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Abstract: This study synthesized the activated carbon as material support for platinum catalysts 

in fuel cells application. The pyrolytic carbon black from the waste tyre was activated through 
physical activation using oxygen gas in a vertical bed column. The activation influencing factors are 
then examined, which include the activation temperature, the activation time, and the composition 
of oxidant oxygen gas in the activation. The results showed that the optimum operating conditions 
for the carbon black activation into its corresponding activated carbon are activation temperature at 
300℃, activation time for 1 hour with pure oxidant oxygen gas. The resulting activated carbon was 
also successfully tested as a potential platinum-fuel cell catalyst support (Pt/AC) in the methanol 
oxidation reaction (MOR) in Direct Methanol Fuel Cell (DMFC) application, as indicated from the 
electrochemical testing, i.e. the cyclic voltammetry (CV) and linear sweep voltammetry (LSV) 
measurement. The CV measurement showed that this Pt/AC catalyst generates the region of 
hydrogen adsorption/desorption (Hads/des), the double-layer charging and discharging, and the CO 
oxidation-reduction. In addition, during the LSV measurement, this Pt/AC catalyst showed the 
reactivity towards MOR with its current density of 0.0005 A.cm-2 at 0.6 V. 

 
Keywords: activated carbon; carbon black; physical activation; Direct Methanol Fuel cell 

 

1. Introduction 
The electrochemical reaction of converting chemical 

power into electrical power in a fuel cell (FCs) has 
become an encouraging option for power generation 
technology which is receiving increasing attention around 
the world1,2). It generates low-cost production but 
discovers stable materials and achieves an excellent fuel 
cell system performance. The disadvantages of fuel cell 
technology are high intrinsic costs in the system and poor 
durability2). 

Specific ranges of fuel cell materials science have 
gotten further consideration to develop inexpensive and 
durable materials. On Pt catalyst development, 
enhancement on use and activity has resulted in 
remarkable reductions in Pt loading; however rising Pt 
costs threaten to weaken this advance. Currently, carbon 
materials are widely utilized to support Pt nanoparticles 
for practical and inexpensive purposes3). A new interest 
has been raised on the carbon-supported bimetallic system 
of its suitability as the catalyst in direct methanol fuel cells 
(DMFCs) for the methanol oxidation4). The special 
character of carbon materials, including being good 

conductivity, relatively stable in both acidic and basic 
electrolytes, and equipping large surface area for metal 
catalyst dispersion are the reasons why carbon materials 
are widely utilized as catalyst supports5). 

Recently there has been advanced research to develop 
carbon supports with a different morphology from carbon 
materials, which have high mechanical strength and 
stability, outstanding biocompatibility6), good electron 
conductivity, and high surface area, such as carbon 
nanofibers7,8,9,10), carbon nanotubes11,12), airgel carbon13,14) 
and ordered mesoporous carbon (ordered mesoporous 
carbon)15,16,17). However, it should be noted that the 
process of synthesizing carbons with unique morphology 
is very complex and expensive, which requires advanced 
technology such as arc discharge, chemical vapor 
deposition, laser ablation, electrospinning, and high- 
pressure carbon monoxide disproportionation. 

Carbon materials, such as carbon black, are often 
employed as catalytic support for Pt catalysts in fuel cells 
18). However, in order to achieve high metal dispersion and 
increased catalytic activity within the fuel cell, the 
material support is expected to have a large surface area 
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19). Carbon black with a low surface area - around 60- 
80m2/g20) - needs to activate to obtain a higher surface area 
and capability to adsorb molecules21). The activated 
carbon for fuel cell support material can be synthesized by 
pyrolysis of waste tires to form carbon black. Pyrolysis is 
the thermochemical conversion process without involving 
oxygen22) to produce a bio-oil, charcoal, and syngas23). 
Waste management, namely the disposal of waste tyres, is 
currently a serious concern over the world. An estimated 

1.2 billion tons of waste rubber are produced each year 
worldwide, with 11% of waste tires being exported, 27% 
being illegally dumped or thrown away, and only 4% 
being used in civil engineering projects. As a result, 
attempts were conducted to identify the potential for waste 
tires to be used in civil engineering projects24). 

