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ABSTRACT: The design and synthesis of new hydrogen storage nanomaterials with high
capacity at low cost is extremely desirable but remains challenging for today’s development
of hydrogen economy. Because of the special honeycomb structures and excellent physical
and chemical characters, fullerenes have been extensively considered as ideal materials for
hydrogen storage materials. To take the most advantage of its distinctive symmetrical
carbon cage structure, we have uniformly coated Cg's surface with metal cobalt in
nanoscale to form a core/shell structure through a simple ball-milling process in this work.
The X-ray diffraction (XRD), scanning electron microscope (SEM), Raman spectra, high-

solution transmission electron microscopy (HRTEM), energy-dispersive X-ray spectrom-

etry (EDX) elemental mappings, and X-ray photoelectron spectroscopy (XPS) measurements have been conducted to evaluate
the size and the composition of the composites. In addition, the blue shift of Cg, pentagonal pinch mode demonstrates the
formation of Co—C chemical bond, and which enhances the stability of the as-obtained nanocomposites. And their
electrochemical experimental results demonstrate that the as-obtained C4,/Co composites have excellent electrochemical
hydrogen storage cycle reversibility and considerably high hydrogen storage capacities of 907 mAh/g (3.32 wt % hydrogen)
under room temperature and ambient pressure, which is very close to the theoretical hydrogen storage capacities of individual
metal Co (3.33 wt % hydrogen). Furthermore, their hydrogen storage processes and the mechanism have also been investigated,
in which the quasi-reversible Cgy/Co<>Cgy,/Co—H, reaction is the dominant cycle process.
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B INTRODUCTION

Hydrogen, which is a renewable resource and free of pollution,
is a very promising resource for the application in powered
vehicles. However, the major impediment is that it is difficult to
be high-capacity stored within an effective, safe, and stable
solid-state medium, which restricts its practical application.
Nowadays, effective hydrogen storage has been regarded as a
key technology for realizing the hydrogen economy and
considered as one of the highest technical priorities." Although
the storage of liquid hydrogen in cryogenic containers enables
better volume efficiency, about 1/3 of the stored energy has to
be used for liquefaction and hydrogen will be lost due to
evaporation.” Therefore, with a future perspective, solid-state
hydrogen storage materials are more likely to meet the
requirements: appropriate thermodynamics, fast kinetics, high
storage capacity, effective heat transfer, lightweight, long cycle
life, and safety. Up to now, many storage medium have been
developed to uptake as much as hydrogen storage, such as
metal alloys, boron nitride, metal—organic frameworks.>™’
Recently, a series of Co-based materials are reported to have
high reversible discharge capacity and good cycle life as
negative electrode materials of electrochemical hydrogen
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storage cells, and their electrochemical hydrogen storage
capacities are obviously improved after mixing some non-
metallic materials such as Si, B, P, S, BN, and so on®™"
Moreover, it is found that the nonmetallic material can improve
the dispersion and increase the contact area between alkaline
solution and active materials."* In addition, carbon/cobalt
materials, such as graphene/Co and CNTs/Co, have showed
excellent electrochemical performances.'> Compared with the
nonmetallic materials mentioned above, carbon can not only
improve the dispersion of materials, but also increase their
electroconductibility.'®

storage ability of single carbon materials at standard temper-
17,18

However, the low level hydrogen

ature and pressure is far from satisfactory, which is mainly

due to its rapid escape from the space between carbon skeleton

construction'® and the absorption to the exterior of the carbon

layer via van der Waals interactions needing a large binding
20-22

energy to keep steady.
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Fullerenes (Cg), owning a distinctive symmetrical carbon
cage structure, has become the object of intensive research
since their discovery thirty years ago. Compared with other
carbon materials, C4y has higher surface area and may be a
better matrix material for functional composite materials.
Recently it has been paid an attention by researchers through
the theoretical computation via carbon—carbon double bonds
with hydrogen that Cg4, has a high gaseous hydrogen storage
capacity (7.70 wt % hydrogen).”> However, our practical
measurement of the C4, hydrogen storage demonstrates that
the capacity of individual Cy, is very low at room temperature
under ambient pressure, as shown in Table 1. Considering the

Table 1. Test Conditions and Electrochemical Hydrogen
Store Capacities of Co, Cq, and Cg4y/Co

hydrogen storage ca%acity (wt %

materials test condition hydrogen

Co™® 298 K and 101 KPa 3.3 (theoretical computation)
Co 298 K and 101 KPa 1.58

nanocrystalline®’
Ceo™ 823—873 K and 7.70 (theoretical computation)

101KPa

Cgo (this work) 298 K and 101 KPa  0.69
Cgo/Co (this 298K and 101KPa 332

work)

improved hydrogen storage abilities through the composition of
carbon/cobalt materials mentioned above, Cg,/Co core—shell
composite is predicted as a hydrogen storage material with high
capacity.

