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Catalysis 
Fundamental backbone of chemical industry 
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Recent ORD R&D 100 Awards 
• R&D 100 Awards 

• 2007 – Armstrong Process CP Titanium and Titanium 
Alloy Powder and Products 

• 2007 – Multiphase Flow with Interphase eXchange (MFIX) 
software  

• 2007 – SEQURE™ Well Finding Technologies 

• 2008 – Palladium-based high temperature mercury 
sorbent 

• 2008 – Advanced Process Engineering Co-Simulator 
(APECS) software 

• 2009 -  SEQURE™ Tracer Technology 

• 2009 -  Clay-Liquid CO2 Removal Sorbent 

• 2009 -  Thief Process for the Removal of Mercury from 
Flue Gas 

• 2009 -  VE-PSI: Virtual Engineering Process Simulator 
Interface 

• 2010 - Cerium Oxide Coating for Oxidation Rate 
Reduction in Stainless Steels and Nickel Superalloys 

• 2010 – osgBullet 

• 2011 - APECS v2.0 with ANSYS® DesignXplorerTM and 
ROM Builder 

• 2011 - Mn-Co Coating for Solid Oxide Fuel Cell 
Interconnects 

• 2011 - Novel Platinum/Chromium Alloy for the 
Manufacture of Improved Coronary Stents 

• 2012 - Basic Immobilized Amine Sorbent (BIAS) Process 
for Carbon Dioxide (CO2) Capture (Environmental 
Technologies)  

• Patents- 70 Applications in Process, 66 Total Issued Patents 

• Active CRADAs-17, Patent Licenses-11 

Field Test Results for Tracers 

Thief Process Test on 

Commercial Burner 

Virtual Process 

Engineering 

Novel CO2 sorbent 
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•Prior NETL research on laser spark 
plug featured story in September 
2012 Photonics  Spectra trade 
magazine (circulation 95,000) 
 

•Cover photo from NETL lab tests! 
 

•Originally developed for emission 
reduction in natural gas engines. 
 

•Attracting new interest this year. 
 

NETL Technology in the News 

Credit to Dustin McIntyre  and  Steve Woodruff 
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NETL Research is 
“Strikingly Original” 

NETL-RUA researchers Mengning 
Ding, Alex Star, and Dan Sorescu 
have developed a methodology 
that utilizes carbon nanotube 
scaffolds to assemble gold 
nanowires, for potential H2S 
sensor applications.  Read more in 
their  Journal of the American 
Chemical Society article:  
 
J. Am. Chem. Soc., DOI: 10.1021/ja210278u 
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Breaking the Paradigm  
Materials Development Continuum 

Process Synthesis & 

Techno-economic

assessment
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Case 6 1% Efficiency:
COE = $291/MWh
Membrane ~77% of TPC

Case 6 100% Efficiency:
COE = $88.3/MWh
Membrane ~3% of TPC

3.5% COE
increase (Case 6)

7% COE
increase (Case 6)

Performance Assessment

In Real Environments

Material Synthesis & Fabrication

Characterization

Material Processing & Device

Development

Molecular Design & Optimization

Materials Genome Initiative, for Global Competitiveness (2011) 

Leveraging multi-disciplinary, multi-scale research accelerates 

development, increases innovation, reduces risk 
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Industry 

Applications Oriented 

Market Pull 

Discovery or Application 
What comes first? 

Academia / National Laboratory 

More fundamental in nature 

Technology Push 

NETL 



‹#› 

The Goal 
Targeted, use-inspired integrated R&D 
 

I want my technology NOW ! 
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Shared Resources   +   Shared Intellect   =  Targeted Innovation 

 

Create and enable dynamic teams to do targeted research that effectively provides solutions to the 

Nation’s most challenging  problems 

 
Computational & Basic Sciences    -    Energy Systems Dynamics    -    Geological & Environmental Systems    -   Materials Science & Engineering 

Strategic Partnerships 
Regional Excellence 



‹#› 

• The problem:  

