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ABSTRACT

In the present study, cetyltrimethyl ammonium bromide (CTAB) was coated on the surface of
ordered mesoporous carbon (OMC) and was used as an adsorbent to remove hexavalent chro-
mium (Cr(VI)) from aqueous solution. The structural order and textural properties of this meso-
porous adsorbent was studied by XRD and nitrogen adsorption. The amount of CTAB on the
carbon surface was confirmed by TGA analyses. Adsorption experiments were conducted in the
batch mode to evaluate the effect of variables of contact time, solution pH, dose of adsorbents
(CTAB-OMC and OMC) and temperature, on the amount of adsorption. Maximum adsorption
of chromium was observed at solution pH 4. The mechanism of adsorption was found to be the
electrostatic attraction of acid chromate ion towards protonated CTAB-OMC. Adsorption equili-
brium was achieved within 3—4 h for initial concentrations of Cr(VI) of 10-100 mg/L. Maximum
monolayer capacity of CTAB-OMC was observed as 1.4 mmol/g at pH 3 and temperature of
313 K. The adsorption isotherms of chromate ion were in agreement with the Langmuir model.
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1. Introduction

The presence of chromate and other chromium
anions in various sources of water is an important
issue, since the toxicity of these species can result in
death, if are taken either over a long period or present
in high concentrations. The chemical form of chro-
mium determines its potential toxicity; as Cr(VI) is
believed to be more carcinogenic in humans than
Cr(Ill) species [1]. The carcinogenic and toxicity of
Cr(VI) are based on its oxidation state where the chro-
mate anion resembles the form of sulfate and phos-
phate [2]. Hence, the regulation for the limitation of
Cr(VI) concentration in water should be highlighted
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and emphasized in each and every country. Limits of
chromium concentration in water differ in almost
every country. As a guideline, World Health Organiza-
tion (WHO) recommended a maximum level of 0.050
mg/L for Cr(VI) in drinking water [3] and the National
Institute for Occupational Safety and Health (NIOSH)
proposed that the level of chromium should be
reduced to 1072 mg/L [4].

A number of treatment methods for the removal of
metal ions from aqueous solutions including ion
exchange, electrochemical reduction, evaporation, sol-
vent extraction, reverse osmosis, chemical precipita-
tion, membrane filtration and adsorption have been
reported [5]. Most of these methods, however, involve
high capital costs and lack of suitability for small-scale
industries. On the other hand, the adsorption process is
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generally known to be one of the most effective techni-
ques for the removal of hazardous metals. As a promis-
ing method, the adsorption technique has been studied
for the removal of chromate ions.

Adsorbents with strong affinity and high loading
capacity have been developed for target cations
through the surface modification of various substrates,
such as polymers and clays with metal complexing
groups [6, 7]. Carbon is the most common adsorbent
material, which has a huge specific surface area, plenti-
ful micro and macro pores, and a high adsorption capa-
city. This adsorbent is economically favorable because
it can be made from various low-cost materials of high
carbonaceous contents including wood, coal, petro-
leum coke, sawdust, and coconut shell [8].

Recently, a surface-modification technique has been
reported to enhance the adsorption rate and capacity of
carbon-based adsorbents [8-9]. Surfactants are
adsorbed onto the solid surfaces and change the sur-
face properties of the interfacial areas. In recent years,
the application of surfactants in the treatment pro-
cesses of water and wastewater streams has been
increased [10-14].

Recently, Ryoo et al. prepared ordered mesoporous
carbons (CMK-x) from mesoporoussilica templates such
as MCM-48, SBA-1 and SBA-15 using sucrose as the car-
bon source. Mesoporous carbon materials with ordered
pore structure, high pore volume, high specific surface
area, and tunable pore diameters can be prepared using
the hard template method [15]. Due to its open-pore
structure and mesoporous properties, mesoporous
carbon provides marked advantages over typical acti-
vated carbons in the adsorption and diffusion processes
[16-20]. Achievements in the development of mesopor-
ous materials have been reported, particularly in the area
of adsorbent and catalysis manufacturing. Recently, the
adsorption of chromate and other heavy metal ions
using mesoporous carbon was reported [21-23].