Recently, C4/Co nanocomposites have been prepared
through physical codeposition or metal ion implantation

methods.”*** In order to achieve the desired stable Cq,/Co
composites depending on the formation of Co—C chemical
bond, high temperature and high pressure in the experiments
are required.** >’ In the past, mechanical ball-milling method
has been proved as an effective ghysical—chemical mean to
obtain metal/carbon compounds.">*® In this paper, we obtain
the C4,/Co core/shell nanocomposites through a simple ball-
milling method using raw materials of Co and Cg, as the
precursors. Furthermore, comparing with the pure C4, Raman
spectrogram, we observe a blue shift of pentagonal pinch mode,
which is caused by the charge transfer from surrounding Co
atoms to fullerene molecule.’® The formation of Co—C
chemical bond enhances the stability of their structures and
the cycle reversibility is better than other previous graphene/
Co composites. The as-obtained product display a much larger
electrochemical hydrogen storage capacity of 3.32 wt %
hydrogen, which is ~2.10 times of the result for chemical
precipitation prepared Co nanoparticles and close to the
theoretical hydrogen storage capacities of individual metal Co,
as shown in Table 1. In addition, their hydrogen storage
processes and the mechanism have been proved as a quasi-
reversible C4,/Co < Cg/Co—H, reaction for the dominant
cycle process. Additionally, the mechanical ball-milling method,
optimizing the predominant electrochemical hydrogen storage
performance of the metal—fullerene nanocomposites, inspirits
us to develop it. This research work may also open the window
to other fullerene/transition metal nanocomposites for hydro-
gen storage.

B EXPERIMENTAL SECTION

Cgo used in this work were purchased from Puyang Yongxin Fullerene
Technology Co., Ltd,, and their purity specification is 99.9%. In a
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Figure 1. (a) XRD patterns of raw Co, Cg, and the ball-milled composite obtained at a balling-speed of 200 r/min with the precursors of mc,:mcg =
1:1 for 10 h under an Ar gas atmosphere; (b) XRD patterns of the ball-milled composites obtained at a balling-speed of 400 r/min for 10 h with
different Co to Cg, weight ratio under Ar gas atmosphere; (c) SEM image of the ball-milled Cq,/Co composite with mcy:mcg = 1:1 obtained at a
balling-speed of 400 r/min for 10h; (d) Raman spectra of the as-obtained Cy,/Co composite with mcy:mcg = 1:1 at a balling-speed of 400 r/min for
10 h, pure raw materials (Co and Cg) before and after ball milling at a speed of 400 r/min for 10 h.
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Figure 2. (a) ADF-STEM image of C4/Co composite; (b) corresponding EDX elemental mappings of Co element; (c¢) HRTEM image of the
obtained Cqy/Co composites, the circle area is Cg, concentration zone; inset, the corresponding SAED pattern of the rectangular area; (d) Cqp/Co
composites enlarged from the rectangular area, showing the core/shell structure of Cq,/Co.