Previously mentioned work focused on research of 
synthesis activated carbon from pyrolytic carbon black 
with physical activation using oxygen as an oxidant. Some 
gases that are commonly used as oxidant in activation of 
carbon are CO2, N2, air, or steam25). Compared to other 
oxidant gas, such as CO 26) and steam27), oxygen provides 
lower temperature and shorter time in the carbon 
activation process which will be proven within this study. 
We will include the discussion of the effect of activation 
temperature, carbon activation time, oxygen composition 
used as oxidants, and proximate analysis of pyrolytic 
carbon black and mesoporous carbon after gas treatment. 
In addition, it is also explained about activated carbon 
from carbon black pyrolytic as fuel cell catalyst support. 

 
2. Materials and Methods 
2.1. Materials 

The raw carbon black was obtained from the pyrolysis 
of waste tyre. Oxygen gas with purity of 99.6 – 99.8% (PT. 
Samator), nitrogen gas with purity of minimum 99.999% 
(PT. Samator), millipore water (18 MW), ethylene glycol 
(Across), platinum precursor salts (H2PtCl6·6H2O, Alfa 
Aesar), and sulfuric acid (Acros) were utilized. 
 

2.2. Methodology 
2.2.1. Pyrolysis of Waste Tyre 

The method of pyrolysis of waste tyre was described in 
our previous report28). The raw material, i.e. waste tyre, 
was obtained from retreated seller. The waste tyre was 
washed with water and steel wires were removed. The 
cleaned tyre was dried under sunlight for hours and milled 
and continued with screening to obtain particles size of -
20/+30 mesh, which was similar to around 0.687 mm28) 
The 30 g of this cleaned tyre was then put inside the sample 
place, and it was introduced into the semi-batch reactor 
whose temperature and heating rate could be controlled 
and be conducted at 900 °C. The reactor was closed tightly, 
and nitrogen has flowed to the reactor with a rate of 1000 
mL/minute for ± 40 minutes purposing eliminating 
oxygen and impurities from the air. The rate of nitrogen 
gas was controlled by the gas flow meter. The reactor was 

heated by an electrical heater starting at room temperature 
until 600 °C, controlled by a PID instrument by reading the 
electrical pulses transmitted from the thermocouple inside 
the reactor. Pyrolysis took time for 90 minutes, and the 
heating rate was set at 10 °C/minute. The pyrolysis time 
was recorded when the temperature was attained and then 
maintained until determined duration as described 
previously. Nitrogen gas has flowed continually into the 
reactor during pyrolysis. A condenser was connected to 
the reactor functioning to change the gas to the liquid 
phase of the pyrolytic product. The gas produced from the 
heating of particles passed through a condenser and 
cooled until 30 °C. The condensed product was kept 
inside liquid storage, while the vapor that was not changed 
into liquid, was channeled to gas storage. The pyrolysis 
process was conducted at atmospheric pressure. The 
sample (solid) was removed from the reactor after 
pyrolysis was completely finished. 
 
2.2.2. Activation of Pyrolytic Carbon Black 

During the pyrolysis process, the waste tyre was 
converted into the carbon residue. It contains enough 
carbon char residue which can be converted into the 
activated carbon. A total of 5 grams of pyrolysis carbon 
black with a size of 120 mesh was inserted into a vertical 
column with temperatures 300oC and 450oC. Then oxidant 
gas used was oxygen with a 100 mL/minute flow rate for 
1 and 2 hours and variable composition of 10%, 20%, and 
100%. The final stage is TPD characterization test using 
Micromeritics-AutoChem II, Chemisorption Analyzer, 
TGA analysis using TGA/DSC 1 GC 200, mass loss 
analysis, and iodine number analysis using Titrimetry 
method. 
 

