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Baseline Solutions

. Slngle -wall CNT

K < 50% SWCNT

Unmet Market Need:

 Multi-wall CNT

\ Morphology

— High Purity
— Chirality Control
— Low Cost

Unmet Market Need:

— Easy to Disperse

— High Conductivity
@ Low wt% CNT



Innovative Solution (Part 1) A

30 Issued Patents

Fluidized Bed
(Inherently Scalable)

Uniform
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(Selective Synthesis)
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Multi-wall CNT
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Residual Mass 0.9%
Carbon Content > 99%
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(8) 55-gal drums of CNT powder

< $200/kg




Single-wall CNT SWeNT

High Purity " Chirality

Control

Raman Spectrum
532 nm

Normalized absorbance (780nm)

E 4(IJO I 6(I)O I 8(IJO I lOIOO I 12I00 I 14IOO I 16I00 I 1800
S Wavelength (nm)
= . Low
= Price per gram: Cost
= $1,000,000 —— $500,000
= $100,000 // ’l
$10,000 v “Greener
° $1,000 $200 Process”
500 1,000 500 $100 I
Raman shift (ecm™) $10 $1
o [ ]

$0 ‘

Low Defects |
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Innovative Solution (Part 2)
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Patents Pending
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Innovative Solution (Part 3) Chira

Separation
- A |

Does Not
Require Ultra
Centrifugation

“Color” for the
separated
fractions =2
Indication that
chiral
separation
has occurred.
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OA Spectral Comparison:

Normalized absorbance
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Unzipping Large Dia. MWCNT: Research Project
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Three types of CNTs are being studied for unzipping,
which will lead to three different GNR band gap ranges:

100

E, (meV)
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denr (Dm) | Wz (nm) E. cnr (meV)
10 31.4 13:0
30 94.2 2.56
157 1.42

Unzipping
SWCNT
W ~3 nm

W (nm)

I Han, M. Y. et al., Phys. Rev. | ett. 98, 206805 (2007).

Unzipping

SMW™ CNT
W ~ 30 nm

Unzipping
MWCNT
W > 100 nm




Innovative Solution (Part 4)

Patents
Pending
1) Mix 3) Dry
SWeNT' CNT
V2V™ Vehicle .
l
Bis CNT Ink No residual surfactants
or processing aids!
CNT Paste
CHASM
CNTs can be printed using Standard NG

Industrial Printing Equipment @SW«NT



TCF Materials ~ (swent
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Printable CNT TCFs @SW;:NT
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> 1,000 T/yr CNT
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> 1,000 T/yr CNT

Cycle life improves 2x with only
1 wt% SMW200 Iin cathode!
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oty T > 10,000 T/yr CNT

Copper Alliance

Ultra Conductive (UC) copper overview

1 wt% CNT]|increases electrical
conductivity of Cu by > 309%!
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We are hiring!

©SWN i)

« Sr. Scientist (CNT Metrology)
« Sr. Scientist (CNT Functionalization)

« Sr. Scientist (Graphene)

* Director of Marketing

— Electronic Materials
— Composites

Made in USA