typical experiment, Co powders (purity 99.9%, 200 mesh, Shanghai
Xingzhi chemical factory) were first blended together (the Co to Cg
weight ratio was 0.3—3:1). All samples were ball-milled using a
planetary ball mill (pulverizette 7, FRITSCH) in a stainless steel vessel
at the speed of 400 rounds per minute for 10 h under Ar gas
atmosphere. The tungsten carbide balls of 2 mm diameter were
employed as ball-milling medium. The ball-to-powder weight ratio was
15:1. After cooling to room temperature, the obtained powders were
collected. All the samples were characterized by X-ray diffraction
(Rigaku D/max IIIA, Cu Ka). The scan rate of 0.05°/s was used to
record the patterns in the 26 range of 10—70°. Raman spectroscopic
analysis was performed by using a micro-Raman system with an Ar ion
laser 488 nm, and a probing laser 50 W/cm? was guided during the
illumination. Field-emission scanning electron microscopy (FESEM)
images were obtained by a SU8000 cold emission field scanning
electron microanalyser (Hitachi, Japan), whereby the resulting
powders were mounted on a copper slice. High resolution trans-
mission electron microscopy (HRTEM) and scanning transmission
electron microscopy (STEM) images were recorded on a JEOL-2010
TEM at an acceleration voltage of 200 KV. X-ray photoelectron
spectroscopy (XPS) was performed by using a PHI 5700 ESCA
System with a monochromatic Al Ka (1486.6 eV) radiation source and
a hemisphere detector. The electrochemical charge and discharge
curves were measured in a two-electrode test cell by a LAND battery-
test instrument (CT2001A), which contained one piece of positive
electrode and one piece of negative electrode. The negative electrode
was made of 85 wt % Cq/Co powder, 10 wt % acetylene black. The
positive electrode material consisted of 80 wt % nickel hydroxide, 15
wt % Co. Each of the positive and negative electrode material was
mixed with S wt % PTFE to form a paste, and coated on a 1 cm” Ni-
foam. The electrolyte was 6 M KOH aqueous solution. The electrode
plate was pressed at a pressure of 50 kg/cm? for 30 s. The negative
electrodes were charged at a current density of 100 mAh/g for 8 h, and
then discharged to 0 V at a current density of 30 mAh/g. In order to
study the rate capability of C4y/Co composites, the negative electrodes
were charged at a current density of 100 mAh/g for 8 h, and then
discharged to 0 V at current density of 200—1000 mAh/g. The cyclic
voltammetry (CV) and electrochemical impedance spectroscopy (EIS)
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were conducted by using an electrochemical workstation (CHI660D)
of three-electrode test cell. The cell consisted of Cq)/Co as the
working electrode, a metal platinum gauze as the counter electrode
and a Ag/AgCl electrode as the reference electrode, and the electrolyte
was 6 M KOH. The scan range was between —1.2 and 0 V vs Ag/
AgCl, and the scan started from the open circuit potential and then
along the negative direction at a scan rate of 10 mV/s. All the
experiments were conducted at room temperature.

B RESULTS AND DISCUSSION

Structure, Morphology, Composition, and Formation
Mechanism of C,,/Co Nanocomposite. First, the overall
phase, crystallinity and purity of the raw materials and the as-
synthesized samples were examined by XRD measurements. As
shown in Figure 1a, the original Co powders have two phases:
fcc phase (PCPDF89—4307) and hcp phase (PCPDF89—
4308). And the XRD pattern of C4, with strong diffraction
peaks is attributed to its fcc phase (PCPDF79—1715), which
demonstrates that Cg, is well-crystallized and without the
impurities. It is also found that when the ball-milling speed is
200 r/min, the products’ XRD results are similar to the
combination of raw materials’ spectrum, which maybe due to
the deficient grain refinement and the weak composite
structures under a lower activation energy induced by a lower
speed ball-milling. Considering the reaction of metal Co with
carbon materials for Co;C compound when the ball-milling
speed nears 500 r/min,"* a suitable ball-milling speed (400 r/
min) is selected in this work. After ball-milling the raw
materials under Ar atmosphere for some hours, it was found
that all diffraction peaks corresponding to Co were broadened,
as shown in Figure la, which indicates that the Co crystalline
grains were refined. In addition, the phase transformation of
fcc-cobalt into hep-cobalt has also been observed. As reported,
that lattice surface energy of fcc-Co (~2.05 X 107'® J/unit
lattice) is lower than that of hcp-Co (2.61 X 107'® J/unit
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lattice), and hcp-Co is a more stable phase.>> Here we indicate
that the sample’s average crystallization size of metal Co is 20—
25 nm calculated by the Scherrer equation from the XRD
pattern in Figure 1b, which implies the efficient refinement
process in this work.

