
Hydrothermal Growth of Co3O4 Nanoparticles 
as Catalysts for Lithium-air Batteries

Background Challenges
Lithium-air batterieswerefirst discoveredin the1970s andsince
then they have attracteda lot of attentionfrom academiaand
research. �7�K�H�\�¶�U�Hconsideredthefutureof energystoragescience
due to their extremelyhigh theoreticalenergydensitywhich is
comparableto that of gasoline. The max energy density was
calculatedaround~12 kWh/kg which is close to the specific
energyof gasoline(~13 kWh/kg).

The batteryusually containsa lithium metal anodeand
open air cathodethat will allow oxygen in the air get
inside. Both areconnectedby a non-aqueouselectrolyte
to allow the transportof lithium ions. The mechanism
behind the secondary Li -air battery is the oxygen
reductionreaction(ORR)andoxygenevolutionreaction
(OER) at the tri-phase boundary between oxygen,
lithium ions, and conductive air cathode. During
dischargethe lithium ions from the anode,dissolved
oxygenin theelectrolyte, alongwith two electronsfrom
the cathode will react to produce lithium peroxide
(Li2O2). Theprocesswill taketheoppositedirectionand
releaseoxygenwhenthebatteryis recharged.
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Synthesisof Co3O4: We areusing the hydrothermalprocessto
directly grow cobalt oxide nanostructureson pyrolyzed
polyacrylonitrile(PAN) fibers. The processinvolvespreparing
a 0.05 M cobalt(II) nitrateprecursorsolutionat a pH of 8. The
�V�R�O�X�W�L�R�Q�¶�VpH is adjustedby addingammoniumhydroxide. The
additionof hydroxidechangesthecolor of thecobalt(II) nitrate
solution from light red to blue, and also precipitatedgreen
particles after an hour of stirring. The color change is
associatedwith the formation of insoluble cobalt hydroxide,
which acts as the seed crystal for nanoparticle growth.
Hydrothermal synthesis was performed with PAN felt
submergedin the cobaltsolutionat 180oC for 12 hourswith a
heatingrateof 6oC/min. After washingwith waterandallowing
to dry, thesampleis annealedat 350oC for 2 hoursin air. XRD
characterizationwasperformedon precipitatedparticlesat the
bottomof thehydrothermalcrucible.

ElectrochemicalTesting: Li -air batteriesusingas-receivedPAN
felt andCo3O4 grown on PAN felt (Co3O4@PAN) weremade
in an argonglove box using CR2032 coin cells modified for
metal-air batteries. Glassfiber papersoakedin electrolytewas
usedto separatethe lithium metalanodefrom air cathode. The
electrolyte was 1M LiTFSI dissolved in TEGDME.
TheLi -air batteriesweretestedin anair tight box under1 atm
99.999% O2 gas. The batterieswere allowed to sit in oxygen
for 10 hours before testing. Linear sweepvoltammetry was
doneon the batteriesat a rateof 0.5 mV/s from 3.1 and1.8 V
for the cathodicsweepand between2.9 and 4.05 V for the
anodicsweep. The batterieswere held at 2.5 V for one hour
beforetheanodicsweep. Galvanostaticcycling wasperformed
at a current rate of 0.02 mA/cm2. The cycled batterieswere
openedin air and rinsedwith acetonitrilein order to perform
SEM.

Methods Results

Figure 1: Li-air energy and power density compared with other systems.

Figure 2: Schematic of Li-air battery during discharge.

PracticalLi -air cells suffer limited capacity,high overpotentials,
and short cycle life due to factors including sluggishORR and
OER kinetics,insolubledischargeproduct,anddecompositionof
carbon cathodeand electrolyte. The dischargeproduct, lithium
peroxide is also electrically insulating which passivatesthe
cathode. Additionally, some carbon based cathodes and
electrolytescandecomposeinto irreversiblelithium carbonatethat
will lead to severecapacity fading. The insolubility of these
productscan clog pores,preventingfurther diffusion of lithium
ionsandoxygen.

Different air cathodematerialsandcatalystscanhelpmitigatethe
addressedproblems. The objective of the following researchin
progressis to investigatehow the addition of catalytic Co3O4
nanoparticlesgrown on a carbonfiber cathodecan improve its
performanceas an air cathodefor Li -air batteries. Carbonfiber
felt couldbeanoptimalmaterialfor Li -air batteriesdueto its light
weight,easeof manufacturability,andlow cost. Its openstructure
canpreventcloggingandallow for opendiffusion of oxygenand
lithium ions. Co3O4 is a well studiedbifunctionalcatalystfor the
ORR and OER due to its mixed valencespinel structure. The
morphology of the catalyst can be adjustedthrough different
synthesis techniquesthat can affect the performanceof the
cathode.
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Figure 7: XRD result from the hydrothermal process

Discussion
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Objective

Hydrothermalsynthesisresultedin pure phaseCo3O4 with no
CoO or Co(OH)2 impurity phasesaccording to XRD. The
additionof Co3O4 nanoparticlesdecreasedtheoverpotentialof the
ORR by 79 mV determinedby the shift in voltagepeakof the
cathodiclinear sweep. The carboncathodewith Co3O4 particles
had over 553 mAh/g higher capacity than the plain PAN felt
cathode. SEM showedthat dischargeproduct formed nanowires
on Co3O4 particles in comparisonto smaller rough particles
coating the surfaceof plain PAN felt. The increasedcapacity
could be attributedto the increasedpackingdensityof nanowire
growth promotedby the Co3O4 catalyst. The modestcurrentrate
usedresultedin prolongedtestingover 7 days. In this time there
couldbesignificantlossof electrolytethroughevaporationwhich
could explain the smaller chargecapacitiesand their similarity
betweenthe two batteries. Otherwise,chargecapacitycould be
lost due to the formation of Li 2CO3 product which is common
among carbon basedcathodes. Further compositionalanalysis
mustbeperformedto validatetheseconclusions.
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Figure 3: Clogging of porous cathode material by 
formation of insoluble Li2O2 and Li2CO3.

Figure 4: Co3O4 at PAN carbon fiber.

Figure 5: PAN carbon felt (left) and coin cell assembly (right).

Figure 8: Linear sweep voltammetry (left) and galvanostaticcycling (right).

Figure 9: SEM micrographs of plain PAN (left) and 
Co3O4@PAN (right) air cathodes after galvanostaticcycling.

Figure 6: Air-tight box for Li-air battery testing.


