
 

catalysisc lubphil ly .org  1 
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Webinar: 6:30pm EST, Thursday, September 17th, 2020 

Webinar link shared after registration 
 

 

Speaker:  Prof. Robert J. (Bob) Farrauto 
Columbia University, Dept. of Earth and Environmental Engineering 

 

Dual Function Materials for the selective capture of CO2 
from simulated flue gas and its’ catalytic conversion to 
synthetic natural gas (CH4) by addition of renewable or 

waste H2 
 
 

Graduate Student Speaker: Xinyu Mao 
University of Pennsylvania, Dept. of Chemical and Biomolecular 

Engineering 

“Intelligent” Pt Catalysts Supported on LaFeO3 Films 
Prepared by Atomic Layer Deposition 

 
 
 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

  

Meeting Schedule: 
6:30 PM: Networking Time 
7:00 PM: Student Speaker 
7:20 PM: Main Speaker 

 
Meeting Fees: 
Free to CCP Members 
 
Meeting Etiquette:  
Please remember to mute your 
microphone and arrive early to 
solve any technical issues.  

Webinar Registration: 
Please register online by 
Wednesday, September 16th  
using this LINK or notify 
Arrangements Chair Jian Chang 
(CJ). 
 
A webinar meeting invite will be 
provided on September 17th  to 
all those who register. 
 
Membership:  
Dues for the 2020-21 season will 
be $25 ($5 for the local chapter 
and $20 for the national club). 
Dues for students, post-docs and 
retirees will be $10 ($5 for local 
club and $5 for national club). 
Use this LINK for membership 
registration. 
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Dual Function Materials for the selective capture of CO2 from simulated flue 

gas and its’ catalytic conversion to synthetic natural gas (CH4) by addition of 

renewable or waste H2 

Robert J. Farrauto 

Professor of Professional Practice  

Columbia University in the City of New York, Department of Earth and Environmental Engineering, 

New York, 10027, USA 

rf2182@columbia.edu 

Abstract: 

Dual function materials (DFM) selective capture of CO2 from simulated power plant flue gas (15% 

steam, 4% O2, 7.5% CO2 in N2) and catalytically convert it to synthetic natural gas (CH4) upon the 

addition of renewable or waste H2.  The DFM is comprised of alkaline adsorbents (Na2O and a catalytic 

metal (Ru) supported on the same Al2O3 carrier. All in situ reactions are conducted at one temperature 

(300 oC), in one reactor utilizing two sequential steps eliminating the need to separate, purify and then 

transport CO2 to a processing facility. Parallel swing reactors are needed for continuous operation. 

The DFM has stable performance exceeding 50 cycles of selective CO2 capture and methanation in 

simulated flue gas. The methane produced (after drying and compression) can be injected into the 

existing natural gas pipeline. Therefore, the process approaches carbon neutral power generation. 

Supported Ni is ineffective for methanation, after exposure to O2 in the flue gas capture step, due to 

lack of reduction to its active state. We have shown that low levels of Ru (<1%) combined with 5 or 

10% Ni on Al2O3 is sufficient to enhance reduction of NiO, upon the addition of H2, thereby allowing 

lower levels of Ru to be used. Ruthenium is a precious metal (~$8.1/g 10 August 2020) for which 

recycling is currently practiced.  

The DFM process is currently being modified to selectively capture ~400 ppm CO2 from ambient air at 

25 oC (Direct Air Capture-DAC) followed by the production of renewable natural gas via methanation 

at moderate temperatures.   The DAC process is now the subject of a DOE scale up study.  

 

Speaker Biography:  

Robert (Bob) Farrauto, PhD, utilizes his 40+ years of industrial 

catalysis experience to currently train graduate and undergraduate 

students in applied environmental catalysis. During his industrial 

career he commercialized a number of advanced materials for 

automotive emission control, specialty chemicals and hydrogen 

generation. His team invented, patented and commercialized the 

first precious metal-free monolithic diesel oxidation catalyst first 

commercialized in 1994 for trucks in the US. In the early 2000s the 

mailto:rf2182@columbia.edu
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technology was modified for passenger car manufacturers and commercialized in the Asia, Europe and 

the US.  

