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Cu/Bi Electrochemical Properties

Rechargeable Alkaline Zn–Cu Batteries Enabled by 
Carbon Coated Cu/Bi Particles

Background

Noah B. Schorr, David J. Arnot ,Igor V. Kolesnichenko, Timothy N. Lambert*

Sandia National Laboratories,  Albuqeurque, New Mexico, 87185

• Irreversibility of  cathode

Current MnO2 cathodes for alkaline cells suffer from reversibility issues, 

especially at high utilization.1

• Phase changes• Susceptibility to zinc poisoning • High capacity (674 mAh/g)• Bi enables over 100+ cycles• Tolerant to Zn(OH)4
2-
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Synthesizing Cu/Bi Nanoparticles

Visualizing Cu/Bi Benefits
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Developments in our group have shown Cu and CuO represents a new class of  

material for reversible cathodes in alkaline Zn batteries.2-3

SEM/TEM of  synthesized Cu/Bi@C product XRD of  Cu/Bi@C and precursors

Carbon coated Cu/Bi particles (Cu/Bi@C) were synthesized though annealing of  polydopamine coated CuO/Bi2O3 powder in order to understand role of  carbon in cycling.3

TGA of  Cu/Bi@C and precursors Raman spectroscopy of  Cu/Bi@C and precursor

Cu/Bi@C display stable cycling for hundreds of  cycles when paired with a Zn anode. The C coating proved essential for high capacity utilization, although Cu/Bi still cycled.

Cycling metrics of  Cu/Bi@C vs Zn Voltage profile of  Cu/Bi@C vs Zn RRDE of  Cu/Bi@CComparison of  Cu/Bi@C and Cu@C vs Zn

When discharged or charged the Cu/Bi@C does not show signs of  Cu2O the species that proved detrimentally passivating to previous Cu cells. 
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SEM of  three types of  Cu cells XRD Cu/Bi@C cathode SEM and EDS of  Cu/Bi@C cathode

Cu/Bi@C cathode 

CuO/Bi2O3 cathode 

CuO(no additive) cathode 
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Conclusions

Carbon coating enables excellent cycling performance preventing detrimental Cu2O structures found in passivated Zn/CuO batteries. This work exemplifies the benefits of  

nanoscale carbon coatings for Cu particles providing further insight into methods for realizing a Cu based cathode for rechargeable alkaline Zn batteries.
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