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Abstract: In this work, highly ordered mesoporous graphitic carbon (G-CMK3) has been prepared 

successfully by a nano-casting method using sucrose as carbon source, mesoporous silica as hard 

template, and soybean oil as surfactant. In the absence of soybean oil surfactant, the synthesized 

ordered mesoporous carbon material, CMK-3, revealed a low graphitization degree with a specific 

surface area of 1049.1 m2/g and a high pore volume of 1.172 cm3/g.  However, with the assistance 

of soybean oil surfactant, the graphitization degree was improved significantly, which was 

confirmed by the decrease in the ID/IG intensity ratio of the D (disordered or amorphous structure) 

and G (graphitic structure) peaks from 0.98 to 0.83. After the synthesis in the presence of soybean 

oil, G-CMK3 carbon maintained the integrity of the mesoporous structure albeit with a slight 

decrease in its specific surface area (845.2 m2/g) as well as pore volume (0.858 cm3/g). 
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1. Introduction 

Carbon materials have widely used in many 

applications such as gas separation, water 

purification, catalyst supports, catalyst, energy 

storage and conversion [1]. Currently, numerous 

carbon material types, for example, carbon 

nanotubes (CNTs), graphene, mesoporous 

carbon, carbon nanofiber, carbon microfibers, 

have been prepared and investigated [2]. Among 
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them, ordered mesoporous carbon (OMC) 

materials have gained a great attention because 

of their excellent textural characteristics and 

mesoporous network. They provide a highly 

opened 3D porous host with easy access for 

guest species, thus facilitating diffusion 

throughout the pore channels without pore 

blockage. Especially, because of these superior 

features, OMC materials have been recognized 

to be promising active electrode materials or 
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electrode scaffolds for supercapacitors, and 

rechargeable batteries in the field of energy 

storage and conversion.  

The OMC materials are frequently prepared 

by two methods including (i) self-assembly 

using soft templates through co-condensation 

and carbonization, and (ii) replication synthesis 

with pre-synthesized hard templates through 

impregnation, carbonization, and template 

removal. Two methods are referred to the soft 

template and hard template methods, 

respectively [3]. Each of these methods has 

different advantages and disadvantages. For the 

soft template method, the mesoporous carbon 

structure is formed by self-assembly of organic 

molecules. Thus, elimination of soft templates in 

the synthesis process of OMC materials is 

generally easy and convenient. However, the 

soft template synthesis exhibits a disadvantage 

of wide pore-size distribution with irregular pore 

shape. In contrast, the hard template synthesis 

enables better controlling the pore size and shape 

of the obtained OMC [4-7]. Nevertheless, hard 

templates removal is needed for this method to 

obtain the mesoporous structure. 

Regardless of synthetic methods, electro-

chemical performance of the OMC material 

mainly depends on their capability to interact 

with ions and to transport electrons. For instance, 

for supercapacitor applications, OMC materials 

require high conductivity for electron transport, 

the high surface area for effective ion 

adsorption/desorption, and suitable pore 

architecture for rapid access of ions from the 

electrolyte to the electrode surface [8,9]. 

Generally, the electronic conductivity of carbon 

materials is strongly impacted by their 

graphitization degree [10]. Therefore, to 

improve the electrochemical performance of the 

OMC materials for energy storage and 

conversion applications, enhancement of the 

graphitization degree is essential.  

In our previous reports, we successfully 

synthesized OMC from pure chemicals and/or 

natural kaolin clay sources [9,11,12]. The 

resultant OMC materials all showed the high 

application potential in lithium ion batteries and 

supercapacitors. With the aim of improving 

further the electrical conductivity for the OMC, 

in the present work, we suppose a facile 

synthetic strategy to enhance the graphitization 

degree for OMC materials. Thanks to the use of 

a cheap natural product, soybean oil, as 

surfactant, the formation of the graphitic 

framework structure of carbon are favorable. 

Accordingly, the electronic conductivity of the 

synthesized OMC materials can be improved 

significantly.   

 

2. Materials and Methods 

2.1. Preparation of OMC Materials 

Highly graphitic ordered mesoporous carbon 

(denoted as G-CMK3) with the assistance of 

soybean oil were prepared by a nano-casting 

route using SBA-15 silica as hard template, 

sucrose as carbon source.  SBA-15 silica was 

prepared via the process as previously reported 

[13]. The synthesis process is shown in Figure 1. 

