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Abstract  

Polymeric carbon / activated carbon aerogels were synthesized through sol-gel 

polycondensation reaction followed by the carbonization at 800 ºC under Argon (Ar) 

atmosphere and subsequent physical activation under CO2 environment at different 

temperatures with different degrees of burn-off.  Significant increase in BET specific surface 

area (SSA) from 537 to 1775 m2g-1 and pore volume from 0.24 to 0.94 cm3g-1 was observed 

after physical activation while the pore size remained constant (around 2nm). Morphological 

characterization of the carbon and activated carbons was conducted using X-ray diffraction 

(XRD) and Raman spectroscopy. Fourier-transform infrared spectroscopy (FTIR) and X-ray 

photoelectron spectroscopy (XPS) were used to investigate the effect of thermal treatment 

(surface cleaning) on the chemical composition of carbon samples.  

Cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS) were used to 

analyse the capacitive and resistive behaviour of non-activated/ activated/ and surface cleaned 

activated carbons  employed as electroactive material in a two electrode symmetrical 

electrochemical capacitor (EC) cell with 6M KOH solution used as the electrolyte.  

CV measurements showed improved specific capacitance (SC) of 197 Fg-1 for activated carbon 

as compared to the SC of 136 Fg-1 when non-activated carbon was used as electroactive 

material at a scan rate of 5mVs-1. Reduction in SC from 197 Fg-1 to 163 Fg-1 was witnessed 

after surface cleaning at elevated temperatures due to the reduction of surface oxygen function 

groups.  
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The result of EIS measurements showed low internal resistance for all carbon samples 

indicating that the polymeric carbons possess a highly conductive three dimensional 

crosslinked structure. Because of their preferred properties such as controlled porosity, 

exceptionally high specific surface area, high conductivity and desirable capacitive behaviour, 

these materials have shown potential to be adopted as electrode materials in electrochemical 

capacitors.  
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Carbon aerogels, Surface functional groups, Physical activation, Cyclic voltammetry (CV), 

Electrochemical capacitors (EC’s), electrochemical impedance spectrometry (EIS) 

Abbreviations  

EC Electrochemical capacitor 

CV Cyclic voltammetry 
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RC Redox supercapacitor 

R Resorcinol 

F Formaldehyde 

SSA Specific surface area 

PSD Pore size distribution 

XRD X-ray diffraction 

FTIR Fourier-transform infrared spectroscopy 

XPS X-ray photoelectron spectroscopy 

BET Brunauer–Emmett–Teller 

Sur-C Surface cleaned  
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1. Introduction  

With continuous  increase in the contribution  of renewable energies to  the global energy 

demands, energy conversion / storage systems such as fuel cells [1-3], batteries [4] and 

electrochemical capacitors (EC’s) [5] have attracted considerable research interest  in recent 

years. Due to their advantageous properties such as superior power capability [6], good cycle 

ability [7] and excellent charge / discharge competency [8], additional emphasis has been 

placed on research and development of  EC’s also known as supercapacitors or ultracapacitors. 

Charge storage mechanism of EC’s can be divided into two main categories termed as electric 

double layer capacitors (EDLC’s) and pseudocapacitors (PC’s) or redox supercapacitors 

(RC’s). EDLC’s are the most frequently used devices where electrical charge is stored 

electrostatically on electrode / electrolyte interface, whereas charge storage in PC’s is based on 

very fast and fully reversible redox reactions at the interface [9]. The application of ECs have 

diversified in recent years with being used as a standalone device  in applications concerning 

energy capture and reuse and being adopted as complimentary device alongside other 

electrochemical energy storage devices  in applications such as hybrid electrical vehicles and 

uninterruptible power supply [10-12]. Despite their fast charge/discharge capability and high 

power densities, inferior energy density of ECs in comparison with other electrochemical 

energy storage devices such as fuel cells and electrochemical batteries is considered as a key 

limitation for their application as main stream energy storage devices. Increasing the operating 

voltage or the specific capacitance is considered as common strategy to improve the energy 

density of EC’s. Operating voltage of an EC can be enhanced by adopting non-aqueous 

solutions such as organic  [13] or ionic liquids [14, 15] as electrolyte. Whereas, its specific 

capacitance can be improved by  increasing the electrochemical active surface area [16] and 

controlling the porosity of electroactive material [17, 18], increasing the electrode / electrolyte 

wettability [19] or by the incorporation of pseudocapacitive components within its electrodes 

