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• Material development and processing
• Electrode, electrolyte and catalyst design, and cell 

engineering for long duration cycling
 Current work:
• Fabrication and optimization of polymer electrolyte 

( σionic = 6.6 mS/cm) and electrocatalyst
• Understanding Catalyst activity, cell efficiency and 

Zinc dendrite growth and suppression strategies.

MOTIVATION AND OBJECTIVES

 Zn-air battery (ZAB):
• Strong market demand and streamed line supply 

chain
• Low-cost ($10/KWh) and high specific energy = 

1086 Wh/Kg
 Key challenges:

ZINC-AIR CELL

SYNTHESIS OF GEL POLYMER ELECTROLYTE
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Gel-Polymer electrolyte (GPE)

ELECTROCHEMICAL PERFORAMANCES  OF ZINC-AIR BATTERY CELLS

XPS

Zn/GPE/Zn symmetric cell: Stable Zinc plating/stripping at 
for  over  200  hours,  indicating  enhanced  stability  of 
PAA+PAM+K based  GPE. All further data presented here 
employed same GPE.

Zn/GPE/AIR Full cell: Stable cycling for 1-hour charge/discharge 
for over 500 h, in relatively high humidity (>90%) condition

Zn/GPE/AIR Full cell: Stable cycling for 1-hour 
charge/discharge for over 300 h, in ambient conditions
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Ionic conductivity of 3 different GPE measured at various 
temperatures. The PAA+PAM+KC based GPE exhibits best 
performance with RT ionic conductivity of 6.6 mS/cm

PAA+PAM+C PAA+PAM+C+CL PAA+PAM+KC

XPS on Carbon felt surface after cycling reveals the 
presence of metallic zinc, indicating zinc plating

Zn/GPE/AIR  Full  cell:  Stable  cycling  for  5-hour 
charge/discharge cycle for over 550 h, in relatively high 
humidity (>90%) conditions
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CATALYST SYNTHESIS

PHYSICAL ANALYSIS OF CATALYST ELECTROCHEMICAL ANALYSIS OF CATALYST

Synthesis of Ni1-xFex(OH)2 via coprecipitation process

ELECTROCHEMICAL ANALYSIS OF GEL POLYMER ELECTROLYTE

Via Coprecipitation

0.95 0.05Refined PXRD pattern of Ni Fe (OH)2

ORR performance were evaluated in O2

1/2saturated  0.1  M  KOH,  showing  E at
0.645 V and 0.852 V.

OER overpotential value for
0.95 0.05 2Ni Fe (OH) /C: 424 mV and Pt/C:

595 mV at 10 mA/cm2, respectively.SEM images of Ni0.95Fe0.05(OH)2 catalyst

Via Electrochemical 
deposition

Zn/GPE/AIR Full cell: Cycling at different temperature (a) 
same cell, (b) different cells

TEMP BASED CYCLING SCIENTIFIC ARTIFACTS AND OUTLOOKS
o Articles published, under review or in preparation:
• R. Amin et al., J. Mater. Chem. A, DOI: 
10.1039/d4ta01061b. Selected as a Hot Article, 2024.

• M. Rahman---R. Amin et al., Electrochem. Energy Review, DOI: 
10.1007/s41918-025-00249-w, 2025.

• R. Amin et al., “Composite Biopolymer Electrolytes for High-
Performance Reversible Zinc-Air Batteries” (under review)

• 2 articles under final stages of preparation
• Oral presentations at MRS fall 2024, ECS Prime 2024,ECS Chicago 

2025 and others.
o More work is needed on optimizing the bifunctional catalyst to reduce 

cell overpotential.
o Need to further optimize the mechanical properties and water 

retention capacity of KC based GPE.
o Investigate various types and microstructure of zinc anode for 

eliminating zinc plating issues at longer cycling durations.

a)

b)

Development of Gel Polymer Electrolytes and Electrocatalysts for Long- 
Duration Zn-Air Batteries
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