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Production of formic acid from carbon dioxide in a liquid-liquid biphasic system
with self-separating pure product phase
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PURPOSE OF THE ABSTRACT
Climate change is recognized as a global topic since several years. One strategy to deal with this topic is the use
of carbon dioxide as C1 building block. The conversion of CO2 waste emissions to value-added products offers
the possibility to close the carbon cycle [1]. One reaction using CO2 as building block is the hydrogenation of
carbon dioxide to formic acid. For this reaction lots of reaction systems with homogeneous catalysts are reported
[2]. Most of these miss the aspect of separating and recycling the catalyst, which is essential for establishing
CO2-based value chains. One approach towards facile catalyst recycling are liquid-liquid biphasic systems. The
product phases of known biphasic systems for CO2 hydrogenation usually consist not only of the reaction product
formic acid and the required amine, but also of an additional solvent, which subsequently needs to be removed
energy-intensively [3].
Therefore, in the present study, we present a simple catalytic system comprising only a hydrophobic solvent for
the catalyst phase and an amine as base. Based on the previously in our group used catalyst phase of
cis?[Ru(dppm)2Cl2] in 4-methyl-2-pentanol (MIBC), the first aim was to find a polar tertiary amine which forms in
combination with formic acid a second liquid phase [4]. A change in the phase behavior of simulated reaction
mixtures from mono- to biphasic simply by CO2 conversion to formic acid can be observed while using
N-methyldiethanolamine (MDEA) as amine (Figure 1). NMR measurements confirmed that one phase consists
mainly of the solvent MIBC and the other phase of amine and formic acid. Thus, the product and the catalyst
phase would self-separate in catalysis if high acid to amine ratios (AAR) are achieved. Several reactions
parameters of Ru-catalyzed carbon dioxide hydrogenation to formic acid were screened to find suitable conditions
for the occurrence of the self-separating effect via catalysis. Besides finding suitable reaction conditions, it was
possible to improve the productivity of the system. With these reaction conditions in hand, the recyclability of the
catalyst phase has been successfully proven, resulting in a total turnover number of 5590 after four recycling runs.



FIGURES

FIGURE 1
Illustration of the reaction system 
Illustration of the reaction system with self-separating
product phase for high acid to amine ratios (AAR).

FIGURE 2
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