Development of Gel Polymer Electrolytes and Electrocatalysts for Long-

Duration Zn-Air Batteries

Ruhul Amin, Oak Ridge National Laboratory, Tennessee

(" MOTIVATION AND OBJECTIVES (1 ZINC-AIR CELL (" CATALYST SYNTHESIS )
= Zn-air battery (ZAB): /-\ SO__difn‘:':‘:’r:x‘i’de A g N,
« Strong market demand and streamed line supply | \\/J DI water - 2M BasedonpH | - pyyip
chain ) . % Gel-Polymer electrolyte (GPE)
* Low-cost ($10/KWh) and high specific energy = N : ‘ Sodium Hydrodde in - coninuous
1086 Wh/Kg rl,*g) = 0.5 I/hr
= Key challenges: o +
 Material development and processing % + 8 Q Trapsition Metal - Continuous
* Electrode, electrolyte and catalyst design, and cell , NG s = Iater
engineering for long duration cycling g IN = I
= Current work: Sl o IS .
« Fabrication and optimization of polymer electrolyte E gr';;r N I Rea::f:i::‘”“
( Oionic = 6.6 MS/cm) and electrocatalyst 1 : g 5,3. I DI Water
« Understanding Catalyst activity, cell efficiency and = & S IS —
. . . . NN N A pH Maintained
Zinc dendrite growth and suppression strategies. _ _ _ s
Synthesis of NiyFe,(OH), via coprecipitation process
\_ J\ J\ J
1 PHYSICAL ANALYSIS OF CATALYST \( ELECTROCHEMICAL ANALYSIS OF CATALYST M)
£ 45 E Of
- Obseved S —PtC E:
."? —— Calculated < — Ni gsFeq o5(OH),/C g ]
4 —— Difference §30 ] =
) ' | P-3m1 2 2
c L g -2
g 2151 123V £,
= o ¢ B : 9_ I —PtiC
% | I T T N R [ A = ‘ ?'825\/ 5 —— Nig g5Feg,05(OH),/C
(44 o0 — - =1 N O, ) ) )
. . WU, P - SN 1.2 14 1.6 1.8 2.0 0.4 0.6 0.8 1.0 1.2
e i . e Potential (V vs. RHE) Potential (V vs. RHE)
10 20 30 40 S0 60 70 80 90 100 Via C ipitati Via Electrochemical .
26 (deg) ila Coprecipitation deposition OER overpotential value for ORR performance were evalu.ated in O,
. . , , Nig o5 Feg05(OH),/C: 424 mV and PY/C: saturated 0.1 M KOH, showing E,, at
Refined PXRD pattern of Ni, osFe,o5(OH), SEM images of Nig osFeg o5(OH), catalyst 595 mV at 10 mA/cm2, respectively. 0.645 V and 0.852 V.
\_ AN J
q{ SYNTHESIS OF GEL POLYMER ELECTROLYTE (1 ELECTROCHEMICAL ANALYSIS OF GEL POLYMER ELECTROLYTE N
Design and synthesize of gel polymer electrolytes: . 3
roach 1:  Mop® MNP + + —— PAA+PAM+C ] /'.;\‘M
Approach 1 J; ‘J:k PAA + PAM + C AR PANSC 22t —@— PAA+PAM+C+CL s L YN
- , / —A— PAA+PAMHKC N T
Yl | ~ o4 s 1F Vo vaad
on < 24 F ()]
Approach 2: Cellulose PAA + PAM + C +CL g E O |
- 3 S °|
PAA+PAM+C+ oz o~ o ok 2
Approach 3: Epoxy Crasslinker ] 8) ' TJ - 1 L
. PAA + PAM + KC DI water - O L
+ + °_0 —2 -
o Gkl S |
: ]
n _3 M 1 M 1 M 1 M 1
Kappa-carrageenan . : . : 0 50 100 150 200

3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 .
Temperature (T-/K1) X103) Time/h

lonic conductivity of 3 different GPE measured at various Zn/GPE/Zn symmetric cell: Stable Zinc plating/stripping at

temperatures. The PAA+PAM+KC based GPE exhibits best for over 200 hours, indicating enhanced stability of
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More work is needed on optimizing the bifunctional catalyst to reduce
cell overpotential.

Need to further optimize the mechanical properties and water
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XPS on Carbon felt surface after cycling reveals the
presence of metallic zinc, indicating zinc plating
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OAK RIDGE Zn/GPE/AIR Full cell: Cycling at different temperature (a) |I|o Investigate various types and microstructure of zinc anode for
National Laboratory same cell, (b) different cells eliminating zinc plating issues at longer cycling durations.
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