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Aligeramiento a través de:
1) Baterias de nueva generacion

2) Conductores eléctricos supermetalicos
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a) Zeon Corporation plant in Japan; b) 1000 tons per year plant facilities of CNT
arrays developed by Tsinghua University (China) [19]; c) LG Chem’s Yeosu Plant
(South Korea) for 2000 ton per reactor d) Graphene producer Avanzare.

Annual production is 10 000 tons per year, growing at about 20% CAGR
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Battery Multi-electrode construction
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Journal of Power Sources, Volume 520, 2022, 230818

Background: battery electrode and cell assembly

science transfer talent
Scheme of a single cell unit
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Specific energy targets from material to pack level
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battery level cell level electrode level material level

(b) Specific energy targets for automotive applications from material to pack level.

What are the limitations to reduce the weight of auxiliary elements in the cell?

DOI: (10.1021/acsnano.9b04365)
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S Weight occupied by Li-ion cell components
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What are the limitations to reduce the weight of auxiliary elements?
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3 FIG. 3 (color online). Thf:] measured critical thickness vs the
i characteristic scale, GM;&:"R' . The data points are for films of
acrylic [, G = 0.8 GPa, 2R = 82, 133, 206, and 353 nm, and
Cracking in Drying Colloidal Films Shear Modulus,G qb,cp(M) = 0.65(6.7), 0.66(6.8), 0.68(7.0), and 0.67(6.9), respec-
Karnail B. Singh and Mahesh S. Tirumkudulu tively], styrene-butadiene [O, G = 1 GPa, 2R = 250 nm, and
Phys. Rev. Lett. 98, 218302 —2007 qb,cp(M) = 0.64(6.6)], silica [A, G = 31 GPa, 2R = 330, and

22 nm, and ¢,.,(M) = 0.60(6.1) for both], alumina [8] (@, G =
156 GPa, 2R = 230, 379, 458, and 489 nm, and ¢, (M) =

GMVfR3 0.60(6.1) for all], polystyrene [8] [*, G = 1.6 GPa, 2R =
. . _ 300 nm, and ¢,.,(M) = 0.60(6.1)], and zirconia [8] [*, G =
Critical crack thickness (CCT), hypqy = 0.41 2y 81 GPa, 2R =200 nm, and &,.,(M) = 0.60(6.1)]. Here the

value of surface tension, 7, is taken as 0.072 N/m for all the
cases. The solid line is a power law with an exponent 1/2 and the
multiplying coefficient is obtained via regression. The inset plots
the same data in the nondimensional form.
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Segregated
CNT-network

High areal capacity battery electrodes enabled by segregated nanotube networks. Nat Energy 4, 560-567 (2019). https://doi.org/10.1038/s41560-019-0398-y
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High areal capacity battery electrodes enabled by segregated nanotube networks. Nat Energy 4, 560-567 (2019). https://doi.org/10.1038/s41560-019-0398-y

Limitations on electrode thickness
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Cathode Capacity (mAh/g) . . .
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Theoretical capacity (J. Power Sources, Volume 256, 15 June 2014, Pages 72-79) Frith, J.T., Lacey, M.J. & Ulissi, U.. Nat Commun 14, 420 (2023)
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E=VXQ
Cathode Capacity (mAh/g)
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Compare to today’s SoA automotive EV Battery (250 Wh/kg)

Theoretical capacity (J. Power Sources, Volume 256, 15 June 2014, Pages 72-79)
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battery basics

E=V X Q, but Qis a function of charge rate

Veett = Veathode™ Vanode

Consider an LFP cathode-graphite anode battery:

Vo = 3.55 — (0.05) = 3.0V

Q/m =300 mAh/g

Rough estimate of energy density

Eg &~ % Vg =300 Whkg

Compare to today’s SoA automotive EV Battery (250 Wh/kg)
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Two main sources of limitations in energy density realtive to our theoretical estimate:
various resistances and device constraints.
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Figure 9. Initial voltage profiles for a 45 mAh NMC622/Gr pouch cell al
G20, CA0, O, G2, 16, and 2C discharge rale between 3 and 4.2V uliliz-
ing electrodes with 3.3 mAhfem® available areal capacities, The charge rales
were symmelric o discharge until a maximum of C/3 rate. A voltage hold
trickle charged the cell at 4.2 ¥ until the measured current was less than that
cormesponding o CF20.

