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Zn/MnO2 alkaline batteries have been identified as a viable option for the

modernization of grid scale energy storage due to their projected cost

(~$50/kWh), scalability,and safer componentswhen comparedto non-aqueous

alternatives. 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. Thefollowingreactionhas been proposedto occur in alkaline systems:

MnO2 + xH2O + xeĬɹ MnO2Ĭx(OH)x + xOH- where x = 2

Recently,successin rechargeability> 3000 cycleshas been demonstratedwith

the incorporation of various electrode constituents which alter the fundamental

dischargeand chargeprocessand form theǡ-MnO2 (birnessite)on the first cycle

which is identified as the reversiblereaction.
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Background KxMnO2 as model material 

Operando studies of KxMnO2

SynchrotronEnergyDispersiveX-rayDiffraction

ü Fully intact batteries are cycled at Argonne

NationalLabõsAdvancedPhotonSource

ü The white beam (~50-200 keV) penetrates the

cell casing and subsequent diffraction on the

internal material changesare detected

Laboratory-basedRamanSpectroscopyfor non-crystallineintermediates Summary and Next Steps

Potassiumbirnessite was synthesizedin

our lab. Considering birnessite as the

reversiblephasewe want to understand:

(1) What is the role of Bi2O3 in the electrode

(2) What is the mechanism for MnO2

reversibility

(3) What is the optimal way to incorporate

Bi into the electrode*
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K-birnessite+ Bi2O3

ü Non-destructive technique

identifies intermediates

and kinetically driven

reactions that may be

unstable for ex situ

characterization
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ü Most notably,no intermediate phases such as

MnOOHor Mn3O4 were detected by diffraction

experimentsindicatinga two-phasereaction

ü Birnessite, Mn3O4, and

Mn(OH)2, and Bi metal could

be identified

ü In the presence of Bi2O3

small quantities of Mn3O4

form but disappearduring the

secondplateau

ü Bi2O3 suppresses the

formation of the irreversible

phase and allows for the full

conversionto Mn(OH)2

1. Diffraction methods detect two crystalline phases in the reversible

reaction,birnessite (MnO2) and Mn(OH)2
2. However,Ramanspectroscopyrevealedthe formation of Mn3O4 during

dischargewhich is suppressedin the presenceof Bi2O3

3. We are specifically interested in the final plateau of the discharge

whereBi2O3 redoxactivity is possiblewith the disappearanceof Mn3O4

Ournext beamline run is scheduledat NSLS-II for XASto better probe the

redoxactivityof Bi and Mn with improvedtemporal resolution.
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EDXRD Collaboration:
Matthew Kim (Northeastern) and David Arnot

(Sandia)testing batteries at beamline 6BM-A of

APS. Ourinstitutions are workingtogether for the

operando characterization 

of battery reactions.

K0.3MnO2 theo. capacity: 460 mAh/ g 
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