Effect of Fluoridation on DRIFTS measurements in bmetallic Cu/ZnO-systems
for methanol synthesis
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Abstract: In this work, we present an fluoridated bimetal(f€)Cu/ZnO-catalysts for carbon dioxide
hydrogenation to methanol. The fluorine exposedlgsts exhibit changes in physical properties ® th
non-fluoridated catalyst. Conducted DRIFTS expentse(diffuse reflectance infrared fourier transform
spectroscopy) on botm-situ reduced catalysts (non-fluoridated and fluoridatsidow varying behavior
during CQ exposure. The fluoridated catalyst show no cartesnan the surface up to 30 bar of pure carbon
dioxide at different temperatures, but further expents are still pending.
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1. Introduction

The utilization of carbon dioxide for a sustainaleleergy environment is of increasing interest.
Energy sources such as solar- and wind power genseasonally fluctuating amounts of energy. One
possible solution to store excess power could keptioduction of hydrogen from water electrolysisl an
subsequent hydrogenation of carbon dioxide to nmeth@ower-to-Liquid) or methane (Power-to-Gas).
Alternatively, carbon dioxide is an interesting €durce for the production of valuable secondarylpets,
like formaldehyde or oxymethylene ether (OMES). rimedynamic stability is one of the main problems in
the usage of carbon dioxide as starting reageiis. résults in a high activation energy barrier greluse of
highly active catalysts.
Industrially, methanol synthesis by CO/€l@ydrogenation is conducted over Cu/ZnQ catalyst at 250-
300 °C with pressures of 50-100 BaTherefore, the interface between Cu and ZnO previteltiple
active sites, which implement multiple possiblectemn pathways. The type and amount of intermediate
the surface of the catalysts like Formate, *HCO@th©xyl, *HOCO, or Methoxy, *HCO, can help for a
superior understanding of the active sites to desigre efficient catalystd.

2. Experimental

Pre-catalysts, CuO/ZnO, were prepared by a co{ptaton method to form hydroxy-carbonates
followed by its calcination to the oxides, analogada the industrial synthedi To prepare the fluoridated
bimetallic (F)Cu/ZnO, the pre-catalysts were expdedow specific amounts of elemental fluorine, F
In-situ DRIFTS measurements were performed to tleted characterize surface adsorbates and reaction
intermediates over both catalyst under reactionditioms. At first, the diluted catalyst in the réaa
chamber was reduced-situ in a hydrogen/nitrogen mixture (5 %)Hvith a temperature ramp of 1 K min
up to 240 °C, and then purged with &t 240 °C. After, the reaction chamber was swilcteea defined
temperature and gas composition like CO0, H or 3 H/CO,. Following Spectra were acquired on a
Tensor |l spectrometer (Bruker) with a narrow-bd@T (mercury cadmium telluride) detector.

3. Results and discussion

As a result of the fluoridation, superficial oxygehbimetallic CuO/ZnO is formally exchanged by a
small part of fluoride. These modified catalystsibit changes in physical properties such as higher
methanol selectivities to the non-fluoridated cattd despite smaller surface areas (coppet, $Ad total
surface, BET}®I



Following DRIFTS experiments on both catalysts @faoridated and fluoridated) show entirely
different intermediates during G@xposure (Figure 1). Fluoridation of CuO/ZnO letaishe absence of
any surface species in the range between 2500450 Although some of the peaks are caused by the
reaction of CQ with the reduced copper surface. For example gasearbon monoxide (2076 chis
formed by reverse water-gas shift reaction on redwopper (Co+ CP — CO + CuO).
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Figure 1. In-situ DRIFT spectra after G@bsorption on non-fluoridated Cu/ZnO (left) andfidated (F)Cu/ZnO (right, treated
with 500 mbar B) in the regions 2500-750 ch(Reaction conditions: 100 % GQ.-30 bar, RT).

4. Conclusion

Through the fluoridation of CuO/ZnO the methandestvities are slightly increased to the non-
fluoridated catalysts despite smaller copper serfaed total surface. In addition, fluoridated (FXhD-
catalyst reveal no carbonates on the surface iae gambon dioxide at different temperatures andspires.
Further work covers investigation of the influermfefluorine on bimetallic Cu/ZnO-systems relating t
intermediates on the surface during hydrogenatia@aoon dioxide to methanol.
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