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Lithium batteries have the highest energy density of any
commercially available rechargeable battery and are used in electric
vehicles. However, these commercial batteries have lithium salts
dissolved in hazardous flammable organic solvents. Any damage or
malfunction in the battery can lead to fires or explosions. Polymers
doped with lithium salt improve safety because these batteries do not
leak, are nonvolatile, less reactive, and less flammable. A block
copolymer provides both the mechanical strength and high ionic
conductivity necessary to cycle lithium batteries.
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• Relaxation times:
• 30 minutes between each
polarization
• 2 hours between each
change in temperature
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• The slope of the linear fits are used
to obtain αc
• The y-intercept is used to obtain i0

Conductivity vs. Temperature
With VFT* Fitting

Poly(ethylene oxide)

• Our cells are performing as expected. Higher
salt concentration and higher temperature both
result in higher conductivities
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Li/Li+ Activation Energy is dependent
on salt concentration
is not dependent

on salt concentration, so the Li/Li+
reaction is dominated by the lithium
metal surface

Conclusions

VFT Fitting Parameters
σ0
2.77E-03
8.92E-03
2.85E-03
5.22E-03
1.15E-02

b
209.9
475.0
149.0
287.3
276.4

T0
-5.19
-60.09
12.11
-31.34
-10.46

• Lithium dendrite formation is driven by reaction kinetics
• Li / Li+ reaction is dominated by the metal surface, not Li+ concentration
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Future Work

* Vogel-Fulcher-Tammann

LiTFSI

Effects of Temperature
on Activation Energy

• This is the analysis of the data
shown above.

5 different salt concentrations: [Li]/[EO] = r
0.0325, 0.05, 0.0675, 0.085, 0.1025

SEO + LiTFSI
Polymer
Electrolyte

Effects of Temperature and Salt
Concentration on Exchange Current Density
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Materials and Assembly
Molecular Weight: 122 kg/mol
Weight Fraction (NMR)
0.42
0.58

• Our assumption is supported
• αc >> αa , indicating that lithium
dendrite formation is driven by
reaction kinetics

Butler-Volmer Kinetics

• Most electrochemical
investigations are designed
for liquids
• Creative, new approaches
must be developed to
overcome the effects of mass
transfer limitation

αc and αa are transfer coefficients
representing a fraction of cathodic
and anodic reaction occurring at
the working electrode

• Second data point (0.1 s
after a potential is applied)
and the overpotential (ηs) are
used to generate the fitting
shown below
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• Solid polymer electrolytes
have the potential to be an
effective, safe alternative

Evaluation of assumption that
αc and αa Sum to 1

• Constant potential is applied
for 5 seconds

-2

Liquid Electrolyte Lithium Ion Battery

Effects of Temperature and Salt
Concentration on
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Assembled in a Argon filled glove box with
concentrations of O2 < 0.2 ppm and H2O < 0.1 ppm
Sealed in impermeable pouch (not shown)
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• Rotating disk electrode experiments in liquid ferrocene/ferrocenium electrolyte

References
Panday, A et. al; “The Effects of Molecular Weight and Salt Concentration on Conductivity
of Block Copolymer Electrolytes” Macromolecules, 42, 4632 (2009)
Hallinan, D et. al; “Lithium Metal Stability in Batteries with Block Copolymer Electrolytes”
Journal of The Electrochemical Society, 160 3 A464-A470, (2013)