2.2.3. Synthesis of Carbon Supported Pt Catalyst 
(Pt/AC) 

The method of synthesis of Pt/AC was described in our 
previous report22). First step, as much as 1.2 mmol of 
H2PtCl6.6H2O solution in 10 mL ethylene glycol was 
stirred at a constant speed for 10 min at ambient 
temperature. Next, glycolic acid as much as 1.6 mmol was 
added to this solution and stirred at a constant speed for 
30 min. After that, 0.640 g AC was added, and the 
resulting solution was placed in an ultrasonic bath for 
around 30 min. The pH of the EG solution was adjusted to 
11 by adding a dropwise saturated NaOH to it. The 
resulting mixture was set in a microwave reactor at 808°C 
at 300 Watt power for around 1 hour and washed using a 
centrifugal pump that has a high-power of 22000 rpm for 
30 min. The nanoparticles were washed and rediffused 
using cyclohexane and ethanol. To remove organic 
remains from the mixture, this method was repeated five 
times. After removing the residues, the sample was dried 
for around 8 h in an air oven at 80°C. To achieve complete 
elimination of all organic residual components, the 
nanoparticles were treated at 300 °C for 2 h with a 10% 
H2 gas. 
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2.2.4. Electrode Preparation and Electrochemical 

Measurement 
The electrode preparation method and electrochemical 

measurement were described in our previous report29). 
Experiments have been performed at ambient temperature 
(25±1) °C. A three-electrode electrochemical cell was 
used in the electrochemical studies. A Pt counter electrode 
and a reference saturated calomel electrode (SCE) (all 
potentials in this experiment were compared to a reversible 
hydrogen electrode (RHE). The Solartron 
potentiometer/galvanostat (model 1480) instrument was 
utilized in these electrochemical measurements. A Pt/AC 
catalyst was mounted on the surface area (0.1964 cm2) of 
a free carbon electrode (GCE) to serve as the working 
electrode. The procedure of electrode’s preparation 
consisted of first, a specified amount of Pt / AC powder is 
dispersed in 0.5% Nafion, and then sonicating it to obtain 
clear suspension; Second, place an aliquot of the 
suspension on a GCE disc, equal to 7 µL of 6.2 µgPt/mL 
catalysts. Third, a uniform catalyst membrane was 
obtained by sequential air drying at ambient temperature 
for about 5 min and air drying at 80°C. All studies used 
0.5 M sulfuric acid as the supporting electrolyte. Prior to 
the electrochemical experiment, the electrodes were 
immersed in N2-saturated sulfuric acid (200 mL, 0.5 M) 
and the potential was scanned from 0.00 to 1.1 V (RVE) 
for 10 cycles at 0.05 Vs-1. Then, using a scan rate of 10 
mVs-1, we performed cyclic voltammetry tests. MOR 
electrochemical measurements were carried out using a 
combination of linear sweep voltammetry (LSV) and a 
rotating disk electrode (RDE) equipment (Autolab speed 
control), in a mixture of 0.5 M H2SO4 and 10 vol% 
CH3OH, at a scan rate of 1 mVs-1in the potential range of 
0.05 to 1.0 V. 
 

3. Results and Discussion 
The activation of carbon black using a vertical bed 

column aims to synthesize activated carbon so that it has 
a high specific surface area of >800 m2/g30). The activation 
process for carbon black uses a variable activation 
temperature below the onset temperature/maximum 
temperature of its decomposition, to gently decompose 
the carbon in such a way that carbon black can form a new 
morphology mesoporous carbon, i.e. activated carbon. 
The onset temperature/maximum temperature of 
decomposition is the temperature at which a material will 
begin to lose a large amount of mass. This temperature 
was obtained from the temperature programmed 
desorption (TPD) and the thermogravimetric analysis 
(TGA) analysis, where the results of the TPD analysis 
(Supporting Information Figure S1) showed that carbon 
black began to decompose at the onset temperature of 
600°C. Meanwhile, the results of the TGA analysis 
(Supporting Information Figure S2) showed that carbon 
black began to decompose at its onset temperature of 
630°C. These results determined the activation 
temperature variables below than the onset 

temperature/maximum temperature of its decomposition, 
i.e. at 300°C and 450°C, using a vertical gas treatment 
column with a contact activation time of oxidant gas (O2) 
for 1-2 hours. 
 

