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Characterization of SWNT-Forests

Uniform Vertical Density SWNT Number 5.08x 101
Substrate Area "
omarng e sy | JSBAT_

ot covrsge | {3 )

L —_ 5

< Mass
o0&
0 200 400 600 800 1000

Height [um]

Density =0.037 g/cm3
SWNT: 1.3 g/lcm3

Graphite: 2.25
Diamond:; 3.52 |

|
Very Sparse Material ‘{"I.!;

D.N. Futaba, J. Phys. Chem. B110, 8035(2006)
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Critical Factors for Highly Efficient Growth

Large Catalyst (2.8nm) — Long Life Time
Sparsely Distributed (15 nm)— To enable Carbon Diffusion
Densly Distributed—To enable Vertical Standing

||' Il | Il 2
(ot 2 0
il | ” =
: : Small Large

SWNT Size
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D.N. Futaba et al., in print in Nature Material

N As-grown SWNTs

6% 666 jim W0-27.5mm 1KY} 2006/01/16) 14:47:62

Densely packed
SWNTs




D.N. Futaba et al., in print in Nature Material

Interfaces, points of contact, aspect

ratio...

Base=up
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o 2.8 nm tube =

2.8 nm tube =

W 11.9 nm2 area =>»
\@]mz CICEREd 2~~~

/
N
Ideal

As-grown 28
-ONM — X_ray attenuation
Density (g/cc) 0.029 : 0.78 and

Area per tube 234 nm? 8.7 nm? Micro-balance
Lattice const. 16.4 nm 3.2 nm °

i I
Coverage ~ 3% 72% 757 ideall

Hardness
Vickers 0.1

Same as HOPG!




D.N. Futaba et al., in print in Nature Material

No Loss in Alignment

G-band intensity
as a function of Order parameter (CP) ~ 0.62

Cu-Ka (1.54 A)




D.N. Futaba et al., in print in Nature Material

Engineered Shape

Vertical
pressure

Lateral
pressure

- 100 % CNT
- Binder-free
- flexible

- aligned

No suppression
of Raman signals
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Electrical Properties

flexible heater

Copper  Solid film

N\

Compressed foresp

Current (A)

Copper
Solid film

Compressed forest

0
Voltage (V)

0.25



D.N. Futaba et al., in print in Nature Material
Water Affinity

Different affinity towards
water than forests

> 140" contact angle



D.N. Futaba et al., in print in Nature Material

High Surface Area

O-Solid
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> <€ 800 | ] 40
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. 2 3 -
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1600 =2 400 }
Solid 2 E
0O-Solid < 200 F
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§ - AG forest 0 A @ A O ‘Q g Py
S l-u_) 0 500 1000 1500 2000 O.Q‘
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Q ~ v oo
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= E 9
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0
00 0 () 4 06 0
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Surface area/weight unchanged!
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¥F&: 5.463 x 5.463 x 5.463 (A3)
INURFvT:0.612 eV

11% extension

HF&K: 5.449 x 5449 x 5518 (A3)

optimized optimized fixed

INURX vy T 0.555 eV
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ll% extension
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