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Department: Chemical Engineering For this experiment, the heterogenous catalysis lab compared the activity of solid catalysts with supports made
: using partially reducible oxides (PRO) and non-partially reducible oxides in the presence of carbon dioxide
Area Of.StUdy' Heterogeneous (CO,) and hydrogen gas (H,). This was done to understand if catalysts with PRO support were more active than
Cata lySlS catalysts with non-PRO support during reverse-water-gas-shift (RWGS), an important first step in the pathway
_ toward producing hydrocarbons utilizing CO,. The catalysts being investigated are: RuCuZrO,, RuAl,O,,
UTSA Mentor: Dr. Gary ]aCObS RuZrO,, RuMgO, and RuTIO,. Results for RuCuZrO, and RuAl,O; are discussed below.
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Background

Catalysts lower the activation energy of a reaction by providing an alternative pathway, and with heterogeneous catalysts, this involves reactions on catalyst surfaces. This project studied and compared catalysts with PRO
supports and non-PRO supports that are used to support ruthenium nanoparticles for the formation of hydrocarbons through CO, hydrogenation pathways involving RWGS and CO hydrogenation (e.g., methanation and
eventually, Fischer-Tropsch synthesis). This project studied the reverse water-gas-shift reaction (RWGS) mechanism to see if catalysts with PRO support increased surface activity via a formate mechanism taking place at
the RU/PRO interface; this is followed by normal CO hydrogenation on Fischer-Tropsch active metals, such as ruthenium. Formate is a key intermediate in forward and reverse water-gas shift reactions. The product CO is
then hydrogenated to methane under our ambient pressure conditions. In the future, however, our aim is to apply the catalysts at higher pressures to produce longer hydrocarbon chains via the Fischer-Tropsch synthesis
(FTS) reaction. Useful products like diesel fuel, jet fuel, lubricants, and other organic products are the result of these longer hydrocarbon chains. While FTS using syngas (CO + H,) is a commercial process, the
hydrogenation of CO, requires significant catalyst development.

Objectives

« Perform IR scans at different temperatures for the selected catalysts and collect data
* Process the scanned IR data and combine all temperature sets for each catalyst
« Study and compare the behavior of catalysts with and without PRO support related to the formation of formate and methane via RWGS (i.e., converting CO, to CO) and subsequent CO hydrogenation.

Each catalyst was scanned with a Fourier transform Infrared Spectrometer (FTIR) in the presence of CO, and H,
between a temperature range of 50-400 °C

« Each scan was processed and baseline corrected.

 The data set for every temperature was combined into one single excel file for each catalyst.

« Data for each catalyst was plotted in a stacked format to analyze the activity at wavelength ranges specific to
formate (2800-2850cm1, ~1580cm-1, 1300-1350cm 1), methane (~3010 cm1) and water (3750cm-1, 1640cmb

The RuCeZrO, is a catalyst with a PRO support and RuAl,O; Is a catalyst with non-PRO support. In
this project RWGS was studied. For both catalysts, IR signals for the formate C-H stretching,
asymmetric and symmetric carbonyl (C=0) stretching were observed at 2800-2850 cm, ~1580 cm™,
and 1300-1350cmtrespectively. The IR signal for methane C-H stretching was observed at ~3010
cm . OH stretch and bending behavior for water was observed at ~3750 cmt and 1640 cm
respectively. The reagent carbon dioxide (CO,) has C=0 stretching at ~2350cm-t. A summary of the

RuCeZrO, Catalyst in the presence of CO, .+ Hyg RUAI,O, Catalystin the presence of CO, g+ Hag activity for each molecule based on the intensity of their functional groups are compared for each
catalyst below.
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Skills and Experience What | Learned
« Basic understanding of setting up experimental system with tubing, flow meters, directional valves, and Using catalysts containing an active PRO support increased methane production by facilitating
switches. production of the CO intermediate via the RWGS reaction. Formate signals, indicative of the

+ Learning about the different types of catalysts. proposed RWGS surface intermediate, were significantly stronger using catalysts containing the
» Performing FTIR scans and adjusting temperature. PRO. Performing CO, hydrogenation through RWGS and methanation gives us insight into the
» Interpreting Fourier-transform infrared spectroscopy (FTIR) and processing data using Omnic software. mechanism. This provides insights that will guide us into future work aimed at producing larger
 Processing and plotting data using Excel. hydrocarbons through CO, hydrogenation by way of Fischer Tropsch synthesis at higher pressure.
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