Figure lc shows the typical SEM image of the as-prepared
Cgo/Co composite after ball-milling for 10 h at 400 r/min. It
can be seen that the as-prepared products contain regular tiny
nanospherical morphology, and the size of nanoparticles is ~25
nm. Their good combination effect through the ball-milling
process is further confirmed by the Raman analysis, which is
conducted by using a micro-Raman spectrometer with an Ar
ion laser (488 nm™"). As shown in Figure 1d, the peak positions
of pure cobalt and Cg's Raman spectra have not changed
under the high speed ball-milling conditions at 400r for 10h.
And the Raman spectrum of pure Cg, shows the pronounced
peaks assigned to its Raman-active modes with the icosahedral
symmetry, namely the nondegenerate Ag(n) modes and the
degenerate Hg(n) modes.* In the Raman spectrum of the Cg,/
Co composite, the increased number of peaks, and the
additional peaks are attributed to a series of the Raman-
forbidden modes and the split components of the Raman-active
modes by the symmetry lowering of C,, which are due to the
formation of the Cgy/Co composite.>* >’ Taking account of the
energy differences between the respective modes and the
overlapped features in the broad peaks, it can be remarked that
the most series of the Cq, I, modes are observed including the
IR-active F, modes (e.g., peak for the expansion or contraction
vibration at 884, 992 cm™' and peaks for twisting vibration of
the Cy clusters at 1272 cm™" based on orthogonal tight-
binding molecular dynamic simulations),>* ¢ which become
Raman-active by the loss of inversion symmetry of Cg.
Moreover, the careful analysis of pentagonal pinch mode Ag(2)
in terms of the peak position at 1460 cm™" of pure Cg, provides
the information on the changes occurred in the as-obtained
Cg/Co composite. Comparing with the pure C4 Raman
spectrogram, the C4,/Co shows a blue shifting and broadening
in Ag(2) pentagonal pinch mode, which is caused by the char%e
transfer from surrounding Co atoms to fullerene molecule, 8
which should be due to the formation of C—Co bond. The
downshift of Ag(2) mode in this work also proves the
theoretical calculations on Raman evaluation of the metal-
fullerene systems, which is predicted by Dresselhaus et al.>* As
is reported,”**® Cg/Co nanocomposites were produced
through physical codeposition process, which displayed very
weak Co—C bond. In contrast, the C4,/Co composite obtained
here by high-energy ball-milling exhibits strong structure
stability. So it is reasonable to believe that the high activation
energy coming from the mill balls crashing makes metal cobalt
react with carbon atoms of C¢, and Co is tightly banded on the
Cgo skeleton.

More details about the composite structures of the product
are further investigated through TEM measurements. Figure 2a
is an annular dark-field (ADF) scanning transmission electron
microscopy (STEM) image of the Cg/Co composite, and
Figure 2b is the corresponding energy dispersive X-ray
spectrometry (EDX) elemental mappings of Co elements. As
shown in Figure 2b, particle size is about 25 nm, which is in
good agreement with the above SEM results. The HRTEM
image of Cg/Co composite confirms that the nanoparticles
contain many dark/light stripes, which are further distinguished
by circles in Figure 2c. To achieve more precise information, we
provide a magnified image of a distinct segment in Figure 2d.
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The HRTEM image of the sample clearly reveals lattice spacing
of 0.216 nm corresponding to the (100) plane of hep-Co in
outer circle. However, the angles of Co in HRTEM image are
inconsistent with Steno’s law of constant angles,*' which proves
the existence of muliti-layered Co and further confirms the
formation process of the Co shell through a layer-by-layer steps,
which should be a Kossel Stranski nucleation process.*” The
lattice spacing of 0.496 nm is clearly observed in inner circles,
which is related to the (220) plane of fcc-Cg. As the surface of
Cgo molecules have been closely coated by Co, Co (100) plane
is also observed in circles. Moreover, the sample’s composition
and crystallization are further confirmed by its SAED result. As
shown in Figure 2c¢ inset, the reflections from the Co and Cg,
are observed, in which the appearance of the diffraction rings
and spots indicates the polycrystalline nature of the nano-
composite.

The composition of the Cy/Co composite is further
analyzed by XPS measurement. As shown in Figure 3a, the
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Figure 3. (a) XPS spectrum of the as-obtained C4)/Co composite; (b)
Co 2p spectrum; (c) C 1s spectrum, the shakeup satellite peaks are
attributed to Cy, extended aromatic systems, the # peak at 285.2 eV is
assigned to sp>-hybridized carbon bond; the * peak at 284.6 €V is
assigned to sp*-hybridized carbon bond.

survey spectrum exhibits a strong Co signal, some C signal and
small signal of O element, which confirms the element
composition of the product. Figure 3b displays the Co 2p
spectrum of the as-prepared products, in which there are two
peaks at binding energies of 779.2 and 795.6 eV, respectively.
Both the peaks are assigned to metallic cobalt.**** Figure 3c
shows the product’s C 1s spectrum. In the spectrum, there is an
obvious peak at 284.6 eV and C 1s shakeup satellite peaks in
280—294 eV range, which originates from the sp*-hybridized
carbon bond of fullerene.*** In addition, a broaden peak at
285.2 eV is found, which is attributed to the sp>-hybridized
carbon bond*™* and further demonstrates the formation of
C—Co bond.

