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Abstract. This study aims to find the optimised heating temperature for carbon extraction from 

peat soil. Ccarbon from peat soil was extracted by the pyrolisation process at temperature, T = 

200, 300, 400, 500, 600 and 700°C for 5 hours. The carbon, C and silica, Si content extracted 

from peat soil at various heating temperatures were measured by using an Energy Dispersive 

X-Ray analyzer (EDX) at 3 points on the sample surface. High atomic percentage of carbon 

(95.44 %) was measured at T = 400°C, while the highest atomic percentage of silicon was 

recorded at T = 700°C (30.79 %). The surface morphology of peat soil was analysed using 

Scanning Electron Microscope (SEM) at 800 magnifying power, and it was clearly seen that 

peat fragments were pyrolised at high heating temperature with pores enhancement. The 

molecular structure parameter of the extracted carbon were identified using Laser Raman 

analysis. The peak positions of D-band and G-band for raw peat soil were observed at Raman 

shift of 1379.62 and 1549.02 cm
-1

, respectively. Meanwhile, the D-band for peat soil heated at 

temperature of 400°C was 1391.56 cm
-1

 whereas the G-band has peak position at 1562.16 cm
-1

. 

From the Raman spectra of the optimum heating temperature at 400°C, it was revealed that the 

carbon molecular structure from the peat soil is mainly attributed by graphite and diamond 

structure. 

 
1. Introduction 
Land surface in the world comprises of peat soil for about  400 million ha or equivalent to 3% of the 

land surface in the world [1]. According to Spedding [2], a significant amount of  reserve peat soil 

have been discovered in Indonesia, Brazil and other subtropical region such as Malaysia. Peat is an 

organic-rich and fibrous material that is generated from partially decayed organic complex material 

with lignin and cellulose as major constituent [3] . Organic material found in the peat soil generally 

have a high content of carbon. The exhaustion of peat soil from the burning process generates a huge 

quantity of carbon. There has been a report on the extraction of carbon by using peat as a precursor 

[4]. Large amount of carbon obtained from peat soil could be activated physically or by using a 
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chemical reagent such as concentrated acid or alkaline [5]. Activated carbon is very useful in various 

areas in science, especially in environmental remediation. In order to extract the carbon, peat soil 

needs to be heated at various temperature. Thus, peat soil can be used as a precursor for the production 

of activated carbon. Since peat soil has a high amount of carbon content, it is normally composed of a 

significant amount of graphite-like structure or sp
2 

dominant depending on the heating procedure in 

which it consist of  high temperature thermal treatment [5] . However, appropriate heating temperature 

needs to be determined. Thus, the changes of carbon molecular structure in the sample will be 

observed and the temperature that contributes in extracting the highest content of carbon will be 

investigated in this study. 

 
2. Methods 

 
2.1 Sample Preparations 

In this work, peat soil sample was collected at the depth of 0 – 30 cm from the surface at Parit Nipah 

Darat, Parit Raja, Johor. In order to prevent cross contamination and to keep moisture of the peat 

sample, polyethylene bag was used to keep the sample. The soil was then transported to the Research 

Centre for Soft Soil (RECESS), UTHM. The peat soil was taken out from the polyethylene bag and 

loaded into a steel loader for drying process.. The drying process was performed in the oven at 110°C 

for 24 hours. After the drying process, the samples were cooled at room temperature at 28°C. The 

samples then underwent pulverization with grinding machine and were sieved at 62 micron size 

particle. The process of sieving is important in order to obtain uniform size particle of samples. The 

sieved sample was loaded into crucible with lid and then proceed with pyrolisation process. The 

pyrolisation process undergoes no chemical reagents and an electric furnace was used (WiseTherm 

Laboratory Instrument) at various temperatures. The baking temperatures used in this study were 200, 

300, 400, 500, 600 and 700°C, and the baking process for each temperature were performed within 5 

hours period. The pyrolised samples were cooled at room temperature and kept in a dessicator for the 

next procedure. 