In specific, 5 g of sucrose and 0.56 g of H2SO4 

were solved into 20 mL of distilled water. 

Subsequently, 4 g of SBA-15 was added and 

dispersed for 30 minutes in an ultrasonic bath. 

Next, the mixture was dried at 100°C for 6 h and 

at   160°C   for 12 h more to obtain a dark brown 

sample. After being ground by an agate mortar, 

 

Figure 1. Schematic diagram of the synthetic process 

of G-CMK3. 
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and a pestle, the dark brown powder was re-

dispersed in 15 mL of another aqueous solution 

of sucrose (3.2 g), and H2SO4 (0.36 g). After that, 

the sample was continuously dried at 160 oC for 

12 h to generate the sucrose@SBA-15 

composite, which was subsequently re-ground 

and dispersed into an excess amount of soybean 

oil under vigorous stirring for 6 h. After 

filtration, the soybean oil-sucrose@SBA-15 

sample was carbonized in an inert gas at 900 °C 

for 5 h to produce G-CMK3@SBA-15. Finally, 

G-CMK3 was collected after etching SBA-15 

template in 5 wt.% HF acid, washed thoroughly 

and dried at 100 °C in a vacuum oven overnight. 

For comparison, another sample was also 

prepared in the absence of soybean oil 

surfactant. This sample was referred to CMK3. 

2.2. Microstructure and Physicochemical 

Characterizations 

The microstructures of the materials were 

examined using a field emission scanning 

electron microscope (FESEM, S-4700/EX-200, 

Hitachi, Japan) equipped with an energy 

dispersive X-ray (EDX) detector, a high-

resolution transmission electron microscope 

(HRTEM, Tecnai G2, Philips, the Netherlands), 

a high-resolution X-ray diffractometer (XRD, 

D/MAX Ultima III, Rigaku, Japan), and Raman 

spectrometer (Horiba Jobin-Yvon). Thermal 

stability of the materials was evaluated using a 

thermogravimetric analyzer (TGA, TGA-50, 

Shimadzu, Japan). The nitrogen adsorption-

desorption isotherms were conducted on 

Brunauer-Emmett-Teller (BET) analysis system 

(ASAP 2020, Micromeritics, USA). 

3. Results and Discussion 

The morphologies of the synthesized 

materials were examined using SEM as shown in 

Figure 2. Figure 2c-f show the surface 

morphologies of both CMK3 and G-CMK3, 

which were totally analogous to the morphology 

of the SBA-15 hard template (Figure 2a,b). This 

implies that the morphology of the template was 

remained in CMK3 and G-CMK3 after template 

removal. The resultant carbon samples were 

comprised of uniform short nanorods. Each 

nanorod had a length of ~1µm and a diameter of 

~400 nm. Noticeably, the nanorod size of the 

obtained carbon samples appeared smaller in 

comparison with the SBA-15 template. It is due 

to the shrinkage of carbon sources, viz. Sucrose, 

and soybean oil, which were used to fill into the 

SBA-15 template, during the carbonization 

process. From the high-resolution SEM images 

of CMK3 and G-CMK3, it is recognized that, as 

for G-CMK3 carbon in the presence of the 

soybean oil surfactant the surface of the 

nanorods seems to be smoother. In contrast, the 

nanorod surface of CMK3 looks rough with 

plenty of nanosized pores. This is ascribed to the 

lower carbon content, which was filled into the 

SBA-15 template, as illustrated in Figure 3a. 

 

Figure 2. Low and high resolution SEM images of 

(a,b) SBA-15, (c,d) CMK3, and (e,f) G-CMK3. 

Figure 3a presents the TGA plots of the 

CMK3@SBA-15 and G-CMK3@SBA-15 

composites in the air. After sintering up to 800 
oC in the air atmosphere, the carbon component 

of the mixtures burned out, and only SBA-15 

silica was retained. According to the TGA 

results, the mass losses of 38.27 wt.% and 50.36 
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wt.% correspond to the carbon contents present 

the CMK3@SBA-15 and G-CMK3@SBA-15 

composites, respectively. The carbon 

contribution of soybean oil into G-CMK3 was 

calculated to be 12.09 wt.%.  This is indicative 

of the inclusion of soybean oil, which would play 

a role as an assistant promoting the 

graphitization of G-CMK3 carbon, into the 

sucrose@SBA-15 composite in the synthesis 

process.  

