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This study was fabricated the starch-based carbon foam with sodium 
borate as the blowing agent and reinforced with carbon powder. The 
effect of carbon powder on the physical, mechanical and adsorption 
properties was investigated. The temperature of foaming and 
carbonization was fixed but the carbon powder percentage was varied 
in the range between 2wt% to 8wt%. The physical properties of the 
carbon foam analysed by the density and porosity, pore morphology 
was analysed by using Scanning Electron Microscopy (SEM) and carbon 
bonding was observed through Fourier-infrared Spectroscopy (FTIR). 
The percentage of the carbon powder inside the carbon foam influence 
the properties of the carbon foam. The higher the content of the carbon 
powder, the higher the bulk density but low porosity. The results of the 
pore morphology using the SEM proved the size of the pore decreases 
as the carbon powder percentage increase inside the carbon foam. The 
FTIR analysis shows the carbon bonding. Furthermore, the maximum 
stress and maximum force applied also rises as the carbon powder 
increases.  The highest value of maximum stress was achieved by 
carbon foam with 8wt% of carbon powder which is 1.71345 N/mm² 
respectively.  Since the bulk density is higher, the oil adsorption lower 
due to small porosity of the carbon foam. The characteristic remains for 
all parameters when the reusability test implemented by burning the 
carbon foam. The objectives of the study achieved and the effect of 
carbon powder to carbon foam proven. 
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1. Introduction 
Carbon foam is a highly porous carbonaceous structural material with an exceptional of material properties with 
less density but high in mechanical properties [1]. Carbon foams are high-quality carbon products employed for 
thermal management due to their customizable thermal conductivity, which can range from insulation to heat 
transfer. This versatility arises from their three-dimensional networks, shapes, sizes, cell parameters, and carbon 
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structures [2]. It’s applications in various fields, including aerospace, energy storage, thermal management, and 
environmental remediation [3,4]. Besides that, carbon foam has capability to be used as absorbent material [5]. 
Due to the large amount of oily wastewater generated by global industrial manufacturing and daily living, the 
separation of oily wastewater is an important matter. The carbon foams with large pores, a thin structure, and a 
low density can have a significant capacity for emulsifying oil adsorption and have enough storage space for this 
process [6]. 

Carbon powder that acts as the reinforcement agent can be defined as the elemental carbon that is produced 
by the combustion or thermal decomposition of gas or liquid hydrocarbons. The specific surface area of carbon 
powder is very high, providing it with excellent adsorption capabilities [7]. With the mixture of the starch, it is a 
good combination to form carbon foam and adsorption abilities. The current trend in this industry, the carbon 
foam was produced from hydrocarbon material such as coal and tar [8]. This material was related to 
environmental issues. Therefore, natural precursors are attracted to be explored as substitution material for 
future sustainable industry. Starch is one of the materials with high value of glucose units which are good agents 
for fabricating carbon foam. Starch is widely regarded as a green, cost-effective, and renewable natural polymer 
that serves as a relatively natural precursor for producing high yield porous carbon materials with fewer 
impurities [9].  
        For this study, carbon foam was fabricated from natural precursor starch. The carbon powder was added as 
reinforcement at different composition in the structure. The objectives of this study are to produce carbon foams 
reinforced with carbon powder. The influence of carbon powder on the physical and mechanical properties was 
investigated including the capability of the carbon foam to be used as absorbent material. 

2. Materials Preparation 

2.1 Fabrication of Carbon Foam 
The fabrication process of carbon foam started with the mixing process of the materials for each parameter. The 
materials prepared are starch, carbon powder, distilled water and sodium borate. The percentage of the materials 
was divided into four which are 74% for starch, 24.5% of distilled water, 1.5% of blowing agent, sodium borate. 
The carbon powder percentages were 0%, 2%, 4%, 6% and 8%. The percentage of starch was decreased as the 
percentage of the carbon powder added to specific parameter. The mixture then poured into the cube shaped 
aluminum mold with 2cm x 2cm x 2cm sized. The samples were undergoing a foaming process for 6 hours at 200°C 
temperature. The mixture must be remixed if the samples were fractured and cracked. Next process was 
carbonization process for 80 minutes at 1000°C under argon atmosphere. These samples were named as Table 1. 
 