[20]. ECs with higher specific capacitance are developed by combining pseudo-capacitance 

with electric double layer capacitance through the introduction of pseudocapacitive materials 

such as metal oxides, conducting polymers or nitrogen / oxygen functional groups within the 

structure of porous carbons. Electric double layer capacitance is contributed by interfacial 

electrostatic charges storage using porous activated carbon with optimised porosity and  

pseudo-capacitance is realized due to the incorporation of metal oxides such as ZnO [21] or 

MnO2 [22] into the bulk of carbon material or as a result of surface functional groups originated 

by the introduction of nitrogen or oxygen heteroatoms on the surface of carbon material. 
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Presence of heteroatoms in highly porous activated carbon can improve the capacitance due to 

the reversible redox reaction of oxygen / nitrogen functional groups since oxygen  and nitrogen 

functional groups are electron-acceptors and electron-donners respectively [23, 24]. Functional 

groups  also change the surface chemistry which increases the wettability of electrode- 

electrolyte interface with the formation of polar functional groups [19].  Electrode materials 

based on carbon such as carbon nanotubes , graphene and activated carbon are the most 

commonly adopted  electrode materials  for EC’s [25]. Due to their high specific surface area,  

high level of porosity ,controllable pore size during their synthesis, high electric conductivity, 

inertness and interconnected microstructure  activated carbons obtained by the pyrolysis and 

activation of polymeric aerogels are used for variety of applications such as hydrogen storage, 

electrodes in electrochemical batteries and also as  promising electrode materials in EC’s [26].  

In this study RF aerogels were synthesised through polycondensation reaction between 

resorcinol (R) and formaldehyde (F) followed by the carbonisation of the gels under Ar and 

finally physical activation of the carbons under CO2 at different temperatures. Both resultant 

carbon and activated carbon aerogels were used as electroactive material for the fabrication of 

electrodes for EC’s. Abbas et al.  have previously shown that optimum pore size for maximum 

capacitance of supercapacitor cell using 6M KOH solution as electrolyte is in the range of 2nm 

[27]. In this activated carbons with pore size around 2nm were prepared at elevated 

temperatures under CO2 atmosphere to increase their specific surface area and introduce the 

surface functional groups on their internal surface concomitantly. Influence of the introduction 

of oxygen functional groups on the wettability of the electrodes by electrolyte and their specific 

capacitance was evaluated. Contact angle measurements using different probe solutions was 

used to investigate the wettability of the carbon materials while their specific capacitance was 

determined by cyclic voltammetry (CV) and their resistive behaviour was assessed by 

electrochemical impedance spectroscopy (EIS) measurements in a two-electrode symmetrical 

cell using 6M KOH aqueous solution as electrolyte.   

2. Experimental 

2.1 Synthesis of RF gels 

The resorcinol/ formaldehyde (RF) aerogels were synthesised by polycondensation of 

resorcinol and formaldehyde with resorcinol / catalyst molar ratio of 100 according to the 

procedure explained elsewhere [28, 29].  

2.2 Carbonization of RF aerogels (RFC) 
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Samples of 3g vacuum dried RF polymeric gel were purged for 30 min with Ar at 30 ºC before 

commencement of carbonisation process. Gel samples were placed in middle of tubular furnace 

inside a ceramic boat and carbonized at 800 ºC before physical activation under CO2 

environment. Temperature was maintained at 150 ºC for 30 min after increasing it from room 

temperature at 5 ºC min-1. The furnace temperature was further increased to 450 ºC at 5 ºC min-

1 and retained at 450 ºC for another 30 min before increasing it to the final carbonization 

temperature of 800 ºC at 10 ºC min-1. The sample was then kept at 800 ºC for 3 hrs followed 

by cooling to room temperature. The entire process was performed under Ar flowing at 100 

cm3 min-1. 

