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INTRODUCTION
Phenol is one of the benzene derivatives
found in industrial waste waters. Due to its
carcinogenicity, high toxicity, high ecological
damage and low biodegradability, its elimination
from the environment is required. Moreover,
among different methods and technologies,
adsorption process is used due to high efficiency,
lower cost and suitable selectivity [1, 2]. In the
present study, the investigation and synthesis
of Graphene, Carbon mesoporous (CMK-3) and
Multi-wall carbon nanotube (MWCNT), as well as
their removal efficiency have been investigated.
In this regard, the effect of pH, adsorbent loading
and contact time were considered. Also, three
different kinetic adsorption models i.e. pseudo-
first order, pseudo-second order and the Elovich

model were studied.

Accepted: August/04/2018

MATERIALS AND METHODS

The materials used in the present work are
Tetraethyl orthosilicate, Glass water, Cetyl tri-
methyl ammonium bromide, Graphite, Sulfuric
acid, Methane, Sucrose, Hydrochloric acid,
Hydrofluoric acid, Sodium hydroxide, Isopropyl
alcohol, Copolymer P123, and Phenol.

Also, several techniques such as X-ray diffraction
(XRD), (BET) and

Scanning electron microscope (SEM) were used

Brunauer—-Emmett—Teller

for nano-adsorbent characterization.

PARAMETERS

In this study, pH, Adsorbent loading and contact
time as affecting factors were investigated. In this
regard, pH in the range of 2 to 12, with step 2, the
concentration of adsorbent in the range of 0.1 to
1.5 g/l with step of 0.1 and time in the range of 0

to 120 minutes were considered.
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Since the purpose of this study is the practical

application of adsorbents at ambient
temperature, all experiments have been carried
out at room temperature. In order to ensure
the accuracy of the results, the adsorption
experiments were repeated three times, and
mean values were reported as the final results.
Furthermore, adsorption kinetic isotherm
models were performed in pH 2, 4, 6, 8, 10,
and 12 while adsorbent loading and phenol
initial concentration were 0.5 g/l and 100 ppm

respectively.

RESULTS AND DISCUSSION

EFFECT OF PH

The pH ofthe solutionis one of the mostimportant
parameters in the adsorption process. The effect
of pH is controlled by two factors, i.e. Point of
zero charges (pHpzc) and Acid dissociation
constant (pKa) of phenol [3]. The pHpzc values for
graphene, CMK-3, and MWCNT adsorbents are 7,
4.3, and 6 respectively [4-6] whereas the phenol
dissociation constant (pKa) is 9.89. The optimum
pH for phenol adsorption by the all adsorbents
was 8 in which the optimum pH is in the range
of pHpzc<pH<pKa where the electrostatic forces
between adsorbents and contaminant act as the
attraction, and therefore the efficiency of the

adsorption process is high.

EFFECT OF ADSORBENT DOSE

In order to investigate the effect of adsorbent
loading in the adsorption process, the amount of
adsorbent was changed in the range of 0.1 to 1.5
g/l. As shown in Fig. 1, the maximum efficiency
for graphene, CMK-3, and MWCNT is 24%, 92%
and 32% respectively. However, with increasing

adsorption dose, the rate of phenol uptake has a

decreasing trend (Fig. 2).
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Figure 1: Effect of adsorbent loading on adsorption
efficiency.
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Figure 2: Effect of adsorbent loading on adsorption
capacity.

CONTACT TIME EFFECT

Based on the obtained results, for all of the
adsorbents, the optimum time for saturation of
active sites is about 40 minutes and giving extra
time will not substantially change the process
efficiency.

Kinetics models for phenol adsorption

The results show that for all of the three
adsorbents, the pseudo-second-order model
is the most appropriate. Also, the correlation
coefficient values (R2) of this model for graphene,
CMK-3, and MWCNT adsorbents are 99/99, 99/6
and 98/9 respectively.

CONCLUSION
The results showed that increasing the amount
of adsorbent leads increases the adsorption

efficiency whereas the adsorption capacity



decreases, which the trends in both cases are
nonlinear. Furthermore, the highest removal for
graphene, MWCNT and CMK-3 was observed
in pH 8. It was also found that for all three
adsorbents, optimum contact time to saturate
active sites is about 40 minutes, and more
contact time does not change the process
efficiency. Finally, based on the obtained results,
for all adsorbents, pseudo second order model
fitted better the experimental data than Pseudo
first order and Elovich kinetic models. The results
showed that the CMK-3, which has been used in
the present study, has the highest performance
in phenol removal from water due to its higher
yield and efficiency as well as the appropriate

price.
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