3.1. Influence of Activation Temperature 
Four samples of pyrolytic carbon black were prepared to 

study the influence of the activation temperature and 
activation time on their corresponding mass loss and iodine 
number, as described as follows: 

a) Sample S-1h-300C: The sample is subjected into O2 
gas with a flow rate of 100 mL/minute for 1 hour at 
the temperature of 300°C. 

b) Sample S-2h-300C: The sample is subjected into O2 
gas with a flow rate of 100 mL/minute for 2 hours at 
the temperature of 300°C. 

c) Sample S-1h-450C: The sample is subjected into O2 
gas with a flow rate of 100 mL/minute for 1 hour at 
the temperature of 450°C. 

d) Sample S-2h-450C: The sample is subjected into O2 
gas with a flow rate of 100 mL/minute for 2 hour at 
the temperature of 300°C. 

 
Fig. 1: Mass loss and iodine number of the activated carbon 

after subjected into O2 gas with a flow rate of 100 mL/minute 
for 2 hours activation time in a vertical gas column at a 

temperature of (A) 300°C and (B) 450°C. 
 

As can be seen from Figure 1, the decrease of carbon mass 
that is activated at 450℃ were slower than the one 
activated at 300℃. For the activation temperature of 
300℃, the carbon tends to lose its mass from 5 grams to 
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4.1 grams, and then to 4.01 grams, for the activation time 
of 1 and 2 hours, respectively. Meanwhile for the 
activation temperature of 450℃, the carbon tends to lose 
its mass from 5 grams to 4.51 grams, and then to 4.25 
grams, for the activation time of 1 and 2 hours, 
respectively. Interestingly, this has an impact on the 
resulting iodine number of the carbon, where the iodine 
number of the carbon after 1 hour activation temperature 
at 450oC (i.e. 273.2 mg/g) was smaller than that of 300℃  
(i.e. 293.3 mg/g). 

When the activation temperature is increased, the 
iodine number decreases until it reaches its maximum 
value. The incident was probably in connection to the fact 
that when burn-off increases, the overall volume of 
macropores diminishes. Weight loss became determined 
now no longer to result in the formation of new 
micropores, but the higher amount of carbon burnt, and 
unstable compounds released as the activation rate got 
faster due to higher activation temperature31). The decrease 
in the absolute micropore volume of micropores more 
burn-off may hinder the burning of the walls between 
adjacent pores. As a result of this activity, the micropores 
expand into bigger pores32). The higher the activation 
temperature will degrade more organic molecules into tar 
and light gases, which was indicated by the decrease of 
mass carbon25). 
 

3.2. Influence of Activation Time 
Figure 1 shows that for 2 hours activation time, the 

highest iodine number is obtained at the first 1 hour 
activation and then decreases for the next 1 hour. For 
activation at a temperature of 300℃ in a vertical gas 
column, the iodine number increased from 150.74 mg/g to 
293.3 mg/g as the activation time increased from initial 
condition until 1 hour. The iodine number then decreased 
from 293.3 mg/g to 259 mg/g as the activation time 
increased to 2 hours. This suggests that activation has a 
maximum time and can be disadvantageous if the 
activation exceeds the maximum activation time. The 
carbon pores will enlarge during the activation below the 
maximum activation time and will be damaged if it takes 
a longer time33). The longer the activation time, the more 
carbon mass will be decreased. This mass loss is an 
indication of damaged pores32). 

The present finding is also in a good agreement with 
study reported by Nayak et al34), where the optimum 
activation time was obtained up to 1 hour, due to 
enlargement of the carbon micropores that can also cause 
the increase of its carbon surface area. After 1 hour 
activation time, they also observed the decrease in carbon 
surface area and subsequently carbon micropores. The 
yield of activated carbon decreases due to carbon burn-off 
by increasing activation time35). In a detailed inspection in 
Figure 1, particularly up to 1 hour for the optimum 
activation time, both carbon black samples after treated at 
temperature of 300°C and 450°C exhibiting a similar 
trend, where the higher carbon weight loss tends to boost 

the formation of carbon micropores, resulting in an 
increased surface area and subsequent increased iodine 
number, in accordance with the findings reported by Sahin 
et.al.33) 
 

3.3. Influence of Oxygen Composition 
Figure 2 shows that the higher composition of oxygen, the 

higher the iodine number of carbon. The highest iodine 
number attained at 259 mg/g with an oxygen composition 
of 100%. A similar result was also reported by Omer 
Sahin33) that increment of iodine number was because of 
the development of pores and carbon porosity as 
composition of oxidizing agent increased. 

