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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.

Background ǡ-MnO2ðBi2O3 system 

Mechanistic Insight into ǡ-MnO2ðBi2O3 cyclability

X-rayabsorptionspectroscopy(XAS)providesoxidationstate changeand local structure

ü Fullyintact batteries are cycledat BrookhavenNationalLabõsNSLS-II QASbeamline

ü Both the Mn K- and Bi-LIII edge were scanned with over 1 cm2 electrode area in

fluorescencemode

ü Limited Mn redoxwithout Bi2O3 present, full reduction to Mn2+ whenpresent

ü Secondplateau showsinitial Mn redoxslow then quicklyconvertsaboveMn3+

ü Bi is partially redoxactive but doesnot fully convert to Bi metal

ü Bi-O from [BiO3]3- cluster is present even at full discharge indicating Bi3+ is present,

possiblyan amorphousor a dissolvedspecies

Summary and Next Steps

We use K-MnO2 as a model material to answer

the followingquestions:

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

(2) What is the mechanismfor MnO2 reversibility

1st Cycle
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Ramanindicatesdisorderedǡ-MnO2

ü Non-crystallineǡ-MnO2 observed with

Ramanon secondplateau on charge

ü Mn3O4 also observedwithout Bi2O3

XRDconfirms reformation

ü Bi metal, Mn(OH)2, and crystalline

birnessiteare confirmedby diffraction

1.A disordered, non-crystalline birnessite-type phase

consisting of mostly neutral H2O within the interlayer forms

as the intermediate phaseon charge.

2.Bi2O3 partially convertsto Bi0 also contributing to capacity.

We are currently developing XAS models and performing

operandoRamanstudies to identify dissolvedBi3+ species
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