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Abstract 
 
The effect of synthesis conditions on sorptive properties of glycerol-derived mesoporous carbon materials were studied. Sorption 
properties of the synthesized carbon-based materials regarding to different adsorbate molecules, as well as water vapors, phenol 
and methylene blue molecules were analyzed. The sorption capacity of the synthesized mesoporous carbons depends upon synthesis 
conditions, namely upon pyrolyzing temperature and carbon precursor to silica weight ratio, being determined by the nature of the 
adsorbate molecule and the chemical and structural properties of carbon-based mesoporous material. The templated mesoporous 
carbons were synthesized using two different glycerol/silica weight ratios (0.5 and 1) and were pyrolyzed at various temperatures 
(800°C and 1000°C) to study changes in their textural, structural, morphological and chemical surface properties, as well their 
sorptive properties. The obtained data showed that both considered parameters, glycerol/silica weight ratio and pyrolysis 
temperature, are important factors in developing the carbon properties. The variation of above mentioned parameters conduct to a 
progressive deterioration of the carbon structure, associated with structure shrinking and pore walls breaking. Especially significant 
changes in the structural properties of the studied mesoporous carbon materials occurred for those heated at 1000 °C, which 
manifested themselves in a loss of the total pore volume. It was found that the mesoporous carbons exhibited better thermal stability 
reflected by the presence of residual mesopores and/or nanostructure ordering. The studies show that the adsorption of methylene 
blue and phenol onto glycerol-derived mesoporous carbon materials is influenced by their surface chemistry given by the synthesis 
conditions. 
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1. Introduction 

 
Recently, many researches have been focused 

on mesoporous carbon materials due to their 
characteristic features as high surface homogeneity, 
good electrical conductivity and chemical inertness 
(Gierszal et al., 2008). In addition, their pore size is 
controllable, these materials have high surface area, 
and their surface properties are tailorable (Ryoo et al., 
2001). Besides the electro-catalytic application 
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(Gadiou et al., 2005; Kim et al., 2006; Wang et al., 
2004), some applications in the field of hydrogen 
storage, super-capacitor, or adsorption of bulky 
molecules on mesoporous carbon materials have been 
found (Secula et al., 2018; Wu et al., 2008). 

Mesoporous materials are promising 
adsorbents, because of their excellent physical and 
chemical properties (Kresge et al., 1992), which make 
them applicable in sorption processes of various 
molecules. Mesoporous carbon materials are of great 
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research interest among the mesoporous materials due 
to their above mentioned exceptional properties 
(Palanichamy et al., 2014). The main goal of these 
study is to investigate the effect of synthesis 
parameters on sorptive properties of glycerol-derived 
mesoporous carbon materials prepared via template 
method. 

Generally, mesoporous carbon materials are 
synthesized by hard template method and, for the first 
time, Ryo et al. (1999) synthesized ordered 
mesoporous carbon (CMK-1) using sucrose as carbon 
precursor and MCM-48 silica template (Carlsson et 
al., 1999). Subsequently, a series of ordered 
mesoporous carbon materials with uniform pore sizes 
were prepared through carbonization of polymers 
(furfuryl alcohol) inside the pore channels of SBA-15, 
MCM-48 silicas (Fuertes, 2004; Kim et al., 2003). 
Recently, Ignat and co-workers reported the hard 
template synthesis of ordered mesoporous carbon 
using glycerol as new carbon precursor (Ignat et al., 
2010). Therefore, this work continue the research and 
report the study on the effect of the synthesis 
parameters that affect the structural, textural, 
morphological and sorptive properties of glycerol-
derived mesoporous carbon materials. In this paper, as 
template was used SBA-15 silica and two parameters 
were considered in the hard template method, namely 
glycerol/silica weight ratio (of 0.5, and 1 respectively) 
and pyrolyzing temperature (of 800°C, and 1000°C 
respectively). It was found that decomposition of the 
carbon precursor, glycerol in this case, resulted more 
or less in amorphous carbon. The straight carbon 
nanorods were formed inside the pores of SBA-15 
silica, and the carbon structure was determined by the 
reaction temperature and glycerol/silica weight ratio. 
The resulting materials were characterized using small 
angle X-ray scattering technique (SAXS), nitrogen 
adsorption-desorption measurements, scanning 
electron microscopy (SEM), transmission electron 
microscopy (TEM), thermogravimetric analysis 
(TGA/DTG), Fourier transform infrared spectroscopy 
(FTIR). The adsorption tests of water vapors, phenol, 
and methylene blue were performed and the obtained 
results are comparable with that found in the literature. 

