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Uniform Electron Beam Irradiation Induced Amorphization of Multi-walled
Carbon Nanotubes
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U niform electron beam irradiation induced amorphization of multi-walled carbon nanotubes (MWCNT) was in-situ investigated by transmission
electron microscopy at room temperature. It was observed that the graphite structure of the inner and outer layers of MWCNT began to break
or collapse under the uniform electron beam irradiation namely the amorphization of the inner and outer layers of MWCNT carried out preferen—
tially and the inner layer held an obviously faster amorphization rate than the outer layer. Specially the amorphization gradually advanced from
the inner and outer layers to the middle layers as the prolonging of irradiation time. Meanwhile the inner hollow of the tube was gradually filled by
the broken or collapsed carbon atoms of inner layer while the broken or collapsed carbon atoms of outer layer were partially evaporated into the
space. Eventually the inner hollow of the tube was fully filled by the amorphous carbon fragment resulting in complete amorphization of the
MWCNT. In addition the outer diameter of the MWCNT was found to be almost unchanged throughout the process which might be attributed to
the compensation of volume expansion of the amorphization. The newly developed “evaporation” mechanism of carbon atoms derived on the ba-
sis of nano-curvature effect of carbon nanotube and the energetic beam-induced non-thermal activation effect was employed to give a novel and
reasonable explanation of above mentioned amorphization of MWCNT.
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Fig.1 Sequential in-situ TEM images showing amorphization evolution of
MWCNT with its two ends being fixed as induced by the e-beam irradiation to
different irradiation duration: (a) O's; (b) 100s; (c) 160 s; (d) 280 s;
(e) 440s; (f) 580 s
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Fig.2 High resolution images showing the amorphization process of the
MWCNT in Fig. 1: (a) (b) (c¢) (d) are magnified images of the black
dotted frame in (a) (b) (c¢) (f) of Fig. 1
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Fig.3 Diameter evolution of the MWCNT with electron beam irradiation du—
ration as observed in Fig. 1
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Fig. 4 Schematic diagram of the amorphization process induced by uniform electron beam irradiation of MWCNT in Fig. 1
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