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Effect of Transition Metal Addition on the Transformation of Carbon Black

to Hollow Onion-like Nanostructural Carbon
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Abstract: Hollow onion-like nanostructural carbon was constructed from acetylene carbon black with
the aid of Fe, Co and Ni catalysts through the catalytic carbonization. The morphologies and structures
of pristine carbon black and its carbonized products were investigated by using TEM, HRTEM, XRD
and Raman spectroscopy measurements. The hollow onion-like nanostructural carbon mainly consists
of quasi-spherically concentric graphite shells enclosing voids with interlayer spacing of 0.34nm. It is
originated from the carbon-encapsulated metal nanoparticles by the dissolution-precipitation process
between carbon and transition metal catalysts. The product catalyzed by Fe exhibits the typical and
regular shape of onion-like nanostructural carbon and higher degree of graphitization. These imply that

Fe possesses the better catalytic effect among these three metals.
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Fig. 1 TEM images of pristine carbon black (A) and
carbon black heat-treated at 1000°C for 10h (B)
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Fig. 2 TEM images of carbon-encapsulated metal
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Fig. 3 TEM images of hollow onion-like nanostruc-
tural carbon

A: C-1: 0.12-Fe; B: C-1: 0.24-Fe; C: C-1:0.12-Co, D: C-
1:0.12-Ni
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Fig. 4 HRTEM images of sample C-1: 0.24-Fe
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Fig. 5 XRD patterns of the products prepared by

various metal catalysts
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Table 1 Detail information of carbon black
carbonized for 10h and hollow onion-like

nanostructural carbon

Name L/;lrllf I/I;Or(ilz G doo2/nm Caﬁgﬁj%ion
Carbon black — — — 03574 94.8
C-1:0.12-Ni  86.5 9.0 0.62 0.3411 75.0
C-1:0.12-Co 959 9.9 0.66 0.3382 73.7
C-1:0.12-Fe 150.4 10.2 0.68 0.3380 64.6
C-1:0.24-Fe 1725 14.5 0.72 0.3378 61.8

G, degree of graphitization=(0.344-dgo2 )/(0.344-0.3354)
doo2—Interlayer spacing of carbon layers.
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Fig. 6 Raman spectra of carbon black heat-treated
at 1000°C for 10h and sample C-1/0.12-Fe
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