2.3 RF aerogels activation (RFCA) 

Carbon samples were activated by physical activation at different temperatures using CO2 as 

activation agent. Samples were first purged with Ar at 30 ºC before commencement of heating 

programme for 30 min. Temperature then was increased at 10 ºC min-1 and the gas was 

switched from Ar to CO2 once the desired activation temperature was achieved. The samples 

were kept at this temperature under CO2 environment during the activation and then gas was 

switched back to Ar and the samples were cooled down to 30 ºC under Ar atmosphere. 

2.4 surface cleaning of activated carbon aerogels (RFCA) 

3 grams of the sample RFCA100-800-800 was loaded in the ceramic boat, placed in the middle 

of the furnace and purged with Ar at 30 ºC for 30 min prior to heating. The temperature was 

then increased at a rate of 10 ºC min-1 to 600 ºC and the sample was kept  at this temperature 

for 1 hr followed by cooling down to 30 ºC. The entire process was performed under Ar flowing 

at 100 cm3 min-1. 

2.5 Physical characterisation of carbon / activated carbon aerogels (RFC/RFCA)  

The porosity analysis of carbon (RFC) and activated carbon (RFCA) samples was performed 

by the analysis of nitrogen adsorption–desorption isotherms measured by Tri-Star adsorption 

analyser (Micromeritics). Samples were evacuated in vacuum oven at 80 ºC for 24 hrs followed 

by degassing at 300 ºC using a Flowprep system (Micrometrics) prior to the 

adsorption/desorption measurements. Surface area measurements were made using BET 

technique, micropore analysis was conducted using t-plot, and adsorption branch of the 

isotherm was used for pore size distribution using BJH method. The total pore volume was 

calculated from the adsorbed volume of N2 at P/P0 = 0.99 [29]. 
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X-ray diffraction (XRD) was performed using a SIEMENS - D5000 X-ray diffractometer with 

the current and voltage kept at 30 mA and 40 kV respectively to analyse the morphological 

structure of carbon / activated carbon aerogels. 

Raman spectroscopy was carried out on an “In via Raman microscope (Renishaw, UK)” with 

514.5 nm diode laser excitation in the range of 500 – 2500 cm-1 to evaluate the vibrational 

properties of carbon / activated carbon aerogels.  

Fourier Transform Infrared Spectroscopy (Nicolet™ iS™ 50 FT-IR Spectrometer) was adopted 

to study the chemical composition of cleaned/ uncleaned activated carbon aerogels. 

Measurements of surface properties of prepared samples were performed using X-Ray 

Photoelectron Spectroscopy (XPS) with the aid of a Specs Phoibos 100 MCD-5 (5 single 

channel electron multiplier) hemispherical analyser employing a Specs XR-50 X-ray source 

with Mg Kα (1253.6 eV) beam. All spectra were calibrated with respect to the binding energy 

of adventitious C1s peak at 284.8 eV. Measurements results were analysed in CasaXPS 

software. 

CAM 200 goniometer system manufactured by KSV Ltd based on video captured images and 

automatic image analysis using CAM software was used to carry out Contact angle 

measurements. Deionised water, Ethylene glycol and Diiodomethane were used as probe liquid 

for the determination of contact angles. 

2.6 Electrode fabrication 

Carbon/ activated carbon were extensively grinded to produce very fine power to prepare 

electrodes for electrochemical measurements. 80 wt% carbon / or activated carbon was mixed 

as active material with  10 wt% Cabot carbon black XC72 as conductivity enhancer and 

remaining 10% was Kynar 2801 as binder to fabricate the electrodes for the EC cell. The 

electrode constituents were mixed for 2 hours using magnetic stirrer to form a uniform paste 

using acetone as a solvent. The paste was rolled into uniform sheets with wet film thickness of 

250 µm on aluminium foil using a micrometre adjustable applicator (RK Print Coat 

Instruments, Ltd.). Circular discs of 13mm diameter were punched out and kept at 85 ºC inside 

a vacuum oven overnight resulting in the electrodes with a dry thickness of approximately 100 

micrometres.  

 

2.7 Cell construction 
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Pair of identical carbon / activated carbon electrodes casted on aluminium foil used as current 

collector, were used as cathode and anode electrodes in the EC cell. A glass micro fibre was 

used as separator to manufacture the symmetric sandwich type supercapacitor cell for 

electrochemical analysis as shown in Figure 1.  