 

2.2 SEM-EDX Analysis 

Micrographs of the raw peat soil and pyrolysed peat surface area were acquired by using JEOL JSM-

6380LA scanning electron microscope (SEM) facilited with EDX system. The samples were loaded 

onto carbon adhesive tape, then via into SEM coating system. A thin layer of gold was sputtered on 

the samples by using Fison Instrument SEM coating system in order to dissipate charge during 

scanning. The coated samples were then transferred into the specimen stage and viewed under SEM 

operating with an accelerating voltage of 10kV, and under low pressure at 8 Pa. The elemental 

analysis of carbon, C and silicon, Si were performed using SEM-EDX Analysis Station software. 

 

2.3 Laser Raman Spectroscopy 

Laser Raman spectroscopy was used to determine the molecular structure of pyrolised samples. 

Potassium bromide, KBr technique with impregnation ratio 1:100 was used to prepare the pellet. The 

pellet from KBr impregnation was then mounted on the sample stage of the spectroscopy instrument 

for analysis. The measurement was in the intensity. The analysis was carried out in a wave number 

range of 250-3000 cm
-1. The wavelength and laser spot size were 532nm (green) and ~30μm of 

diameter. In this research, the laser exposure time for the sample was 15 seconds per sample. The 

deconvolution of Raman spectra to determine the D-band and G-band were conducted by using a 

Lorentzian curve-fitting procedure using Origin 8.0 software. 

 

3. Results and Discussions 

 

3.1 SEM-EDX Analysis of Carbon Content at Various Baking Temperature. 
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Figure 1 shows the changing of C and Si atomic percentage at various baking temperature. The 

concentration of carbon was gradually increased from 200°C to 400°C. Further baking at 400°C, 

exhibits maximum concentration of carbon, C was obtained at 95.44  at %. The maximum percentage 

of carbon, C was achieved due to the organic ,atter degradation from peat itself within the range of 

temperatures (optimum pyrolisation) at atmospheric pressure [6] . However, the concentration of 

carbon, C gradually decreases while the concentration of silicon, Si increases with respect to a higher 

temperature. At the maximum baking temperature, carbon content in the peat has the lowest atomic 

percentage for about 25.55 at %. The decline of carbon content at the higher temperature was due to 

the possible contamination of oxygen from the oven ambient [7] . Carbon content loss beginning at 

temperature of 500°C to 700°C were due to oxidation of carbon to form carbon dioxide (CO2) and 

carbon monoxide (CO) [9]. However, carbon content in untreated condition (raw peat) is slightly 

higher compared to the carbon content at temperature of 200°C (85.69 at % ) with atomic percentage 

of 91.34 at %. The silicon, Si content in untreated peat has a least concentration for only 0.77 at % 

compared to other various baking temperature. The concentration of silicon increases with respect to 

temperature from room temperature (raw peat) to 700°C. At 500°C, silicon concentration shows rapid 

increase to a higher temperature. At 700°, silicon shows the maximum concentration for about 30.79 at 

%.  

 

 
 

Figure 1. C and Si elemental composition (at%) changes at baking temperature between 200°C to 

700°C. 

Figure 2 (a-b) shows the morphology structure of the sample from SEM untreated and treated at 

400°C baking temperature. Figure 2(a) shows the surface of untreated peat soil that has a rough 

surface area. This could be from the peat fragments such as wood, bark or overground plant 

components[10]. However, the morphology of the sample for 400°C treated sample exhibits much fine 

surface and there is no deposits sticking on its surface. Those peat fragments were distinguished as 

pyrolised at high baking temperature beginning from 400°C.  

Figure 2(b) also proves that there is some enhancement of pores in the treated sample surface. 

Here, the enhancement of pores could be due to high temperature. High temperature causes the 

decomposition and softening of some peat fragment to form an intermediate melt in the carbon 

structure. Some additional pores were developed due to the releases of volatile organic matter. This is 

in agreement with the surface study of activated carbon from pistachio–nut shell that had been 

reported by Lua et al.[10]. 
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(a) (b) 
 

Figure 2. Surface morphology comparison between (a) untreated raw peat and (b) heat treated at 

baking temperature, T = 400°C. 

 

3.2 Molecular Structure Analysis for Carbon Compound at Optimum Heating Temperature Using 

Laser Raman.  