 
“Currently, there is a large divide between surface scientists 

…and most catalysis researchers …caused by the inability of 

existing experimental and theoretical techniques to deal with 

the real-world nanomorphologies. ”1 

 

 

 

 

 

“The ultimate goal is to have enough knowledge of the factors 

determining catalytic activity to be able to tailor catalysts 

atom-by-atom.”2 

1Basic Research Needs for Clean and Efficient Combustion of 21st Century Fuels., DOE/BES,  2007, p. 32. 
2 J. K. Nørskov, T. Bligaard, J. Rossmeisl and C.H. Christensen,  Nature Chemistry, 1 (2009) 37-46.  
 

Back to Catalysis 
Challenges  
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Computational Approach 
Prediction & Catalyst Design 
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Understanding Catalyst Structure & Reactivity 

Model catalysts 
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Model Fe Catalysts 
Atomically Resolved 

Fe-oxide  

WGS Rxns on Fe-oxide catalysts Collaborators: 
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New Catalyst Discovery 

Kauffman et. al. Journal of the American Chemical Society, 10237 (2012) 
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Experiments & Theory Explain Au25 Reactivity 
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CO 

CO 

O 

O 

CO 

Model Photocatalyst – TiO2(110) 

STM 

DFT 

Calculations 

CO2/TiO2(110) 

Adsorption sites Electron-induced chemistry 

Intermolecular interactions 

CO2 + e-  CO + O 

CO + O / TiO2(110) 

Understanding Catalyst Structure & Reactivity 
Experiments & Theory Watch Single Molecules React on Surfaces 
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The Center has the goal of advancing both: 

 

• the ability of computational catalysis to accurately model 

reactions, and  

 

• the tools of materials synthesis/characterization   

allowing atomically precise catalysts identified by 

computation to be prepared and characterized 

unambiguously. 

 

DoE Energy Frontier  
Research Center 

Strategic Partnerships 
Center for Atomic Level Catalyst Design 

http://earth2tech.files.wordpress.com/2009/08/doe-logo.jpg
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Performance Reactors 
Variety of operating range/scale  
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National Carbon Capture Center at the 

Power Systems Development Facility (PSDF) 
Wilsonville, AL 

  Southern Company Services 
– 3 MW – 35,000 lbs/hr flue gas slip 

stream from post-combustion – 

from 880 MW Plant Gaston 

 

– 6 MWe -100tpd CO2 – 

20,000lb/hr. syngas from TRIG 

gasifier at PSDF 

 

Offer a unique flexible R&D facility 

where processes can be tested 

on coal-derived gas at various 

scales 
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35,000 lb/hr 

Flue gas 
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Pre-Combustion Test Diagram 

Transport 
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A short story – Pyrochlore Catalyst… 



Fuel Processing Research and Development 

NETL Fuels Processing R&D program is 

addressing the need of future fuel cell 

systems to operate on conventional 

hydrocarbon fuels by investigating: 

• Reforming options for high energy 

density fuels such as  gasoline, coal-

based, diesel, JP-8, military logistics 

fuels…for conversion into a fuel gas 

that is high in hydrogen and carbon 

monoxide 

  

• Fundamental understanding of 

reforming mechanisms and overcoming 

deactivation associated with poisoning 

of both reforming  

catalysts & fuel cell anodes via  

sulfur and carbon deposition 

 

High efficiency solid state fuel cell 

systems must be: 

• Coupled and thermally integrated with 

fuel  processors; 

  

• Capable of achieving specifications  

   required for various applications  

   including stationary and mobile power  

   systems  

Diesel 

Fuel  

Processor 

Syngas 

Steam 

FC 

Stack 

Reforming Technologies 

Power 

Fuel Cell Systems 

Applications 

Fuel 

Syngas  

(H2, CO, CH4...) 

