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

Vietnam Journal of Catalysis and Adsorption
Tap chi xic tac va hap phu Viét Nam

http://chemeng.hust.edu.vn/jca/

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

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
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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.
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Experimental

Synthesis of OMC

SBA-15, MCF silica were synthesized with a triblock
copolymer, EO20PO70EOzq (Pluronic P123, Aldrich), as
the surfactant, and liquid glass as the silica source.
OMC(SBA-15) and OMC(MCF) were synthesized by
calcinations of SBA-15 or MCF impregnated with an
aqueous solution of carbon sources with sulfuric acid.
Typically, 1g of sucrose was mixed with 1g SBA-15 or
MCF and then added to a solution obtained by
dissolving 0.14g of H,SQO4 in 5g of H.O. The mixture
was placed in a drying oven for 6h at 100°C, and
subsequently the oven temperature was increased to
160°C and maintained there for 6h. The sample
turned dark brown or black during the treatment in
the oven. We repeated this step at 100 and 160°C
using the same oven after the addition of 1 g of
carbon, 014 g of H,SO4 and 5g of H.O. The
carbonization was completed by pyrolysis with
heating at typically 800°C under nitrogen low. The
carbon-silica composite obtained after pyrolysis was
immerged in HF 40% solution and then washed with
H.O before being washed with a mixture of 50 vol%
ethanol + 50 vol% H,O. The final product was dried
at 100°C for 3h.

Characterization.

The powder X-ray diffraction (XRD) patterns of the
samples were recorded on a Shimadzu XRD-6100
analyzer with Cu Ko radiaton (A = 15417A).
Transmission  electron  microscopy (TEM)  was
recorded using JEOL1010 instrument operating at 80
kV with a magnification of 25,000 — 100,000. The
surface area of samples was determined on
Quantachrome Instruments version 3.0 at 77K and
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using nitrogen as an adsorbent.
Results and discussion

X-Ray Diffraction (XRD)

XRD patterns of SBA-15, OMC(SBA-15), MCF and
OMC(MCF) samples are showed in figure 1. From
XRD patterns of SBA-15, it showed that three well-
resolved XRD peaks, which are assigned to the (100),
(110) and (200) reflections characteristic of the 2D
hexagonal space group pémm, in the case of
OMC(SBA-15), only an intense peak assigned to (100)
refection was observed. This results confirmed
OMC(SBA-15) had same the structure with SBA-15.
From XRD patterns of MCF and OMC(MCF), it
showed that OMC(MCF) had the same structure with
MCF.

Transmission Electron Microscopy (TEM)

TEM images of OMC(SBA-15) and OMC(MCF)
samples are compared in figure 2. As shown in figure
2, the ordered structures of OMC(SBA-15) and
OMC(MCF) samples with hexagonal symmetry and
uniform pore dimension were clearly observed. The
mean pore sizes of OMC(MCF) are larger than that of
OMC(SBA-15).

N> Adsorption—Desorption Isotherms (BET)

N, adsorption—desorption isotherms and pore-size
distribution of OMC(SBA-15) and OMC(MCF) are
presented in figure 3. As observed in figure 3, both
OMC(SBA-15) and OMC(MCF) showed the isotherm
curves of type IV with the hysteresis loop,
characteristic for capillary condensation which is
typical for mesoporous material.
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Fig 1. XRD patterns of SBA-15, OMC(SBA-15), MCF and OMC(MCF)
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Fig 2. TEM images of OMC(SBA-15) and OMC(MCF)
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Fig 3. N2 adsorption—desorption isotherms (a) and pore-size distribution (b) of OMC(SBA-15) and OMC(MCF)

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).
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Table 1. Textural properties of samples

Sample Textural properties
Average Pore Surface
pore width | volume area
(nm) (cm’/g) | (m?/g)
OMC(SBA-15) 4.5 1.25 1,126
OMC(MCF) 5.7 135 1,073

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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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/q) 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).
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Fig 4. Experimental adsorption data fitted to different isotherm models (a) Langmuir and (b) Freundlich of OMC(SBA-15).
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Fig 5. Experimental adsorption data fitted to different isotherm models (a) Langmuir and (b) Freundlich of OMC(MCF).

Langmuir and Freundlich isotherm constants of

OMC (SBA-15)

Langmuir isotherm Freundlich isotherm

Qo (Mg.g™") | 385 n 26
K. (L.mg™ |13 Ke [((Mgg ™) (mg """ | 438
R? 0.993 R? 0.815

Langmuir and Freundlich isotherm constants of

OMC (MCF)
Q. (mg.g™") | 625 n 6.9
KL (L.mg™ | 0.07 | Kr [(mgg ) (mg """ | 1.76
R? 0.998 R? 0.841

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(MCEF), 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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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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