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Energy Storage Challenges - A QUADRILEMMA

Battery uptake for grid, vehicles and
beyond has major challenges to

overcome......
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Li ions have perpetually tortuous, repeated voyages....

Discharge: The Odysse
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Battery Innovations - Evolution Not Revolution

Li-ion anode & cathode chemistry .
/WMG

More cathode material developments have been
commercially successful (compared with anodes)



Material Dimensional Considerations
and the rationale behind bio-inspiration.




Why bio-inspired?
Biological microstructures are the most optimised and functional
microstructures that exist.
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There are many opportunities to apply such structural arrangements in battery components



Nano-structured materials for energy storage: 2D or Not 2D?

That is the question..... Advantages

Short diffusion

m ﬁ pathways, good

|
Intense research on rate capability

nanomaterials due to
desirable properties :

High capacity,
strain relaxation,
rate, electrical
connectivity

e SURFACE AREA I Small crystalline
. size, high surface

NOVEL SIZE EFFECTS I 559 ren, large SA,
* ENHANCED KINETICS [ ease of synthesis
° MANYTAILORABLE B | |0 0o

Large SA:V, high
capacity,
structural stability

PROPERTIES




Property Advantages of 2D Materials

» Large surface areas and interlayer spaces of 2D materials e.g.
graphene & transition metal dichalcogenides (TMDs) provide an
ideal framework to store lithium (or sodium) ions electrochemically

» Layered transition metal sulphides e.g. MoS, have weak interplanar
bonding (van der Waals interactions) — Li ions can be inserted and
accommodated with less severe volume expansion
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2D-3D Anode Developments for Li & Na-ion Energ

AMorpheus AtMoS,pheric
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Self-assembly of Sn nano-droplets

Supersaturation Vapour-Liquid-Solid Growth Mechanism 7
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Crystalline & Amorg

Specific Cappacity (mAh/g)

1800

1600

1400

1200

1000

800

600

400

200

0

hous 2D Nanowires

0000000000000V V0000O00O0V000000O00O0O0O0O0OCOOCOOOCODOS

Coulombic Efficiency Target (%)

-

0 10

20

My” ""-"*“M’M“A

Disharge Capacity

30 40
Cycle Number

i

p-o <

Coulombic Efficiency (%)

\

50

0000000000000 0O0CO0OO0OOCODOCOO

\‘\«»V‘\../"*““V'\/

60

70

100%

99%

98%

97%

96%

95%

94%

93%

92%

Coulombic Efficiency (%)



Integrating 2D Materials

EPSRC

Fellowship: AtMoS,pheric

Engineerin g and Physical Sciences
Researc h Counci (

HEEE EEEE 00 EN ELI.I
Humm Emmd Ewss HEEEHF\'EH
ammm ® m m mACC=L=RAOR

At the forefront of energy transformation




Intensity (cps)
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Li-ion Energy Storage
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Uniform &
stable MoS,
coverage

MoS, on graphene
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2D Material as multi-functional
Enhancing Additive

Silicon Anode Research




raphene Composite Microstructures
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Conclusions SWMG

» Integrating select 2D Li host materials into 3D morphologies is
beneficial to electrochemical performance (surface area, diffusion

paths...)

» Composite 2D-3D microstructures incorporating graphene offer
multiple functions in energy storage systems

Recommendation: There is a need to explore advanced
manufacturing methodology for nanostructured materials.



Thank you for listening..... Any Questions?
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Multi-scale materials for optimised microstructures

(1) Active Materials (2) Matrix of Conductive (3) Polymer Functionality
Additives & Hybrids
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