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Role of Nickel on the Hydrogen Storage on Activated Carbon
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Hydrogen storage bas attracted considerable attention because of its potential energy applications [1]. In
this context, we have undertaken a study of hydrogen storage nickel catalysts impregnated on a commercial
amorphous activated carton (AC).

The aim of the work was to examine the role of the metal in the hydrogen uptake. Indeed, high values in
hydrogen storage have ~recently ~been ~claimed ~with synthetic ~nano-structured ~carbon ~materials ~ [2].
Unfortunately, these materials contain metals, the contents of which are rarely reported because of practical
difficulties to determine. Therefore, well-characterized materials such as activated carbons are more appropriate
for studying the influence of metals on the hydrogen storage. Moreover, activated carbon and nickel are cheap
and available materials.

The catalysts were prepared by conventional impregnation method using nickel acetate (A) or nitrate (N)
as precursors. They were characterized by means of N 2 physisorption, XRD, TEM, H2-TPR and TPD. High-
pressure (1 to 30 bars) hydrogen uptake at room temperature was assessed using a high-pressure volumetric
adsorption-desorption system.

Table 1. Surface properties and hydrogen storage at 293 K/30 bars for the Ni/AC catalysts. Pre-treatment at 623
K/3 h/H2 .

catalyst BET surface area
(m2 g- '.)

pore volume
(crw

micropore volume metal surface area
(%) (m2

g-' x)

H2 storage
H/Ni(mol/mol)

1 Ni/AC-A 1107 0.595 66.0 1.3 23.4 (21.2)*

5 Ni/AC-A 705 0.402 62.3 0.6 4.3

10 Ni/AC-A 487 0.264 65.5 2.7 2.2

1 Ni/AC-N 1037 0.595 61.9 13.3 30.9 (19.7)*

5 Ni/AC-N 856 0.456 66.6 17.1 5.4

10 Ni/AC-N 524 0.291 63.9 15.5 2.1

* alter a pre-treatment at 873 K/3 h/H2.

The effects of the metal precursor, the metal content or the temperature of pre-treatment (Table 1) and of
dilution of the catalyst by the support were examined. From the practical point of view, the results obtained
clearly show that nickel catalysts supported on active carbon could store significant amounts of hydrogen at
room temperature and high pressure [up to 0,53% (H/Ni=30.9) at 30 bars against 0.1% for the active carbon].
These performances are fairly good as compared with that published for nano-structured carbon materials and
may be improved in the next future. From the fundamental point of view, three main features arose from our
study. First, the hydrogen stored is loosely linked to the catalyst surface: the desorption is carried out at room
temperature and pressure. Second, the hydrogen spillover is the driving force of the formation of the hydrogen
reservoir: e. g., the amounts of hydrogen stored increases by physically diluting the catalyst by the activated
carbon (not shown). Third, the specific area is a prerequisite for a high level of hydrogen storage: the uptake
volume increases ~with increasing specific area. ~The ~mechanism of the hydrogen adsorption-desorption is
discussed. It resorts that the hydrogen is stored on carton surface sites from which it easily recombines and
desorbs.
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