 
2. Experimental 

 
2.1. Synthesis of mesoporous carbon materials  

 
In this paper, the mesoporous carbons are 

prepared via hard template method using SBA-15 
silica as template. The synthesis of SBA-15 silica 
template was performed according to a method 
proposed by Hartmann and Vinu (2002). Two 
different parameters as glycerol/silica weight ratio (of 
0.5 and 1 respectively) and pyrolysing temperature (of 
800°C, and 1000°C respectively) were considered for 
the synthesis of mesoporous carbon materials.  

In a typical experiment for the synthesis of 
mesoporous carbon materials, 1 g of mesoporous 
silica powder, SBA-15, was impregnated with a 
glycerol solution of different concentrations in order 

to achieve the glycerol/silica weight ratios of 0.5 and 
1, respectively. The obtained mixtures were then 
subjected to the polymerization in the oven for 6 h at 
100°C, then the temperature was raised up to 160°C 
for other 6 h (1°C/min) in order to obtain a full 
polymerized glycerol inside silica channels. The 
silica-polyglycerol powder was then subjected to 
pyrolysis in a N2 flow, at 800°C (8) or 1000°C (10), 
respectively, for 5 h, in order to carbonize the polymer 
inside silica pores. After that, the silica template have 
been removed with 10% HF solution, and the black 
solid was then filtered, washed with distilled water 
three times, with ethanol and dried at room 
temperature. The obtained samples were labeled as 
xC8 and xC10 (x = glycerol/silica weight ratio). 

 
2.2. Characterization techniques 

 
Small angle X-ray scattering was used to 

characterize the nanometric structure of the powdered 
sample phase. The data were collected on a Bruker-
Nanostar U apparatus equipped with a 3-pinhole 
collimation system providing a precisely parallel X-
ray beam with high intensity and virtually no 
background, achieving fast measuring times and 
extremely high resolution. The scattering intensity 
was measured as a function of scattering vector, q, 
being defined as q = (4π /λ)sinθ, where 2θ is the 
scattering angle and λ is the X-ray wavelength (1.54 
Å). The SEM images were obtained using a JSM 5510 
microscope, operating at an accelerating voltage of 
15 kV. The TEM measurements were performed using 
a HITACHI T7700 microscope operated at 120 kV, 
using copper grids (300 mesh) coated with ultrathin 
carbon film on holey carbon support film (Ted Pella, 
Redding, CA). The textural properties of the carbon 
samples were determined by a Quadrasorb SI 
(Quantachrome) automated gas adsorption system 
using nitrogen as adsorbate at -196˚C. All samples 
were out gassed for 16 h at 200 ˚C. The specific 
surface area was estimated from the BET equation. 
The total pore volume was taken at P/P0 = 0.95. Pore 
size distributions (PSDs) were determined using 
Barrett-Joyner-Halenda equation (Barrett et al., 1951). 
Thermogravimetric experiments were performed on a 
Mettler TG-50 thermobalance connected to a TG 10A 
processor at a heating rate of 5°C/min, and under 
oxygen flow. The surface chemistry of the obtained 
materials was investigated by Fourier-Transform 
Infra-Red spectroscopy (FT-IR) performed on a 
Nicolet Nexus spectrometer equipped with a MCT/B 
detector. The samples were mixed with KBr and 
compressed into pellets. 