On the basis of the above results and analysis, the formation
process of C4y/Co nanostructures is clearly shown in Scheme 1.
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Scheme 1. Illustration of the Formation Process of C4)/Co Core/Shell Composites
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Figure 4. (a) Charge—discharge curves of the C¢)/Co composites (mcgy:mc, = 1:1); (b) electrochemical impedance spectroscopy (EIS) of the Cqy/
Co composites electrode at 6 M KOH solution, the inset is equivalent circuit used for simulating the impedance spectra of the Cq,/Co composites
electrode; (c) cycle performances of pure Cg, and as-obtained Cq,/Co composites, the inset is retention rate of Cy4y/Co composite electrodes at
various discharge current densities to the discharge current density of 30 mA; (d) cyclic voltammogram curve of the Cyy/Co composite (mcy:mce =

1: 1) vs Ag/AgCl in 6 M KOH solution.

First, under the high speed ball-milling conditions, the bulky
Co precursor is shattered by the crashing of the tungsten
carbide milling balls and melts. Second, the Co liquid droplets
freely land on the surface of C4 and Co—C bond forms.
Because of the good thermal conductivity and bearing capacity
of Cg, the liquid Co quickly recrystallizes on Cg, matrixes and
the Cqy/Co composite forms.

Electrochemical Hydrogen Storage Properties. To
further investigate the hydrogen storage ability of the Cg,/Co
composites, the electrochemical hydrogen storage cycles of the
Cgo/Co electrode at a discharge current density of 30 mA/g is
first tested, as shown in Figure 4a. In the charge process, one
charge plateau appears at about 1.40 V, which can be attributed
to the reaction of Cgy/Co — Cy/Co—H,.'”*" In the discharge
curve, two obvious plateaus are observed at 1.17 and 0.43 V,
respectively, which suggests that different hydrogen desorption
sites exist in the Cg/Co nanocomposite. The discharge
plateaus appearing at about 0.43 V should be attributed to
the desorption of hydrogen adsorbed on the surface of the
nanocomposite.”>' The discharge plateau appearing at about
1.17 V is comparable to those of other Co based alloys,** which
is due to the reaction of C4)/Co—H, — Cg4,/Co. It is also noted
that the suitable length of both the charge and discharge
plateaus indicate the excellent reversibility and Coulombic
efficiency of the electrode. Figure 4b illustrates the electro-
chemical impedance spectroscopy (EIS) of the composite
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electrode. The spectrum consists of a smaller semicircle in the
high-frequency region and a larger semicircle in the low-
frequency region followed by a straight line. It is pointed out
that the measured high-frequency semicircle is the contact
resistance between the current collector and the composites,
and the lower frequency semicircle is the charge-transfer
reaction resistance.>®> Furthermore, the EIS data is fitted using
an equivalent circuit in Figure 4b The capacitive components
labeled by C are modeled as constant-phase elements (CPE) to
describe the depressed nature of the semicircles. R; (0.418 Q)
is ascribed to the electrolyte resistance between the electrode
and the reference electrode. The semicircle in the high-
frequency region, modeled by R, (2.816Q2) and C, (0.376F),
comes from the contact resistance between the Cg,/Co
composites and the current collector. The contact resistance
and capacitance between the C4)/Co generate the parameters
of Ry (0340 Q) and C; (7.015 X 107°F), respectively. R,
(4.802 Q) and C, (1.035 F), representing the semicircle in the
low-frequency region, contribute to the charge-transfer reaction
resistance and the double-layer capacitance, respectively, and
Z,, (1716 Q) is the Warburg impedance. Through comparing
the resistance values, the charge-transfer reaction should be the
main reaction process.

Furthermore, the cycle performances demonstrate that the
as-prepared Cq,/Co composites own satisfactory stability as
electrochemical hydrogen storage materials. Figure 4c shows