Plasma 

 Stationary 

 Military 

 Transportation 

 Advanced Oxide-Based Catalysis for 

Hydrocarbon Fuel Reforming 

 Alternative Non-traditional Reforming Concepts  

- Plasma 

- RF 

Research areas being investigated include: 

 Full R&D for fuel reforming, desulfurization, & 

fuel cell integration.   

 Comprehensive analytical and test capability 

ranging from laboratory-scale to multi-KWe 

integrated systems. 

 

Research Capabilities: 

Coal 

Fuel Sources 
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Understanding the Problem 
Conventional Reforming Technology 
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Non-thermal plasma 

 

• High electron temperature 
but low gas temperature 

• Low power density 

• High chemical selectivity 
possible 

Thermal Plasma – 
conventional technology 

 

• All species are in thermal 
equilibrium – high 
temperature 

• Very high plasma power 
and density 

• Little chemical selectivity 
can be obtained 

1Fridman et al., Conversion of hydrocarbons into syn-gas simulated by non-thermal 

atmospheric pressure plasma (Drexel University) 

 

Air/Methane 

Air 
Steam/Water 

Diesel fuel 
Syn-Gas 

High-

Voltage 

Bushing 

Teflon 

Ceramics 

Furnace 

Furnace 

Quartz 

Tangential 

Inlets 

Technology Options 
Thinking outside the box – Alternative Concepts 
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24 

Highly-dispersed catalytic atoms yield excellent activity, 
thermal stability and resistance to poisons 

• Long term activity for diesel/JP8 reforming with excellent 
resistance to sulfur poisoning (fuel cell applications) 
 

• Exceptional activity for gas reforming to hydrogen (refining 
applications) 

Individual surface atoms in the Pyrchlore catalyst impart 
unique properties and require less precious metals 

A conventional catalyst is 
formed with metal clusters 
sitting on a support surface 

  

  

  

  

  

  

  

  

    

  

  

    

  

  

  
    

  

  

  

  

A2 B2 O7 

24 

Technology Solutions 
Ockhams Razor 
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 Equilibrium syngas yields achieved 

Survived multiple system upsets 

 O/C=1, H2O/C=0.5, T=900°C, SV= 25,000 sccm/g-hr 

Validating the Technology 
Long-term 1000-hr Test 
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Pyrochlore - A2B2O7 

Pechini 
 
•Good for small scale (lab) 

 

•Results in well-mixed, 

uniform catalyst 

 

•Most active material (1000 

hr catalyst) 

 

• Economic scale-up? 

 

 

 

Hydrothermal 
 
•Trade-off between 

compositional uniformity 

(mixing) and batch size. 

 

•Was not able to get Rh 

into pyrochlore structure. 

 

•Activity not as good as 

Pechini. to date 

Solid State Mixing 

(Industrial Methods) 
 

• Economical for large 

batches. 

 

•Requires high temperatures 

and long firing times to form 

pyrochlore. 

 

•Catalyst uniformity a 

potential issue 

 

 

 

 

Combustion Method 
 
•Under development 

 

•Potential for high throughput 

 

•Ideally material produced 

would be similar to Pechini. 

 

Economic Viability 
Evaluating catalyst synthesis 
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NETL Wins 2012 CCR Collaboration Award 

for Pyrochlore Catalyst 

• Council for Chemical Research 

(CCR) recognizes NETL’s 

collaboration efforts regarding the 

development of pyrochlore 

catalysts 

• Technology used to reform 

hydrocarbon fuels to generate 

hydrogen-rich synthesis gas 

• Exclusive license to Pyrochem 

Catalyst Company 

• NETL collaborators recognized:  

EG&G (URS), LSU, WVU, Delphi, 

PCI 
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Shared Resources   +   Shared Intellect   =  Targeted Innovation 

 

Create and enable dynamic teams to do targeted research that effectively provides solutions to the 

Nation’s most challenging  problems 

 
Computational & Basic Sciences    -    Energy Systems Dynamics    -    Geological & Environmental Systems    -   Materials Science & Engineering 

Strategic Partnerships 
Regional Excellence 
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