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Single-wall carbon nanotubes (SWNTs) are well-known for their remarkable electronic and 
structural properties, which promise to revolutionize various application areas, from nanoscale 
electronics to ultra-lightweight structural materials.  This study utilizes HRTEM to characterize 
SWNT purity and defect levels throughout the many processing steps required to take as-synthesized 
SWNT to various uses in polymer nanocomposites.  The SWNT investigated here were grown by 
the  laser vaporization technique , which is one of the best methods to grow high-quality, high purity 
SWNT.[1]  Using free-running Nd:YAG laser pulses, the as-grown material can be synthesized to 
50-70 wt % SWNT, along with 12 wt % Ni and Co catalyst metal particles, and the remaining 
amorphous and graphitic carbon (Figure 1a).  For understandable chemistry and composites 
development, all the impurities need to be removed while keep the SWNT intact.   
 
A multi-step purification procedure was developed to remove the amorphous carbon and metal 
particles to ≤0.2 wt% (Fig.1b): the sample is first refluxed in 3 M nitric acid for 16 h, then heat 
treated at 400 oC for 2 h in air, followed by a concentrated HCl/H2O wash.  A second heat treatment 
is carried out at 450 oC for 3 h, followed by a concentrated HCl/HF/H2O wash and a final dry in air 
in an oven at 100 oC.  It produces pure SWNT at 10 wt % yield rate with great repeatability.  
Thermal gravimetric analysis (TGA) data from the as-grown and purified samples show that the 
purified sample burns at 756 oC (wt % and derivative wt % plotted, Fig. 4).  Yet the as-grown 
sample starts its weight loss as low as 325 oC and continues through out the entire temperature 
range. In addition to TGA, Raman, and inductively coupled plasma spectroscopy, HRTEM was 
undertaken extensively to evaluate the fine structures of the SWNTs at various stages, i.e., as-grown, 
after purification, and after functionalization.  Samples were prepared by direct placing the SWNT 
material onto a holey carbon support film supported on a standard 3mm Cu grid.  Specimens were 
examined in a Hitachi HF-2000 field emission TEM, operated at 200kV. The as-grown sample 
contained significant amounts of catalytic particles and amorphous carbon (Fig. 1a).  The purified 
sample is nearly free of these impurities, and the SWNTs wall-quality remains pristine (Fig. 2a).  
Yet the functionalized SWNTs (by Piranha treatment) rendered the SWNT defective (Fig. 2b).  Note 
that walls are full of defects.  Functionalization treatments also reintroduce amorphous carbon.   
 
SWNT nanocomposite films and fibers were prepared by spin casting or electrospinning.  Various 
polymers, such as PMMA (polymethyl-methacrylate) and ODCB (ortho-dichlorobenzene) solution 
containing very low ( 0.125 wt% ) to very high (6 wt. %) purified SWNT were used.  It is revealed 
in Figure 3 that bundles of SWNT are randomly distributed within the film.  Imaging analysis is on-
going to determine the size and distribution of the SWNT bundles. [2] 
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FIG. 4. TGA data from the as-grown and 
purified samples. 
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