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Carbon Nanotulbes

Pure carlboen lattice

Like rolled up
gliaphene

~1 nm

Piscovered 1 1994 by lijima

Diameter: manometers (10°m)




Carbon Nanotulbes

= Highest tensile
strength: 63 GPa

= Multiwalled or
single-walled

= Steel alloys only

2 GPa ]
= Metallic or

| semiconducting
= Current density

1,000x as high
as copper




Ohjectives

Optimizer grewin off Iong nNanetukes

Grow nanetubes as; long as pessinie

Asaligned as; possihle

As dense as possible




Chemicall Vapor Depesition (CVD)

Preably hest petential for nanetune
Mass production

We usermethane (CH,) asi carson; seuce

Furnace
1" Diameter Quartz Qlu:

Courtesy of Sam Khamis




Chemicall Vapor Depesition (CVD)

—000 °C
lren Nitrate = Iren

H2 & CHA4

Reduction
Dissolution Iron Catalyst

Courtesy of Dan Singer




CVD furnace

Scanning
electron
MICIroScepe
(SEM)




Two growth methods

1. Short, dense
nanotubes

“Standard”® method

2. lLena nanetubes:
Ultra-low gas flow:
IHigher temp
Longer time




Long Nanoetukes, en Silicon Waiter Chips

~ 800 microns




Long Nanotulkes on Silicon Waier Chips

Workea very: consistently’ at first
fialled consistently’ since: early: July,
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Part 2: Quartz as

w

~Seurce: Nano: Letters, Dongningl Yuan, 2008

a Substrate

Extremely: geoad
alignment: off nanoetukes
reported en guartz*

We wanted to iy alse




Quartz as a Substrate
Results

| DId elSER/Eer nanoetunes
! ‘l using the “standard”
- grewthnrmethed

IHoWweVer, little alignment,
muchless tham in the
IMages from the: paper
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Image Analysis

Interested in investigating a possible
relatienshiprvetween: catalyst particle
Size and nanoetuke growth

Used limageJifer digital image
analysis
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Image Analysis

Interested in investigating a possible
relatienshiprvetween: catalyst particle
Size and nanoetuke growth

Used limageJifer digital image
analysis
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| 1pm JEOL 7/30/2008
X 27,000 2.00kV SEI GB_LOW WD 3.8mm 1:55:06
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Particle Size Distribution

Frequency
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Mean: 927 nmz

Standard Deviation: 629




Size Distribution of Particles With Nanotubes
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Mean: 705 nmz

Standard Deviation: 364
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Particle Size Distribution
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Summanry & Implications

Nanoetubes —Imm NG geodl alignment on
achieveae guartz. Why?

Growth IS InconsIstent Maximize amoeunt of
apprepriately-sized particles

Why? Euture
InVestigatien?




Acknowledgements

| thank my: mentors Zhengtiang Luo),
Charlie Johnsen, and everyoene else in the
JONRSEN group,

e SUNEESHE progiam; and Jan: Van: der
SpIEgEl,
and NSE




