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Next-Generation High-Energy and High-Power Batteries

Specific energy (Wh kg™)
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Porosity, %

Y,
PATATAY,

Li-Air Cells electrons oxygen redox at ,
. — posltive electrode theoretical voltage 2.96 V

L1202 decomposition

0 2L + O = Li-02

© at negative electrode
¢ Li= Li*+e

®© at positive electrode

0> + 2Li+ + 2e- = Li-0-

porous cathode
electrolyte
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theoretical specific energy
up to 900 Wh/kg

predictions
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Initial porosity 85%

Sergeev, A. V.; Chertovich, A. V.; Itkis, D.
M.; Goodilin, E. A.; Khokhlov, A. R. Effects
E of Cathode and Electrolyte Properties on
RE Lithium—air Battery Performance:
Computational Study. J. Power Sources
2015, 279, 707-712.
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L1202 decomposition
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In Situ Small Angle Neutron Scattering Revealing lon Sorption in
Microporous Carbon Electrical Double Layer Capacitors

Pare Yolume

Specific Capacitance (F g')

S. Boukhalfa, D. Gordon, L. He, Y. B. Melnichenko, N.
Nitta, A. Magasinski, G. Yushin, ACS Nano 2014, 8,
2495-2503.
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In Situ Small Angle Neutron Scattering Revealing lon Sorption in
Microporous Carbon Electrical Double Layer Capacitors

2D neutron
detector

WE

Incident beam

Electrochemical cell __——=%
filled with 1M TEATFB
solution in d-AN

S. Boukhalfa, D. Gordon, L. He, Y. B. Melnichenko, N.
Nitta, A. Magasinski, G. Yushin, ACS Nano 2014, 8,
2495-2503.
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Potential vs Li /V

In Situ Observation of Solid Electrolyte Interphase Formation in Ordered
Mesoporous Hard Carbon by Small-Angle Neutron Scattering
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C. A. Bridges, X.-G. Sun, J. Zhao, M. P. Paranthaman,
S. Dai, J. Phys. Chem. C 2012, 116, 7701-7711.



Precipitation of Lithium Peroxide in Carbon for Li-Air Batteries by SANS
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Li-lon Batteries: Interface Structure

Nagative Positive
Electrode * Electrode
Copper negative Aluminum positive
current collector current collector
es O (Oxygen)
@ Co (Cobalt)
o € (Carbon)
2 LI (Li-ion)
charge
LiCo0z + Cs 3— Li1-xCo0:z + LixCe
Discharge

From Gaston Narada International LTD

Specific energy density: 100 - 250 W-h/kg http://www.gaston-lithium.com;/
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Neutron diffraction studies of electrochemical cell in operando

HRFD diffractometer, IBR-2 (Dubna)
Evolution of neutron diffraction from lithium-based electrical

) ] ) _ Thermal mode of moderator
current source in the process of three charging/discharging
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I.A.Bobrikov, A.M.Balagurov, Chih-Wei Hu, Chih-Hao Lee, Sangaa Deleg, D.A.Balagurov J. Power Sources 258 (2014) 356
A.M.Balagurov, I.A.Bobrikov, N.Y.Samoylova, O.A.Drozhzhin, EV.Antipov, Russ. Chem. Rev. 2014, 83, 1120



Solid electrolyte interphase (SEl)

Typically 30-50 nm
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Solid electrolyte interphase (SEl)
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Dendride Formation in Li Deposition
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Dendritic Li growth by Li" concentration near
localized excess space charge Li metal surface

*J.L. Barton, J.O’M. Bockris.// Proc. R. Soc. Lond. A, 268, 1962, pp. 485-505.
* J.W. Diggle et al.. // J. Electrochem. Soc.11, 1969, pp. 1503-1514



Dendride Formation in Li Deposition

Chem. Dpt. MSU

Dendrite

X-ray microtomography image : :
g Optical micrographs

/
/

Actual lithium dendrites growing from an anode surface. Image from:

SEM image of lithium dendrites R.R. Chianelii, J. Cryst Growth, 1976, 34, 239-244.



Reflectometry studies of electrochemical interfaces

Oxidation of electrode from solution
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Reflectivity

In-Situ NR Studies of SEl Formation
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Scheme of NR experiment
with electrochemical interface
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Reflectivity

In-Situ NR Studies of SEl Formation
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: Scheme of NR experiment
with electrochemical interface
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Reflectivity

In-Situ NR Studies of SEl Formation
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Scheme of NR experiment
with electrochemical interface
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SLD, x10° A*®

Full matching of substrate
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SLD, x10° A*®

Full matching of substrate
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Single metal layer: probing of different materials
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Single metal layer: probing of different materials
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Deposition and XRR characterization
70, CuO Cu Cu/Ti
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IBR-2 Neutron Scattering Instruments

Diffractometers:

HRFD, RTD, DN-12, DN-6,
FSD, SKAT/Epsilon, FSS

EPSILON
SKAT

Reflectometers:
REMUR, REFLEX, GRAINS

Srnall-Angle Scatiering:

REGATA

REMUR ;
\

e 2N ‘ A Inelastic Neutron Scattering:
: a\ NERA-PR, DIN-2P|

Neutron Imaging:
NRT

http://ibr-2.jinr.ru — User Policy



Multifunctional neutron reflectometer GRAINS with a horizontal
sample plane at the pulsed IBR-2 reactor (JINR, Dubna)

Moderator Reactor shielding wall 1 Stage |. Starting configuration.
GRAINS channel Liquid reflectometry (2014)
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NR measurements at air/solid, air/liquid and solid/liquid interfaces
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Electrochemical cell for in operando NR measurements
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Neutron reflectivity experiments
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Neutron reflectivity experiments

GRAINS reflectometer, IBR-2 (Dubna) = 5i single crystal
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Neutron reflectivity experiments
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The real-space profile of the scattering length density (SLD) as a function of depth for the electrodeposited
layers, showing the evolution of the thickness, SLD, and interface roughness with charge growing. Fits were
obtained with several parameters kept constant at values determined from previous OCV simultaneous fit.



Neutron reflectivity experiments

Reflection from Rough Surfaces
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Increase in the degree of heterogeneity of the electrodeposited layer (fitting parameter) as a function
of rate of the layer thickness (defined as charge passed through the cell).



Conclusions

In contrast to other techniques probing electrochemical interfaces,
SANS and NR provide averaged information of the surface layer
evolution; this allows one to avoid artefacts related with the locality of
information which can be distorted by many factors.

The results of SANS and NR experiments on electrochemical interfaces
are indicative of the fact that nanoscale can be important for the
microscopic properties of these systems.
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