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ABSTRACT

Ordered mesoporous carbons (OMC) have been synthesized using mesoporo-
us silica of SBA-15 (Santa Barbara Acid-15) and MCF (Mesoporous cellular foam) 
as hard templates. The synthesized carbon materials were characterized by 
different techniques such as the powder X-ray diffraction, transmission electron 
microscopy, N2 adsorption–desorption measurements. From obtained results, it 
revealed that the average pore width of OMC(MCF)  samples (5.7 nm) was 
higher than that of OMC(SBA-15) samples (4.5 nm). OMC samples also exhibit-
ed high Methylene Blue (MB) adsorption capacity with Qmax of 385 mg/g for 
OMC(SBA-15) and 625 mg/g for OMC(MCF). The mesoporous silica template 
allows controlling the textural properties, providing new possibilities for many 
applications in adsorption and catalysis. 

Porous carbon materials [1, 2, 3] have a great scientific 
and technologic importance thanks to their unique 
properties (high adsorption capacity of atoms, ions, 
molecules and supramolecules, high chemical and 
thermal stability, etc.). They are widely used in many 
applications such as gas separation [4], adsorbent [5, 6, 
7, 8], gas storage [9], catalysis [10], electrochemical 
energy storage [11]…. Most porous carbons have a high 
specific  surface area with main contribution of large 
amount of micropores and mesopores, are usually 
obtained via carbonization carbon precursor. Porous

carbons are synthesized by hard – temlating method 
using nanostructured silica as template to impregnate 
with an appropriate carbon source, followed by carbon-
ization of the composite, and subsequent removal of 
the template [12].
In this paper, we report the synthesis of OMCs using 
hard template method with a comparative study of 
SBA-15 and MCF as templates. To the best of our knowl-
edge, this is the first study about this comparison in MB 
adsorption capacities of OMC(SBA-15) and OMC(MCF) 
samples.

Introduction

Vietnam Journal of Catalysis and Adsorption, 7 - issue 4 (2018)   83-88

Synthesis of mesoporous carbon material by hard template method
a comparative study of SBA-15 and MCF as templates

Hoa T.H.Nguyen1, 2,3, Hoa T.K.Tran1, and Phuong T.Dang1

1. Institute of Chemistry, Vietnam Academy of Science and Technology, 18 Hoang Quoc Viet, Cau Giay, Ha Noi, VIETNAM
2. Graduate University of Science and Technology, Vietnam Academy of Science and Technology, 18 Hoang Quoc Viet,
Cau Giay, Ha Noi, VIETNAM
3. Faculty of Chemistry, Thai Nguyen University of Sciences, Thai Nguyen, VIETNAM
4. Thai Nguyen Institute of Science and Technology, Thai Nguyen, VIETNAM
*Email: honghoakhtn@gmail.com

83

1,2,3,4 *

1.

2.

3.

4.

1

2



Vietnam Journal of Catalysis and Adsorption, 7 - issue 4 (2018)   83-88

Fig 1. XRD patterns of SBA-15, OMC(SBA-15), MCF and OMC(MCF)
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Textural properties of samples are shown in table 1. As 
observed in table 1, both OMC(SBA-15) and OMC(MCF) 
exhibited high surface areas. However, the pore size of 
OMC(MCF) is larger than that of OMC(SBA-15). Thus, 
surface area of OMC(SBA-15) (1,126 m2/g) is higher 
than that of OMC(MCF) (1,073 m2/g ). The pore size of 
OMC(SBA-15) is distributed with the average pore width 
of 4.5 nm while pore size of OMC(MCF) is distributed 
with the average pore width of 5.7 nm. These results 
can explain that, OMC(SBA-15) was formed based on 
SBA-15. The pore size of SBA-15 is 6.5 nm. Opposite 
this, OMC(MCF) was formed base on MCF (Pore size of 
MCF is 16.9 nm), this is reason pore size of OMC(MCF) 
is bigger than that of OMC(SBA-15).

