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Introduction     

/ŀǊōƻƴ ƴŀƴƻǘǳōŜǎ ό/b¢Ωǎύ ƘŀǾŜ ōŜŜƴ ŦƻǳƴŘ ǘƻ ƘƻƭŘ ŀ 
wide spectrum of outstanding properties. These 

properties include high thermal and electrical 
conductivity and incredible strength, however, different 

assemblies of the carbon nanotubes may show very 
different properties based on the architecture of the 

array.  To test this theory we are comparing the 
properties of two different arrays of carbon nanotubes: 

ǘƘŜ ΨƳŀǘΩ ŀƴŘ ǘƘŜ ǘǳǊŦΦ 
 

 

 

Structural Differences: 

Height: In the samples we have grown and tested, the 
average height for a carbon nanotube mat was 1.006 
micrometers, approximately 13x shorter than the 
carbon nanotube turf. 

Tube diameter: The average tube diameter within a 
mat was 5.935(10-2) micrometers while the tube 
diameters within the turf were 1.871(10-2) micrometers. 
This significant difference suggests that the carbon 
within the mats are multi-wall carbon nanotubes while 
the turf carbon nanotubes are primarily single-walled or 
have significantly fewer walls. 

Overall Structure: By comparing the SEM images of 
the varying carbon nanotube structures you can see 
that the turf structures are very tall and all growing in 
the same direction. On the other hand we have the 
Ƴŀǘǎ ƘŀǾŜ ŀ ƳƻǊŜ άǎǇŀƎƘŜǘǘƛ-ƭƛƪŜέ ǎǘǊǳŎǘǳǊŜΦ ¢ƘŜ ǘǳōŜǎ 
grow in all different directions and vary in length. 

 

 Analysis: 

 

 

 

 

 

 

 

 

 

 

 

 

From these load-depth curves you can see how the 
mats seem to exhibit behavior similar to that of turf 

structures. However further testing is required to better 
evaluate the load-depth curve.   

Processing/Growth 

The first step in processing is the patterning of a silicon 
wafer: 

 

 

 

 

 

The samples are then put in a vacuum enabled tube 
furnace system. 385sccm of hydrogen is used, along 

with 25 sccm of acetylene. The furnace is held at 750° C 
for 1 hour to allow carbon growth. 

/ŀǊōƻƴ bŀƴƻǘǳōŜ άaŀǘǎέ 

 

 

 

 

 

 

 

 
 

The carbon nanotube mats we have tested have a much 
shorter structure. Also, he carbon in the mats exhibit a 
fairly tortuous structure in comparison to the carbon 

turfs.   

 

Carbon Nanotube Turfs 

 

 

 

 

 

 

 

 

 

These turfs exhibit taller, nominally vertical carbon 
nanotubes. 

Varying Structures: 

 

 

 

 

 

 

 

 

 

 

These images show differences from sample to sample 
within the same category. This is show the most 

extreme differences, but in general the turfs and mats 
appear very similar. 
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Substrate 
Type 

Avg. Height of 
Sample 

Individual Tube 
Diameter  

Turfs 12.97 µm 1.871(10-2) µm 

Mats 1.066 µm 5.935(10-2) µm 
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