-5 are diagnostic of a zeolite
structure well-preserved after printing and chemical interaction with metal precursors.

Catalytic Testing

The catalytic behaviour of the 3D catalysts in the direct CO2-to-DME
hydrogenation reaction (GHSV: 8,800 NL/gcat/h; CO2/H2/N2: 3/9/1 v/v) was
investigated at 30 bar and 200-260°C, in a tubular fixed bed reactor (i.d., 14
mm; l., 250 mm).

CZZ

Activity

On the whole, the catalytic data suggest the effectiveness of the printing technique in the synthesis of materials with
tailored features, allowing a good control and reproducibility of physico-chemical properties as well as a huge potential
for future commercial exploitation.

Conclusions
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• The development of hybrid catalysts allows a cost-efficient valorisation
of CO2 sources, so opening new pathways for producing DME. Key to
an effective CO2 recycling and utilization is the use of “green”
hydrogen.
• The 3D printing technique represents a very powerful tool to realize
multi-material components, characterized by tailored architectures and
formulations, tuneable properties and a repeatability at a major extent
than conventional materials.
• Physico-chemical measurements and catalytic data clearly
demonstrate how Carbon Capture and Utilization technologies (CCU)
can significantly benefit from the use of finessed 3D catalyst materials.

[1] G. Bonura, S. Todaro, L. Frusteri, I. Majchrzak-Kucęba, D. Wawrzyńczak, Z. Pászti, E. Tálas, A.
Tompos, L. Ferenc, H. Solt, C. Cannilla, F. Frusteri, Appl. Catal. B, 294 (2021).
[2] L. Frusteri, G. Bonura, C. Cannilla, S. Todaro, G. Giordano, M. Migliori, F. Frusteri. Pet. Chem. 60,
508–515 (2020).
[3] G. Bonura, C. Cannilla, L. Frusteri, E. Catizzone, S. Todaro, M. Migliori, G. Giordano, F. Frusteri, Catal.
Today, 345, 175-182 (2020).
[4] G. Bonura, C. Cannilla, L. Frusteri, F. Frusteri, Appl. Catal., A, 544, 21-29 (2017).
[5] F. Frusteri, M. Cordaro, C. Cannilla, G. Bonura, Appl. Catal., B, 162, 57-65 (2015).

Acknowledgements