In this study, the effect of a cationic surfactant,
cetyltrimethylammonium bromide (CTAB) on the
adsorption of Cr(VI) onto the ordered mesoporous car-
bon was investigated. The influence of the surfactant
was analyzed in terms of both adsorption kinetics and
adsorption isotherms for Cr(VI). The effect of pH on
the adsorption was also investigated. Furthermore,
Langmuir and Freundlich adsorption isotherms were
studied to explain the sorption mechanism.

2. Materials and methods
2.1. Materials

The chemicals used were tetraethyl orthosilicate
(TEOS) as a source of silica, CTAB as a surfactant,

sodium hydroxide (NaOH), sodium fluoride (NaF),
and deionized water for the synthesis of mesoporous
silica (MCM-48), and sucrose as a source of carbon,
potassium dichromate (K,Cr,O7) and sulfuric acid
(HySOy) as a catalyst for the synthesis of mesoporous
carbon. All chemicals were of analytical grade and
were purchased from Merck.

2.2. Synthesis of silica template and OMC

High quality MCM-48 material was prepared fol-
lowing the synthesis procedure reported by Shao
et al. [24]. Accordingly, 1.25 g sucrose and 0.14 g
H,50,4 were dissolved in 5.0 g H,O. 1 g of MCM-48 was
added to this solution. The sucrose solution corre-
sponded approximately to the maximum amount of
sucrose and sulfuric acid that could be contained in the
pores of 1 g MCM-48. The resultant mixture was dried
in an oven at 373 K. The oven temperature was subse-
quently increased to 433 K. After 6 h at 433 K, the
MCM-48 silica containing the partially carbonizing
organic masses was added to an aqueous solution con-
sisting of 0.75 g sucrose, 0.08 g H,SO,4 and 5.0 g H,O.
The resultant mixture was dried again at 373 K; the
oven temperature was subsequently increased to 433
K. This powder sample was heated up to 1173 K under
a vacuum condition using a fused quartz reactor
equipped with a fritted disk. The obtained carbon-
silica composite was washed twice with 1 M NaOH
solution of 50% ethanol and 50% H,O at 363 K, in order
to completely dissolve the silica template. The carbon
samples obtained after the silica removal were filtered,
washed with ethanol and dried at 393 K.

2.3. Chemical modification of OMC

Chemical modification of the prepared ordered-
mesoporous carbon was conducted by immersing 5 g
of adsorbent in 100 ml of CTAB solution of critical
micellar concentration for 4 h. Adsorbents were then
separated using Whattman filter paper, rinsed with
deionized water, dried in an oven overnight at 383 K,
sieved to the required sizes and stored in desiccators
for further applications.

2.4. Characterization

The X-ray diffraction patterns were recorded on a
Philips 1830 diffractometer using Cu K« radiation. The
diffractograms were recorded in the 20 range of 0.8-10
with a 20 step size of 0.01° and a step time of 1 s.
Adsorption-desorption isotherms of the synthesized
samples were prepared at 77 K on a micromeritics
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model of ASAP 2010 sorptometer to determine the
average pore diameter. Pore-size distributions were
calculated by the Barrett-Joyner-Halenda (BJH)
method, while surface area of the samples was mea-
sured by Brunaure-Emmet-Teller (BET) method. Ther-
mal analysis was carried out using a NETZSCH
STA449C analyzer. The instrument settings were a
heating rate of 10°C/min and a nitrogen atmosphere
with a flow rate of 100 mL/min. About 25 mg of a
ground adsorbent sample was used for each particular
measurement. The differential weight loss was calcu-
lated from the weight-loss curve, where peaks repre-
sent the weight loss.