 

Figure 1– Sandwich type symmetric supercapacitor test cell 

Central part of the test cell’s body comprises of a corrosion resilient insulating PTFE. Upper 

current collector in the test cell is controlled by a stainless steel plunger which prevents any 

damage to carbon electrodes since it moves independently. The steel plunger is finger tighten 

to ensure a good contact between current collectors, electrodes and external plates. Glass fibre 

separator was soaked in 6M KOH electrolyte solution before its insertion between two carbon 

electrodes to ensure the availability of electrolyte. After assembling, the EC cell was placed 

under vacuum for 20 min prior to the electrochemical measurements to ensure the penetration 

of electrolyte solution through the porous structure of both electrodes. 

2.8 Electrochemical characterisation 

Samples were electrochemically characterised using Voltalab 40 analytical potentiostat. The 

cell was kept under open circuit for 15 mins to stabilize prior to the electrochemical 

measurements. Cyclic voltammetry measurements were performed in a voltage range of 0.5 to 

1.0 V at different scan rates between 5 and 15mVs-1. 

In this work 6M KOH was used as electrolyte solution and the specific capacitance of sandwich 

type symmetric capacitor cell was calculated from the discharge part of the CV curve using the 

following equation; 
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(1)                                                                  











dt

dV
IC                                                       

Where I is the average discharge current and dV/dt is the scan rate.  

The specific capacitance Csp in Fg-1 was calculated by:  

              /         2 mCCsp                                                                        (2)  

Where ‘C’ is the measured specific capacitance for two-electrode cell and ‘m’ is the mass of 

active material in each electrode.  

The results of the characterization of carbons and activated carbons by different techniques and 

also their capacitive performance measured by cyclic voltammetry and electrochemical 

impedance spectroscopy when used as electroactive materials in EC cells are presented and 

discussed in the following section.  

3. RESULTS AND DISCUSSION  

In this section the results of different characterization techniques such as BET, XRD, XPS, 

FTIR, Raman spectroscopy and contact angle measurements to investigate the porosity 

development, introduction of surface functional groups, change in the morphology of carbons 

and their wettability with polar and non-polar probing liquids are presented. The effects of the 

modifications made to the carbon materials on the electrochemical performance of electrodes 

fabricated from these carbon samples are discussed. 

3.1 BET analysis of carbon /activated carbon aerogels  

N2 adsorption–desorption isotherms of the carbons and activated carbons at different activation 

temperatures are shown in Figure 2. 
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Figure 2 – N2 adsorption–desorption isotherms of carbon / activated carbon aerogels. 

The isotherms show a sharp increase in the amount of gas adsorbed at low pressures in the 

range of P/P0 < 0.01 indicating the development of microporosity in carbon structure due to 

the physical activation. This is followed by a hysteresis loop in P/P0 range 0.4-0.9 which 

represents the development of mesoporisity within the activated carbon samples [30]. The 

lower part of the hysteresis loops represent the filling of the mesopores while the upper parts 

represent the emptying of the mesopores [31]. With the increase in activation temperature 

the volume of gas adsorbed increases due to the development of porosity in the samples. 

Table.1 shows the results of porosity analysis where significant increase in pore volume and 

specific surface area can be observed with the average pore size remained constant around 

2nm. 

Table 1 Porosity parameters of carbon/activated carbon aerogels. 

 

Sample 
SBET 

(m2g-1) 

V total 

(cm3g-1) 

V micro 

% 

V meso 

% 

D avg 

(nm) 

RFC 100-800 537 0.2420 90 10 1.80 

RFCA 100-800-750 

 

602 0.2981 79 21 1.99 

RFCA 100-800-800 

 

678 0.3707 72 28 2.19 

RFCA 100-800-850 1687 0.8413 72 28 2.00 

RFCA100-800-900 1775 0.9394 42 58 2.12 
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Pore size distribution (PSD) of carbon / activated carbon aerogels is represented in Figure 3 

indicating all samples are predominantly microporous in nature with a pore size distribution 

centred around 2 nm. 
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Figure 3 – Pore size distribution of carbon/activated carbon aerogels.  