 
2.3. Sorption experiments 

 
Water adsorption isotherms were collected 

with a home-built volumetric sorption system gifted 
with a rotary vane pump and a turbomolecular pump, 
which pressure transducer range is 1–1000mbar 
(resolution 0.1 mbar). Water adsorption data were 
obtained at room temperature for all samples using the 
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same sample holder. A small amount of pure water 
was introduced in a tank, which was then evacuated 
for air removal, leaving a saturated water vapor 
atmosphere. The sample holder was connected to the 
water vapor tank through a glass tube gifted with 
valves, which allow the control of the relative 
humidity of the sample environment. Water vapor 
isotherms were obtained by setting pressure intervals 
relative to the saturation vapor pressure. Prior to 
measurements, samples were out gassed for 16 h at 
200˚C. 50 mL of methylene blue (MB) and phenol 
(Ph) standard solutions with predetermined initial 
concentration of 10, 20, 30, 40, and 50 mg/L were 
taken in the 100 mL conical flasks containing 0.01 g 
of carbon sample. In order to prevent sunlight from 
causing color bleaching, the flasks containing 
mixtures were kept in a dark box, stirring them 
continuously for 12 hours. Then, the solution was 
filtrated and the clear supernatants were then analyzed 
using a UV-Vis spectrophotometer (Shimadzu 2401) 
at their maximum wavelength. Also, the liquid/solid 
ratio have been varied and was found that 0.01 g of 
solid is the optimum mass for adsorption process.  

 
3. Results and discussion 

 
3.1. Structural characteristics of carbon materials 

 
Fig. 1 shows the small-angle X-ray scattering 

patterns of templated carbon materials synthesized 
from different glycerol/silica weight ratios being 
carbonized at 800°C and 1000°C, respectively 

The SAXS patterns of carbon samples show 
three peaks, corresponding to (100), (110) and (200) 

reflections indicating a 2D hexagonal space group 
p6mm (Zhang et al., 2002). The (100) peak is 
positioned at around 1° and allows to calculate the 
interplanar distances and unit cell parameters, while 
the (110) and (200) long order weak peaks are 
positioned in the range of 1.5°-2.0°, confirming that 
the synthesized mesoporous carbon materials retained 
the hexagonal structure of the silica template. All 
SAXS intensity profiles are the product of the cylinder 
form-factor for the individual pores. Because there is 
no possibility to dilute such systems, the general 
intensity profiles for an assembly of parallel pores is 
very complex. The general shape of SAXS profiles 
characterizing synthesized mesoporous carbon 
materials is similar for all samples. A regular pattern 
is clearly defined covering the s-range from 0.05 to 0.2 
nm-1, but a little bit displaced to different s values for 
each sample. For example, the mesoporous carbon 
prepared from the 0.5 glycerol/silica ratio, 0.5C800 
sample, provided the first broad peak at a value of s of 
approximately 0.08 Å-1 (d = 7.8 nm) with second-order 
reflections at 31/2s that correspond to the short-range 
order of a hexagonally packed cylinder structure (this 
result is consistent with the TEM image shown in Fig. 
5, which displays a rod-like structure). 

The same procedure has been applied for all 
carbon samples and the calculated unit cell parameters 
and corresponding interplanar distances are 
summarized in Table 1. These features arise from 
Bragg peaks (Fig. 1) in the structure factor from the 
two-dimensional hexagonal array of pores. The Bragg 
peaks are broad and could not give the full range of 
sharp peaks characterizing a perfect hexagonal lattice, 
meaning that there are areas with disordered pores. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 

(a) (b) 
 

Fig. 1. SAXS profiles of 0.5C8, 0.5C10 (a), 1C8, and 1C10 (b) carbon samples 
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Table 1. Textural and structural characteristics of the synthesized mesoporous carbon materials in different conditions 
 

Sample 
Parameter* 

0.5C800 0.5C1000 1C800 1C1000 

SBET, m2/g 1138 1150 1370 1390 
Vtot, cc/g 1.34 1.1 1.5 1.03 

Vmicro, cc/g 0.022 0.038 0.025 0.035 
Smicro, m2/g 54 82 78 97 

Mesoporosity, % 95 92 94 92 

dp, nm 3.5 2.7; 3.75 4.0 2.7; 3.7 

d100, nm 7.8 8.2 8.7 8.4 
a0, nm 9.1 9.5 10.0 9.8 
Wt, nm 5.6 6.8; 5.75  6.0 7.1; 6.1 