2.5. Adsorption studies

A stock solution of 200 mg/L of Cr(VI) was pre-
pared by dissolving an appropriate amount of the
Cr(V]) in ultra-pure water (18 M2 ¢cm) derived from
a Milli-Q plus 185 water purifier. Batch adsorption
experiments were conducted by agitating the Cr(VI)
solutions in 500-mL amber Winchester bottles on a Gal-
lenkamp incubator shaker. The shaker was set at either
temperature of 293, 303 and 313 K, and a speed of 150
rpm. Initial solution concentrations of 10-100 mg/L
were prepared by pipetting out the required amounts
of Cr(VI) from the stock solution. The volume of the
solution in each bottle was maintained at 500 mL and
the solutions were adjusted to pH 5. About 0.01 g of
each adsorbent was accurately weighed on the alumi-
num foils using a Sartorious (Model BP 201D) analyti-
cal balance. The adsorbents were transferred into the
bottles containing 50 mL of the solutions. The bottles
were shaken vigorously for various periods in the incu-
bator shaker (New Brunswick Scientific C25 Model).

The amount of the adsorbed Cr(VI) was calculated by
subtracting the amount found in the supernatant liquid
from the initial amount of Cr(VI). The concentration of
Cr(VI) was measured by means of UV-Vis spectrophoto-
meter (UV mini 1240 from Shimadzu). Absorbance was
measured at a wavelength (Ayay) of 372 nm [25]. Centri-
fugation was used prior to the analysis in order to avoid
the potential interference from suspended scattering
particles during the UV-Vis analysis. The adsorption
capacities were calculated based on the differences
among the concentrations of solutes before and after the
adsorption according to the following equation [26]

o= (G 0

where g, is the concentration of the adsorbed solute
(mmol/g); Cy and C, are the initial and final (equili-
brium) concentrations of the solute in solution

(mmol/L); V (mL) is the volume of the solution and
W (g) is the mass of the adsorbent.

2.6. Adsorption kinetics of Cr(VI)

Equilibrium of Cr(VI) adsorption onto the adsor-
bents was measured by mixing 60 mg of the adsorbents
by 15 mL of distilled water in a 500-mL flask for about
10 min. A volume of 285 mL of Cr(VI) solution was
quickly introduced into the flask (keeping the concen-
tration of the resulting solutions at 50 mg/L) and con-
tinuously stirred at 293 K. Samples were taken by fast
filtration at particular time intervals. The concentration
of residual Cr(VI) in the solution was measured and the
amount of adsorption (g,) was calculated according to
the following equation [27].

(Co—C)V
qle = ()
where ¢; is the amount of adsorption at time ¢, Cy is the
initial concentration of Cr(VI) in the solution, C; is the
concentration of Cr(VI) at time ¢, V is the volume of
Cr(VI) solution, and m is the mass of OMC and
CTAB-OMC.

3. Results and discussions
3.1. Characterization of the CTAB-OMC and OMC samples

The prepared mesoporous carbon samples in this
study were characterized by Nitrogen adsorption-
desorption analysis and X-ray diffraction (XRD)
techniques.

Nitrogen physisorption is the method more ade-
quate to investigate the mesoporous materials. This
method gives information on the specific surface area
and the pore diameter. Calculating the pore diameters
of mesoporous materials using the BJH method is very
common. Former studies show that the application of
the BJH theory gives appropriate qualitative results
which allow a direct comparison of relative changes
between different mesoporous materials.