3.2 X-ray diffraction  

X-ray diffraction patterns of carbon / activated carbon aerogel samples shown in Figure 4 

indicate two broad diffraction peaks around 2θ values of 23º and 44º. These peaks  are assigned 

to (002) and (101) planes and represent the characteristic of an amorphous structure for the 

samples [32, 33]. The intensity of peak around 23º shows a significant decrease after activation 

indicating a decrease in the degree of graphitization of carbon with activation. Decrease in the 

degree of graphitization with activation temperature is further investigated by Raman 

spectroscopy and discussed in the next section [34].  
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3.3 Raman spectroscopy 

Figure 5 shows the Raman spectra of carbons activated at different temperatures. It is argued 

that activation results in a well-developed porous structure and increasing activation 

temperature and degree of burn off decreases the degree of graphitization [30]. Peaks around 

1340 and 1600 cm-1 on Raman spectra shown in Figure 5 are the characteristic peaks of such 

carbon materials [35]. The ratio of the relative intensity of the D and G bands (ID/IG) is 

proportional to the number of defect sites in carbon, where the higher the ratio is the lower the 

degree of graphitization [36]. 
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Figure 5 – Raman spectra of RFCA 100-800 activated at different temperatures. 

Increase in activation temperature increases the ID / IG values which results in decrease in the 

degree of graphitization of carbon as listed in Table 2.  

Table 2 Raman features of activated carbons.  

3.4 FTIR analysis  

The FTIR spectra in the range of wavenumbers from 500 to 4000 cm-1 for both surface cleaned 

and uncleaned activated carbon aerogel samples are shown in Figure 6. Peaks present around 

1590 and 1100 cm-1 can be attributed to the carboxylic functional groups however the 

additional peak around 1530 cm-1 on the spectrum of uncleaned activated carbon aerogel  can 

be linked to asymmetric NO2 [37-39]. Reduction in intensities or removal of bands around 1530 

cm -1 are due the thermal treatment applied during surface cleaning which results in removal 

of some surface groups and reduction in others for the surface cleaned (Sur-C) sample [40].  

 

Figure 6 – FTIR spectra of surface cleaned and uncleaned activated carbon aerogel samples. 

 

Sample 

 

 

Activation Temperature 

(ºC ) 

 

D Peak 

(cm-1) 

 

G Peak 

(cm-1) 

 

ID / IG 

RFCA100 - 800 750 1340 1610 0.67 

RFCA100 - 800 850 1340 1590 0.72 

RFCA100 - 800 950 1350 1600 0.78 
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To understand the effect of surface functional groups on the performance of electrodes in an 

electrochemical cell, the surface of activated carbons was cleaned to remove the oxygen 

functional group introduced due to CO2 activation.  

3.5 X-Ray Photoelectron Spectroscopy (XPS) 

To understand the effect of surface functional groups on the performance of electrodes in an 

electrochemical cell, the surface of activated carbons was cleaned to remove the oxygen 

functional group introduced due to CO2 activation.  

The wide survey scan spectra of activated carbon and surface cleaned activated carbon samples 

are shown in Figure 7. The presence of the very strong peaks of F1s in both cases could be 

caused by using a polyvinylidene fluoride (Kynar 2801) as a binding material for the electrode.  

 

Figure 7 – Wide survey XPS scan of carbon (C) and surface cleaned carbon (SC) samples 

The O1s spectra of both samples are shown in Figure 8 and it was observed that additional 

cleaning treatment did not influence on the O1s position, i.e. it was not shifted as-compared to 

uncleaned carbon sample. Spectra were de-convoluted into four components at ca. 531.7 eV, 

532.6 eV, 533.7 eV and 535 eV. similarly Fan et al. [41] stated that the first component might 

be assigned to carboxyl (COO-) and oxygen double bound to carbon (O-C=O). A peak 

occurring at ca. 532.6 eV can be attributed to hydroxyl (C-OH) and carbonyl (C=O) function 

groups, while at ca. 533.7 eV to oxygen of aryl ethers (F -O- F)  and oxygen singe bond in 

esters and carboxylic acids (O=C-O). In turn, the last peak that occurs at ca. 535 eV could be 

assigned to chemisorbed oxygen in carboxylic groups or water (H-O-H) [41]. 
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Fig. 8– O1s spectra of: a) carbon and b) surface cleaned carbon samples 

A comparison of the spectra of cleaned and un-cleaned samples shows that the intensities of 

the de-convoluted spectra corresponded to different functional groups are decreased with 

surface cleaning. The results of this comparison are given in Table 3 in the form of mole% of 

C, N and O.  