Optimizing Areal Capacities through Understanding the Limitations of Lithium-lon Electrodes November
2015Journal of The Electrochemical Society 163(2):A138-A149

Capacity is a function of current density

Qelectrode = Qelectrode U)

The real energy density normalised by
active materials is

1 1 0Q
Es,am ~ 2 * gfo Veeu * dQ

Consider the case of 2C (charging in 30 min):
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Electrodes of lithium—nickel-manganese—cobalt—oxide (NMC) with different nanocarbons and mass fractions

ACS Appl. Energy Mater. 2020, 3, 2966-2974
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Comparison of electrodes of NMC with different nanocarbons

=

Conductivity (S/m)

o

Conductivity (S/m)

ACS Appl. Energy Mater. 2020, 3, 2966-2974
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New generation of batteries

Cathode Capacity (mAh/g)
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Energy density X 2 compared to legacy batteries (400 — 500 Wh/kg)
EV with 1000km drive range

Charge time below 10s (10 — 80%)

Amprius to Integrate Safe Cells into Next-
Generation U.S. Army Wearable Battery Pack

Cutting-Edge SiMaxx™ Silicon Anode Safe Cells are Expected to Double the Energy Density of Existing
Solutions and Significantly Extend Mission Time for Soldiers

FREMONT, Calif. — May 09, 2024 — Amprius Technologies, Inc. (“Amprius” or the “Company”) (NYSE:
AMPX), a leader in next-generation lithium-ion batteries with its Silicon Anode Platform, today announced it
will supply its state-of-the-art SiMaxx™ safe cells to complete the development and qualification for the U.S
Army's next-generation Wearable Battery pack.



= Floatech®

From plant to pack

Capacity to produce 100 Garmins/week

Floatech’s anode under evaluation by
automotive and electronics OEMs

50Ah

Materials testing Cell First batch Niche Electronics EV contract
development application

Exponential capacity scale-up (not shown to scale)
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Example: Graphene and CNTs
What is the origin of their outstanding mechanical properties?
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Changgu Lee, et al. Science 321, 385 (2008) Yuetal. Science 287, 637 (2000)
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1D nanoparticle Engineering material
(nanomer) . (nanomeric material)

Macroscopic properties depend on assembly and microstructure
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Synthesis by floating catalyst CVD

Looking up into the reactor

alcohol, S, Fe

H
Reactor \ = Precursors
[ X )
:ag@ L ]

CNT aerogel

Continuous spinning of 1km

Reguero et al, Chem Mater, 26, 3550 2014
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Synthesis by floating catalyst CVD

Looking up into the reactor
alcohol, S, Fe

Continuous spinning of 1km

I\[“§(|L"l

1 deg|

 Materja|cld

Reguero et al, Chem Mater, 26, 3550 2014



Reguero et al, Chem Mater, 26, 3550 2014

dea Synthesis by floating catalyst CVD

Looking up into the reactor

Continuous spinning of 1km
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Comparison to conventional materials
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Conductores supermetalicos: con conductividad y peso en el rango de Cu y Al
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Motivation for new conductors for electrification of transport

Q
>
o

EVOLUTION OF WEIGHT OF AC WIRING & ELECTRICAL
DISTRIBUTION SYSTEM

:

8787 (2010)

Aircraft wiring & electrical distribtion system [kg]
w

AL
M. Slacdevan, IEEE-ECCE 2015, NASA 0 200 400 600 800 1000 1200

Installed consumer power [KW]

Increasing need for conductors in emerging aircraft. a) Evolution of required electrical power in civil aircraft [118] and b) Historical data showing a linear
increase in weight from electrical wiring and distribution / interconnection systems with installed consumer power

At the current rate of increase in electrical power, by 2035 aircraft would carry wiring weighing as much as an A320!
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J. Appl. Phys.. 2017;122(2). doi:10.1063/1.4990981

Can we make cables lighter than copper?

Cu, by mass

Electrical Conductivity [MS/m]
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2005 2010 2015
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CNT: 4.8 MS/m /density

2020

r J [ F B
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\ |/ |/ _J/ W 4

COMPARIIA ESPAROLA DE SISTEMAS AERONAUTICOS SAU.
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Periodic structure of closed-
packed CNTs in regular bundles
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Lee et al., Sci. Adv.8, eabn0939 (2022)
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dea Can we make cables lighter than copper? Yes, we can

Upcoming IMDEA results .

/
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Patent pending
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Nasa Plasan, Israel American Boronite Corporation

~ Aluminu
e e

"N oL outer conductor
Clamping (tinned copper)

Composite
EMI Box

1cm

CNT cable I '
Clamping 1cem H

Collar commercial cable

Carbon Volume 206, 25 March 2023, Pages 166-180
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Perspective on weigth reduction in electric vehicles

28% weight reduction in battery

25% weight reduction in wiring of electric motor

20-50% weight reduction in the EMI layer
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