The nitrogen sorption isotherms of the OMC and
CTAB-OMC, are of type IV shape. Interestingly, the
pore size distributions are essentially the same as
before acid oxidation. The adsorption uptakes at rela-
tive pressures close to p/p, = 0 are identical. However,
the total uptakes are slightly different, increasing with
the surface modification with cationic surfactant
(CTAB). As shown in Table 1, the increase in the speci-
fic surface areas is 5.6% and the decrease in the pore
volumes is 10.1%), respectively. From the nitrogen sorp-
tion isotherms (Fig. 1) of mesoporous carbons before
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Table 1
Textural parameters of the OMC and CTAB-OMC employed
in this study

Adsorbent d spacing ABgT Ve

(nm) (m* g™ (em® g™
OMC 3.4 1010.5 0.69
CTAB-OMC 3.0 1067.4 0.62

and after chemical modification, it can be seen that
after chemical modification the obtained carbons still
have type IV isotherms, indicating that mesoporosity
is preserved. The modification leads to an increase in
the total uptake of the modified carbons, which reflects
the increase of the total pore volume resulting from
surfactant modification. The modified mesoporous car-
bons essentially keep the bimodal pore size distribu-
tion, which is characteristic of the parent OMC. The
textural parameters which are listed in Table 1, clearly
confirm the structural changes of modified OMC.

In order to check the structural degradation,
XRD data of CTAB-OMC and OMC were obtained.
Figure 2 shows the XRD peaks of the samples. The XRD
patterns of CTAB-OMC show three diffraction peaks
that can be indexed to (110), (210), and (220) in the 26
range from 0.8° to 10°, representing well-ordered cubic
pores [28]. The XRD patterns of OMC carbon and
CTAB-OMC (Figure 2) show well-resolved reflections
indicating that OMC carbon nicely maintains its origi-
nal structure even after the modification by cationic
surfactant. For CTAB-OMC sample, the cubic structure
of OMC was well maintained; but, the XRD reflections
become less pronounced. That might be either due to
the partial damage of the mesoporous (cubic) structure
or due to the decreased contrast between the walls and
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Fig. 1. Adsorption-desorption isotherms of nitrogen at 77 K

on OMC and CTAB-OMC. The insert shows the BJH pore size

distribution calculated from the desorption branch of the
isotherm.
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Fig. 2. XRD pattern of CTAB-OMC and OMC.

pores, because of the cleavage of the carbon species
from the pore walls.

Figure 3 shows thermogravimetric analysis (TGA)
curve of the CTAB-OMC using a nitrogen atmosphere
and a heating rate of 5°C min . The weight loss cen-
tered at 220°C is due to the decomposition of CTAB
in nitrogen (the melting and decomposition tempera-
tures for CTAB are around 230°C). The weight of the
sample at 400°C is about 90.2% of that for the starting
CTAB-OMC. It can be concluded that the content of
CTAB in OMC is about 10 wt%.

3.2. Adsorption studies
3.2.1. Effect of contact time and amount of sorbent

In order to determine the equilibration time for
the maximum uptake and the kinetics of the adsorp-
tion process, the adsorption of chromate ions onto
ordered mesoporous carbon adsorbents were studied.
From the results which are shown in Figure 4, it is
seen that the rate of uptake for the chromate is rapid

=
o
=3

Weight (%)
8 5 48 2 8 8

s B

k=l

0 100 200 300 400 500 600 00 800 900
Temprature ( C)

Fig. 3. The TGA plots of the CTAB-OMC.



S
53

-
N

-

)
°
E
E08
E_
e 08 e
E /
=04 i -=-CTAB-OMC
[ " —=OMC
g v
<02 /‘
A/‘
0 r r r r
0 100 200 300 400 500

Contact time, (min)

Fig. 4. Effect of contact time on removal of chromate (Cr(VI) =
100 mg/L, agitation speed = 150 rpm, adsorbent dosage = 0.2
g/L, room temperature = 298 +1 K).

at the beginning and 50% of the adsorption is
completed within 60 min. Figure 4 also indicates that
the equilibrium time is reached within 220 min. Thus,
for all equilibrium adsorption studies, the contact
period was kept 360 min. The effect of variation in the
amount of carbonaceous adsorbents on the chromium
removal is shown in Figure 5. The amount of CTAB-
OMC and OMC were varied from 0.05 to 0.5 g/L at
an initial chromium concentration of 100 mg/L. It is
apparent that the equilibrium concentration in the
solution decreases with increasing the amount of
adsorbent. This result was anticipated because for a
fixed initial solute concentration, increasing the
amount of adsorbent provides greater surface area
(or adsorption sites).
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Fig. 5. Effect of CTAB-OMC and OMC amount (0.05-0.5 g/L)
on the adsorption of chromate ion (pH = 5, initial chromium
concentration = 100 ppm, agitation speed = 150 (rpm),
temperature = 303 K).

