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Since the carbon nanotube was discovered under transmission electron microscope (TEM), 
high-resolution electron microscopy (HREM) has been a powerful technique to directly observe its 
fine structures. However, it was confirmed that the TEMs operated at more than 200kV generates 
electron beam damages during HREM observation [1]. In this study, we have applied high 
temperature TEM technique for HREM and electron energy loss spectroscopy (EELS) analysis of 
carbon nanotubes. Instruments used in the study were the Hitachi HF-2200 cold-FE analytical 
TEM and the Hitachi HD-2000 cold-FE scanning transmission electron microscope (STEM) 
equipped with a GATAN 666 digital PEELS system. A direct heating type specimen hot stage [2] 
was used in the experiment and specimens were mounted on the heating element of the hot stage 
directly. TEM image observation and EELS analysis were carried out under the various electron 
doses at 200kV. The HREM images and EELS data obtained at elevated temperatures were 
compared with the ones obtained at room temperature. 
Figure 1 shows HREM images (a, c) and EELS spectra (b, d) of multi-walled carbon nanotubes 
(MWCNT) obtained at room temperature and at 600oC, respectively. The total electron doses on the 
specimen were approximately 6x108 [e/nm2]. The crystal structure has changed into amorphous or 
amorphous-like structure and no typical electronic structure was obtained at room temperature. At 
600 oC, the graphite structure was clearly observed and the sharp π* and σ* peaks were obtained. 
Figure 2 shows HREM images and EELS spectra of single-walled carbon nanotubes (SWCNTs) 
obtained at room temperature (Fig.2 a, c) and at 900oC (Fig.2b, d), respectively. The total electron 
doses on the specimen were approximately 3x108 [e/nm2] for HREM image observation and 1x108 
[e/nm2] for EELS analysis. HREM image and broaden EELS peaks indicate that the structure of 
SWCNT was damaged at room temperature. At 900 oC, however, a cap of the tube and graphene 
sheets are clearly observed, and the sharp π* and σ* peaks were obtained. It is revealed that the 
structure of SWCNT was kept the same as MWCNT by heating.   
The results of the experiment revealed that the specimen heating was also effective to prevent a 
contamination that may have adhered in the manufacturing process. In addition, no contamination 
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occurred during HREM observation and EELS analyses at elevated temperatures. 
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Fig. 1. HREM images (a, c) and EELS spectra (b, d) of MWCNTs.  
a, b: at room temperature, c, d: at 600�.  
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Fig. 2. HREM image (a, c) and EELS spectra (b, d) of SWCNTs.  
a, b: at room temperature, c, d: at 900℃.  
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