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My researchiscenteredon the developmentand optimizationofpost-Lithium-ionenergy storage

systems,specificallyexploringchemistriesbased on Aluminum, Magnesium,and Sodium. A

significantpartof thiswork involvescomposite electrodematerials,optimizingslurries,and

developingadvancedelectrolytes.Whilesynthesizingthesematerialsand evaluatingthem through

physicalelectrochemicaltestingprotocols,such asgalvanostaticcharge-dischargecycling,yields

essentialempiricaldata,experimentaltestingalone cannotfullyisolatethe complex,coupled
internalphenomena governingcellperformance.

COMSOL Multiphysicsisrequiredto bridgethisgap betweenfundamentalmaterialsynthesisand

practicalcellbehavior.The software willenablethecreationof detailedmodelsto simulatethe

internalelectrochemical,transport,and mechanicalprocessesoftheseemergingbattery
chemistries.

Specifically,accessto the Basicand targetedAdvanced Modules willsupport my researchinthe

followingways:

ElectrodeArchitectureOptimization:Utilizingthe BatteryDesign and Optimization

modules, we willsimulatevaryingparametersof my composite electrodesto predictthe

optimalstructuresforimprovedcapacityand performance.

MitigatingMechanicalDegradation:The insertionoflargerormultivalentions(Na',Mg2,

A")causesseverevolumetricexpansioninhost materials.The StructuralMechanics

Modulewillallowus tocouple electrochemicalkineticswith solidmechanicsto predict

stressgeneration,particlefracture,and delaminationwithinthe composite electrodes

duringcycling.

AddressingMetalAnode Instability:Forchemistriesutilizingmetalanodes(such as Zn and

Al),dendritegrowth and unevenplatingaremajorbottlenecks.The Electrodeposition

Module isessentialforsimulatingthe metalstripping/platingdynamicsand localizing

currentdensitiesto design protectivelayersand optimizedelectrolyteformulations.

Interfacialand KineticAnalysis:The ChemicalReactionEngineeringModule willfacilitate

the modelingof complex parasiticreactions,SEllayerformation,and electrolytetransport



properties.This willhelpinterpretthe underlyingmechanisms behindthe fadingcapacity

and impedancegrowth observedinphysicaltesting.

Inconclusion,COMSOL Multiphysicswillactas a crucialcomputationalcounterpartto my

experimentalwork.It willacceleratematerialdevelopment,reduceexperimentalwaste,and provide

the deep mechanisticinsightsrequiredto optimize these post-Li-ionenergystorage systems.
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