 
Fig. 2: The influence of oxygen composition (10%, 20%, 

and 100%)   on the iodine number of carbon with an activation 
temperature of 300oC for 2 hours in a vertical gas column. 

 
The composition of 20 % O2 gas purity was designed to 
mimic the composition of the O2 in the air. Moreover, the 
resulting iodine numbers of the activated carbon after 
treated with 20 % and 100 % O2 gas purity were found not 
to be significance difference, i.e. 217.04 mg/g and 259 
mg/g, respectively. Consequently, these findings lead to 
the optimum operating condition for activating the carbon 
black, which is O2 gas purity of 20% at a flowrate of 100 
ml/minute, and a temperature of 300°C for 1 hour. The 
resulting activated carbon was then subjected into a 
proximate analysis with the aims to determine its moisture, 
volatile matter, fix carbon, and ash content36). 

During the activation, there is a release of volatile 
substances that increase the carbon content37). Table 1 
shows that the volatile matter carbon from pyrolysis to 
activated carbon decreased from 13.84% to 9.02% and the 
moisture content also decreased from 3.57% to 1.37%. 
Reducing the percentage of this component increases the 
percentage of fixed carbon from 67.73% to 80.22%. This 
is because the carbon activation process can cause 
unstable organic molecules. The bonds between molecules 
are broken and make volatile matter in the material lose 
into gas and liquid products so that the carbon fix is 
higher38). The residue left after all combustible matter in 
the activated carbon has been entirely burned away is 
referred to as ash content, and it reflects the quality of 
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mineral matter in the liquid under test39). The ash content 
of carbon after activation with O2 oxidant gas decreased 
from 14.86% to 9.02%. The ash content influences the 
AC adsorption capacity since it is related to AC pore 
structure. The adsorption capacity of the AC generated 
increases as the ash concentration lowers40). Because the 
pores of activated carbon are filled with metallic elements 
such as magnesium, calcium, and potassium, ash content 
might impair the adsorption capacity of the material41). 

 
Table 1. The characterization of pyrolytic carbon black and its 
corresponding activated carbon after subjected into 20% O2 gas 
with a flowrate of 100 mL/minute, at a temperature of 300°C 

for 1 hour 
 

No. Characterization 
Pyrolytic Carbon 

Black 
Activated 
Carbon 

1 Iodine Number 150.74 mg/g 572 mg/g 

2 Fixed Carbon 67.73% 80.22% 

3 Volatile Matter 13.84% 9.02% 

4 Moisture Content 3.57% 1.37% 

5 Ash Content 14.86% 9.02% 

 
3.4. Electrocatalytic activities in Methanol Oxidation 

Reaction 
Electrochemical studies were conducted by using CV 

and LSV, to investigate the ability of the resulting 
activated carbon as a Pt fuel cell catalyst support, where 
the results were presented in Figures 3 and Figure 4, 
respectively. The carbon-supported Pt (Pt/AC) catalyst in 
this study uses a metal Pt-loading of 20 wt%. Generally, 
the unsupported or carbon-supported Pt is utilized as the 
catalyst in PEMFC and DMFC over other monometallic 
catalysts because of the following reasons: (a) The anodic 
and cathodic reactions have a high exchange current 
density, (b) the adequate slope of Tafel at all the potentials, 
and (c) the capacity to oxidize the fuel (i.e. methanol), 
particularly on the anode side of fuel cells. 

In region 1, the desorption of the adsorbed hydrogen, 
i.e. H-ads, from the surface of Pt catalyst is depicted, with 
potentials varying from 0.06 to 0.32 V vs. RHE. The 
hydrogen desorption with the unified anodic charge below 
the hydrogen desorption area (QH-des, in Coulombs) 
revealed multiple well-defined peak pairs because of the 
existence of distinct Pt crystalline facets. At the region 2, 
which extending from the potential of 0.32 to 0.68 V vs. 
RHE shows the double layer phenomenon of charging and 
discharging. Two peaks can be observed in the anodic 
area, that is at the potential higher than 0.68 V vs. RHE, 
labelled as regions of 3 and 4. The production of  OH and O 
on the Pt catalyst surface are seen in regions 3 and 4, 
respectively. Pt catalyzes the dissociation of water, 
resulting in an oxide layer on the Pt surface.  