 

Figure 3. (a) TGA plots of CMK3@SBA-15            

and G- CMK3@SBA-15. The heating rate               

of TGA measurements was 10 oC/min. (b) The          

EDX spectrum and composition table of G-CMK3. 

In addition, to determine the purity of the 

synthesized carbon, EDX analysis was 

performed. Figure 3b depicts the typical EDX 

analysis result of G-CMK3. It is recognized that, 

apart from the main element, C, other elements 

such as O, Si, S, Cl were also detected. The C 

content was 80.70 wt.% while the Si content was 

only 0.13 wt.% (inset in Figure 3b). This 

demonstrates that SBA-15 template was 

removed completely from the G-CMK3@SBA-

15 sample after the etching step (Figure 1). 

Herein, the presence of O element is attributed to 

the surface functionalization of carbon during 

the synthesis process and/or the adsorption of 

oxygen on the sample surface [14] Meanwhile, 

the presence of S and Cl is resulted from the 

chemicals used to synthesize the material. 

Similarly, the C, O, and Si contents of the CMK3 

sample were measured to be 79.58, 19.11, and 

0.41 wt.%, respectively, implying the high purity 

of the obtained CMK3 and G-CMK3.   

 

Figure 4. Low and high resolution TEM images of 

(a,b) CMK3 and (c,d) G-CMK3. 

To investigate the textural structure of the 

obtained G-CMK3 material, the TEM  method 

was employed. From Figure 4, it can be seen that 

both CMK3 and G-CMK3 possess the linear 

arrays of mesochannels arranged in a particular 

order. Compared with CMK3 carbon (Figure 

4a), G-CMK3 carbon reveals a well organized 

mesoporous structure (Figure 4c). Regarding the 

high-resolution TEM images in Figure 4b,d, it 

can be claimed that the stacks of graphite layers 

are observed for both samples. This is evidence 

for the appearance of partially-graphitized 

carbon frameworks. However, a considerable 

number of defects was found for the CMK3 

carbon without the assistance of soybean oil. 

Meanwhile, the more ordered and regular 

arrangement was easily recognized for G-CMK3 

carbon. This demonstrates the benefit of the 

inclusion of soybean oil assistant in enhancing 

the graphitic degree of G-CMK3, during the 

synthesis process. 
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Figure 5.  (a) Low angle and (b) wide angle XRD 

patterns, (c) Raman spectra, and (d) TGA plots of 

CMK3 and G-CMK3. The heating rate of TGA 

measurements was 10 oC/min. 

To examine further the ordered structure of 

the synthesized G-CMK3 carbon, a low angle 

XRD measurement was carried out between 0.5° 

and 3.0°. As shown in Figure 5a, three sharp 

diffraction peaks of G-CMK3 were detected. 

Among them, the strongest peak located at 

1.16° corresponding to the (100) plane of a two-

dimensional hexagonal lattice structure of SBA-

15 template. Whilst two remaining peaks 

represent the (110) and (200) planes [15]. This 

result implies the highly ordered structure of the 

resultant G-CMK3. Similarly, for CMK3 carbon 

without the assistance of soybean oil, the 

reflection intensities of the (110) and (200) 

planes were found to be relatively weak 

compared with G-CMK3 carbon, demonstrating 

a less ordered arrangement. This suggests that 

the presence of soybean oil promoted the 

orientation of carbon clusters along (110) and 

(200) directions of the hexagonal structure of 

SBA-15 template. On the other hand, the phase 

structures of CMK3 and G-CMK3 were 

determined by wide angle XRD measurements 

as shown in Figure 5b. Generally, the XRD 

patterns of both samples exhibit two peaks at 2𝜃 

= 24o and 2𝜃 = 44o, corresponding to the (002) 

and (101) diffraction indexes of graphitized 

carbon, respectively. This indicates the nature of 

the turbostratic carbon structure of CMK3 and 

G-CMK3. This result in the present work is also 

in high agreement with the previous reports 

[16,17]. Remarkably, with the assistance of 

soybean oil, the diffraction peaks of G-CMK3 

appear much sharper than that of CMK3 carbon, 

especially for the peak of the (002) plane. 

Haman is well known as a powerful tool for 

the structural analyses of materials. Thus, to 

identify further the carbon structure, the Raman 

spectra of CMK3 and G-CMK3 were recorded. 

