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PROJECT PROFILE RESULTS
Topic: Zinc & Lead Batteries | Vertical: Materials and Systems HEA NP composition: important for catalytic activity and kinetics
Innovation « Taking out Mn from the composition detrimentally affected the catalyst activity (ORR
S i« Path ¥e and OER) despite only being part of the oxide stabilizing phase
trateglc at way. Grow « Addingin Co (FeNiCo,CrMn) also lead to decreased OER kinetics, but slightly better ORR
PFOjECt start and finish: FY25-FY26 (as predicted - data not shown) than the equimolar composition
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The use of earth abundant materials, with well developed domestic supply 202 | ORR E,, was 35 mV more 3’: ke
chains, can lower costs for grid scale energy storage. £ | composition than the na mn £ : A
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Trivalent materials (e.g. AI3* or Fe3*) are attractive because they have high ® s os o8 o2 oo  Ptwas-o0mybetterfor ORR G007 o o8 o8 o e va s coASt
energy storage capacity. Earth abundant, non-precious metal High Entropy . E/V (s haglage) IV (vs REAEED |
Alloy Nanoparticle (HEA NP) FeNiCoCrMn bifunctional electrocatalysts will Fig. 3: HEA NP composition dependance on (A) ORR E;,, and (B) OER onset potential
increase efficiency and decrease costs. Al-Air Full-Cell Cycling Results Pt cost was >1000x compared to HEA NPs
We demonstrate a secondary Al-air battery consisting of energy dense (A) Pt Bulk Cathode v, oeanrite s e NP Catalyst Cathode Redesigned secondary Al-air cell with
trivalent Al** and non-precious metal catalysts. % — Pt cathode cathode hi : . N
P y | | L rsmiaimicon - theoretical capacity of 67 mAh utilizing
- Demonstrate secondary metal-air (Al-air) A"A"B“‘“:\VSC*‘ET““‘“‘ 2,0 ( | an Al metal anode, Al-IL electrolyte
battery cycling and evaluate efficiency V) \& /3/ m MW(WWW\ (Lewis-base additive), and a semi-
O O L ) e O - por rdrox ANASICON Separato “ optimized HEA NP bifunctional OER/ORR
utiiized - Itive errects estaplisnea 1as B ; 0.5 . .
. Improved Al-IL e-chem has been made 58 8 Aolisce oossmaem ooimwvem | oxmaeme | CAtalyst cathode reversibly cycled with
B .t | eewe B R e ©®® high energy efficiency (EE%).
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bifunctional catalysis - Stable OER/ORR . HERNP Cathode B e o 1 EE% at 5 yA/cm2over 10 cycles:
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| Fig. 4: (A) Al-air battery constant current cycling

APPROACH

Continued development of the anode electrolyte (AL-IL), membrane separator

Energy Efficiency (%)

. ) ] i 20+  0.005 mA/cm? 0.01 mA/cm? 0.02 mA/cm? y)
and cathode HEA NP bifunctional electrocatalysts continued this FY. Full re- rate test (0.005 2 0.02 mA/cm?, 10 cycles each).
design of the test cell was required to facilitate active, functional cycling. 65w 15— ww (B) Energy efficiency from cycles shown in (A).
Anode - Al-IL Electrolyte:
« Advancement of the Al-IL (Al-containing ionic liquid) electrolyte was instrumental CO N CLU S I O NS & I IVI PACT
for the functional Al-air battery - New research enabled Lewis-basic IL electrolyte We have separately demonstrated the various pieces of the Al-air
0 0 . . . .
to protect NasICON (40mol% AICl;, 60 mol% Nax) battery and have combined them into a functional secondary Al-air
Membrane/Separator: battery system. This will allow room temperature Al-air battery cycling
+ Polymer membranes failed to prevent electrolyte mixing - Al** reacted with H,0 to become and part of the grid as a low-cost energy storage system.
« Na* conducting NaSICON separator prevented IL and aqueous electrolyte mixing . Newly re-designed test cell allowed full cell cycling experiments
Cathode - Equimolar FeNiCoCrMn HEA NP Bifunctional Catalysts: « Al-IL electrolyte paired with Al anode and shown to have high open circuit
+  HEA NP bifunctional catalysts are highly active for the Oxygen Reduction voltage of ~1.35V N
Reaction (discharge - ORR = sz) and the Oxygen Evolution Reaction (Charge — * Seml-Optlmlzed COmpOS|t|0n HEA NP CatalyStS perfOrmed well CompaFEd to a
OER = 10mA/cm?2 potential) high sqrface are Pt wire (28% higher EE) and allowed higher current cycling
«  Stabilizing oxide phase prevents activity loss from sintering *  Reversible Al-Air full cell cycling demonstrated (>30 cycles)
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AL-IL Electrolyte: ST FUTURE DIRECTIONS
Lewis Acid/Base Properties, Full Battery Cycling:
Composition and Additive Energy Efficiency (EE%), . ' : A : .
Effects, E-chem Stability R Capacity, SaC ) HEA NP: Continued development of this secondary Al-air battery will aim to
> — - < (Composition and increase the cycling rates (current density) and access more of the
oo ma | g L ) OER vs ORR testing) Al-IL capacity in deep charge cycling.
§s0 — AICl;+NaX | \ FeNiEquué;nMOJ]aFrorm « Understand full cell rate limitations and identify ways to increase current density
£ 00 :’_/ YN - FeNiCo Metallic « Improve compositions of Al-IL to reduce the interfacial impedance
550 | 0 , Particles Surrounded | < Optimize interfacial interactions and mass transport
Fully Assembled, by CrMn. Stabiliz .
ool . | | d Ssecondary Al-air Cell onicef SIS f;%x avilizing |« Perform long term cycling in full cell (>100 cycles and/or >1000 hours) and
0 Btential Was ey & 1P as¢€ evaluate all materials performance over long term cycling
Ad(ditive Effect on Al-IL E-chem * Increase the capacity utilization of the Al-IL electrolyte
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