Note: SBET is apparent surface area calculated by the BET method; Vtot - total pore volume calculated as the amount of nitrogen adsorbed at a 
relative pressure of P/P0 = 0.95; Vmicro - micropore volume calculated by the t-plot method; Smicro - micropore surface area calculated using t-plot 
method; Mesoporosity is the percentage of mesoporous surface area from the apparent surface area; dp- average pore diameter resulted from BJH 
method using adsorption branches; d100 - the d-spacing values were calculated by the formula d100=λ/2sinθ from the SAXS profile; a0 - unit cell 
parameter determined from SAXS using the formula a = 2 * 3-1/2d100; Wt* - pore wall thickness calculated by substracting the BJH pore size from 
the unit cell parameter. 

 
At the first look, is easy to observe that with 

increasing pyrolyzing temperature this reflections 
shift a little bit to higher 2θ values, indicating a 
variation of the interplanar distance and unit cell 
parameter, respectively. I(100)/I(110) ratio also changes 
with increased pyrolysis temperature, indicating that 
the regular arrangement of pores is modified. 
 
3.2. N2-sorption properties of carbon materials 
 

The nitrogen adsorption-desorption isotherms 
for all synthesized mesoporous carbon samples, 
shown in Fig. 2, are of type IV characterizing 
mesoporous materials with cylindrical pores. 

Analyzing all isotherms, it was found that the 
adsorption capacity decreased and the position of the 
capillary condensation step is shifted to lower relative 
pressures as the pyrolyzing temperature increases. By 
altering the conditions for the synthesis of carbon 
materials, it was found that the pyrolyzing temperature 
plays an important role for controlling the pore size 
during the carbonization step. Adsorption analysis (the 
BET specific surface area, and the pore diameter) 
(Table 1) indicates that the smallest pores and the 
highest surface area were obtained for highest 
pyrolyzing temperature and highest glycerol/silica 
weight ratio. This can be attributed to the fact that the 
temperature increase may result in the increase of 
quantity of volatile compounds released from inside of 
the carbon structure as result of the decomposition 
process of carbon precursor (Bouchelta et al., 2012). 
This phenomenon has been also observed by Soltani 
et al. (2013) demonstrating that a modified porous 
carbon with a high surface area is obtained when the 
carbonization temperature is increased. 

Comparing the pore size distribution of the 
synthesized samples, it could be observed that there 
are also some differences. Carbon materials 
synthesized at 800°C exhibit a uniform pore size 
distribution, while the pore size distributions of 
samples carbonized at 1000°C are non-uniform. This 
is explained in terms of both glycerol filling effect and 
silica template shrinkage during thermal treatment. 

Thus, as one may see from the corresponding pore size 
distributions (Fig. 2), the peak characterizing the 
average pore diameter become narrow with the 
increase of the carbonization temperature. This means 
that at high temperatures are obtained mesoporous 
carbon frameworks with more uniform pores. In both 
cases of glycerol/silica weight ratios, a second peak is 
observed, centered at about 2.7 nm, indicating a clear 
bimodal porosity of the carbon materials synthesized 
at higher temperature. The bimodal porosity could be 
assigned to the carbon samples prepared at lower 
temperatures, but is not the case of the synthesized 
samples in this work. In this case the corresponding 
pore size distributions exhibit wide peaks, suggesting 
the presence of pores of different diameters varying 
from 1.5 nm to 5 nm for 0.5C8 sample, and from 2 nm 
to 7 nm for 1C8, respectively. This is understandable 
since the high temperature can result in much more 
shrinkage of silica structure (Vaudreuil et al., 2001).  

