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ABSTRACT

Ordered mesoporous carbon (OMC) was successfully synthesized by using hard template method
with SBA-15 silica samples as templates and sucrose as carbon sources. The structural and textural
properties of the synthesized sample was characterized by XRD, TEM, and N, adsorption-
desorption Brunauer-Emmett-Teller (BET). The results showed that OMC was successfully
synthesized with ordered structure, high surface area (1,126 m’/g) and average pore width 4.46
nm. The effects of temperature and adsorbent dosage on MB adsorption were also investigated.
The equilibrium adsorption amount (Q.) of methylene blue onto OMC slightly decreases with
increasing temperature and increases with increasing adsorbent dosage. Moreover, OMC sample
exhibited high methylene blue adsorption capacity with Q. of 385mg/g. OMC material was
synthesized approach toward removal of methylene blue, exhibiting high adsorption capacity, thus
holding a great promise for treatment of methylene blue in wastewater.

Keywords: Ordered mesoporous carbon materials, SBA-15 template, hard template method,

methylene blue, dye adsorption

INTRODUCTION

Recently, the treatment of the environment
contains toxic organic substances are
concerned. Methylene Blue (MB), a typical
cationic dye with high toxicity and potential
carcinogenic effect on human health, can be a
model compound for adsorption studies of
organic contaminants in aqueous solutions
due to its stability to heat, oxidizing agents as
well as biodegradation [1].

Therefore, the removal of MB from the
wastewater stream becomes important to the
environment. Of the many methods that have
been studied to remove the toxic pigments in
water, the adsorption method is often known
to be one of the most effective methods for
removing  toxic  substances in  the
environment.

OMC is an advanced class of ordered
mesoporous materials, combining the high
porosity properties of mesoporous materials
with the physico-chemical characteristics of
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carbons. So, OMC is widely used in many
applications such as gas storage [2], gas
separation [3], catalysis [4], electrochemical
energy storage [5] or adsorbent [6,7]. OMC is
synthesized by hard-templating and soft-
templating methods.

In this study, OMC material was synthesized by
hard method and studied MB adsorption
capacity and effect of different parameters. MB
adsorption of OMC was evaluated according to
Frendlich, Langmuir isotherm models.

EXPERIMENTAL

Synthesis of ordered mesoporous carbon
material

SBA-15 silica following synthesis procedure
was reported by Nie et al. [8]. OMC was
synthesized by SBA-15 silica sample as
templates and sucrose as carbon sources with
sulfuric acid [9]. Briefly, 1g of SBA-15 was
added to a solution obtained by dissolving 1 g
of sucrose and 0.14 g of H,SQO, in 5g of H,0.
The mixture was placed in a drying oven for
6h at 100°C, and subsequently the oven
temperature was increased to 160°C and
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maintained for 6h. The sample turned dark
brown or black during the treatment in the
oven. The silica sample, containing partially
polymerized and carbonized sucrose at the
present step, was treated again at 100 °C and
160°C using the same drying oven after added
1 g of sucrose, 0.14 g of H,SO, and 5g of
H,O. The carbonization was completed by
pyrolysis with heating to typically 800°C
under nitrogen flow. The carbon-silica
composite obtained after pyrolysis was
immerged in HF 40% solution and then
washed with H,O before being washed with
mixture of 50 vol% ethanol + 50 vol% H,0.
Final product was dried at 100°C for 3h.

Characterization

The powder X-ray diffraction (XRD) patterns
of the samples were collected in a range
angles from 0.5° to 5° with a Shimadzu XRD-
6100 analyzer using Cu K, radiation (A =
1.5417 A). Transmission electron microscopy
(TEM) was recorded using JEOL1010
instrument operating at 80 kV with
magnification of 25,000 — 100,000. Surface
area of sample was determined on
Quantachrome Instruments version 3.0 at 77K
and using nitrogen adsorbent.

Adsorption experiments

The methylene blue (CiH1gN3sSCI, 95% of
purity) was purchased from Merck
(Germany). The adsorption of aqueous MB to
OMC was conducted using batch adsorption
tests. In this approach, batch experiments
were carried out in a set of 250mL
Erlenmeyer lasks, in which a 100mL of MB
solution with initial concentrations in the
range of 100 — 300 ppm was added. Equal
masses (m) of adsorbent were added to the
MB solutions (V). Adsorption capacity (Q,) of
MB is defined as follows:

Qt — (CO _Ct )V
m

1)

where Q; is adsorption capacity of MB; V is
solution volume (V = 0.1L); m is masses of
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OMC; Cq and C; (ppm) are initial and time t
MB concentration.

Determine the remaining MB concentration
on UV-Vis spectrophotometer (DR/4000U) -
Department of Surface Chemistry, Institute of
Chemistry, Vietnam Academy of Science and
Technology (VAST).

Adsorption isotherms

Two empirical equations, Langmuir and
Freundlich isotherm models, were often used
to analyze the experimental data [3].

