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Microcellular carbon is an advanced material exhibiting notable properties, such as high 
mechanical resistance, controlled porosity, biocompatibility and considerable 
thermal/electrical conductivity. The present work aims to assess the hydrogen storage 
capacity of microcellular carbon by studying the dependence of hydrogen adsorption 
mechanisms to the geometrical parameters of microcellular carbon structures of varying 
porosity and to the surface chemistry at the interface between the carbon structures and 
electrolytes of varying pH. 
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1. Introduction 
 
Hydrogen is an alternative to the fossil fuels being an energy carrier in sustainable 

economic models based exclusively on renewable and alternative energy sources, collectively 
branded as “Hydrogen Economy” [1-4].However, the main drawback in the practical use of 
hydrogen is the difficulty in storing it safely and economically [5–7]; thus, the design of a safe and 
cost-effective hydrogen storage device presents itself as a priority. Hydrogen physical adsorption 
on porous carbon materials provides a promising solution [8]. Electrochemical hydrogen storage in 
such materials depends on the physicochemical properties of the material, the nature and 
concentration of the electrolytic mediumand the potential cut-off of the associated electrochemical 
mechanisms[9].Unlike other forms, the microcellular structures (CMC)arereticulated carbons 
resulting from polymer pyrolysis, wherethe porous network is shaped by a highly infusible and 
stablecomponent, made of microparticles of inertmaterials inserted in the initial polymer matrix, 
forming an interconnected 3D graphitic-likemicrostructure arranged in a cellular fashion.This 
paper investigates the electrochemical hydrogen storage in micro/meso porous CMCsfrom 
pyrolysis of polyacrylonitrile powder (PAN) mixed with non-decomposable salts in two range of 
grain size. The electrochemical behaviourby Cyclic Voltammetry (CV) in common acid and base 
electrolytes shows a low double layer capacity and a hydrogen accumulation in the mesoporous 
structures. 

 
2. Materials and methods 
 
Synthesis of CMC was performed bypyrolysis of an initial polymer matrix mixed with 

inert materials of μm size, allowing for thecontrolled introduction ofmicro-cells into the 3D 
structure (Figure 1) [10]. 
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Materials: Polyacrylonitrile(PAN) powder (SigmaAldrich). Sodium chloride(NaCl) 
powder of technical graded in two ranges:100-300 μm and less than 60 μm (CMC2). 

Preparation of samples: PAN powder was mixed with 10% w/w of salt and thenshaped in 
discs (Dia30x3 mm) using a mold at 3000Kgf/cm2. Samples are indexed as follows: CMC1- PAN 
and 10% salt graded in range 100-300 μm; CMC2-PAN and 10% salt graded in range <60μm. 

Thermal treatment: Temperature was raised slowly to 400°C for 3 hours in ambient 
atmosphere (thermoxidation phase); the samples were kept at 400°C for 30 minutes 
forthermostabilization ( closing pyridinic cycles). Temperature was raised to 700°C for an hour 
inan inert atmosphere (argon); the samples were kept at that temperature for 30 minutes and then 
cooled at room temperature. Salt was removed by multiplesonications in water until constant 
weight was reached [10].SEM micrography for CMCs reveals specific features dependent of the 
grain size filler ( figure 1). CMC1 shows large voids with nondefined shape. CMC2 shows a 
spherulitic carbon material with a large distribution in grain size from few microns upt to 50-70 
microns. Earlier reports shown the microstructures for CMC consists of fused graphitic and 
pyridinic cycles with large microstructural deffects and dangling bonds on their surface[10]. 
 

 
Fig. 1: SEM topography for CMC1 (a ,b) and CMC2 (c,d)[10] 

 
 

Cyclic Voltammetry(CV):(VoltaLab 4.0 Analytical Radiometer, electrochemical method) 
at different scan rates, using6M NaOH and 0.5M H2SO4 electrolyte solutions. A simple three 
electrode configuration was employed for the electrochemical cell. The reference electrode, 
Ag/AgCl andCV scans were performed over a potential range from -1.5V to 1V using five 
different scan rates. 

 
3. Results and discussion 
 
3.1 Cyclic Voltammetry: basic electrolyte 
 
CV profiles for CMC-1in a basic electrolyte of 6M NaOHare shown in Figure 2. 

