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Background and Motivations: 
Low Temperature Molten Sodium (Na -NaI) Batteries2

Sodium ion conductors -A Key 

Ingredient for Success
Å Highly Na+-conductive

Å Chemical compatibility with molten Na 

and halide salts

Å Zero-crossover

Å Good mechanical integrity

Na-NaI battery: 

Na Ą Na+ + e- E0 = 0V

I3
- + 2e-

Ą 3I- E0 = 3.24

2Na + I3
-
Ą 2Na+ + 3I- E0

cell = 3.24V

Realizing a new, low temperature molten Na battery requires new battery 

materials and chemistries, in particular, sodium ion conductors 

Martha Gross



òCollaborative research to advance solid state ion 
conductors for emerging batteriesó

Objectives: Multiscale mechanical characterization to evaluate the properties of newly developed 
bulk ceramic and ceramic/polymer composites.

FY19: Focus on baseline mechanical testing of current materials including ceramics, composites, and 
polymers
ÅMechanical and Microstructural Characterization of Montmorillonite Sodium Ion Conductors 

ÅMechanical and Microstructural Characterization of NASICON(sodium (Na) Super Ionic CONductor)

FY20: In situexposure or environmental tests of basic materials and components identified in FY19. 
As appropriate, ex situ testing shall be performed on materials exposed to electrolytes (above) as 
well as materials used in electrochemical tests.

Support DOE OEõs Core Mission

ÁDrives electric grid modernization and resiliency in the energy infrastructure

ÁLeads the DOEõs efforts to ensure a resilient, reliable, and flexible electricity system

ÁAccomplishes this mission through research, partnerships, facilitation, modeling and analytics, and 
emergency preparedness
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Left: The Nano Indenter G200 system(now KLA-Tencor)

Right: Bruker Dimension ICON system: Atomic Force Microscopy (contact, tapping, lateral force modes), 

conducting tip, Scanning Electro -Chemical Microscopy, and Scanning Kelvin Probe. 

Methodology: Nanoindentation and Scanning Probe 
Microscopy inside a Glovebox



5 Methodology: Micro-and Nano-indentation, Scratch, Impact 
tests up to 650oC



Methodology: Mechanical and Microstructural 
Characterization of Montmorillonite Sodium Ion Conductors 
(see Ryan Hillõs poster presentation (ID#174) for details)
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Results: Mechanical and Microstructural Characterization of 
Montmorillonite Sodium Ion Conductors (see Ryan Hillõs 
poster presentation (ID#174) for details)
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Hypothesis: Clay structure can affect the 

mechanical properties of clay -based sodium ion 

conductors

X-ray diffraction



Results: Mechanical and Microstructural Characterization of 
Montmorillonite Sodium Ion Conductors (see Ryan Hillõs 
poster presentation (ID#174) for details)
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Layered structure of MMT clay contributes 

strongly to mechanical stability

Addition of polymer synergistically enhances 

modulus and hardness of composites!



NaSICONSeparator9

NaSICON
bó Alumina

Key Qualities of NaSICONCeramic 

Ion Conductors

Å Na3Zr2PSi2O12

Å High Na-ion conductivity (>10 -3 S/cm at 

25oC)

Å Chemical Compatibility with Molten Na 

and Halide salts

Å Zero-crossover

Å Mechanical integrity???

Goodenough, J. B., et al. (1976). "Fast Na+-

ion transport in skeleton structures." Materials 

Research Bulletin 11(2):



Results: Mechanical and Microstructural Characterization of 
NaSICON
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Primary grains and secondary phases can be spatially 

resolved using AFM

X-ray diffraction

AFM



Results: Mechanical and Microstructural Characterization of 
NaSICON
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Mechanically different regions can be visualized and reconciled 

with topographical features and phase differences