 
Fig. 3: Cyclic voltammetry on Pt/AC catalyst performed in 

the nitrogen-saturated 0.5 M sulfuric acid solution, recorded at 
the scan rate of 10 mVs-1 and ambient temperature of 25°C 

 

 
Fig. 4: Linear scan voltammogram for the MOR on Pt/AC 

catalyst performed in the nitrogen-saturated 0.5 M sulfuric acid 
solution with the addition of 5 vol% methanol (20 mL), 

recorded at 1 mV s-1 and 25°C with a rotation rate of 1600 rpm 
 

After region 4, the oxygen gas evolution takes over, 
necessitating an instantaneous reverse scan. The reduction 
of the oxide layer can be seen when the scanning direction 
is reversed (Region 5). When compared to the peak of 
oxide creation, the peak of oxide reduction was observed 
at the lower potentials, that is below than the potential of 
0.32 V vs. RHE. In this region, proton reduction causes 
underpotential deposition of hydrogen atoms shown on 
cathodic scan. QH-ads (in Coulombs) stands for the 
integrated cathodic charge of hydrogen adsorption. The 
hydrogen adsorption to the hydrogen desorption 
observation. For distinct Pt crystalline facets, the ratio of 
QH-des/QH-ads can yield a several pairs of clear-defined 
peaks, which is similar information on the reversibility 
reaction of hydrogen adsorption/desorption, which is 
denoted as H-ads/H-des. It is essential to note that the Pt- 
catalyst roughness factor, and the electrochemical active 
surface area can all be determined by using the 
electrochemical CV measurement42). 

The LSV measurement was carried out to evaluate the 
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kinetic properties of Pt /AC catalyst towards MOR43). It is 
generally known that in LSV for the MOR, the lower the 
onset potential, the higher the associated catalytic activity. 
As can be seen in the Figure 4, the current density of 
Pt/AC catalyst with Pt-catalyst weight loading of 20%, at 
0.6 V was found to be 0.0005 A.cm-2, indicating that the 
resulting of Pt/AC catalyst is active for MOR in DMFC. 
Moreover, a distinctive adsorbed layer’s oxidative 
stripping peak in MOR was also clearly observed at 
0.58~1.0 V. This oxidative stripping peak, which has been 
observed during the MOR process, indicating that the 
methanol is sequentially adsorbed, dissociated, and then 
dehydrogenated on Pt active sites to produce an 
intermediate 41). 

 
4. Conclusion 

The synthesis of the activated carbon as fuel cell 
catalyst support was strongly influenced by the activation 
temperature, the activation time, and the oxygen 
composition as the oxidizing agent. Based on the carbon 
mass loss and iodine number analysis, the highest iodine 
number was found to 293.3 mg/g at the activation 
temperature of 300 ℃ and 1 hour activation time. The 
higher concentration of oxygen as an oxidizing agent 
resulted in a higher iodine number. However, the use of 
20 % O2 gas purity was favorable, as it mimics the 
composition of O2 in air, and the resulted iodine number 
(i.e. 217.04 mg/g) was found not to be significance 
difference with that of 100% O2 gas purity, i.e. 259 mg/g. 
The resulting activated carbon has been found to be 
successfully served as a fuel cell catalyst, as can be 
observed from the electrochemical measurements of CV 
and LSV. The CV measurement clearly showed the 
presence of Pt/AC catalyst behaviors on the adsorption- 
desorption process of hydrogen, the double layer of 
charging and discharging, and the hydrogen adsorption- 
desorption process, on the surface of Pt/AC catalyst. The 
oxidation process occurred at the region 3-4, while the 
reduction of oxide layer occurred at region 5. The 
desorption process of adsorbed hydrogen on the surface of 
Pt catalyst occurred in region 6. Whereas based on the 
linear sweep voltammetry measurement result, the current 
density of Pt/AC catalysts at 0.6 V is 0.0005 A.cm-2. 
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Figure S1: Temperature-programmed desorption (TPD) profile for the resulted pyrolytic carbon black.  

 

 
Figure S2: Mass loss profile of the resulted pyrolytic carbon black containing sample during thermogravimetric analysis (TGA). 
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