Hydrogen is adsorbed in the cathodic direction and then oxidized in the anodic direction. Electrical 
double layer (EDL) and faradaic capacities for CMC-1,2 are small.In alkaline solutions the proton 
source is water which by electron transfer from active sites on the CMC surface lead to 2H2O+2e-

H2+2OH- (-0.41 V vs SHE, reduction potential).Both voltammograms have two distinctive 
reduction peaks: 1) close to 0.25V vs Ag/AgCl assigned to hydrogen adsorption 2) close to -0.25V 
assigned to water splitting on the active sites and hydrogen accumulation in the mesoporous voids. 
This can be assigned to Heyrovsky mechanisms as CMC-Had+H2O+e-H2+OH-+CMC [11]. On 
the anodic component take place the oxidation reactions for hydrogen on different active sites.Due 
to heterogeneity in active sites developed on CMC surface during pyrolysis the current density 
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decreases with the scan rate from 10 mV/s to 5mV/s.Thus, the process is dominated by the 
kineticspath on the active sites at the electrode-electrolyte interface. 

CV profiles for CMC-2in a basic electrolyte follow roughly the same patterns as for CMC-
1(Figure 2). The transition from a larger cell sizeto a smaller one results in sharper redox peaks,a 
negligibleEDL and a small faradaic capacity.The most important peaks locatedin region 0.2-0.25 
V respective -0.25 V/ vs Ag/AgCl can be assigned to hydrogen adsorption and hydrogen evolution 
based on Heyrovsky mechanisms. 
 

 

Fig. 2: CV profiles for CMC-1 (left) and CMC-2 (right) in 6M NaOH electrolyte. Scan rates: 
1 - 100 mV/s, 2 - 50 mV/s, 3 - 25 mV/s, 4 - 10 mV/s and 5 - 5 mV/s. 

 
Comparing profiles,at scan rate of 100 mV/s;thus as cellular structures become larger (and 

pore size increases), hydrogen storage capacity increases. 
 
3.2 Cyclic Voltammetry: acidic electrolyte (0.5M H2SO4) 
In acidic electrolyte the proton source is supplied by H3O

+ and charge transfer steps take 
place on the most active sites with hydrogen adsorption ( between 0.1-0. 25V vs Ag/AgCl) 
followed by electrolysis down -0.5V vs Ag/AgCl.CV profiles for CMC-1and CMC-2 in an acidic 
electrolyte (Figure 3) show a narrow electrical discharge layerand similar redox peaks associated 
with active centres on the CMC surface. Electrolysis is more pronounced at lower scan rates - at 
higher rates the intensity of the phenomenon decreases (CMC1) due to large pore size induced 
during pyrolysis.Current densities increase with the scan rate and the dominant mechanisms are 
quite different on the cathodic respective to anodic waves due to the active sites are quite different. 
CV profiles for CMC-2in an acidic electrolyte follow roughly the same patterns as for CMC-1 
(Figure 3).The electrical DL is almost non-existent in the oxidation regionand the phenomenon of 
electrolysis is dominant at all scan rates – instead, for CMC-1 electrolysis is dominant at low scan 
rates, reducing in intensity when EDL capacity reaches its maximum value of 0.6 F/cm2 at and 
above 50 mV/s scan rate. 

Assessing the electric DL capacity at the reduction part of the profiles, we note that it 
reaches the value of 0.6 F/cm2ata scan rate of 50 mV/s for CMC-1, but only reaches 0.3 F/cm2 for 
CMC-1;thus again, hydrogen storage capacity increases according to the cellular size.  
 

Fig. 3: CV profiles for CMC-1 (left) and CMC-2 (right) using a 0.5M H2SO4 electrolyte,  
Scan rates: 1 - 100 mV/s, 2 - 50 mV/s, 3 - 25 mV/s, 4 - 10 mV/s and 5 - 5 mV/s. 

 
 

 



336 
 

4. Conclusions 
 
The present study assessed the feasibility of using microcellular carbon as hydrogen 

storage devices. CMCs obtained by pyrolysis of polyacrylonitrile powder mixed with non-
decomposable saltscan be shaped in various microcellular structures (based on pore and cell size) 
and tested their electrochemical behaviour in basic and acidic electrolytes. Cyclic 
voltammogramsfor CMC in alkaline and acid electrolytesshow an electrochemical 
behaviourdependent of both cell/pore size. In alkaline electrolytes the hydrogen storage takes place 
in large pore sizei.e the electrolyte saturation.There is no electrolysis observed. In acid electrolyte 
dominant is hydrogen adsorption on the active sites and water electrolysis for CMC with small 
pore size (CMC2). The hydrogen storage capacity is not dominant in acidic electrolytes. The 
electrochemical behaviour of CMC is complex, due to the various active centres on its surface 
corresponding to various oxidation and reduction potentials respective due to a large volume of 
electrolyte which fill the pores. Low EDL and quite different electrochemical behaviour for both 
CMCs should be described in a new model based on 2D-3D fractal geometry.  
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