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E = Si/C



HIGH ENERGY DENSITY = SILICON ANODES INSIDE

Base on the PHEV2 Format SiO (20%)
Si IS CRITICAL
§ SiO (5-8%) 30%00
i NECESSARY
= 240/600
= GRAPHITE 220/530 O
> 180/430
S:j 170/400 @




COMPLEXITY OF Si ANODES - PULVERISATION

Si Nanoparcticles

Lithiation




MORE Si = MORE COMPLEXITY






GRAPHENE NANOTUBES

GRAPHENE 753

DIAMETER  ~ 2 nm

LENGTH ~ 4 um




GRAPHENE NANOTUBES
EXCEPTIONAL PROPERTIES

Thermal

stability Strength
TRV 100 times
1000 OC stronger than steel

Surface
area

~ 1000 m?/g

Length to
diameter
ratio

103 - 106

Electrical
conductivity

Comparable with
cooper but

5 times
lighter
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MEETING INDUSTRY STANDARDS WITH GRAPHENE NANOTUBES

Relative Capacity, %

4.1-3.0V/+0.5C

100 -
TUBALL"
1000 cycles
80% retention possible
95 -
90 -
85 -
NCM 523, 18650
80 L] I L] I I Ll I L}
Q 100 200 300 400 500 600 700 800
Cycle Times
MWOCNT 1% e N GCF 1% TUBALL™ 0.06%

SP 1% SP 1% SP 1%






HIGH
PERFORMANCE

CATHODES



Extract from YouTube




MAXIMISING ENERGY-DENSITY OF CATHODES

1000 -~

=== (Graphene Nanotubes

MWCNT
— Carbon black
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Electrode resistance, Qscm
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| |

01

0.01 0.10 1.00 10.00
Conductive additive, 9%

3-4 kg
of conductive carbon
black in EV can be
replaced with

100 g

of graphene
nanotubes



HOW IT WORKS

The same concentration of particles (~0.1%) in the same volume.
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MICROPARTICLES CARBON NANOFIBERS GRAPHENE

NANOTUBES

*Ma, P. C., Siddigui, N. A., Marom, G., & Kim, J. K. (2010). Dispersion and functionalization of carbon nanotubes for polymer-based
nanocomposites: a review. Composites Part A: Applied Science and Manufacturing, 41 (10), 1345-1367.



STABLE CONDUCTIVE NETWORK:
— SLOWER DCR GROWTH
— BETTER CYCLE LIFE
— IMPROVED C-RATE



Si/C
ANODES

CYCLE LIFE

Increase cycle—life of high—energy Si/C
anodes with only 0.05% of graphene
nanotubes, allowing their adoption in LIB
to reach 300 Wh/kg energy density

HIGH-PERFORMANCE
CATHODES

ENERGY DENSITY

Maximise energy with only 0.06%

of graphene nanotubes: by using up to 99%
of active material in modern high-energy NCM
and other cathodes

SAFETY AND STABLE PERFORMANCE

Slower DCR growth, improved cycle life and c-
rate performance can be achieved with adding
as low as 0.01%






OCSIiAl OFFICES
& REPRESENTATIVES

SWEDEN @ FinLAND
NORWAY @

CANADA @ DENMARK @ Moscow NOVOSIBIRSK
LUXEMBOURG. @ o <o Aﬁ\( ®
seouL @ TOKYO
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. SPAIS . ITALY @ TURKEY
COLUMBUS ® @ ISRAEL @ SHANGHAI
MOROCCO @ @ TUNISA Ll @ SHENZHEN
MORE THAN S
ALGERIA ‘ NG KONG
THAlLANs VIETNAM
KUALA LUMPUR
SINGAPG @ MALAYSIA
INGAPORE'@ @ NDONESIA
EMPLOYEES BRAZIL @
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IN 4 SOUTH AFRICA @ AUSTRALIA @

COUNTRIES



OCSIiALCORE:
SOFE scaled techrIOIOQy
- for synthesizing. h.gh_ \

nanotubes

qua“ty graphene BI903 ;7;' AoV



PRODUCTION FACILITIES

...to support numerous
global industrial
products



PRODUCTION FACILITIES

...to support numerous
global industrial
products






MANUFACTURING
OF TUBALL™-BASED PRODUCTS

TUBALL"

TUBALL™ MODIFIERS MATERIALS GRAPHENE

PRODUCED BY OCSIAL: PRODUCED BY OCSIiAL NANOTUBES-
RUSSIA, LUXEMBOURG* AND PARTNERS: BASED
WORLDWIDE

END PRODUCTS

*under construction
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' E-NABLE ENERGY
for the #FutureOfMobility & #EnergyStorage
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