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Argonne Major Research Initiatives 

Source: Argonne Lab Plan Summary document

Facility 
• Advanced Photo Source (APS)
• Argonne Leadership Computing Facility
• Center of Nanoscale Materials
• Materials Engineering Research Facility
Centers
• Joint Center for Electrical Energy Storage
• Advanced Materials for Energy Water 

Systems Center
• Water-AI Initiative
• Science for Circular Economy 



Carbon Conversion

 Circular Economy: Development of methods for CO2 capture/ Utilization
– Catalytic Conversion of CO2 to value added chemicals

• Chemical/Photo or Electrochemical routes
• Applied science/ engineering expertise (TEA, LCA) and facilities (MERF)

– Discovery of new and improved catalysts 
• High throughput Experimentation
• Role of AI/HPC to accelerate Catalyst Discovery

– Waste Carbon to Sustainable Aviation fuels
• New catalysts and conditions 

– Data science and AI 
• Catalyst and Materials Genome for Carbon Utilization 

Fundamental and applied Research and Development Opportunities 

Presenter Notes
Presentation Notes
Electrocatalytic CO2 reduction (eCO2RR) is one of the avenues with most potential toward achieving sustainable energy economy and global climate change targets by harvesting renewable energy into value-added fuels and chemicals. From an industrial standpoint, eCO2RR provides specific advantages over thermochemical and photochemical pathways in terms of much broader product scope, high product specificity, and easy adaptability to the renewable electricity infrastructure. However, unlike water electrolyzers, the lack of suitable cathode materials for eCO2RR impedes its commercialization due to material design challenges. The current state-of-the-art catalysts in eCO2RR suffer largely from low reaction rates, insufficient C2+ product selectivity, high overpotentials, and industrial-scale stability. Overcoming the scientific and applied technical hurdles for commercial realization demands a holistic integration of catalytic designs, deep mechanistic understanding, and efficient process engineering. Special emphasis on mechanistic understanding and performance outcome is sought to guide the future design of eCO2RR catalysts that can play a significant role in closing the anthropogenic carbon loop. This article provides an integrative approach to understand principles of robust eCO2RR catalyst design superimposed with underlying mechanistic projections which strongly depend on experimental conditions viz. choice of electrolyte, reactor and membrane design, pH of the solvent, and partial pressure of the CO2.



Carbon Negative Earth Shot “CO2 Refinery” – A 
Technology of CO2 conversion to chemicals
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CO2RR Catalysis Science

New electro-catalysts converts 
CO2 to C2 and C3 -ethanol, 
isopropanol, acetone, at 
80~90% selectivity through 
electrolysis at near ambient T.

-0.9 -0.8 -0.7 -0.6 -0.5
0

20

40

60

80

100

 

 

Fa
ra

da
ic 

eff
ici

en
cy

 (%
)

E (V vs RHE)

Ethanol, 
FE = 91%

-0.9 -0.8 -0.7 -0.6 -0.5
0

20

40

60

80

100

 

 

Fa
ra

da
ic 

Ef
fic

ien
cy

 (%
)

E vs RHE

Acetone
FE = 91%

-0.8 -0.7 -0.6 -0.5 -0.4
0

20

40

60

80

100

 

 

Fa
ra

da
ic 

Ef
fic

ice
nc

y (
%)

E (V vs. RHE)

Acetate
FE = 90%

-0.8 -0.7 -0.6 -0.5 -0.4
0

20

40

60

80

100

 

 

Fa
ra

da
ic 

eff
ici

en
cy

 (%
)

E (V vs. RHE)

Isopropanol
FE = 79%

Di-Jia Liu, Argonne National Lab, djliu@anl.gov

AI- Solvent Engineering

 Solvent Engineering 
for Efficient CO2
Conversion
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Materials for selective CO2 reduction
Two-Dimensional Conductive Cu-MOF (good TOF: 20.8 s-1)

(A) clean Cu-THQ surface, (B) COOH/ Cu-THQ, (C) 
CO/ Cu-THQ , (D) free energies for CO production on 
Cu-THQ, (E) BE(ads) of CO at different coverages on 
Cu-THQ.

L. A Curtiss, A. Salehi‐Khojin et al., Adv. Materials 33 (10), 
2004393 (2021). 

Other Research directions:
 High entropy alloys for CO2 conversion
 Photochemical conversion of CO2
 Optimization of electrolytes for CO2 

electrochemical reactions
 Data-driven approach for next generation 

selective catalysts

Presenter Notes
Presentation Notes
Metal–organic frameworks (MOFs) are promising materials for electrocatalysis; however, lack of electrical conductivity in the majority of existing MOFs limits their effective utilization in the field. Herein, an excellent catalytic activity of a 2D copper (Cu)-based conductive MOF, copper tetrahydroxyquinone (CuTHQ), is reported for aqueous CO2 reduction reaction (CO2RR) at low overpotentials. It is revealed that CuTHQ nanoflakes (NFs) with an average lateral size of 140 nm exhibit a negligible overpotential of 16 mV for the activation of this reaction, a high current density of ≈173 mA cm−2 at −0.45 V versus RHE, an average Faradaic efficiency (F.E.) of ≈91% toward CO production, and a remarkable turnover frequency as high as ≈20.82 s−1. In the low overpotential range, the obtained CO formation current density is more than 35 and 25 times higher compared to state-of-the-art MOF and MOF-derived catalysts, respectively. The operando Cu K-edge X-ray absorption near edge spectroscopy and density functional theory calculations reveal the existence of reduced Cu (Cu+) during CO2RR which reversibly returns to Cu2+ after the reaction. The outstanding CO2 catalytic functionality of conductive MOFs (c-MOFs) can open a way toward high-energy-density electrochemical systems.



Accelerate enabling technologies using 
computations and AI
Atomic, Mesoscale, reactor scale modeling 

• IACT was part of BES 
• CCPC is part of ChemCatBio Consortium supported by EERE/BETO

https://www.energy.gov/eere/bioenergy/consortium-computational-physics-and-chemistry

Presenter Notes
Presentation Notes
The current state-of-the-art catalysts in eCO2RR suffer largely from low reaction rates, insufficient C2+ product selectivity, high overpotentials, and industrial-scale stability. Overcoming the scientific and applied technical hurdles for commercial realization demands a holistic integration of catalytic designs, deep mechanistic understanding, and efficient process engineering. Special emphasis on mechanistic understanding and performance outcome is sought to guide the future design of eCO2RR catalysts that can play a significant role in closing the anthropogenic carbon loop.



TAKE HOME MESSAGES

The current state-of-the-art catalysts in eCO2RR suffer largely from low reaction 
rates, insufficient C2+ product selectivity, high overpotentials, and industrial-
scale stability. 
Overcoming the scientific/applied technical hurdles for commercial realization 

demands a holistic integration of catalytic designs, deep mechanistic 
understanding, and efficient process engineering. 
Special emphasis on accelerated mechanistic understanding and performance 

outcome is critical to guide the future design of eCO2RR catalysts that can play a 
significant role in closing the anthropogenic carbon loop.

Conversion


	Carbon Conversion R&D Activities at ANL
	Argonne Major Research Initiatives 
	Carbon Conversion
	Carbon Negative Earth Shot “CO2 Refinery” – A Technology of CO2 conversion to chemicals�
	Materials for selective CO2 reduction
	Accelerate enabling technologies using computations and AI
	take home messages