The micro-mesoporous structure is 
characteristic to all synthesized carbon materials no 
matter the pyrolysis temperature and/or glycerol/silica 
ratio. Therefore, analyzing the resulted micropore 
volumes and calculated mesoporosity, a clear trend 
could be observed. Thus, an enhanced microporosity 
in the carbon structure with increasing pyrolyzing 
temperature is observed. However, the involved of 0.5 
glycerol/silica weight ratio in the synthesis of 
mesoporous carbon material led to a greater increase 
of microporosity, of 1%, compare to glycerol/silica 
weight ratio of 1. The greater micropore volume is 
explained by the glycerol filling effect, i.e., the silica 
pore are not completely filled with carbon when 
glycerol/silica weight ratio is 0.5 and after 
carbonization, this effect is responsible for the 
formation of micropores through carbon structure. 
Considering the calculated unit cell parameters, as a 
result of SAXS measurements, and the mean pore 
diameter, taken as the maximum from the BJH pore 
size distributions, it was possible to calculate the pore 
wall thickness. It was expected that, with the increase 
of glycerol/silica ratio, the pore wall thickness 
increases also, as is shown in Table 1.  



 
Effect of synthesis parameters on sorptive properties of glycerol-derived mesoporous carbon  

 

 63

 

  

 
Fig. 2. Nitrogen adsorption isotherms and corresponding pore size distributions 

 of 0.5C8 and 0.5C10 (a), 1C8 and 1C10 (b) carbon samples 
 

As observed from the Table 1, interesting is to 
find out that the temperature has a beneficial effect on 
the wall thickness, the carbon walls becoming thicker 
with the increase of the pyrolyzing temperature. 

 
3.3. Investigation of thermal stability 

 
Thermal gravimetric analysis (TGA) is the 

effective way to assess the crystallinity and purity of 
mesoporous carbon materials by testing their thermal 
stability under oxidative conditions. The Fig. 3 shows 
the TGA/DTG curves recorded on the synthesized 
mesoporous carbon materials. As observed, 
significant difference in oxidative mass change occurs 
between carbon samples prepared in different manner, 
and the dominant weight loss step is due to the burning 
out the carbon as CO2. Under air atmosphere, the TGA 
curves show a single step of degradation. The first part 
of curves corresponds to the removal of moisture with 
a total loss of about 4%. At the end of experiment, 
when temperature was raised up to 600°C, the carbon 
materials were completely burnt off in oxygen 
atmosphere. The dominant weight loss occurs in the 
range of 500-550°C, due to the removal of the carbon 
species from the system with a total degradation of 
about 86%. Finally, less than 10% of residue remains 
unburnt, in the case of 0.5C1000 carbon sample, 
meaning that this is the only sample that may still 

contain incompletely removed silica. The other 
synthesized carbon samples contain less than 2% of 
residues, indicating that a large extent of the silica 
template has been removed from the system. 

The narrow peaks found in the range 500-
630°C present in the first-derivative weight loss 
curves (DTG) are due to the combustion, where the 
carbon species were removed as CO2 gas. 

With respect to the gasification temperature of 
the commercial graphite (being in the range of 520 - 
680°C), the gasification temperatures of the 
synthesized mesoporous carbons is found to be 
somehow similar. Thus, the graphitization process of 
the synthesized carbon occur almost completely at the 
used pyrolyzing temperatures. As could be seen in the 
Fig. 3, the DTG curve of the obtained 0.5C8 carbon 
sample, exhibit a narrow strong peak indicating that 
the decomposition of this sample occurs in a single 
stage.  

Contrariwise, the DTG curve of 1C8 carbon 
sample exhibit two peaks, suggesting that the 
decomposition of such carbon occurs in two stages: 
one high peak at low temperature and another at higher 
temperature (as a shoulder), indicating different 
bonded carbon in the framework. As observed, the 
DTG peaks of the carbon samples synthesized at 
higher temperatures widens and are centered at 580°C, 
increasing their thermal stability.  
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(a) (b) 
Fig. 3. TGA and corresponding DTG curves for the synthesized mesoporous carbons obtained from (a) 0.5 and  

(b) 1 gram of glycerol 
 

(a) (b) 
 

(c) (d) 
 

Fig. 4. SEM images of the synthesized mesoporous carbon materials ((a) 0.5C8, (b) 0.5C10, (c) 1C8, (d) 1C10) 
 

