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Hydrogen Desorption from Mechanically Milled Carbon Micro Coils
Hydrogenated at High Temperature
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Carbon micro coils (CMC) have been prepared by the catalytic pyrolysis of acetylene at 750-800 oC [1]. The as-
grown coils have an almost amorphous structure and contain about 1 mass% hydrogen. They have 0.1- 10 mm coil
length, 1-5 Pm coil diameter, 0.1-0.5 Pm coil pitch and about 100 m

2
/g specific surface area. They were graphitized, as

maintaining the morphology of the coils, by heat-treating at a higher temperature than 2500 oC in Ar atmosphere. The
layer space (d) of graphitized CMC was determined to be 0.341 nm, forming a “herringbone” structure with an
inclination of 10-40 degree versus the coiled fiber axis, having a specific surface area of about 8 m

2
/g [2-4].

The hydrogen absorption behaviors of CMC were investigated from RT to 1200 oC by a thermal desorption
spectrometry (TDS) using a quadru-pole mass analyzer.

In TDS measurements, pre-existing hydrogen, which was due to the residual acetylene incorporated into CMC on its
growing, desorbed from 700 oC and peaked at about 900

o
C. The increment in the main peak of desorbed hydrogen in

the as-grown CMC heat-treated at 500 oC for 1h under high pressure of hydrogen gas (1.9 or 8.9 MPa) was not
remarkable as is shown in Fig.1. While, in the CMC samples milled mechanically for 1 h at RT using a planetary ball
mill, the increase of desorbed hydrogen became to be great with the hydrogen pressure (up to 8.9 MPa) on heat-treating
at 500

o
C, as is shown in Fig.2. In these CMC samples, the building up temperature of the hydrogen desorption was

shifted to a lower one and the temperature range of desorption became to be wider than those in the as-grown CMC
because of the appearance of another desorption peak at about 600 oC in addition to the peak ranging from 850 oC to
900

o
C. The same kind of peak was also slightly observed in as-grown CMC (Fig.1). It is clear that this desorption at

about 600 oC has contributed to the remarkable increase of desorbed hydrogen in the milled CMC. In this work, values
of more than 2 mass% were obtained as the maximum one of the uptake of hydrogen in the milled CMC samples. The
desorption peak at about 600 oC seemed to have a tendency to saturate in a value independent on the hydrogen pressure.
These facts will suggest that the milling has contributed to generate new absorbing sites of hydrogen. About 3.0 and 4.9
eV were estimated as the activation energy of desorption for each peak at about 600 oC and 900

o
C, respectively. The

former value will be in connection with existence of a meta-stable state of C-H absorbing and the latter coincides with
the bonding energy of C-H (4.2 eV).
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