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Scope of project

The conversion of CO2 to fuels can be carried out via various processes, depending on the type of 
catalysts: homogeneous, heterogeneous and electro-catalysts, including photo and electrocatalysts. 
Each type displays its own advantages and disadvantages, but they all require major improvement 
towards a possible industrial use. In addition, there is a need of accurate data to improve all catalytic 
systems. Our laboratory has developed expertise in the synthesis of supported single-site catalysts, 
immobilized homogeneous catalysts and supported nanoparticles. Our goal here is the development 
of heterogeneous catalysts for the conversion of CO2 using immobilized homogenous hydrogenation 
catalysts, supported Cu nanoparticles for the catalytic hydrogenation and electro-reduction of CO2 
into hydrocarbons, and supported Ni particles for dry reforming (CO2 to syngas). Our ultimate aim is 
a predictive approach towards the design of functional materials with the conversion of CO2 to fuels 
and to provide data to compare all systems. 

To this end, we have worked on four topics within a collaborative network:
1.) the immobilization of homogeneous catalysts for the CO2 hydrogenation to improve their stability 

and recyclability (Project A), 
2.) the understanding of Cu-based CO2 hydrogenation to develop in a more rational way CO2 to 

methanol hydrogenation catalysts (Project B), 
3.) the synthesis of carbon supported Cu nanoparticles and alternative oxide-based support to im-

prove electrocatalyst stability (Project C),
4.) the development of robust methanation and dry reforming catalysts (Project D).

Status	of	project	and	main	scientific	results	of	workgroups	

Project A: Immobilized 
homogeneous hydro-
genation catalysts 

Several homogeneous cata-
lysts display unprecedented 
performance for the hydroge-
nation of CO2 to formate de-
rivatives, but suffer from the 
difficulty	to	separate	the	cata-
lysts from the products. Here 
our effort has been directed 
at developing the correspond-
ing immobilized equivalent 
towards the development of a 
continuous process. 

This	 year,	 we	 have	 confirmed	
the high activity of homoge-
neous Ru and Ir-based mo-
lecular catalysts and identi-
fied	 the	 optimal	 linker(s)	 and	
ligands. Novel hybrid materials 
have been obtained, and the 
associated immobilized cata-
lysts towards hydrogenation of 
CO2 to formic acid derivatives 
are underway. The synthesis of 

such materials involved many 
synthetic steps, and an impor-
tant parameter to evaluate this 
technology will be the poten-
tial scale up of the synthesis of 
such materials.

People involved:   
I. Thiel (SCCER/DAAD), H.K. Lo 
(SNF), A. Fedo rov (ETHZ)  
Collaborations:   
P. von Rohr (ETHZ, High-Pres-
sure) and exchange of best 
practices and materials with 
EPFL (P. Dyson)

Project B: Hydroge-
nation of CO2 with 
supported Cu nano-
particles 

Supported Cu nanoparticles 
have been promising CO2 hy-
drogenation catalysts, but 
they suffer from the lack of se-
lectivity through the competi-
tive conversion of CO2 into CO, 
in place of methanol. 

This year, we have shown the 
key role of the support to-
wards the selective formation 
of methanol, and developed 
highly active, selective and 
stable hydrogenation cata-
lysts based on Cu / ZrOx / SiO2 
(selectivity = 94 % at 5 % con-
version; productivity = 2.3 g 
CH3OH / gCu / h by comparison 
with the industrial catalysts 
Cu / ZnO / Al2O3, which are as-
sociated with a low methanol 
selectivity (selectivity = 8 %) 
and productivity (0.05 g 
CH3OH / gCu / h) under the same 
reaction conditions. In parti-
cular, we have demonstrated 
the key role of zirconia inter-
face in close vicinity to Cu for 
the selective production of 
methanol. We are currently 
investigating the exact role of 
ZrOx by combining experiment 
and computation, and we use 
the aforementioned informa-
tion to further improve the 
catalysts. 
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People involved:   
M. Schwarzwälder (SCCER), 
S. Tada (SCCER/JSPS), K. Lar-
mier (ETH), A. Comas-Vives  
(ETHZ–SNF Ambizzione), M. Si-
laghi (SCCER).  
Collaborations:   
A. Urukawa (ICIQ, Spain) and 
C. Mueller (ETHZ, D.MATV). 

Project C: Electro- 
reduction of CO2 to 
fuels

The electro-reduction of CO2 to 
fuels faces several challenges, 
such as the selective transfor-
mation of CO2 to one or a se-
lected number of fuels and the 
stability of the supports for the 
complementary oxygen reduc-
tion reaction (ORR) and oxy-
gen evolution reaction (OER). 

We have thus been developing 
methodology to prepare small 
Cu nanoparticles on carbon 
and stable oxide catalysts to 
replace carbon for electrocata-
lysts. For Cu nanoparticles, ro-
bust preparation methods were 
developed to obtain Cu colloids 
with various sizes and capping 
agents. In parallel, precipita-
tion deposition methods were 
shown	to	be	difficult	to	control	
Cu particles size on carbon. 
Current research efforts aim 
at controlling the formation of 
small and narrowly dispersed 
carbon supported Cu nanopar-
ticles through the functional-
ization of carbon supports to 
control the dispersion. 

In parallel, we plan to inves-
tigate by computational ap-
proach the key parameters 
for selective electrocatalytic 
reduction of CO2 to fuels; this 
study will focus on the ef-
fect of the morphology of the 
nanoparticles and on dopants. 
In parallel, we have developed 
robust methods to prepare 
conductive oxide nanoparti-
cles for ORR and OER. These 
approaches allowed the for-
mation of highly conductive, 
stable and high surface area 
supports. The current work fo-
cuses on the development of 
the deposition of Pt metals on 
these supports.

People involved:   
E. Oakton (CCEM/SCCER), 
D. Lebedev (Swiss Electric Re-
search), H.J. Liu  (CCEM).   
Collaborations:   
T.J. Schmidt (PSI) and C. Muel-
ler (ETHZ – D-MATV). 

Project D: Dry reform-
ing and methanation 
catalysts 

Another important research 
theme devoted to the conver-
sion of CO2 to fuels is the re-
forming of CO2 and the related 
Water Gas Shift and Methana-
tion reactions. 

These processes require stable 
supported Ni-based catalysts, 
which typically suffer from sin-
tering and coke formation. In 
the past year, we have devel-

oped highly stable Al2O3 and 
MgAl2O4-supported Ni cata-
lysts, prepared via a molecu-
lar approach. This approach 
has allowed the formation of 
small and narrowly distributed 
Ni particles, which display high 
reforming stability. Detailed 
mechanistic studies in com-
bination with computational 
chemistry have shown that the 
interface is essential for the 
activation of CO2. In addition, 
it has been shown that the 
addition of Fe to Ni improved 
significantly	 the	 stability	 of	
8 nm Ni nanoparticles, while it 
has little effect on very small 
(2 nm) nanoparticles. Detailed 
operando XAS study in com-
bination with complementary 
methods revealed that the role 
of Fe, present as FeOx, is to 
remove coke from Ni. Further 
work	in	this	field	is	directed	at	
understanding further the role 
of each component in the cata-
lysts composition.

People involved:   
T. Margossian (ETH), A. Comas-
Vives (ETHZ–SNF Ambizzione), 
M. Silaghi (SCCER).  

Collaborations:   
C. Mueller (ETHZ, D.MATV) and 
F. Ribeiro (Purdue University). 
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