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Challenge : implementing a multi-step scalable CVD process to create a hierarchically structured
all-carbon material for electrochemical reactors/sensors

| : RAW MATERIAL / APPLICATION [l : DESIGN / PROPERTIES 11 : PROCESS / TECHNOLOGY

3D-STRUCTURES WITH VERSATILE, SCALABLE, LOW

HIGH SURFACE-AREA IMPACT PROCESS HAS TO BE

HIGH DENSITY IMPLEMENTED FOR LARGER
PRODUCTION GOALS

Underlying conditions :
- wet chemistry processing to be

avoided as much as possible
= As less as possible chemical impact

IS THE MATERIAL OF
REFERENCE/CHOICE FOR
MANY ARCHITECTURED
NANOSTRUCTURES FOR
ELECTROCHEMICAL
REACTORS/SENSORS

Properties:

= Inert, chemically stable

= Light

= Cheap (mines, gaseous precursors,
carbonization processes)

- lowest temperature possible route

» [ess energy consumption

= for less impact of thermal effects, particularly
growth-induced stress effects

Wrinkled CNFs thin films T
partially bonded to their SiO, i@ " &
wafer substrate as aresult | »% '
of growth-induced stress
(expansion mismatch) .

Forms:

= Activated carbons

= CNTs, CNFs, C-fibers
= Carbon aerogels

= Graphene

Applications in:

= Energy Conversion and Storage, Biotechnology,
Filtration, Membranes, Chemical Sensors,
Polymer Nanocomposites, etc.

Requested :

= Lower temperature CVD process
= Pre-treatment of substrate for covalent bonding
= Controlled infiltration of gaseous precursors

Highly porous foam
(Multi-layer
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(a few mm tall) EasyTube® 3000

CHOICE II : porous graphitic backbone
» Non-periodical interconnected

CHOICE I : all carbon architecture flexible structure,

CHOICE III : adapted CNFs process
> Direct growth process (Ni catalyst)

» CNTs or CNFs as "active’” materials > Multi-scale porosity > Substrate oxidation pre-treatment to create

\ 4

> Multi-layer Graphene/Graphitic

roughness and higher chemical reactivity
Backbone as conductive subtrate

> Low temperature CNFs thermal CVD process

Proof of concept : Chemical Vapor Deposition of CNFs on top of free-standing graphitic carbon film

We start by experimenting on a flat graphitic film (~ 500nm thickness), keeping in mind that the final goal is to use as a support a “graphitic
foam backbone” with optimized [i] surface area available for CNFs growth, [ii] porosity, [iii] mechanical behavior [iv] electrical conductivity.

Next : test on 3D-graphitic foam

Tilted view on the flat graphitic substrate
used as substrate before CVD growth
(obtained using Ni foil template method)
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Resulting free-standing all-carbon film
after 5um CNFs forests growth on both
sides of the flat graphitic film
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Oxiaton treatmet of the raphiti film

b : S A a2
creates roughness and active sites on edges P e e coae R IR e =7, S
and defects for enhanced CNFs growth N - Free standing, ultra-light, 3D CVD foam
with ~100nm thick graphitic walls
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