Table 3 Elemental analysis (mol %) of activated carbon and surface cleaned activated carbon 

determined with the use of XPS method 

Sample C N O N/C O/C 

Activated Carbon  86.64 2.91 10.45 0.034 0.121 

Surface cleaned activated 

carbon 

92.74 0 7.26 0 0.078 

 

Table 3 summarizes the elemental composition (C, O and N) of carbon and surface clean carbon 

samples obtained by XPS measurements. It is clearly seen that the oxygen content of uncleaned 

sample decreases from 10.45 mol% to 7.26 mol% after surface cleaning under inert conditions. 

This result indicates that surface cleaning at elevated temperatures under inert conditions led 

to the removal of oxygen functional groups from the surface. 

 

3.6 Contact angle measurement  

Contact angle was found to be dependent on the type of substrate (carbon / activated carbon) 

and the probing liquid adopted as shown in Figure 9. The highest contact angle was observed 
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when most polar liquid (deionized water) was used as probing liquid on the carbon substrate. 

A significant decrease in the contact angle was observed when carbon substrate was 

substituted with the activated carbon aerogels. When ethylene glycol and Diiodomethane 

were used as probe liquids similar trends were observed. This decrease in contact angle can 

be attributed to the activation under CO2 environment since it modifies the carbon surface by 

the introduction of oxygen functional groups [41]. 
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Figure 9– Contact angle measurements of carbon/activated carbon aerogels using different probing 

liquids.   

3.7 Electrochemical properties  

3.7.1 Cyclic voltammetry 

Figure 10 shows typical the cyclic voltammograms (CV) of activated carbon aerogel 

(RFCA100-800-800) used as electrode in EC cell with 6M KOH solution as electrolyte at scan 

rates of 5, 10 and 15 mVs-1.  All activated carbon aerogels demonstrated outstanding 

electrochemical performance in the potential range of 0.5-1.0 V at the same scan rates with 6M 

KOH electrolyte solution with very symmetric and  nearly rectangular shape  CV curves 

indicating  reversible charging/discharge  process in this potential range. This represents the 

formation of electric double layer charging at the electrode / electrolyte interface  [42]. 
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Figure 10 – Cyclic Voltammogram of the cell using (RFC100-800-900) activated carbon as 

the electroactive material at different scan rates. 

The specific capacitance (SC) of the symmetrical EC cell calculated by discharge part of the 

CV curves for polymer based carbon and activated carbons activated at different temperatures 

are given in Table 4. 

Table 4 Specific capacitance of the electrodes at different scan rate in 6M KOH electrolyte 

 

 

It can be seen that the carbon activated at 800 ºC delivers highest capacitance despite  having 

a lower specific surface area (SSA) of 678 m2g-1 when compared with the carbon activated at 

900 ºC having a SSA of 1775 m2g-1. This is mainly due to the collapse of the carbon nano-

 

Sample 

 

 

SBET 

(m2g -1) 

Specific Capacitance 
(Fg-1) 

Scan rate (mVs-1) 

5 10 15 

RFC100 -  800 537 136 71 51 

RFCA100 – 800-750 602 144 52 23 

RFCA100 – 800-800 678 197 120 42 

RFCA100 – 800-800-(Sur-C) 678 163 44 25 

RFCA100 – 800-850 1687 64 18 10 

RFCA100 – 800-850 1775 60 36 34 



17 
 

structure at higher activation temperatures. This shows that optimizing micro / messo-porosity 

of the carbon plays a crucial role in achieving the highest specific capacitance. 

3.7.2 Electrochemical impedance spectroscopy (EIS) 

 

Electrochemical impedance spectroscopy was used to analyse the resistive behaviour and to 

approximate the capacitive performance of the electrode material.  