The Langmuir equation is expressed as follows:

&: L +(LJ.Ce (2
Qe Qm'KL Qm

The Freundlich equation is expressed as follows:

logQ, =logK. J{EJ.IogCe (3)
n

Where Qn, and K, in the Langmuir equation
represent the maximum adsorption capacity of
adsorbents (mg/g) and Langmuir adsorption
constant related to the free energy of
adsorption, respectively. Kg and n are
Freundlich constants related to adsorption
capacity and adsorption intensity, respectively.

RESULTS AND DISCUSSION

Physical and structural characterization of
the mesoporous materials.

X-Ray Diffraction (XRD)

XRD patterns of SBA-15 and OMC samples
are showed in figure 1.

The XRD pattern of the resulting OMC shows
ordered  mesostructures  with  pémm
symmetry, the presence of (100), (110) and
(200) reflections, indicating that it has
retained the ordered structure of its parent
silica template. Structural shrinkage also
results in poor resolution of the (110) and
(200) diffraction peaks of the ordered
mesoporous carbons [3].
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Fig.1. XRD pattern of SBA-15 and OMC

Transmission Electron Microscopy (TEM)

The morphology of the synthesized
mesoporous sample was characterized by
TEM and the result is presented in figure 2.
The image confirms the results obtained from
XRD. The ordered mesoporous carbon shows
a ordered hexagonal structure.
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Fig.2. TEM image of OMC
N, Adsorption-Desorption Isotherm (BET)

N, adsorption—desorption isotherm and pore-
sized distribution of OMC are presented in
figure 3. As observed in figure 3, OMC
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.3. N, adsorption—desorption isotherm and
pore-size distribution of OMC
Textural properties of samples are showed in
table 1. As observed in table 1, OMC
exhibited high surface area (1,126 m%*g and
pore width of OMC is narrow distributed with
the average pore width of 4.46 nm.
Table 1. Textural properties of samples

Average pore Mesopore Surface area
width (hm) | volume (cm®/g) (m?lg)
4.46 1.255 1,126

Adsorption of MB onto the sorbents and
effect of different parameters

The effect of temperature on the adsorption of
MB onto OMC was investigated by adding 5
mg of the adsorbent into 100 mL of 100ppm
MB and shaking the mixture for 6h at
different temperatures of 23°C, 33°C and
43°C in a water bath. The results indicated
that the equilibrium adsorption amount (Q.)
of MB onto OMC slightly decreases with
increasing temperature (figure 4), indicating
that the adsorption process is exothermic in
nature. The value of Q. slightly decreases
from 236 to 215mgMB g™ adsorbent by
increasing temperature from 23°C to 43°C.
The subsequent adsorption studies were
performed at ambient temperature (25°C).
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Fig.4. Effect of temperature on the adsorption of
MB by OMC in the range of 23 — 43°C (initial MB
concentration - 100ppm; adsorbent dosage - 0.5
g/L; shakingtime - 6h)
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Fig.5. Effect of the amount of adsorbent on MB
adsorption capacity of OMC at 25°C (initial MB
concentration - 100ppm; shaking time - 6h)
The effect of adsorbent dosage (m) on the
amount of MB adsorbed at equilibrium (Qe,
mg/g), was investigated by adding different
weights of adsorbent (OMC) into 100 mL of
100ppm MB and shaking the mixture for 6h at
ambient temperature. As can be seen in figure
5, Qe increases by increasing m from 0.01 to
0.12g. The increase in the amount of Q. can be
attributed to the availability of greater surface

area and more adsorption sites.
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Adsorption Isotherms
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Fig.6. Experimental adsorption data fitted to
different isotherm models (a) Langmuir and (b)
Freundlich (adsorbent dosage - 0.5 g/L; shaking

time - 6h , temperature - 25°C)

Figure 6a shows the Langmuir plot (C¢/Q.
versus C.) for the adsorption data of MB onto
OMC as well as the fitted results by linear
regression analysis (solid line). The Langmuir
isotherm shows a good fit to the adsorption
data with regression coefficients (R?) of
0.9932. The values of Q. and K_ for the
adsorbent, obtained from the slope and
intercept of the linear plots, respectively, are
presented in table 2. The maximum
adsorption capacity (Qn) was found to be
385mg/g at 25°C.
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Figure 6b shows the Freundlich plots (logQe
versus logC,) for the adsorption data and the
fitting results.

Table 2. Langmuir and Freundlich isotherm

constants of OMC
Langmuir isotherm  Freundlich isotherm
Qm(mg.g’) 385 1/n 26
. 13 Ke[(mgg ') 438
K, (L.mg" N
L( g ) (mg 1)1/n]
R 0.9932 R® 0.8155

The parameters of the Langmuir and
Freundlich models were calculated and given
in table 2. As observed in table 2, the value of
R? = 0.9932 for Langmuir model is higher
than that of R? = 0.8155 for Freundlich
model. This result was indicating that the
Langmuir model fits much better than the
Freundlich model for OMC material.