Table 1 The name of samples according to composition of carbon powder  

Name of Sample Composition of 
Carbon (wt%) 

CFA 0 
CFB 2 
CFC 4 
CFD 
CFE 

6 
8 

 

2.2 Density and Porosity 
The value density and porosity of the carbon foam must be analysed to define the interrelation between physical 
and mechanical properties. The difference of the density and porosity might be caused by the carbon powder that 
were added to each sample in different amount. The parameter of temperature of the making process might not 
affected the density and porosity because the temperature value was fixed to the best temperature. The density 
and pore volume of the carbon foam will be determined by Archimedes Principle. The test of the carbon foam will 
be run by using the laboratory balance. Once the weight of the samples is obtained, the percentage of density and 
the porosity will be calculated to achieve the full analysis. The Equation (1) and Equation (2) below are used to 
calculate the percentage of density and porosity [10]. 
 

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷,𝐵𝐵 =  
𝐷𝐷

𝑊𝑊 − 𝑆𝑆 (1) 
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𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 (%) = �
𝑊𝑊 −𝐷𝐷
𝑊𝑊 − 𝑆𝑆

�× 100 (2) 

 
B = Bulk Density (kgm-3) 
D = Dry weight of sample (kg) 
W = Wet weight of sample (kg) 
S = Submerged weight of sample (kg) 

2.3 Pore Morphology and Elemental Analysis  
Pore morphology was observed to analyze the characterization of the carbon foam by using Scanning Electron 
Microscope (SEM). The characterization of the carbon foam consists of microstructure morphology and chemical 
composition. SEM was used to capture and generate images of the grain structure of the carbon foam in deeper 
scale. It is also used to identify with a closer look and visualize the element and other features of the carbon foam 
such as shape, distribution and the size of pores. The voltage used for this testing is 10kV. The magnifications 
observed were 35x, 100x, 300x, 500x and 1000x. The size of the sample in the diameter of 1cm with flat surface 
on top. The mode of the scanning was secondary electron with elemental scanning. No coating was applied to the 
sample since the carbon is conductor. Elemental analysis was implemented by Energy Dispersive X-Ray (EDX). It 
was used to obtain the element composition inside the carbon foam by scanning the area at pore wall. The EDX 
scanned the composition by using 500x magnification of SEM. The results obtained in the percentage of the 
element composition and the graph shows the peak percentages.   

2.4 Carbon Bonding Analysis 
In this test, the microstructure and chemical characterization of the carbon foam was observed by using the 
Fourier-infrared Spectroscopy (FTIR). FTIR can identify and observe the chemical characterization based on their 
infrared adsorption or transmission spectra. It also can observe organic, polymeric, and inorganic materials. The 
chemical characterization might change due to the different amounts of carbon powder added. Any changing in 
the material's composition or the presence of contaminants is clearly detected by a change in the characteristic 
pattern of absorption bands. The result of this test was achieved with the graphical result that was analysed by 
the FTIR machine. 

2.5 Compression Test  
The compression test is a crucial test to determine the carbon foam’s behavior when pressure or load impact on 
the carbon foam. The was done by using Universal Testing Equipment (UTM). The compression test used the 
standard of ASTM D695 [11]. The force was applied on two opposites side of the carbon foam cube shaped with 
size of 1.5cm x 1.5cm x 1.5cm. The carbon foams were compressed until they reached failure. The compressive 
strength of the carbon foams was determined by the stress vs strain graph. 

2.5 Oil Absorption  
The oil adsorption of carbon foam was evaluated by the percentage changes of mass of carbon foam. Weigh the 
sample of carbon foam to get the initial weight before the soaking process. The sample carbon foam was soaked 
for 30 seconds inside the water-oil emulsion. Then the sample of carbon foam was weighed again to get the final 
weight. The weighing process was run by using the laboratory balance equipment. The oil adsorption capability 
of the carbon foam will be calculated by using The Equation (3) below [12]. 
 
 

𝑂𝑂𝑂𝑂𝑂𝑂 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 (%) = �
 𝑚𝑚𝑚𝑚 −𝑚𝑚𝑚𝑚

mi
� × 100 

 
mi = initial weight of sample (kg) 
mf = final weight of sample (kg) 

 

(3) 

2.6 Reusability 
The reusability test was conducted to observe the usable cycle by burning the oil-filled carbon foam. The carbon 
foam was soaked inside the petroleum oil to create the oil-filled carbon foam and burn it directly in the air [13]. 
The foam will be burned for 30 seconds. The characteristics of the carbon foam will be observed by the shape and 
surface structure profile. The process was done by using the butane torch inside fume hood. 
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3. Results and Discussion 

