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SRNL Environmental Programs – Focus Areas

• Radioactive Tank Waste Stabilization, Treatment and 
Disposal
―Waste Retrieval & Processing
―Waste Treatment
―Waste Form Development and Production
― Tank Closure

• Spent Nuclear Fuel and Nuclear Materials Management 
and Disposition
―Nuclear Materials Disposition & Recovery
―Waste Treatment & Optimization

• TRU and Mixed Low-Level Waste (MLLW) Disposition
• Soil and Groundwater Remediation

―Matching innovative strategies/ technologies with site-specific 
conditions

―Leveraging concepts that require less energy for the DOE 
complex

• Excess Facilities Deactivation and Decommissioning 
(D&D)

Ion Exchange for 
Waste Pretreatment
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Energy Systems - Exploring energy materials with a variety of platforms and systems

Directed Energy 
Deposition (DED) 

Additive 
Manufacturing (AM)

Hydrogen and 
natural gas storage, 
based on tritium 
technologies

• SRNL is involved in work related to the most important challenges that must be addressed to make the 
hydrogen economy a reality
―Safe, clean production of hydrogen
―Light-weight, cost-effective storage of hydrogen

• Efficient energy conversion via batteries, thermal storage, fuel-cells, and catalysis

• Innovations in advanced manufacturing, material science, and scientific computing to advance renewable 
energy technologies and energy efficiencies.

Presenter
Presentation Notes
ES seeks to be the hub that coordinates the multiple SRNL staff, organizations, and disciplines working to ensure Energy Security for the lab, DOE, and our country.  We are building on our competency in tritium to accelerate carbon-neutral hydrogen as a fuel and to advance technology for storage of hydrogen and its use in fuel cells. We also seek to improve energy conversion via batteries and catalysis to enable broader deployment of renewable energy. Our vision is to become a leader in the development of new and exciting energy materials focused on hydrogen isotopes, energy storage, separations, and end-use applications. This includes advances in novel bulk materials, nanomaterials, thin films, and materials produced by additive manufacturing. 

The H2@Scale initiative aims to enable research, development, and demonstrations (RD&D) that can reduce the cost of hydrogen production and distribution from diverse resources, enable large-scale hydrogen use in sectors that are hard to decarbonize, enhance flexibility of the power grid, and generate jobs and economic growth. The objectives of the HyRIGHT project are to evaluate precooling temperature requirements for fueling of heavy duty fuel cell vehicles, costs of heat exchangers and chillers for various fueling scenarios, conduct a cyber threats assessment of heavy-duty stations, and conduct a risk assessment of hydrogen fueling into heavy-duty vehicles, including a HAZOP of failure scenarios

HMAT - this program will elucidate the mechanisms of hydrogen degradation of materials in the context of materials (micro)structures and morphology. Significant gaps in the understanding of materials behavior in hydrogen are organized as tasks, each with an objective to enable improved materials performance (or provide scientific basis for materials acceptance) for the specific class of material. Due to the complexity of real-world engineering materials, both experimental and computational studies in the first few years will focus on idealized materials and microstructures at small length scales (i.e., fundamental interactions). Computational outcomes will be used to inform the development of phenomenological models at larger length scales (especially toward the latter stages of the work), with the intent to inform the behavior at engineering length scales. Experimental studies of model systems, including advanced imaging methods, will be used to inform the development of mechanistic models, which can then be used to inform materials processing strategies that can be tested experimentally. The feedback loop between experiment and modeling will evolve complexity of the studied materials systems over the course of the program with the goal of identifying (micro)structural and morphological design strategies that can be implemented for engineering materials.

Thermocatalytic Ethylene Production Using Targeted RF Induction Heating - The goal of the proposed project is to produce ethylene from ethane with significantly reduced energy intensity and operational costs while enabling process variability (i.e., modularity, variable feedstock). The proposed project leverages SRNL’s expertise in electro-magnetic radio frequency (RF) induction heated thermocatalysis coupled with the research team’s (SRNL, USC) expertise in novel catalyst design to (1) improve energy efficiency by optimizing the heat input into the highly endothermic ethylene dehydrogenation reaction, and (2) improve selectivity and conversion efficiency.

Soft, Smart Tools via Additive Manufacturing - develop soft, smart composite tooling via additive manufacturing. Such smart tooling would have capability of high strength, improved thermal conductivity as well as incorporating printable sensors for temperature, strain, and pressure.

