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Background
As global energy production becomes increasingly dependent on
renewable sources, the development of improved energy storage
systems has become a mission of global importance. In recent years,
alkaline Zn/MnO2 batteries have been identified as a viable candidate for
grid-scale applications due to their scalability, safety, non-toxicity, and
projected cost of ~$50/kWh. For this system to reach its maximum
capacity, the full Mn4+/2+ redox couple must be reversible over thousands
of cycles with high mass loading. The following reaction has been
proposed to occur in alkaline systems:

where
By incorporating various electrode constituents to alter the fundamental
charge/discharge process, researchers have demonstrated success in
rechargeability > 3000 cycles. The cause of reversibility in these systems
has been identified as the formation of the δ-MnO2 (birnessite) on the
first cycle.

Electrodes are produced with
MnO2 (EMD), Bi2O3, and
industrial CNTs. As can be
seen in the figure to the right,
Bi enables rechargeability.

We cycle electrodes and
monitor materials changes
using Raman spectroscopy to
answer the following questions.
Raman does not require
crystallinity in materials, and
thus can reveal the short-range
order in materials.

Research question
• What is the role of Bi2O3? During cycling,
does Bi:
➢ Leave the MnO2 structure as a
hydrated [Bi(H2O)n]3+ species
➢ Remain as a coordinated [BiOx]
cluster
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Operando Raman Spectroscopy
Operando Raman spectroscopy enables analysis of electrode surfaces
during cycling
➢ Alkaline cells were assembled in an ECC-Opto-Std El-Cell and cycled 10
times under a Raman spectrometer
➢ The behavior of Bi2O3 and MnO2 particles was observed over a 100 μm2
electrode area as cells were fully discharged and charged
➢ Bi2O3 clusters form over the first charge cycle and are converted to Bi0 on
discharge
➢ Bi2O3 clusters disappear completely after approximately six cycles.

Raman map of Bi2O3 clusters

El-Cell Configuration

Disappearance of Bi2O3 Raman signal within a cluster

Next steps
1. Continue operando Raman studies to identify dissolved
Bi3+ species
2. Determine structural changes of layered MnO2 due to
possible Bi2O3 intercalation via analysis of characteristic
MnO2 Raman bands (see figure to the right)
3. Apply operando Raman analysis to alkaline CuO
systems
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