3.1 Density and Porosity 
The bulk density and percentage porosity of the carbon foam were calculated according to the Archimedes 
Principle. The data taken are the dry weight, submerged weight and wet weight of the samples. Based on Fig. 2(a), 
the CFE had the maximum bulk density which is 0.2625 g/cm³ and the CFA had the minimum bulk density which 
is 0.2235 g/cm³. The pattern graph of the bulk density increases from CFA to CFE. The value of bulk density 
increases when the amount of carbon powder increases. It shows that the relationship between the amount of 
carbon powder and bulk density is directly proportional. 
 From Fig. 2(b), for the porosity percentage of the carbon foam, the result obtained for the graph is in 
decreasing pattern. The maximum porosity is 83.67% which is obtained by CFA and CFE had the minimum 
porosity which is 81.73%. The increase amount of carbon powder affected the porosity percentage of the carbon 
foam where it becomes decrease. It shows the indirectly proportional relationship between the amount of carbon 
powder and the porosity percentage. The relationship between the bulk density and porosity percentage are 
indirectly proportional where the more the bulk density, the less the porosity percentage of the carbon foam. 

 

   
                                                 (a)                           (b)  

Fig. 1 The graph of (a) bulk density; (b) porosity percentage of carbon foam 
 

3.2 Pore Morphology Observation 
Pore morphology was discovered inside of the carbon foams by using the Scanning Electron Microscope (SEM to 
identify the relationship between pore size and presence of the carbon powder. From Fig. 2, clearly observed that 
CFA had the biggest size of the pore while the carbon foam that contained of carbon powder had the tighter size 
of the pore. It can be observed that the most percentage amount of carbon powder had smaller size of pores. It 
obviously seemed that CFE had the tight microstructure and the smallest size of pore. The average pore size for 
CFA is around 27.6 µm. Meanwhile, the CFA had the largest pore size with average pores size around 92µm. Beside 
microspores, macropores also clearly was observed in CFA. The size of macropores was measured around 
0.32mm. Furthermore, observation on CFB, CFC and CFD show that the presence of the carbon powder in CFB, 
CFC, CFD makes the pore becomes smaller and tight. The pore size of CFB was recorded about 63.1 µm and some 
macropores also still can be observed. However, the size of macropores was decreased to 0.15mm. Furthermore, 
the measured pore size for CFC and CFD were recorded around 43.7 µm and 37.6 µm respectively. It is expected 
that the presence of the carbon powder will cover the gap of the pore and thicken the pore wall resulted to reduce 
the size of pores.  The presence of the carbon powder inside the pore of the carbon foam was proven in the Fig. 3. 
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Fig. 2 Pore distribution under 100x of magnification; (a) CFA (0wt%); (b) CFB (2wt%); (c) CFC (4wt%); (d) CFD 
(6wt%); (e) CFE (8wt%) 

 

 
Fig. 3 Morphology of samples under 500x of magnification; (a) CFA (0wt%); (b) CFB (2wt%); (c) CFC (4wt%);  

(d) CFD (6wt%); (e) CFE (8wt%) 
 
 From Fig. 3, it observed the presence of the carbon powder of each sample. The shape of the carbon powder 
is the same as the inside microstructure of the carbon foam. It indirectly increases the cell wall thickness and bulk 
density but decreases the porosity of the carbon foam. From the result obtained, it can be proved by the density 
and porosity test where the density increases when the presence of the carbon powder increases. The porosity of 

       
  (a)  (b) (c) 

   
  (d)     (e) 

     
 (a) (b) (c) 

   

  (d)  (e) 
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the carbon foam decreases as the amount of carbon powder increases. It indicates that the addition of carbon 
powders has a clear effect on cell morphology in terms of cell-wall thickness, pore-section diameter, and foam 
density [14]. 

3.3 Elemental Analysis 
The element of the carbon foam was done by Energy Disperse X-Ray (EDX) attached in SEM. The selected spectrum 
analysed is the pore wall. The results obtained overall are the percentage of carbon, oxygen and natrium as shown 
in EDX spectrum in Fig. 4 until Fig. 8. Carbon is obviously the highest percentage for all the samples. The presence 
of the sodium element was coming from the sodium borate that was used as the blowing agent. From the 
summarized results obtained in Figure 9, the percentage of carbon for CFE was the maximum, which is 95.79%. 
The presence of oxygen and sodium was very little compared to the minimum content of carbon CFA. CFA had the 
highest percentage element of oxygen and sodium which are 7.19% and 1.33%. CFB, CFC and CFD also had a higher 
percentage of carbon compared to CFA and it is increasing until CFE. It increased from 92.60% to 93.31%, then 
up to 94.46%. The element percentage was different for each sample due to the addition of the carbon powder. 
The percentage element of carbon increases as the amount of the carbon powder increase. As the amount of 
carbon increases, the density of the carbon foam increases and the porosity of the carbon foam decreases. 
 

