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Introduction

Much attention has been recently paid to the
investigations of the hydriding properties of carbon-
related materials with specific nanometer-scale structures
[1]. In our previous paper [2], we have reported
fundamental information about the structures and
hydrogen concentrations in the nanostructured graphite
prepared by mechanica milling under hydrogen
atmosphere. After the expansion of the graphite
interlayer, the long-range ordering of the interlayer
disappears continuously with increasing milling time.
The hydrogen concentration, precisely determined by the
oxygen combustion analysis, reaches up to 7.4 mass%
(CHqgs) after milling for 80 h, as is shown in Fig. 1.
Systematic result on neutron diffraction measurements of
the samples will be reported by Fukunaga et al. [3].

The main purpose of present work is to clarify the
thermal desorption (dehydriding) property of the nano-
structured graphite by using the sample mechanically
milled for 80 h [4].

Experimental

300 mg of high-purity graphite powder (99.997 % purity,
~200 um) as a host sample was mechanically milled by
using the planetary ball mill apparatus (Fritsch P7) under
high-purity hydrogen (99.99999 % purity) or deuterium
(99.99 % purity) of 1.0 MPa as an initial pressure for 80
h. The sample before and after the milling was handled
in the glove-box filled with purified argon, so asto mini-
mize oxidation and water-adsorption.

The sample thus prepared were examined by thermal
desorption mass-spectroscopy (TDS, ANELVA M-QA
200TS), specialy set up in the glove-box.

Results and discussion

In Fig. 2(a), there are two desorption peaks with mass-

number = 2, sarting from ca. 600 K and 950 K,
respectively. These desorption phenomena are re-
producible also in the sample mechanically milled under
deuterium atmosphere, as shown Fig. 2(b). Therefore, the
results shown in Fig. 2(a) are surely coming, not from
adsorbed water or so, but from the hydrogen inside the
nanostructured graphite. A small amount of the desorp-
tion peaks corresponding to the hydrocarbons, with
mass-number = 16 from CH, and 28 from C,Hs,
respectively, is also detected around the first desorption
peak in Fig. 2(a).

The first desorption peak in Fig. 2(a) might have, in our
opinion, similar origin to the main desorption peaks of
hydrogen from the single-walled carbon nanotubes
which have been recently reported by Dillon et al. [5]
and Hirscher et a. [6]. Here the apparent desorption
temperatures tend to be modified by “kinetics’ effects,
depending on amounts of metallic impurities and heating
rates, or so. In addition, hydrogen desorption from
amorphous-carbon films, so called diamond-like carbons,
with CH, and/or CH; coodinations has been detected
[7-9] at similar temperatures to the first desorption peak
in Fig. 2(a). Partial formation of CH3 coordination with
sp® bond originated from the defective structures of the
nanostructured graphite is also suggested by the increase
of background around 1525 cm® in the Raman
spectroscopy [4].
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Total hydrogen concentration in the nanostructured
graphite, as a function of milling time under
hydrogen atmosphere [2].
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Figure 2.

Thermal desorption mass-spectroscopy (TDS) of the
nanostructured graphite mechanically milled under
hydrogen (a) and deuterium (b) atmospheres,

respectively [4].



