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Aim of the work: to study the effect of the microstructure of positive electrodes and
Improving the specific parameters of lithium-ion batteries

Tasks solved within the framework of the work

1) Study of the influence of the microstructure of the positive electrodes of chemical current
sources on their functional characteristics

2) Development of the technology for forming electrode composite materials with different
microstructure using synthesized conductive additives and various polymer binders.

3) Study of the microstructure of lithium-ion batteries by small-angle neutron scattering.

4) Use neutron / X-ray radiography and tomography to study the macrostructure of lithium ion
batteries.

5) Investigation of electrochemical characteristics of positive / negative electrodes with different
compositions and different microstructure. Determination of resistance to cycling at different
charging / discharging powers.

6) Study of the influence of the type of electrolyte on the functional characteristics of the
electrodes.



The relevance of research
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1) Anurgent task is to improve the existing, search and develop new energy-intensive and efficient
rechargeable chemical current sources.

2) The creation of rechargeable chemical current sources with increased specific characteristics is
usually associated with the development of new electrode materials that provide a higher reversible
specific capacity, a large potential difference and operate at higher discharge / charge currents.
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& Practical significance

The industrial production of modern batteries (primarily lithium-ion),

however, Is faced with an equally important problem of controlling the s i e e s e P s, s |
microstructure of the applied electrode coatings, without optimization State of charae (SOC) / %
of which there can be a significant loss in the specific energy and/ or
power of devices. Jianwu Wen, Yan Yu, and Chunhua Chen
Mater. Express 2, 197-212(2012)
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Scientific novelty

Fundamentally new scientific and technical solutions for

the formation of efficient cathodes will be based on the
use of nanostructured conductive additives based on
graphene derivatives and modified carbon nanotubes

The use of new cathode materials on the example of
V205

The use of polymeric binders with different structures.
(gel polymers)

Optimization of the microstructure of cathodes for
lithium-sulfur and sodium-ion batteries, respectively.
These systems can be considered as the next step in the
evolution of electrochemical energy storage.
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Pb-acid Ni-Cd Ni-MH Ni-Zn Li-ion

P.G.Bruceetal. // Nature Materials 11(1),2011, 19-29



Electrode preparation

Polymer binder
Solef5130 dissolving
in NMP

Conductive
additive C45,
CNT
Active . .
material * Mixing on High-shear
LiFePO4 overhead mixer for 24 hours

Electrodes were
prepared by dr.blade

casting onto 20pm Al-
foil
Electrochemical tests
were carried out 1n 2032-
type coin cells

Fig 2. pouch cell case parts

Fig 1. Electrode stack

LFP/CNTs-C battery
1.9Ah 3.2V
150 Wh kg
295 Wh I

Fig 3. pouch cell after the
formation and re-sealing
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Fig 5. Dependences of the gravimetric capacity on the
number of cycles at different discharge currents for
cathodes with different mass content of C45and CNTs
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Fig 6. Small-angle neutron scattering curves measured (YuMO setup,
IBR-2) fordry and wet (d-electrolyte) electrodes with different mass
contentof C45 (a) and CNTs (b). Asterix — scattering from Al substrate.
Data are calibrated on the thickness of the electrode layer. 0% of
conductive additive corresponds to scattering from “LFP matrix”.
Dependence of forward scattering intensity (I at minimal g) on content of
C45 (c) and CNTs (d): data are corrected on the scattering from Al
substrate.
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Conclusion

The electrodes with 1% of the CNTs demonstrate a higher specific capacity compared with electrodes containing
5-15% of carbon black

SANS measurements revealed that the CNT network embedded in the electrode layer provides its greater
wettability by an electrolyte compared to carbon black used as conductive additive. This results in better
electrode C-rate performance

All the carbon structures used in the experiments provides Kinetic transport of lithium ions into the crystals of
active material

The technological aspects of fabrication of high areal capacity LFP-based electrodes using the carbon nanotubes
as conductive additives were considered
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Scientific and technological cooperation

The successful conduct of our research activities iIs based on close cooperation with leading international
research centers and manufacturing enterprises.
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