Figure 5c depicts Raman spectra of G-CMK3 

and CMK3 carbon between 400 and 4000 cm-1.  

As seen, characteristic bands for amorphous (D 

band, around 1350 cm-1), and graphitic carbon 

materials (G band, around 1580 cm-1) were 

detected for both two carbon samples. It is 

established that the degree of graphitization of 

carbon materials is generally evaluated by the 

intensity ratio of the D to G peaks (ID/IG) [18]. 

According to the analysis result of Figure 5c, the 

ID/IG ratios of the CMK3 and G-CMK3 samples 

were 0.98 and 0.83, respectively. This suggests 

that the amorphous feature of the CMK3 

material dominates over that of the G-CMK3. In 

other words, G-CMK3 carbon with the 

assistance of soybean oil possessed the higher 

degree of graphitization than CMK3 carbon. 

Furthermore, the higher graphitization 

degree of G-CMK3 was also verified by the 

TGA result. As seen in Figure 5d, it is obvious 

that, G-CMK3 showed the higher thermal 

stability than that of CMK3. In specific, in the 

air atmosphere, the G-CMK3 carbon started to 

decompose thermally at the temperature of 

464°C. Meanwhile, the onset decomposition 

temperature of the CMK3 carbon was 311°C. 

The temperatures, at which the thermal 

decomposition process occurred strongly for G-

CMK3 and CMK3, were found to be 573 and 

559°C, respectively. Hence, it can be concluded 

that, in comparison with the CMK3 carbon, the 

G-CMK3 carbon synthesized with the assistance 

of soybean oil surfactant exhibited the higher 
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graphitization degree, which results in the higher 

thermal stability. 

 

Figure 6. (a) Nitrogen adsorption-desorption 

isotherms and (b) relevant pore size distribution 

curves of CMK3 and G-CMK3. 

Table 1. Textual parameters results from nitrogen 

adsorption and desorption isotherms of CMK-3 and 

G-CMK3 carbon. 

Parameters CMK3 G-CMK3 

SBET (m2/g) 1049.1 845.2 

Mean pore size (nm) 4.422 4.094 

Pore volume (cm3/g) 1.172 0.858 

To clarify the mesoporous structure of 

synthesized G-CMK3 carbon, the sample was 

measured nitrogen adsorption-desorption 

isotherm at 77 K. For comparison, the CMK3 

sample was measured as well. Figure 6a display 

nitrogen adsorption-desorption isotherms of 

CMK3 and G-CMK3. It is worth noting that 

characteristic hysteresis loops for mesoporous 

structure materials are observed for both 

samples. This evidences that CMK3 and G-

CMK3 materials possessed mesosized pores. 

The specific surface area (SBET) of CMK3 was 

measured to be 1049.1 m2/g while the specific 

surface area of G-CMK3 was only 845.2 m2/g. 

This is explained by the deep penetration of the 

carbon precursors into the pores of SBA-15 

template for G-CMK3. This led to the thicker 

wall of carbon nanopipes in the nanorod 

structure of G-CMK3. This is also the reason to 

explain why the pore volume and the mean pore 

size of G-CMK3 were smaller than those of 

CMK3 (Table 1). However, the decrease of the 

textual parameters of G-CMK3 are negligible. 

4. Conclusion 

Highly graphitic ordered mesoporous carbon 

G-CMK3 material has been synthesized 

successfully by “surfactant-assisted” 

nanocasting route with SBA-15 silica as 

template, sucrose as carbon source and soybean 

oil as surfactant as well as carbon source. The 

synthesized G-CMK3 exhibited a high specific 

surface area (845.2 m2/g), and high porosity 

(0.858 m3/g). Inclusion of soybean oil with 

sucrose into SBA-15 in the nanocasting step of 

the synthesis process was demonstrated to 

benefit enhancing the degree of graphitization 

for G-CMK3 carbon material while the textual 

parameters involving the specific surface area, 

mean pore size and volume pore were still 

comparable to that of CMK3 without the 

assistance of soybean oil. The use of natural 

soybean oil as environmentally friendly and 

cheap surfactant in the improvement of the 

degree of graphitization for carbon can be 

considered as an innovative point in the synthetic 

route of the ordered mesoporous graphitic 

carbon.  Owing to the enhanced graphitization 

degree, the electronic conductivity of G-CMK3 

will firmly be improved, following by huge 

promising applications, especially for 

electrochemical energy storage systems. 
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