dx.doi.org/10.1021/am405458u | ACS Appl. Mater. Interfaces 2014, 6, 2902—2909
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the discharge capacities and the cycle stability of Cg/Co
composites and pure Cg, electrodes at a discharge current
density of 30 mA/g. It is clear that the pure C4, powders’ low
capacity is 189 mAh/g (0.69 wt % hydrogen), which is
attributed to hydrogen’s rapid escaping from the space between
its unclosed cage frameworks. After wrapped by metal Co, the
discharge capacities of the Cq/Co composites increase to a
certain degree. In particular, the Cqo/Co composite (mcgp:mc,
= 1: 1) electrode can achieve a maximum discharge capacity as
high as 907 mA h/g (3.32 wt % hydrogen), which is ~2.10
times of the result for chemical precipitation prepared Co
nanoparticles®' and close to the theoretical hydrogen storage
capacities of individual metal Co.** Even after 20 cycles, the
discharge capacity still remains at 575 mAh/g (2.10 wt %
hydrogen). Compared with traditional AB**>> type, AB,*
type, AB type,”’ and Mg-based alloy** ® hydrogen storage
materials, the as-prepared C4,/Co composites display a much
higher discharge capacity and cycling stability, which are due to
their good composite structure.

Just as we have known, highly dispersed Cg, hinders the
aggregation of Co and increases the special surface of the
nanocomposites, which contributes to a larger efficient surface
area with hydrogen.>* Another important reason is that the Cq,
frameworks can reduce the internal resistance and maintain the
good cycle performance of the electrode. Besides the above two
reasons, the interesting core/shell structured Cyy/Co compo-
sites also contributes to the high hydrogen storage capacity. In
this paper, metal cobalt has been tightly pressed on fullerene
through the ball-milling process, which results in the steady
formation of C4,/Co nanocomposites. Therefore, the structure
relaxation effect coming from the hydrogen adsorption—
desorption process would be withstood. The stable Cqy/Co
nanocomposites also exhibit good electrochemical hydrogen
storage performances at high current densities. To investigate
the kinetic characteristics of the C4,/Co composites electrodes,
the rate capability is measured at different current densities.
The inset in Figure 4c shows the cycling performances of the
nanocomposites at larger discharge current densities. When the
current density changes from 30 to 1000 mA, the discharging
capacity of mass ratio 1:1 varies from 907 to 589 mAh/g at the
first cycle of all the composites. The discharge capacities of all
the composites at different current densities are summarized in
Table 2. As shown in table 2, even at a high current density of
1000 mAh/g, the lowest hydrogen storage capacity of the Cgy/
Co composite (the mass rate is 3:1) is much higher than that of
single Cg or Co.

Finally, cyclic voltammogram curve (CV) is carried out to
further investigate the electrochemical hydrogen adsorption—
desorption behaviors of C4y/Co nanocomposites as shown in

Table 2. Discharge Capacities of All the C4,/Co Composites
at Current Densities from 30 mA to 1000 mA

electrochemical hydrogen storage capacity (mAh/g)

current rates (mA) 1:1% 231 3:1 k) 1:3
30 907 763 744 714 849

200 725 595 506 573 698

400 653 572 464 543 661

600 635 542 428 514 624

800 626 496 400 484 577

1000 590 458 357 454 521

“The specific value is mass ratio of Cg, to Co.
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Figure 4d. The main CV feature of the sample shows two pairs
of remarkable cathodic and anodic current peaks, which is
different from the previous reports only exhibit one pair of
peak.®" In the reversed scan, two strong oxidation peaks center
at —0.89 and —020 V that are far from the equilibrium
potentials of pure Co and Cg.”%* The potential position and
feature of the anodic peak at —0.89 V agree with the
electrochemical oxidation of hydrogen in crystal lattice, as
reported in literature.'®**** The current peak appearing at
about —0.20 V may be the electrochemical oxidation of
hydrogen adsorbed on the surface of the electrode material,
which are frequently observed for the electrochemical hydrogen
storage electrodes.*>®® Moreover, the cathodic peak is
attributed to the hydrogen adsorption on the composite’s
electrode.'® Thus, the redox peaks can be attributed to a
reversible electrochemical hydrogen adsorption—desorption
reaction taking place on the C4/Co electrode. According to
earlier results on the electrochemical reaction of Co in
hydrogen storage process,”” the reversible CV peaks observed
here are ascribed to the quasi-reversible electrochemical
reaction

Cgo/Co + xH,0 + xe” < Cy)/Co — H, + xOH"~

B CONCLUSIONS

In summary, Cg4/Co core/shell composites have been
successfully prepared via a direct physical-chemical ball-milling
method and their electrochemical hydrogen storage properties
are studied for the first time. The product exhibits a stable
composite structure due to the formation of Co—C bond and
has high hydrogen storage capacity and good cycle stability. It is
also found that the quasi-reversible reaction Cg,/Co < Cgy/
Co—H, is dominant for the electrochemical hydrogen storage
process.
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