M. Anbia, S.E. Moradi | Desalination and Water Treatment 21 (2010) 44-52

1.4
o ..‘_ = -_ .
5 ———
°
£
E
T
E =293 K
8 -B-303 K
‘E // -=313 K
s {
£ ¥
2 ¥
< 0.2 4

0 T T T T T

0 100 200 300 400 500 600

Contact time({min)
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3.2.2. Effect of temperature

The effect of temperature on the adsorption was stu-
died in the range of 293-313 K for the initial concentra-
tion of 100 mg/L of Cr(VI). From the results which are
shown in Figure 6, it can be seen that the adsorption
capacity of Cr(VI) by carbonaceous adsorbents is
enhanced with increase in temperature. When the tem-
perature is 313 K, the maximum amount of Cr(VI)
adsorption reaches 1.2 mmol/g. On the other hand,
when the temperature is 293 K, the maximum amount
of Cr(VI) absorption reaches 1 mmol/g. In the case of
physical adsorption, the amount adsorbed increases
as the temperature decreases [29], but the amount of
Cr(VI) onto CTAB-OMC and OMC increases as the
temperature increases. This phenomenon may be due
to the increase in the rate of intra-particle of Cr(VI) into
the pores of the adsorbent at higher temperatures
which indicates that the diffusion plays an important
role in the process of adsorption [30].

3.2.3. Effect of pH

The Cr(VI) removal from water by an adsorbent is
highly depending on the pH of the solution, which sub-
sequently affects the surface charge of the adsorbent,
the degree of ionization, and the speciation of the
adsorbate species [31]. In aqueous media, Cr(VI) anion
is not a simple monovalent anion but rather a series of
chromate anions depending upon the pH and the solu-
tion concentration. Therefore, it was important to study
the effect of pH on the removal of Cr(VI) onto carbo-
naceous adsorbents. Figure 7 displays this phenomena,
i.e. removal of Cr(VI) by CTAB-OMC and OMC, for pH
values from 3 to 10. The removal capacities of Cr(VI) by
CTAB-OMC and OMC were observed to be the highest
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Fig. 7. Effect of pH on chromate ion removal over CTAB-
OMC as adsorbent ([Cr(VI)] = 100 mg/L adsorbent dose =
0.2 g/L, agitation speed = 150 rpm, temperature = 303 K).

where pH of the solution is 3, and to be the lowest
where pH of the solution is 10. The Cr(VI) species may
be represented in various forms such as H,CrO,,
HCrO;, CrOj and Cr,02 in the solution as a function
of pH. The speciation of Cr(VI) is affected by pH of the
solution through the following equilibrium [32]:

HCrO; « CrO}” +H"; pK, = 5.9 (1)
H,CrO4 <> HCrO; +H*Y; pK, = 4.1 (2)
Cr,03 + H,0 « 2HCrO;; pK, = 2.2 (3)

Above pH 6, the dominant species is the yellow chro-
mate anion, CrO3~, between pH 2 and 6, HCrO4 and
dichromate ions, Cr,O3 ™ are in equilibrium [33]. From
Eq. (1), the major species are HCrO; at pH 5and CrO3 ™
at pH 7. Because of the distribution of Cr(VI) in the
aqueous phase, which is in the form of anions, it is
clearly indicated that the OMC which has been modi-
fied with cationic surfactant is suitable to adsorb Cr(VI)
species at suitable pH values. The adsorption efficiency
of Cr(VI) was highest at pH 4 for each of the carbonac-
eous adsorbents while the adsorption decreased when
the pH increased. It is notable that the pH of the solu-
tion not only affects the adsorption sites of the sorbent
but also the ionic forms of the chromium solutions. On
the other hand, the adsorption of Cr(VI) could occur
via positively charged ligands. The low pH values lead
to an increase in H' ion concentration on the carbon
surface which results in strong electrostatic attractions
among positively charged AC surfaces and chromium
ions when the dominant form of Cr(VI) is HCrOy;.
Therefore, the adsorption of Cr(VI) species is appropri-
ate at low pH values. As the pH increases, the domi-
nant forms of Cr(VI) are CrO3~, Cr,O%  while the
OH™ ions are also increased. The affinity of OH™