 

 

 

 
Fig. 4 EDX spectrum of CFA (0wt% of 

carbon powder) 
 Fig. 5 EDX spectrum of CFB (2wt% of carbon 

powder) 
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Fig. 6 EDX spectrum of CFC (4wt% of 

carbon powder) 
 Fig. 7 EDX spectrum of CFD (6wt% of carbon 

powder) 
 

       
 

Fig. 8 EDX spectrum of CFE (8wt% of carbon powder) 
 
 

 
Fig. 9 Graph of elemental percentage of carbon foam 
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3.4 FTIR 
In this study, it was used to identify the functional group element in raw material and foaming carbon for each 
parameter. The observation was done by using a Fourier-infrared Spectroscopy (FTIR) machine. The starch, 
sample before foaming and carbon foam were crushed into powder structure before the testing began. The results 
obtained were compared between raw and foaming carbon for each parameter from 600 cm-1 to 4000 cm-1. The 
red circles indicate the wavenumbers of functional group element presence for raw material and yellow circles 
for carbon foam. Fig. 10 shows the FTIR analysis spectrum for starch and Fig. 11 shows the FTIR analysis for all 
carbon foam. 
 

       
Fig. 10 FTIR analysis spectrum of starch (black spectrum) and sample before foaming (red spectrum) 

 
 

 
Fig. 11 FTIR analysis spectrum of carbon foams 

 

C-O, C-C 

C-O, C-C 
Intermolecular 

H Bond 
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Based on observation at range 3200 cm-1 to 3550 cm-1 in Figure 10 and 11, all parameters which are starch, 
sample before foaming and carbon foam show the intermolecular H bonds. The maximum wavenumber of 
intermolecular H bonds was 3307.83 cm-1 obtained by carbon foam with no carbon powder. The pattern for all 
parameters increases from their raw materials. For the carbon foam, the intensity becomes higher due to the 
foaming process and the presence of water during the mixing process. Another wavenumber that observed is 
between 1070 cm-1 to 1300 cm-1, which is where the C-O-C vibrations. The bands at 1144 cm-1 and 926 cm-1 

correspond to C-O stretching and C-C skeletal mode vibration, respectively [15]. The wavenumber for all the 
materials and parameter in between 1077.54 cm-1 to 1076.75 cm-1 and the maximum value obtained by carbon 
foam with no carbon powder. The characteristic peaks of starch-containing models are at 1010 cm-1, 1080 cm-1, 
and 1150 cm-1. These are attributed to the polysaccharide molecules' combined C-O and C-C stretching vibrations 
[16]. The intensity started to decrease as the reinforcement, carbon powder started mixed with the starch. It is 
because the molecules were lost when more carbon powder mixed with starch. Besides that, the trend also shows 
the carbon foams were higher than its raw material. It is because more carbon content after the foaming process 
and it is where the carbonization occurred. For 990 cm-1 to 1060 cm-1, it shows the characteristic bands of C-OH 
stretching vibration which is secondary cyclic alcohol. From the results obtained for all parameters, the intensity 
of the foaming carbon is higher than the raw materials. It was due to carbonization and more presence of carbon 
atoms. 

3.4 Compression  
The compression test was carried out to determine the carbon foam’s behaviour when constant force applied on 
the carbon foam. Fig. 12 shows the carbon foam’s condition before and after compression test. While Fig. 13 is the 
graph obtained for average maximum stress and average maximum strain. 

(a)                                               (b) 
 

Fig. 12 Figure of carbon foam (a) before; and (b) after compression 
 
 From Fig. 13(a), the highest value of maximum stress was achieved by CFE which is 1.71345 N/mm². The 
properties of the carbon foam decrease as the content of the carbon powder decreases from the graph. The lowest 
value of maximum stress was obtained by CFA which is 0.51743 N/mm². It is due to the more porosity contained 
inside the samples and no presence of carbon powder that can reinforce the carbon foam. CFA also had the lowest 
density among the other samples. 
 Based on Fig, 13(b), the highest is CFE which is 302.79167N and the lowest is 91.43750N that was obtained 
by CFA. The CFA had much porosity and low bulk density that affected the value of the maximum force. No 
presence of carbon powder also one of the factors that affected the carbon foam when the force applied. Besides 
that, when the highest presence of carbon powder in CFE, the maximum force value became the highest because 
it can increase the mechanical properties of the carbon foam and withstand when the high force applied. It can 
conclude that, the more the carbon powder contained inside the carbon foam, the more the stress value and force 
can be applied. It is due to the carbon powder that increase the bulk density and decrease the porosity of the 
carbon foam. The compressive strength of the samples containing carbon powder increases as the pore cell 
density of the sample increases. It is reported by Narasimman, R. et.al, that the compressive strength of carbon 
foam was influenced by density, porosity and the type of reinforcement used [17]. Furthermore, it is expected that 
the carbon powder embedded on the wall surface was prevent microcrack propagated and resulted to increase 
the strength of the wall [18]. 
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(a) (b) 