The raw peat and the treated samples at an optimum temperature, 400°C were analysed by using Laser 

Raman spectroscopy. Laser Raman spectroscopy was used in order to determine the molecular 

structure of carbon compound for treated sample. Figure 3 shows the Raman spectroscopy for 

untreated peat soil and heat treated peat at T = 400°C, respectively. 
 

(a) (b) 

Figure 3. Laser Raman spectrum for (a) untreated peat soil and (b) heat treated at baking 

temperature, T = 400°C 

 

Figure 3(a)  shows Raman spectra proves the presence of amorphous silicon, a-Si where the Raman 

shift is clearly observed at ~480 cm
-1

, and the peak intensity of crystalline silicon, c-Si was found at a 

wavenumber around ~520 cm
-1

. However, the saturation point of concentration can be observed from 
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figure 1 which lies on approaching 700°C. Figure 4 shows Laser Raman spectrum  deconvolution for 

untreated peat soil and heat treated at baking temperature 400°C. 
 

(a) (b) 

Figure 4. Laser Raman spectrum deconvolution for (a) untreated peat soil and (b) heat treated at 

baking temperature, T = 400°C. 

 

In figure 4, the baking process affects the position of the Raman spectra is displayed. The spectrum 

deconvolution needs to perform in order to recover the features of the original spectrum although 

peaks are broadened. According to Qi Wang et al [11],  the spectrum deconvolution is significance to 

monitor how each Raman shift changes when materials are heated. The D-bands were slightly changed 

from 1379.62 cm
-1 

to 1391.56 cm
-1

. The position of the D-band shifts to a higher wavenumber as the 

temperature increases. This is due to the changes of structure of carbon materials. The D-bands were 

broad spectrum  indicating that carbon in both spectrums was consistent. But, there was a slight 

Raman shift observed between both, as shown in figure 4. However, D-band  in Raman spectrum on 

peat at T=400°C was stiffer  than the raw peat spectrum as shown at the base of spectrum. The 

stiffening reduction of band indicates carbon structure were somewhat similar [13]. Diamond-like 

(sp
3
) carbon network was identified in both Raman spectra which indicates structure defects [14]. The 

G-band shows the graphitic structure of carbon organisation. It can also be seen that there are some 

changes from 1549.02 cm
-1

 to 1562.16 cm
-1

. The G-band was also shifted to a higher wavenumber 

which means, more graphitisation  (carbon, C arrangement into graphite formed) after being baked 

[15]. Graphitic-like (sp
2
) carbon network exist in both Raman spectrum.  

The spectra of raw peat and treated peat soil sample at T=400°C were contained into two main 

bands called as the graphitic (G) band and the disordered (D) band. G-band occurs at ~1500 cm
-1

 while 

D-band occurs at ~1300 cm
-1

. From the laser Raman spectrum, the Raman shift position for both 

samples agrees with [16] the shift position for D-band and G-band occur in the range of 1100 – 1800 

cm
-1

. The maturity of sp
2
 carbonaceous material or graphitic characteristic of peat can be measured by 

the value of intensity ratio, (R = IG/ID), where ID is diamond-peak intensity, and IG is graphitic-peak 

intensity. The value of peak intensity steeply decreases over the temperature of 400°C. The values of R 

in this study for untreated peat and treated peat soil sample at T = 400°C were 1.24 and 1.08, 

respectively. According to Khadiran et al. [17], the samples have reasonable graphitic content because 

the values of R more than 1.0. 
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4. Conclusion 
Carbon, C from peat was extracted from peat. Highest carbon content was obtained at heating 

temperature of 400°C (95.44 at %). Carbon concentration increases with respect to high thermal 

energy but begins to decrease at temperature of 500°C, and carbon, C was expected to react with 

oxygen at high thermal energy forming carbon monoxide (CO) and carbon dioxide (CO2). Silicon 

obtains the highest concentration at maximum baking temperature of 700°C. Viewing of peat samples 

via SEM describes the surface morphology and mineral composition, thus verifies the degree of peat 

decomposition. The result of Raman spectra shows that two structures of graphitic-like (sp
2
) and 

diamond-like structure (sp
3
) were dominant in peat. The structural changes of carbon have been 

interpreted by the considerable changes of intensity ratio. 
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