towards the carbon surfaces is stronger than CrO;~
and Cr,O7 species and thus the adsorption sites are
mostly occupied by OH ™. As described above, at lower
pH values, the Cr(VI) species are present as HCrO4
and thus require one exchange site for one molecule
of Cr(VI) species at that particular pH value. In con-
trast, at high pH values, the divalent form of Cr(VI)
species (Cr,0%,CrO3 ") are dominant and require two
exchange sites from the adsorbent for the adsorption to
occur. The results have shown higher removal capaci-
ties of Cr(VI) species by CTAB-OMC and OMC at
lower pH values.

3.2.4. Kinetics of adsorption

Any adsorption process is normally controlled by
three diffusion steps: (i) transport of the solute from
bulk solution to the film surrounding the adsorbent,
(ii) from the film to the adsorbent surface, (iii) from the
surface to the internal sites followed by binding of the
metal ions to the active sites. The slowest step deter-
mines the overall rate of the adsorption process and
usually it is thought that the step (ii) leads to surface
adsorption and the step (iii) leads to intra-particle
adsorption [34]. Several kinetic models have been used
to explain the mechanism of the adsorption processes.
A simple pseudo-first order equation is given by
Lagergren equation [34]:

kit

log(¢e — ¢) = logge — 5= 3)
where g, and g are the amounts of Cr (VI) adsorbed
(mmol/g) at the equilibrium and time f, respectively,
and k; is the rate constant of adsorption (minfl). Plot
of log (q. —q) versus t gives a straight line for first order
adsorption kinetics which allows computation of the
rate constant k. The calculated g., k; and the corre-
sponding linear regression correlation coefficient
values are summarized in Table 2. As it is seen, the cal-
culated linear regression correlation coefficient (R?) is
relatively small, 0.988, and the experimental g. values
did not agree with the calculated values obtained from
the linear plots. On the other hand, the pseudo-second
order equation based on equilibrium adsorption is
expressed as [34]:

S @)

q kq? g

where k; is the pseudo-second order rate constant (g/
mmol min), g. and g represent the amount of Cr(VI)
adsorbed (mmol/g) at equilibrium and time t. The
equilibrium adsorption capacity (g.), and the second
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Table 2

Pseudo-first order and pseudo-second order constants of Cr(VI) adsorption by CTAB-OMC

Pseudo-first order constants

Pseudo-second order constants

e, exp (Mmol/g) g, cat (mmol/g) ki (g/mmol min) R?

e, exp (mMmol/g) g, cat (mmol/g) k» (g/mmol min) R?

1.45 1.25 0.007 0.988

1.45 1.55 0.008 0.996

order constants (k;) can be determined experimentally
from the slope and intercept of plot t/g versus t. The
calculated g, k» and the corresponding linear regres-
sion correlation coefficient values are summarized in
Table 2. R* value is greater than 0.99. As it is seen from
Table 2, the values of g, calculated from pseudo-second
order kinetics almost agreed with the experimental
values of g.. These results indicate that the adsorption
of Cr(VI) on the prepared activated carbon follows
pseudo-second order kinetics. Similar results have
been observed for Cr(VI) adsorption with other
materials [34,35].

