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Abstract Results

Graphene has been the focus of much current research, due to its interesting
electrical and structural properties for electronics applications. Here we show
that fluorine can be introduced during graphene growth on stainless steel (SS)
substrates to simultaneously create useful nanostructures, using the chemica
vapor deposition (CVD) technique. These structures are geometrically optima
for reversible ion intercalation, where the graphene acts as an electrode anc
the SS is a current collector. Direct growth of graphene on electrode materials
makes this process very scalable and cost-effective method for developing
thin-film energy storage devices.
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oo i e Since the two-dimensional carbon structure,
CE i ssssss oo known as graphene, was discovered in 2004,

i ‘ it has been a very promising material for
e Wik, ==s===- various applications such as solar cells,
sensors, transistors, inert coatings, etc..

Figure 5: Charge-discharge voltage profile of cycles between 3.2 V and 0.02 V vs Li/Li+ at a
current rate of 8uA/cm?in an electrolyte of LiPF, in mixture of ethylene carbonate (EC) and
dimethyl carbonate (DMC)

Figure 1: Changing the configuration of the
honeycomb lattice illustrates graphene’s ability to
form buckyballs, carbon nanotubes, and Graphite
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»Scalable method for growth of graphene layers and useful
nanostructures on SS substrates with CVD

»Good electrochemical properties and stability over Li-ion
charge/discharge cycles makes this a promising step towards better
electrode materials

Graphene can be a useful battery electrode due to Its superior electrical
conductivity, high surface area and a broad electrochemical window.

Originally, exfoliated graphene coated on to conducting electrodes resulted In L
poor adhesion and electrical contact. Chemical vapor deposition (CVD) allows .
graphene to be grown directly on substrates.

Future Work

Figure 3: Broad SEM images of SS (A) before CVD growth, (B) after growth with organic vapor,
and (C) after growth with fluorinated organic vapor. (D) Image of the surface of fluorinated sample > Eurth .. h h
from an angle. (E) View of single pore blanketed in graphene. (F) Inside view of broken substrate urther optimize the growtn parameters

to reveal cylindrical structure of pores. » More systematic battery testing on a variety of SS samples

Experimental Methods > Growth on similar metallic substrates (copper, nickel, etc.)
» Optimization of growth to create new controlled structures
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1. Create SS discs with constant diameter for coin-cells
2. Etch nanostructures on to the substrate using fluorine-based organic Fluoro-carbon
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Spectroscope Raman shift (cm™) '
5. Load sample in device and obtain charge/discharge profile Figure 4: Raman spectra of the graphene grown directly on stainless steel using hexane and a This material is based upon work supported by the National Science Foundation’s Partnerships for International

Research & Education Program (OISE-0968405)

fluorinated organic compound
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