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Nanotube composites

Attaching chemical groups —
benzyne — soldier’s armour

Epoxy glue 3 times harder

- v Carbide strength — alternative
nanotubes in layers polymer, nanotubes

lyepoxid . .

SiELSES = Thin layer of composite on other
materials, nanocomposite paint,
grease

Also composites with ceramics
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Transistor components
N;'netuti/ = <5 nm width compared
=02 ~Vgate with existing best width

Si

B of xx um for Si circuits
Gate voltage (V): -3 +1 ’ - 9 v ,
20 P 300K r
3 2 i o ,.,'
SP ¢ e ; e
Oo -
I .
a “,.- 10-9 : -
= é 10-12 : : ol
O s
1 b, © 2 " 8 , L . Ivgalel(v)
-1.0 -05 0.0 05 1.0 15

ENCH358 nanotubes lecture 2
2014-01-21 2003



Transistor nanotube
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multiwall nanotubes

from batch arc reactor
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# Making nanotubes

= Electric arc - batch reactor
scaleup - continuous reactor
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Nanotube TEM’s

= Pick out nanotube
ropes

S nm
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Laser production

furnace at_\1 200 °C cooled

coll_ector
]

= Yields >70% SWNT if
double pulsed

= Ropes 10-20 nm dia, 100

argon gas

um length
! \
/ graphite target
NG-YAG faser = How to scale up?
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Chemical vapour
deposition (CVD)
l l Z i i l quartz tube Acetylene over iron

mletO u —— )9_10“"9‘ nanoparticles 700°C forms
MWNT covered with

c, H N quartz ? P el amorphous C on outer layer
usn Ethylene, hydrogen +
methane over Co, Ni, Fe
Also can use suspended nanoparticles at 1000°C
catalyst nanoparticlesto forms 70-80% SWNT
form suspended NT uncapped
= 2CO ->C + CO, also forms
NT

Low stiffness, strength of NT compared with those from high T arc production
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