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Effect of ball milling on morphology and structure of
multi-walled carbon nanotubes
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Abstract: The multi-walled carbon nanotubes (MWNTs) were treated by dry ball milling and wet ball milling,
respectively. The morphological and structural characteristics of MWNTs were investigated using TEM, XRD, XPS and
Raman spectrum. The results show that the fracture of MWNTSs occurs easily at the sites of structural defects, such as
bends and kinks, which fractures easily at defect. The new tips generated from fracture of MWNTs are mainly open and
their morphologies may transform due to metastable structure. Compared with the dry-milled MWNTs, the wet-milled
MWNTs seem to be more uniform in length, with more open tips and lower degree of structural collapse. The improved

characteristics of the wet-milled MWNTs may be attributed to the effects of the milling media on both the dispersion of

MWNTs and the morphological evolution of new tips.
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N Fig. 1 TEM images of MWNTs:
(a) Before ball milling; (b) Dry ball
milling for 2 h; (¢) Dry ball milling
for 6 h; (d) Wet ball milling for 2 h;
(e) Wet ball milling for 6 h
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Fig. 2 XRD patterns of MWNTs: (a) Before ball milling;
(b) Dry ball milling for 2 h; (c) Dry ball milling for 6 h; (d) Wet
ball milling for 2 h; (e) Wet ball milling for 6 h
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Fig. 3 Raman spectra of MWNTs: (a) Before ball milling;
(b) Dry ball milling for 2 h; (c) Dry ball milling for 6 h; (d) Wet
ball milling for 2 h; (e) Wet ball milling for 6 h

Fig. 4 XPS spectra of MWNTs after ball milling: (a) Wide
scan spectra; (b) Narrow scan spectra of O 1s; (c) Narrow scan

spectra of N 1s
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Fig. 5 Structure defects of MWNTs: (a) TEM image of bend; (b) HRTEM image of bend; (¢) TEM image of kink; (d) HRTEM

image of kink
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Fig. 6 HRTEM image of fracture of MWNTs
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