Fig. 13 The graph of compression test (a) average max. stress vs samples; (b) average max. force vs samples 
 

3.4 Oil Absorption Study 
The oil adsorption performance was observed through the adsorption process as shown in Fig. 14 which shows 
the before, during and after soaking process. It is clearly shown that the oil was absorbed into the carbon foam 
where the emulsifier was dismissed after the soaking process. Meanwhile Fig. 15 shows the graph for the oil 
adsorption of every sample.   

 

(a)                                         (b)                                          (c) 
 

Fig. 14 Observation of oil absorption (a) before soaking; (b) during soaking; (c) after soaking 
 

Besides observation through eyes, the amount of oil absorbed into the carbon foam was also calculated and 
shown in graph of Fig. 15. From the graph, the highest percentage of adsorption was achieved by CFA which is 
275.80% while the lowest percentage is 87.37 that was achieved by CFE. The trend of the bar chart is decreasing 
as the amount of carbon powder increases. CFB and CFC also had higher percentage of oil adsorption but not as 
low as CFD and CFE. When the amount of carbon powder and density increases, the adsorption capabilities are 
totally against the CFA which is low. Low porosity also affected the oil adsorption capability such as CFE which 
had the lowest percentage of oil adsorption. It is due to the presence of carbon powder and the highest bulk 
density. Carbon has the capability to absorb the oil due to its surface properties [19].  It can be concluded that the 
highest porosity of carbon foam achieves the highest percentage of oil absorption. The relationship between the 
amount of carbon powder and oil adsorption is indirectly proportional due to the bulk density of carbon foam. 
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Fig. 15 Percentage of oil adsorption for different samples 

 

3.4 Reusability Study 
The reusability test was conducted to observe the usable cycle by burning the oil-filled carbon foam. The foam will 
be burned for 30 seconds. The characteristics of the carbon foam will be observed by the shape and surface 
structure profile. The process was done by using the butane torch inside fume hood. After the burning of the 
carbon foam, there were not many differences compared to the original samples. The shape of the samples 
remains the same, but the surface colour became grey, and the edges colour became darker. The structure profile 
is still consistent, and the results obtained are the same for all parameters. The outer physical for all the samples 
did not damage when they were burned for 30 seconds even though the embers were still at the surface of the 
samples after the burning finished. All the samples can withstand the burning for 30 seconds with the petrol oil 
inside the pore. Indirectly, the carbon foam can perform well in a hot environment, and it can be reused if the 
burning happens. This is indicated that the carbon foam is fire retardant due to its thermal stability and low 
coefficient of thermal expansion [20].  Fig. 16 shows the before, during and after the burning process. 

 
 

    
 (a) (b) (c) 

Fig. 16 The condition of the samples (a) before burning; (b) during burning; (c) after burning 
 

4. Conclusion 
In this study, the main objectives of this research were accomplished with the complete analysis. The starch-based 
carbon foam reinforce with carbon powder was fabricated with five different parameters. The effect of the carbon 
powder for physical and mechanical properties was carried out though the experimental test. The density and 
porosity test was done and was observed that the bulk density of the carbon foam increases as the carbon powder 
percentage increases. This also affected the porosity of the carbon foam where the porosity increases when the 
carbon powder percentage decreases. For pore morphology, it was observed that the higher the carbon powder 
content, the higher the presence of carbon powder at pore wall but low pore size. The FTIR analysis shows the 
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carbon content also increases from raw material after the foaming process for every parameter. The 
wavenumbers also higher for the foaming carbon might be due to carbonization and more presence of carbon 
atoms. The density of the carbon foam affected the compression results, and the reinforcement enhances the 
mechanical properties of the carbon foam. The maximum stress value and maximum force applied are higher 
when more amount of carbon powder is added. The reusability test concluded that carbon foam can perform well 
in a hot environment, and it can be reused if burning happens. Besides making the carbon foam denser and 
stronger, the carbon powder weakened the oil adsorption ability. The more the presence of the carbon powder, 
the lower the oil adsorption abilities. The oil adsorption must be excellent but in terms of the mechanical 
properties also must perform well especially at the outside environment. So, the CFC had the best properties that 
can perform both mechanical properties and oil adsorption.  
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