AM-specific materials for Harsh Environmental Applications – ES staff just submitted a proposal to EERE on Accelerated Discovery of Strong and Ductile Refractory High Entropy Alloy for Harsh Service Conditions.  The objective of this proposed research is to develop Nb-Ta-Mo-Re-W refractory ductile high entropy alloys (RHEAs) for harsh service conditions, specifically above 1800 oC. Here we propose a high-throughput alloy development technique based on laser metal deposition principle coupled with integrated computational materials engineering (ICME), data-driven machine learning (ML), molecular dynamics (MD) simulations, and CALPHAD-based solidification modeling to dramatically reduce the time required to discover new RHEAs for hydrogen and low-carbon fuel turbines, space nuclear propulsion systems, and advanced next-generation nuclear reactors.
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Leveraging Advanced Manufacturing Ideas for Energy Efficiency

Presenter
Presentation Notes
ES seeks to be the hub that coordinates the multiple SRNL staff, organizations, and disciplines working to ensure Energy Security for the lab, DOE, and our country.  We are building on our competency in tritium to accelerate carbon-neutral hydrogen as a fuel and to advance technology for storage of hydrogen and its use in fuel cells. We also seek to improve energy conversion via batteries and catalysis to enable broader deployment of renewable energy. Our vision is to become a leader in the development of new and exciting energy materials focused on hydrogen isotopes, energy storage, separations, and end-use applications. This includes advances in novel bulk materials, nanomaterials, thin films, and materials produced by additive manufacturing. 

The H2@Scale initiative aims to enable research, development, and demonstrations (RD&D) that can reduce the cost of hydrogen production and distribution from diverse resources, enable large-scale hydrogen use in sectors that are hard to decarbonize, enhance flexibility of the power grid, and generate jobs and economic growth. The objectives of the HyRIGHT project are to evaluate precooling temperature requirements for fueling of heavy duty fuel cell vehicles, costs of heat exchangers and chillers for various fueling scenarios, conduct a cyber threats assessment of heavy-duty stations, and conduct a risk assessment of hydrogen fueling into heavy-duty vehicles, including a HAZOP of failure scenarios

HMAT - this program will elucidate the mechanisms of hydrogen degradation of materials in the context of materials (micro)structures and morphology. Significant gaps in the understanding of materials behavior in hydrogen are organized as tasks, each with an objective to enable improved materials performance (or provide scientific basis for materials acceptance) for the specific class of material. Due to the complexity of real-world engineering materials, both experimental and computational studies in the first few years will focus on idealized materials and microstructures at small length scales (i.e., fundamental interactions). Computational outcomes will be used to inform the development of phenomenological models at larger length scales (especially toward the latter stages of the work), with the intent to inform the behavior at engineering length scales. Experimental studies of model systems, including advanced imaging methods, will be used to inform the development of mechanistic models, which can then be used to inform materials processing strategies that can be tested experimentally. The feedback loop between experiment and modeling will evolve complexity of the studied materials systems over the course of the program with the goal of identifying (micro)structural and morphological design strategies that can be implemented for engineering materials.

Thermocatalytic Ethylene Production Using Targeted RF Induction Heating - The goal of the proposed project is to produce ethylene from ethane with significantly reduced energy intensity and operational costs while enabling process variability (i.e., modularity, variable feedstock). The proposed project leverages SRNL’s expertise in electro-magnetic radio frequency (RF) induction heated thermocatalysis coupled with the research team’s (SRNL, USC) expertise in novel catalyst design to (1) improve energy efficiency by optimizing the heat input into the highly endothermic ethylene dehydrogenation reaction, and (2) improve selectivity and conversion efficiency.

Soft, Smart Tools via Additive Manufacturing - develop soft, smart composite tooling via additive manufacturing. Such smart tooling would have capability of high strength, improved thermal conductivity as well as incorporating printable sensors for temperature, strain, and pressure.

AM-specific materials for Harsh Environmental Applications – ES staff just submitted a proposal to EERE on Accelerated Discovery of Strong and Ductile Refractory High Entropy Alloy for Harsh Service Conditions.  The objective of this proposed research is to develop Nb-Ta-Mo-Re-W refractory ductile high entropy alloys (RHEAs) for harsh service conditions, specifically above 1800 oC. Here we propose a high-throughput alloy development technique based on laser metal deposition principle coupled with integrated computational materials engineering (ICME), data-driven machine learning (ML), molecular dynamics (MD) simulations, and CALPHAD-based solidification modeling to dramatically reduce the time required to discover new RHEAs for hydrogen and low-carbon fuel turbines, space nuclear propulsion systems, and advanced next-generation nuclear reactors.
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• Explore material properties 
that can’t be produced in bulk

• EM-coupled heating to 
improve material properties 
and printing throughput (e.g. 
improve heating/cooling of 
filament)

• Catalyst coated filaments for 
high reactant flow throughput 
fixed and rotating fixed beds; 
Hierarchically Porous Catalysts

• NNSA applications – ongoing 
projects

• High temperature, high 
strength for aerospace and 
military

Challenges for 
Additive Manufacturing

• Increase material performance
• Tailor new materials formulated for 

additive manufacturing
• Develop new processing techniques to 

increase performance and throughput. 
Filament

SRNL Current Capabilities

Approach• Very few researchers have access to a 
high temperature extruder that is willing 
to add nanomaterials or carbon at all.

• High-temperature (450 °C), can do PEEK!

Thermo Scientific™ Process 11 Twin-Screw Extruder

R&D Capability Needs

Additive Manufacturing at SRNL
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