Upon retiring in 2012 from BASF (formerly Engelhard) as a Vice President of Research in 2012, he was 

appointed Professor of Professional Practice in the Earth and Environmental Engineering (EEE) 

Department of Columbia University in the City of New York. The goal of his team’s research is the 

development of new materials and catalysts for a sustainable environment. The group’s current 

research focuses on advanced materials for CO2 capture from power plants and direct capture of CO2 

from air and its’ catalytic conversion to fuel. His team has published a number of advancements in 

aging performance and reduced Ru content for effective use. His research group and its Engineering 

partner are now funded by DOE for engineering scale up for direct air capture of low levels of CO2. His 

secondary research projects include development of a new process for the catalytic conversion of 

greenhouse gases (CH4 and CO2) to hydrogen (H2) and carbon monoxide (CO), and pollution abatement 

of toxic emissions from mobile (vehicles) and stationary sources (power plants).  

Bob is the author (co-author) of 135 journal publications and 56 US patents. He is co-author of three 

catalyst textbooks “Catalytic Air Pollution Control: Commercial Technology” Third edition, Wiley and 

Sons, New York, NY, 2009. “Fundamentals of Industrial Catalytic Processes” Second edition, Wiley and 

Sons, New York, NY, 2006 and “Introduction to Catalysis and Industrial Catalytic Processes” Wiley and 

Sons, New York, NY, 2016, He has a Google scholar rating of 48 (15,000 citations). 

He is a senior member of the National Academy of Inventors and recipient of the 2016 Distinguished 

Faculty Teaching Award (2016) sponsored by the Columbia Engineering Alumni Association. He is the 

recipient of a number of research awards, including the 2008 Ciapetta Lectureship Award sponsored 

by the North American Catalysis Society, the 2005 Catalysis and Reaction Engineering Practice Award 

from the American Institute of Chemical Engineers, the 2001 International Precious Metal Institute 

(IPMI) Award for Outstanding Contributions in the field of precious metal catalysis and the 1998 Cross 

Canada Lectureship Award sponsored by the Canadian Catalysis Society.  
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“Intelligent” Pt Catalysts Supported on LaFeO3 Films Prepared by Atomic 

Layer Deposition 

Xinyu Mao 

Advisor: Raymond J. Gorte 

Department of Chemical and Biomolecular Engineering, University of Pennsylvania. 

 

Abstract 

The concept of “intelligent catalyst” provides a promising way to maintain metal particle dispersion 

because of the potential to regenerate sintered particles by driving the metal into the perovskite 

(ABO3) lattice upon high-temperature oxidation and releasing the metal upon reduction.1 However, 

the low surface areas of bulk perovskite materials and the incomplete release of metal from the lattice 

limit the full utilization of the “intelligent catalysts” in practical applications.2 

To avoid the limitations associated with bulk perovskites, thin films of perovskites on high-surface-

area MgAl2O4 were prepared using Atomic Layer Deposition (ALD) and used as the support for precious 

metals. It demonstrated that Pt could be maintained as 1-nm particles following multiple oxidation 

and reduction cycles at 1073 K when supported on the 0.5-nm LaFeO3 films.3 The catalyst exhibited 

“self-regenerative” activities for CO oxidation upon redox cycling, showing no deactivation. The 

properties of supported metal particles, such as dispersion, catalytic activity and selectivity, and 

thermodynamic properties, were significantly affected due to the strong metal-support interaction. 

Potential opportunities for using these materials and guidelines for future catalyst design will be 

presented.4  
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Speaker Biography:  

Xinyu Mao is a 5th-year Ph.D. student in the Gorte Group at the University of Pennsylvania. She 

received her B.S in Chemical and Biomolecular Engineering at the University of California, Los Angeles. 

Her primary research interests are in heterogeneous catalysis, specifically metal-support interactions 

over the catalysts supported on high-surface-area functional oxides/perovskites prepared by ALD. Her 

research projects thus far have mainly focused on the applications of emission control and syngas 

production involving of Pt and Ni catalysts supported on LaFeO3 films. 

 

 


