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Presentation outline
» Application of EIS in battery research at DLR
» Motivation Li-air batteries

» Electrode production techniques at the DLR
« Cathode for the Li-air battery

* Influence of production parameter on electrode performance

e Conclusion and outlook
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Discharge at 1C
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Discrimination of SOC and SOH of serial connected batteries
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Electrochemical Model of Li-S Battery
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Motivation

Why Li-air batteries?

» Highest theoretical specific energy density (11.425 Wh/kg)
Cathodic reactant, O, from air, does not have to be stored

* Environmental friendliness
» Higher safety than Li-ion batteries

(only one of the reactants contained in the battery)
» Potentially longer cycle and shelf lives
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Schematically representation of a Li-air battery

Discharge
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Architectures of Li-air Batteries
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Schematically representation of Lithium-Air
Battery with Aqueous Electrolyte
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Bi-functional Oxygen-Electrodes: Design

 Bi-functional Oxygen-Electrodes = catalizes
ORR and OER

Active
Surface

« Depending on manufactoring process every
electrode consists of: Function BOE

Catalyst(s)

Conductive agent (C, Graphit...) Shicine
Binder (PTFE, PVdF...) '
Substrate (Metal mesh,...)

« Different manufactoring processes used at DLR: Dry Powder Spraying, Reactive Rolling an
Mixing, Pressing and APS

Dry Powder Spraying Reactive Rolling  Colloidal Suspension Atmosphleric Plasma
roller and Mixing (RMR) Spraying Spraying
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Manufactoring of bifunctional gas diffusion
electrodes

/ Oxide catalysts \
(LaysCay 4C00; ) can be

sprayed on for example a
Rhodius substrate with APS
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Manufactoring of bifunctional gas diffusion

electrodes

/ Oxide catalysts \

(LaysCay 4C00; ) can be
sprayed on for example a
Rhodius substrate with APS

Catalyst Iayer

Rhodius substrate

Electrodes with noble metal and other catalysts can be made with
dry power spraying technique

roller
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DC with a hydraulic press
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Impedance Measurements during ORR in 10 N
NaOH, on Silver Electrodes at Different Current
Densities, i< -50 mAcm2
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Electrode Model with cylindrical , homogeneous
pores and complex Faraday-impedance
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Evaluation of EIS measured during ORR
Equivalent circuit and R_4 = f(i)
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U-I characteristic and current density dependency
of impedance elements R_4 and R,
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Influence of compacting pressure: Evaluation of EIS
measured during OCR, -100 mA, 80°C, 10 N NaOH
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Overview EIS measurement points and CV with 1 mV/s
at RT, 1 N LiIOH , Ag-GDE

0,15
0,1
X EIS measurement point
0,05
=
)
< 0 :
- —Electrode 1 (high pressure) 25¢
>
=-0,05
= —Electrode 1 (high pressure) 50c
= 0,1
% 015 ——Electrode 2 (high pressure) 25¢
t 9
=
O 0.2 —Electrode 2 (low pressure) 50c
-0,25
-0,3

0 02 04 06 08 1 12 14 16 1,8 2
Potential vs. RHE / V

¥ .
i
-l v




12l 1 Q -

50

20
15

www.DLR.de

e Chart 21 7th IWIS 2014, Norbert Wagner

Impedance measurements during Oxygen
evolution on Ag-GDE (high pressure), 1 N LIOH,

25°C
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Equivalent circuit used for evaluation of EIS during OCR
and OER at different electrodes for Lithium-Air batteries
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Potential dependency of total resistance during
ORR at different electrodes, 1 N LiOH
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Potential dependency of charge transfer
resistance during OER
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Potential dependency of charge transfer
resistance in oxide layer potential region (OER)
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CV of a polished Ag electrode, 25% KOH, O, sat.
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Conclusion

* From the catalyst screening, a new bifunctionall catalysts system
for the cathode of a Li-air battery was found

* From the evaluation of the measured impedance spectra one can
propose a reaction mechanism for the ORR:

» Adsorptions- / heterogeneous reactions and charge transfer
reaction are consecutive reactions

* Reaction mechanism and rate determining step is changing at
higher current densities at ca. 20 mAcm-2

* Production parameters, composition and structure have a
strong influence on electrode reactivity

* Change of reaction zone with current density

 Silver electrodes are not stable during OER

i DLR
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Reactions pathways for the cathodic oxygen
reduction in alkaline solution

Direct-X 4e" - path: 2H,O0 + O, + 4e- — 40OH-  Peroxid - Path: H,0 + O, + 2¢” <> HO,” + OH"
0,+M e M...O,
M...0, +e — MO,

0, +2M < 2M...0 MO, + H,0 <> MHO, + OH-
2(M...0+e — MO MHO, + ¢ < HO, + M
2 (MO- + H,0 <> MOH + OH")

Peroxid-Reduction: HO, + H,O + 2e- — 30H-
2 (MOH + ¢ < OH + M) HO, + M < MHO,

MHO, + H,0 < MH,0, + OH-

MH,0, + e — MOH + OH-

MOH + e < M + OH-

Catalytically Peroxid-decomposition: 2ZHO,  — O, + 20H"
HO,+M < MHO,
MHO,- — MO + OH-
MO + HO, — O, + OH-+ M
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SEM pictures of Ag-GDE, produced by the RMR

technique (Ag,0+PTFE)
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