 
 

Figure 11 – EIS spectra of equivalent circuit fitting  

 

An equivalent circuit used to fit EIS experimental data is shown in Figure 11 where 

experimental curve is in good agreement with the fitted curve. EIS parameters obtained by 

fitting the EIS data with the equivalent circuit model showed an increase in pore resistance 

from 8.12 Ω to 8.77 Ω after activation which could be due to the increased barrier to pore 

accessibility of the electrolyte. However a small decrease from 29.99 Ω to 29.59 Ω in solution 

resistance was witnessed which could be due to the improved wettability with increase in 

surface functional groups.  
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Figure 12 – EIS spectra of carbon aerogels with different activation temperature. 

Figure 12 shows Nyquist plot for cell using activated carbons produced using different 

activation temperatures as electroactive material in the frequency range of 100 KHz to 50 Hz. 

Electrochemical capacitors behave like a resistor at very high frequencies (near the origin of 

the curve close to the Y-axis) however with the decrease in frequencies a sharp increase in the 

imaginary part of the resistance takes place and the curve becomes almost vertical due to  the 

capacitive behaviour [45]. This indicates that by controlling the pore size and increasing the 

specific surface area through activation the capacitive behaviour of the electroactive material 

and final performance of the cell can be improved. In addition to this surface function groups 

also play a vital role to improve the electrode / electrolyte wettability which results in lower 

contact resistance and contribute towards the improved electrochemical performance of 

electrochemical cell.  

4. Conclusions  

Resorcinol / formaldehyde based carbon / activated carbon aerogels have been synthesised 

through polycondensation followed by carbonization and activation under Ar and CO2 

atmosphere respectively. 

Effect of physical activation on the porosity of the carbon aerogels was assessed and it was 

observed that porosity was developed due to the activation process. Increase in the activation 

temperature resulted in increase in specific surface area while the average pore size remained 
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unchanged (around 2nm). Raman spectroscopy and XRD results showed that increasing the 

activation temperature results in decreasing the degree of graphitisation of carbon material. 

The effect of the porous structure, wettability and surface functional groups on the specific 

capacitance of carbon electrodes in an EC cell was evaluated. Enhanced wettability and 

consequent increased specific capacitance was observed due to physical activation of 

polymeric carbons under CO2 environment used as electroactive material. It was shown that 

the increased specific capacitance is mainly due to the increase in specific surface area and 

introduction of oxygen surface functional groups. Highest specific capacitance of 197 Fg-1 at 

the scan rate of 5mVs-1 was achieved using carbon activated at 800 ºC as an electrode active 

material. Carbon activated at 900 ºC  with a SSA of 1775 m2g-1 showed a considerably lower 

capacitance where the marginal decrease in pore size was observed due to the collapse of the 

carbon nano-structure at higher activation temperatures. It is concluded that  the pore size plays 

a key role on the capacitive behaviour of EC cell, with micropores contributing to the enhanced 

surface area and improved capacitance while  mesopores provide path ways for the electrolyte 

and ion access within the carbon structure and internal surface.  

Reduction in specific capacitance from 197 Fg-1 to 163 Fg-1 was observed after surface cleaning 

mainly due to the reduction in concentration of oxygen functional groups from10.45 mol% to 

7.26 mol%   in the activated carbon sample.  EIS results also showed a reduction in the series 

due to the improved wettability of the carbon electrodes as a result of the introduction of oxygen 

functional groups with activation.  

Electrochemical capacitors play a key role in energy storage systems when fast delivery and 

recovery of electric energy is required.  However their low energy density has limited their 

capability and performance for a range of applications and improving the capacitive 

performance and energy density of ECs without sacrificing their power densities yet is a 

significant research challenge. This can be done through the introduction of functional groups 

such as oxygen or nitrogen on the surface of the electroactive materials or via the incorporation 

of nitrogen and oxygen heteroatoms within the structure of the materials. Use of metal oxides 

such as silver-oxide, MnO2, ZnO and other metal oxides directly as electroactive material or as 

an doping pseudo-capacitive agents mixed with carbon can further enhanced the capacitive 

performance and energy density of ECs while  maintaining their power capabilities. Although 

there is a direct relationship between the capacitance of the device and surface area of the 

electrode, however accessibility of the electrolyte to the internal surface area through porous 
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pathways play a key role in its final performance and therefore controlling the size of pores in-

line with type of the electrolyte used is crucial.   
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