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Preparation of reduced graphene oxide via gamma-ray irradiation
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ABSTRACT We report here a rapid and cost-effective approach for reduction and functionalization of graphene
oxide (GO) using ethylenediamine (EDA) in water medium by gamma-ray irradiation in a nitrogen atmosphere. The
reduction degree, which can be controlled by varying the absorbed doses (5.3, 15, 20, and 35.3 kGy), was investigated
in detail by ultra-violet visible (UV-vis) spectroscopy, Fourier transform infrared spectroscopy (FT-IR), X-ray diffract
meter (XRD), X-ray photoelectron spectroscopy (XPS), and thermogravimetric analysis (TGA). It was found that the
GO dispersion changed from yellow to black with increasing absorbed doses. The results of FT-IR, UV-vis, TGA, and
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XPS demonstrated that the reduction degree increased with absorbed dose and modification of GO with N-H from

EDA molecules occurred. The rGO dispersion in water was stable without precipitate. The ratio of C/O reached 7.21

in rGO-at 35.3 kGy. In addition, a reduction mechanism for determining interactions among the EDA molecules,

active radicals from the radiolysis of water, oxygen-containing groups on GO sheets, and some EDA molecules

attached onto the rGO sheet because of the recombination of radicals is proposed.

KEYWORDS Reduced graphene oxide, Graphene oxide, Gamma-ray, Ethylenediamine
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Fig.2 Photographs of GO, GO in EDA/water without irradiation, and rGO irradiated by y-rays
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Table 1 Elemental analysis data of GO and rGO samples irradiated by y-rays at different adsorbed doses

C N o C/O C/N
GO 71.43 1.91 26.66 2.68 37.40
rGO-5.3 kGy 73.02 8.72 18.26 4.00 8.37
rGO-15 kGy 76.32 8.70 14.98 5.09 777
rGO-20 kGy 76.48 9.93 13.59 5.63 7.70
rGO-35.3 kGy 78.02 11.13 10.85 7.21 7.01
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