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Carbon Nanostructure (CNS) Infusion ﬁ

What 6s D:i GNE grovenrirectly (infused) on surfaces
X acontinuous, in-line, production scalable process for glass, carbon ,ceramic , metals

Bundles of
Fibersand CNS

CNS Growth Directly On Surface of
Substrate



CNS General Appearance

SEM Images i CNS Infused on Fiber Substrate

CNS Radial and
Longitudinal Coverage

Filaments
Covered with SU-70 15.0kV 14.6mm 300 SE(U) 12/7/2010
CNS after .. . ' Fiber
Growth Individual Fiber ; & cibiatreie
Filament with CNS
Coating

\ :;;':‘

SU-70 15.0kV 14.4mm x800 SE(U) 12/7/2010




CNS Sizing Characterization

SEM Images i Diameter Measurements

N

i

SU-70 10.0kV 5.0mm x110k SE(U) 12/2/2010




CNS Definition

Overall Structure Model

Branched Carbon Intermediate
Nano-Structures

Entanglement Unreacted Anchoring/Infusion Zoomed in
and Branching Catalyst into substrate on next slide
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CNS Structural Overview
High Resolution CH8&xtion SEM Images

Growth
Capping Layer Mechanism

(necessary for
Presence Here

A Tip Growth

Entanglement and Catalyst
Branching : — Presence Here

|
=l A Intermediate
Growth

Anchoring/Infusion

into substrate \ s

Fiber Substrate <l \ ‘ N\ Catalyst

gror e 3 T v i E= 3 Presence Here
HV mag [ WD tilt HFW _ 1T um | A Base Growth
2.00kV[100000x|4.1 mm |53 ° |2.56 pm D01735




CNS Branching and Anchorage

High Resolution Cr8&xtion SEM Images

Branched Carbon Nano-Structures

éwx

CNS anchored to ‘
filament surface

Glass Fiber Substrate

[ HV | mag O WD | tilt | HFW | 300 nm
Sample 2.00 kV | 350 000 x | 4.1 mm |53 °|731 nm D01735
D01735




CNS Branching and Entanglemen
High Resolution TEM Images

CNS
Agglomeration
even after high

energy
sonication +
evidence of
entanglement

Intermediate & : CNS Walls
Catalyst N : (parallel
Particle S : st

(Dark Spot)

CNS
Branching

Sample
163+6B+CNS