The DTG peaks centered at 50°C are assigned 
to the desorption of physically adsorbed carbon 
species and/or the polymerization of glycerol because 
it begins to polymerize in the presence of acid catalyst 
at temperatures lower than 100°C (Fitzer and Schäfer, 
1970; Martin and Richter, 2011). Therefore, in this 
case, probably the amount of partially graphitized 
species is diminished. One could be mentioned that the 

DTG curves of the samples prepared at higher 
temperature (1000°C) show higher peaks than that 
prepared at lower temperatures (800°C) resulting in 
the homogeneity of the carbon bonds. In conclusion, 
the thermal stability of the carbon materials decreases 
when a larger amount of glycerol is used in the carbon 
synthesis. Likewise, the calculated pore wall thickness 
increases with pyrolyzing temperature, and this could 
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be a plausible explanation for the decrease of the 
thermal stabilization of the carbon material. 
 
3.4. Morphology of synthesized mesoporous carbons 

 
Fig. 4 shows the SEM images of the glycerol-

derived mesoporous carbon materials synthesized at 
different temperatures using two glycerol/silica 
weight ratios. SEM images confirm that the templated 
mesoporous carbons display more or less a 
morphology of bundled rod-like particles. 

Additionally, the high-magnification SEM 
images of the synthesized carbon samples show that 
the carbon particles are segregated, indicating that the 
conglutination of the carbon particles did not occur 
during the pyrolysis process. But, actually, the particle 
conglutination has been already identified as a serious 
problem when a liquid carbon precursor is used in a 
template synthesis (Kim et al., 2005). The carbon 
particles conglutination at high pyrolyzing 
temperatures could be attributed to the silica template 
shrinkage during the thermal treatment. 

Fig. 5 show TEM image of 1C8 carbon sample, 
exhibiting clearly large domains with well-ordered 
hexagonal arrays of pore channels, which are similar 
to the structure of CMK-3 type of mesoporous carbon 
reported elsewhere (Joo et al., 2001). 

 

 
 

Fig. 5. TEM image of 1C8 mesoporous carbon sample 
 
3.5. Surface chemistry analysis 

 

Firstly, in order to prove that the 
polymerization of glycerol is accomplished at 160 °C, 
the FTIR spectra of intermediates S-gli (glycerol-
impregnated silica) and S-POL (polymerized glycerol 
on silica surface) were recorded and the collected 
spectra are shown in Fig. 6. 

In the FTIR spectrum of S-gli the band at 
3323cm-1 is attributed to the hydroxyl stretching 
vibration. The relative intensity of this band indicates 
the presence of the intermolecular hydrogen bonds 
between molecules. As expected, other characteristic 
bands    are    those    at    1425cm-1     and   1337cm-1  

corresponding to bonded primary and secondary 
alcohols and at 673 cm-1 corresponding to -OH group 
out-of-plane deformation vibration. The bands at 2937 
cm-1 and 2883 cm-1 are assigned to asymmetric and 
symmetric –CH2 stretching vibrations, while the band 
at 1032 cm-1 is attributed to Si-O from silica template. 

Further, knowing that by acid-catalyzed 
condensation of glycerol allowed to obtain a polyether 
product (Dube and Salehpour, 2012), the polymerized 
glycerol on silica surface was investigated. Thus, in 
the FTIR spectrum of the sample S-POL, the 
disappearance of the specific band assigned to primary 
alcohols at 1425 cm-1 confirms the condensation 
reaction. The characteristic band for the ether bond is 
overlapping with Si-O groups in the 1085-1120 cm-1 
spectral range. Other bands are those at 3381 cm-1 and 
at 1630 cm-1 attributed to the hydroxyl groups specific 
for the secondary alcohols from the structure. 

