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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/MnQO,, batteries have been identified as a viable candidate for
grid-scale applications due to their scalablility, safety, non-toxicity, and
projected cost of ~$50/kWh. For this system to reach its maximum
capacity, the full Mn*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:

MnO, + xH,0 + xe~ < Mn0O,_,(OH), + xOH Wwherex = 2

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

first cycle.

KGaIIaway et al.; Journal of The Electrochemical Society, (2018) 165, 13, A2935-A2947
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OperandoRamanspectroscopyenablesanalysis of electrodesurfaces

duringcycling

YaAlkalinecellswereassembleth an ECCOpteStd EFCelland cycled10
timeundea Ramarspectrometer

¥ The behavioof BL,O; and MnQ particlesvasobserveavera 100 ny
electrodareaascellswerefullydischargeandcharged

¥B1LO; clustersormoverthe firstchargecycleandare convertedo BP on
discharge

¥4BLO, clusterslisappeasompletelgfterapproximatedyxcycles

El-Cell Configuration

Nextsteps

BF* species

2. Determinstructurathangesf layeredvinQ dueto
possibldLO; intercalationiaanalysi®f characteristic
MnQ Ramarandgseefigurdotheright)

3. Apply operandoRaman analysisto alkaline CuO
systems

Bruck et al. Journal of The Electrochemical Society 2020, 167 (11), 110514.
\Chen et al. Chemistry of Materials 2015 , 27, 19, 66081 6619
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Electrodesire producedwith
MnQ (EMD), BLO,, and
iIndustrialCNTs As can be
seenin thefigureto theright,
Bienablesechargeability

We cycle electrodes and
monitor materials changes
usingRamanspectroscopy
answethefollowinguestions
Raman does not require
crystallinityn materialsand
thuscanreveatheshorrange
ordenin materials

Operando Raman Spectroscopy

1. Continueperand®amarstudiego identifidissolved Characteristic MnO, Raman Spectrum
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a-MnQ0,dBi, 0, system

Researchguestion

A Whaistheroleof Bi,O,? Duringycling,
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_eave the MnQ structureas a
nydratefBi(HO)J** species
Remainas a coordinatedBiQ)]

cluster

K-birnessite + B|
K-birnessite

1St Cycle

\

200 300
Capacity (mAh/Q)

500

~

Raman map of Bi,O, clusters

Disappearance of Bi,O; Raman signal within a cluster
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