CONCLUSION

Ordered mesoporous ~ carbons  were
successfully synthesized by using hard
template method. From XRD, TEM and N,
adsorption—desorption (BET) results, it
revealed that the obtained OMCs showed high
surface area (1,126 m?g) with uniform pores
and large average pore width (4.46 nm). The
equilibrium adsorption amount (Q.) of MB
onto OMC slightly decreases with increasing
temperature and increases with increasing
adsorbent dosage. OMC sample exhibited
high MB adsorption capacity with Qp, of 385
mg/g. This result opens high application
potential of OMC material as efficiency
adsorbent in environmental treatment.

REFERENCES
1. Lian Ying Zhang, Wenlin Zhang, Zhigin Zhou,
Chang Ming Li, (2016), “y-Fe,Oz nanocrystals-
anchored macro/meso-porous graphene as a highly
efficient adsorbent toward removal of methylene
blue”, Journal of Colloid and Interface Science,
476, pp. 200-205.
2. Nishihara H., Kyotani T, (2012), “Templated
nanocarbons for energy storage” Adv. Mater., 24,
pp. 4473—4498.
3. Farzin Nejad N., E. Shams, M. K.Amini, J. C.
Bennett (2013), “Ordered mesoporous carbon
CMK-5 as a potential sorbent for fuel
desulfurization: Application to the removal of
dibenzothiopheneand comparison with CMK-3”,
Microporous and Mesoporous Materials, 168, pp.
239- 246.
4. Taguchi A., Schiith F. (2004), “Ordered
mesoporous materials in catalysis”. Microporous
Mesoporous Mater, 77, pp. 1-45.
5. Simon P., Gogotsi Y. (2008), “Materials for
electrochemical capacitors”, Nat. Mater., 7, pp.
845-854.
6. Jinghuan Chen, Feifei Cao, Songze Chen,
Mingjiang Ni, Xiang Gao, Kefa Cen, (2014),
“Adsorption  kinetics of NO on ordered
mesoporous carbon (OMC) and cerium-containing
OMC (Ce-OMC)”, Applied Surface Science, 317,
pp. 26-34.
7. Yin Li, Bin Yuan, Jie Fu, Shuguang Deng,
Xiuyang Lu, (2013), “Adsorption of alkaloids on
ordered mesoporous carbon”, Journal of Colloid
and Interface Science, 408, pp. 181-190.
8. C. Nie, L. Huang, D. Zhao, and Q. Li, (2001),
“08-P-13-Stability of mesoporous material SBA-
15 and its beneit in catalytic performance,” Studies
in Surface Science and Catalysis, vol.135, p. 286.
9. Phuong T. Dang, Hoa T. H. Nguyen, Canh D.
Dao, Giang H. Le, Quang K. Nguyen, Kien T.
Nguyen, Hoa T. K. Tran, Tuyen V. Nguyen, and
Tuan A. Vu (2016), “Ordered Mesoporous Carbons
as Novel and Efficient Adsorbent for Dye Removal
from Aqueous Solution”, Advances in Materials
Science and Engineering, vol. 2016, pp. 1-9.

63



Nguyén Thi Hong Hoa va Ptg Tap chi KHOA HQOC & CONG NGHE 172(12/1): 59 - 64

TOM TAT

TONG HQP VAT LIEU CACBON MAO QUAN TRUNG BINH
BANG PHUONG PHAP CUNG: UNG DUNG LOAI BO CHAT MAU
RA KHOI DUNG DICH NUOC

Nguyén Thi Hong Hoa'", Tran Thi Kim Hoa®, Ping Tuyét Phwong’
Truong Pai hoc Khoa hoc — PH Thai Nguyén
2Vién Héa hoc - Vién Han 1am Khoa hoc va Céng nghé Viét Nam

Cacbon mao quan trung binh trat ty (OMC) duoc tong hop thanh cong bang phuong phap cing
v6i SBA-15 1a chit tao cdu tric va dudng saccarozo 1a ngudn cacbon. Nhitng dic tinh va ciu trac
ciia mau duoc dic trung boi phuong phap XRD, TEM, BET. Két qua cho thdy OMC duoc téng
hop thanh cong véi cdu trac trat tu, dién tich bé mat 16n (1.126 m?/g) va do rong trung binh mao
quan 4.46 nm. Anh hudng ciia nhiét d¢ va luong chat hap phu dén kha ning hip phu xanh metylen
cling dugc nghién ctru. Hon nira, vat ligu OMC thé hién kha nang hép phu xanh metylen cao vai
Qp, bang 385mg/g. Vit licu OMC tong hop dwoc hudng t6i loai bo xanh metylen, thé hién & kha
nang hap phu cao, hira hen viéc xtr Iy xanh metylen trong méi truong nudc.
Tir khéa: vdr liéu cacbon mao qudn trung binh, chdt tao cdu tric SBA-15, phirong phdp cimg,
xanh metylen, hdp phu chdt mau.
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