The surface chemistry of glycerol-derived 
mesoporous carbon materials were characterized by 
FTIR spectroscopy, and collected spectra are shown in 
Fig. 7. Because all samples have been dried prior 
analysis at 200°C, for 2 h, the FTIR spectra do not 
exhibit any strong band in the range 3400-3440cm-1(Li 
et al., 2006; Xiao and Thomas, 2006), meaning that 
the retained water molecules on the carbon surface 
have been removed during the thermal treatment. The 
small bands at 2920 and 2854 cm-1 are originated from 
the stretching vibration of C-H alkyl bond, and also 
their presence is confirmed by the observed shoulder 
in the range of 750-900cm-1(Serrano et al., 1999). The 
band at 1620 cm-1 is characteristic to C=C vibrations 
in terminal olefinic C=C bonds (Xiao and Thomas, 
2006). The band at 1725 cm-1 is attributable to C=O 
vibrations in carboxylic group (Joo et al., 2001; Li et 
al., 2006). The band at 1380 cm-1 is ascribable to –CH2 
or –CH3 groups (Serrano et al., 1999). There is also a 
broad characteristic band for C-O stretching vibrations 
observed in the range 900-1300 cm-1 coming from 
alcoholic, phenolic or carboxylic functional groups 
(Kim et al., 2005; Li et al., 2006). The broadness of 
this peak is due to the overlapping of various bands of 
functional groups. For exaample the band at 1100 cm-

1, may be due also to O-H bending in the structure of 
carboxylic groups (Joo et al., 2001).  

Therefore, at the used pyrolyzing temperatures, 
the glycerol is polymerized and turned to aromatic 
structures. An increase of the polyaromatic order of 
glycerol-derived mesoporous carbon materials with 
increasing pyrolyzing temperature was observed, as 
demonstrated by increasing band intensity at 1620cm-

1. These results explain the higher thermal stability of 
the carbon samples synthesized at higher 
temperatures, as have been demonstrated by 
TGA/DTG measurements. As FTIR spectra confirm 
that there are many functional groups distributed at the 
surface of the glycerol-derived mesoporous carbons, 
and these functional groups are responsible for the 
improvement of the hydrophilicity and wettability of 
carbon materials, water adsorption measurements 
have been done.  
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Fig. 6. FTIR spectra of S-gli (glycerol-impregnated silica) and S-POL (polymerized glycerol on silica surface) 
 

 
 (a)  (b) 

 
Fig. 7. FTIR spectra of dried mesoporous carbon materials synthesized  

in different conditions: 0.5C8/0.5C10 (a) and 1C8/1C10 (b) 
 

This important feature of the mesoporous 
carbon material is advantageous for many applications 
as water/air purification (Suzuki, 1994), energy 
storage (Burchell, 1999) haemoperfusion (Guo et al., 
2009), supercapacitor (Frackowiak et al., 2000; 
Hwang and Hyun, 2004) etc. Thus, water adsorption 
isotherms are shown in Fig. 8, which are of type V 
characteristic to porous carbon. The water adsorption 

isotherms of glycerol-derived mesoporous carbons 
show that even at low pressures a significant uptake of 
water vapors occurs. This behavior is a consequence 
of the carbon-water interactions, when active sites are 
present on the carbon surface. The adsorption 
isotherms agree qualitatively with experimental data 
obtained from FTIR measurements and the water 
sorption mechanism can be explained as the 
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following: at low pressures, water uptake occurs via 
the bonding of isolated water molecules to the oxygen-
containing surface groups. It is well known that the 
water adsorption on a carbon surface without surface 
sites does not occur. Further, as the relative pressure is 
increased, the adsorption process occurs either directly 
to a surface site or to other water molecules already 
adsorbed at low relative pressures. 

Afterwards, when all surface sites are covered 
by a cluster of water molecules, only a little further 
uptake occurs until near saturation point. However, the 
carbon samples synthesized at low temperatures 
(800°C) adsorb less water vapors than those pyrolyzed 
at higher temperatures (1000°C), and, as the pyrolysis 
temperature increases, the inflexion point is shifted 
towards lower relative pressures. This most likely is 
due to a slight increase of the specific surface area, as 
well as increase of the micropore volume of the 
0.5C10 and 1C10 carbon samples. 
 