OMC(MCF) exhibited high surface areas. However, the 
pore size of OMC(MCF) is larger than that of Methylene 
blue adsorption isotherms MB adsorption capacities of 
OMC(SBA-15) and OMC(MCF) are given in table 2. MB 
adsorption capacities of OMC(SBA-15) and OMC(MCF) 
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Fig 2. TEM images of OMC(SBA-15) and OMC(MCF)

Fig 3. N2 adsorption–desorption isotherms (a) and pore-size distribution (b) of OMC(SBA-15) and OMC(MCF)
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Sample Textural properties 

Average 
pore width 

(nm) 

Pore 
volume 
(cm3/g) 

Surface 
area 

(m2/g) 

OMC(SBA-15) 4.5 1.25 1,126 

OMC(MCF) 5.7 1.35 1,073 

 

Table 1. Textural properties of samples



were very high with Qmax of 385 mg/g (mg methylene 
blue/g adsorbent) for OMC(SBA-15) and 625 mg/g for 
OMC(MCF). This can be explained that the average 
pore width and the pore volume of OMC(MCF) (5.7 nm 
and 1.35 cm3/g) is greater than that of OMC( (MCF) 
with the size ranging from 5.7 nm to 50 nm is wider 
than that of OMC(SBA-15). The pore volume of SBA-15) 
(4.5nm and 1.25 cm3/g). In addition, Fig. 3b showed 

that the pore-size distribution of OMC OMC(MCF) is 1.1 
times higher that of OMC(SBA-15). The pore-size of 
OMC(MCF) is not significantly different from the 
pore-size of OMC(SBA-15). In addition, MB is adsorbed 
on OMC(MCF) and OMC(SBA-15) by electrostatic force. 
This is process of multi-layered physical adsorption. 
That is why the MB adsorption capacity OMC(MCF) is 
higher than of OMC(SBA-15). 

Table 2. Langmuir and Freundlich isotherm constants 
of OMC(SBA-15) and OMC(MCF)

As observed in finger 4, 5 and table 2, the value of  R2= 
0.993 and 0.998 for Langmuir model with OMC(SBA-15) 
and OMC(MCF) is higher than that  of  R2=0.815 and 
0.841 for Freundlich model with OMC(SBA-15) and 
OMC(MCF), respectively. The  results indicated that the 
Langmuir model fits much better than the Freundlich 
model for both samples.

Conclusion

Ordered mesoporous carbons were successful synthe-
sized by using hard template methods. From XRD, TEM
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Fig 5. Experimental adsorption data fitted to different isotherm models (a) Langmuir and (b) Freundlich of OMC(MCF).
 

(a) (b)
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Fig 4. Experimental adsorption data fitted to different isotherm models (a) Langmuir and (b) Freundlich of OMC(SBA-15).
(a) (b)

Langmuir and Freundlich isotherm constants of  

OMC (SBA-15) 

Langmuir isotherm Freundlich isotherm 

Qo (mg.g−1) 385 n 26 

KL (L.mg−1) 13 KF [(mgg−1)(mg−1)1/n] 438 

R2 0.993 R2 0.815 

Langmuir and Freundlich isotherm constants of  

OMC (MCF) 

Qo (mg.g−1) 625 n 6.9 

KL (L.mg−1) 0.07 KF [(mgg−1)(mg−1)1/n] 1.76 

R2 0.998 R2 0.841 

 



and N2 adsorption–desorption measurements results, it 
revealed that the obtained OMCs showed high surface 
area (>1000 m2/g) with uniform pores and large pore 
size (> 4 nm). Moreover, OMC(MCF) samples had 
bigger pore size than OMC(SBA-15). Thus, OMC(MCF) 
samples exhibited high MB adsorption capacity with 
Qmax of 625 mg/g bigger than OMC(SBA-15) with 
Qmax of 385 mg/g. The mesoporous silica template 
allows controlling the pore diameters and pore volume, 
leading the change of adsorption capacity of OMC.
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