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Abstract

The new wave of single wall carbon nanotube (SWCNT)

Poly-transparent 3-D Images
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nanomaterials. The SWCNT network _requires  thorough
dispersion within the polymer matix in order to maximize the
benefits of the nanomateral. However, before any
nanomaterials can be used in agrospace applications a means of
qulit assurance and quality control must be cerified. Quality
cation requires & means of quantiict

however, the measurement prolocol mandates a method of
“seeing" the dispersion first. We descibe here the new tools
that we have developed and implemented (0 first be able to

see” carbon nanotubes n polymers and second (0 Mmeasure or
quantify the dispersion ofthe nanotubes.

Imaging the True
Dispersion

‘Optical,electron and probe microscapy toos have been utilzed

from these tools is insufcient (o develop a quanifiable

measur of the dispersion. Wrat

the 3-D distibution of the tubes. The new tools we developee!
the collection of Gata_from “Poly Transparert”

imaging to begin torefine our models and understanding of the

ature ofthe true dispersion.

[This figure shows the progression of some of the dispersion

characieization tools and SWCNT dispersion pr

Notce how the true nature of of the SWCNT disperson

oecomes apparent under high kY Poly-Transparent imaging
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arangement within the host polymer. The information derived from the thee dimensional model provides the nformation necessary o determine

chemistry, and SWCNT camposition
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Image processing

The dispersion of the nanotubes can be measured directly from the Poly-
“Transparent images by performing a seies of image processing techniques.
Fist we perform 2-D Fast Fourier Transfor (FFT) analyss of the images

RSPD plotting

Seond e il ieort ot e gl donain of e 2D FET 10
produce a plot ectral Density (RSPD). The peaks of this
ot conespondrecomiar s w6 .

Rodil Powe SpeckalDensity

The RSPD measurements yield
information relat

features and ordering within the
image. I ths case, informa
st wkh bundie e
soment_eogh, . spacing
i e ranaube

e anermine vy anaiyng ne
RSPD plot.

Fractal Dimension

“The degree of ordering, or randomness, of the samples must
a0 be determined to effectively measure the dispersion. The

domness can be quantifiably characterized by
determining the fractal parameter based upon the partitioning
function associated with the Poly-Transparent images

Minkowski Functions

The Minkowski functional_connectivity is anather i
analyss tool that can be wtilized to verfy the local sirucure
characterstics gathered from RSPD. plots and. fractional
dimension analysts.

Dispersion Summary

The dispersion characteristics of the six samples can b
compared by observing the RSPD plots and the fractal
dimension associated with each Poly-Transparent image

The dispersion is expressed as an average bundle size,
seqment length,spacing betveen the bundles, and the fractl
dimension. From this data we can quantitaively ciscern the
effect that the parameters such as mixing conditions,
sonication, _polymer X

‘composition can have on the averalldispersion and resulting
material propertiesof the composit samples