3.6. Sorption results 

 
In order to prove the sorptive properties of the 

synthesized carbon materials and point out that the 
synthesis conditions are very important, we were 
looking for some possible applications as sorbents for 
phenols and dyes from aqueous solutions (Apreutesei 
et al., 2009; Idris et al., 2017). Firstly, because the 
Infrared Spectroscopy provided a valuable 

information on the functionalized carbon surface, the 
synthesized mesoporous carbon materials were tested 
in the sorption process of Methylene Blue from 
aqueous solution. The obtained results are great 
compare to other porous carbon structures reported in 
the literature (Table 2). 

Also, as on the carbon surface are non-
functionalized areas, giving them the hydrophobic 
character, phenol sorption experiments have been run. 
In the Fig. 9 is shown the phenol adsorption results 
obtained on the most hydrophobic mesoporous carbon 
material synthesized in this work. 

 
4. Conclusions 

 
In this paper, structural, textural, and 

morphological properties of glycerol-derived 
mesoporous carbon materials in different synthetic 
conditions were studied. It was found that 
decomposition of the polymerized carbon precursor, 
glycerol in this case, resulted in amorphous carbon. 
The straight carbon nanorods were formed, and their 
structures were determined by two parameters: the 
reaction temperature (800°C and 1000°C) and 
glycerol/silica weight ratio (0.5 and 1).  

As result, the rod-like structured carbon 
materials exhibit cylindrical pores ordered in a 
hexagonal symmetry, being limited this way by the 
silica pores.  

 

 
(a) (b) 

 
Fig. 8. Water adsorption isotherms at 25 °C on glycerol-derived mesoporous carbon samples:  

0.5C8, 0.5C10 (a) and 1C8, 1C10 (b) 
 

Table 2. Comparison of the sorption capacities of the obtained glycerol-derived mesoporous carbon materials with that of 
other carbons reported in the literature 

 

Sample 
Water adsorption 
capacity, mmol/g 

Phenol adsorption 
capacity, mg/g 

Methylene blue adsorption 
capacity, mg/g 

Reference 

0.5C8 0.0022 102 582 This work 
0.5C10 0.0032 98 650 This work 
1C8 3.9 58 675 This work 
1C10 4.3 53 687 This work 

Activated carbon - 18 410 
Shawabkeh and Abu-
Nameh (2007) 

Activated carbon - 97 - Karabacakoglu et al. (2008) 
Activated carbon - - 590 Abdulkarim et al. (2002) 
Carbon nanotubes - - 580 El Qada et al. (2006) 
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. 
 

(a) (b) 
 

Fig. 9. Methylene blue adsorption capacities for the synthesized mesoporous carbon materials  
(0.5C8, 0.5C10, 1C8, 1C10 samples) and Phenol adsorption on 0.5C8 sample 

 
The increase of the pyrolyzing temperature 

results in a decrease of the structural parameters 
modifying the regular arrangement of pores. The 
increase of the pyrolyzing temperature and the 
glycerol/silica weight ratio lead to an increase of the 
total specific surface area, as well as the micropore 
surface area.  

Nitrogen sorption measurements showed that 
the smallest pores and the highest specific BET 
surface area were obtained for the highest pyrolyzing 
temperature and highest glycerol/silica weight ratio. 
Thus the temperature increase results in the increase 
of quantity of volatile compounds released from inside 
of the carbon structure as the result of decomposition 
of the carbon precursor, thus reducing mesoporosity of 
the carbon material and enhancing its microporosity. 
Also, it was demonstrated that the investigated 
parameters have an effect on the carbon surface 
chemistry and thermal stability. Regarding adsorption 
of water vapors on the surface of synthesized carbon 
materials, the increase of pyrolyzing temperature 
results in a slight increase in the amount of adsorbed 
water. These results of sorption experiment suggest 
that the water adsorption depends on both the surface 
chemistry and specific surface area of the synthesized 
glycerol-derived mesoporous carbon materials. 

Once the surface have been characterized, the 
sorptive properties of the synthesized mesoporous 
carbon materials were tested. As result, comparable or 
even higher sorption capacities for phenol and 
methylene blue were obtained. In conclusion, the 
glycerol-derived mesoporous carbons synthesized via 
template-assisted method have great surface 
properties that make them good sorbents for organic 
molecules. 
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