3.2.5. Effect of chemical modification

In order to evaluate the efficacy of the prepared
adsorbents, the equilibrium adsorption of the chromate
ions was studied as a function of equilibrium concen-
tration. The adsorption isotherms of the chromate ions
on CTAB-OMC and OMC are shown in Figure 8. It is
seen that the order of adsorption in terms of the
amount adsorbed (mmol/g) on the carbonaceous
adsorbents is: CTAB-OMC >OMC.

Originally, carbon surface have both negative (anio-
nic) and positive (cationic) functional groups to attract
free ions from the solutions or suspensions. Apart from
wetting and solubilization, surfactants are also capable
to produce the electrostatic charge on the surface of the

Y
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Fig 8. Adsorption isotherm for chromate ion removal on
CTAB-OMC and OMC (contact time = 360 min, agitation
speed = 150 (rpm), adsorbent dosage = 0.2 g/L, room
temperature = 303 K).

ordered mesoporous carbon and in turn creating more
available active sites for the adsorption. Also, in the
presence of cationic surfactants, the presence of CTAB
on the surface of ordered mesoporous carbon intro-
duced positive adsorption sites (-NH,) into the surface
of mesoporous carbon. That may be the reason for car-
bonaceous adsorbents modified by CTAB to increase
the removal of chromate ions. Moreover, CTAB-
modified mesoporous carbon sorption of chromate
ions is rapid, indicating maximum penetration of the
adsorbate in less time, due to easy transport of the
metal ions into mesopores and micropores.

3.2.6. Langmuir and Freundlich isotherms

In order to indicate the sorption behavior and to
estimate the adsorption capacity, adsorption isotherms
were studied. The adsorption processes of chromate
ions onto CTAB-OMC and OMC adsorbents were
tested against Langmuir and Freundlich isotherm
models. Two commonly used empirical adsorption
models, Freundlich and Langmuir, which correspond
to heterogeneous and homogeneous adsorbent sur-
faces, respectively, were employed in this study. The
Freundlich model is given by equation (5).

Lng. = InK; + (%) InC,, (5)
where k¢ and 7 are the Freundlich constants related to
adsorption capacity and intensity, respectively. In the
second model, the Langmuir equation assumes maxi-
mum adsorption occurs when the surface is covered
by the adsorbate, because the number of identical sites
on the surface is finite. Equation (6) (Langmuir equa-
tion) is given as:

C, 1 1
(2 (e
9e qmb qm

where g, (mmol g ') is the amount adsorbed at equili-
brium concentration C, (mmol L"), g,, (mmol g ) is
the Langmuir constant representing maximum mono-
layer capacity and b is the Langmuir constant related
to the energy of adsorption. The isotherm data has
been linearized using the Langmuir equation. The

(6)
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E:Egnfuir and Freundlich constants for adsorption of Cr (VI) on CTAB-OMC

Langmuir Freundlich

gm (mmol/g) B (L/mmol) R? Kg (mmol/g) n (L/mmol) R?
1.61 89.3 0.996 6.65 1.96 0.979

regression constants are tabulated in Table 3. The high
value of correlation coefficient indicates a good agree-
ment between the parameters. The same data is also
fitted by the Freundlich equation (Table 3). Moreover,
adsorption isotherm of chromate ions onto surfactant-
modified adsorbent was fitted with Langmuire and
Freundlich isotherms (Figure 8). The values of the cor-
relation coefficients showed that the experimental data
conform well to the Langmuir equation.

4. Conclusions

In this work, CTAB, a cationic surfactant was coated
on the surface of OMC. The structural order and tex-
tural properties of the CTAB-OMC was studied by
XRD and nitrogen adsorption. The amount of CTAB
on the carbon surface was confirmed by TGA analyses.
The surfactant-modified ordered-mesoporous carbon
prepared in this work is suitable for the adsorption of
aqueous chromate ions from the aqueous solution.
Temperature and pH are determinant factors for the
Cr(VI) removal. This removal strongly is increased at
lower pH values and higher temperatures. Adsorption
isotherm was fitted well by Langmuir model.
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