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Carbon Nanotubes as Superior Sorbent for Removal of Phenol
from Industrial Waste Water
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RGANIC pollutant substances have direct effect on humans and animals. Wastewater
Ocontaining organic pollutant like phenol compound can contaminate ground water
resource and thus lead to a serious ground water problem. This study presents the adsorption
technique of (MWCNt) which is used as adsorbents for the removal of phenol compounds from
synthetic contaminated water. Many parameters are studied like pH, agitation speed, contact
time and adsorbent concentration to determine their influence on the removal of phenol and on
adsorption rate. The concentration of phenol in water before and after treatment was determined
(analyzed) using high performance liquid chromatography technique (HPLC).The kinetic
studies for adsorption followed the pseudo-second order model. The adsorption isotherm fits
with Langmuir isotherm. The optimum conditions using MWCNTs were contact time 120 min,
pH 7, agitation speed 130 rpm and dose of adsorbent 0.3g. The removal percentage was 85.54%.

Keywords: Carbon nanotubes, Adsorbent materials, Phenolic compounds, Industrial waste
water, Agitation, Kinetic adsorption.

Introduction

Environmental pollution is now one of the
important problems facing humanity which
increased rapidly in the last few years and reached
frightening level because of its bad effect on
human beings and animals. One of these problems
is water pollution which is serious and continual
problem all over the world [1].

Phenolic compounds are supposed to be risky
wastes, which are released into water by industries
such as chemical, pharmaceutical, petroleum
refineries, gas, coke manufacturing and pesticide.
These industries have bad side effect, which cause
contamination of water, this contamination affects
both aquatic life and human health [2].

Phenol is widely used in petrochemical,
leather, plastic, pharmaceutical, oil refining and
pesticide industries [3— 6]. It is slightly acidic,
noticeably soluble in water and also considered
one of the main pollutants in waste water, [7] since
it is toxic to organisms even at low concentration

and is hard to be biodegraded; therefore rigid
limits set on the levels which are acceptable for
phenol in waste water.

Different methods are used to remove phenol
from aqueous solutions [8], like chemical
degradation [9], biological degradation [10] and
adsorption [11]. From these available methods,
adsorption is the effective process for removing
the environmental pollutants [11].

Recently, synthesized nano-sized adsorbents
like carbon nanotubes have been extensively used
as adsorbents to remove toxic pollutants from
aqueous media.

In recent years, carbon nanotubes (CNTs)
have been extensively used as promising
applicants in many nano-technological fields,
including efficacious adsorbents for removal of
contaminants [12-15]. Specifically, CNTs could
significantly adsorb organic contaminants because
of their strong affinities [16-19].
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There are two types of carbon nanotubes
according to their structural formation: single-
walled carbon nanotubes “SWNT” which has
one layer only of graphene sheet and Multi-
walled carbon nanotubes “MWNT” which has
multiple layers of graphene sheet [20]. Herein,
the major objective of this study was to achieve
an understanding of the adsorption technique
of MWCNTs in the removal of phenol from
industrial waste water by examining the influence
of different parameters on the adsorption process.
Additionally, adsorption kinetics and adsorption
isotherms were investigated.

Material and Methods

Materials

Sodium hydroxide (98%) and hydrochloric
acid (98%) were purchased from Sigma Aldrich.
Sulfuric acid (97%) and nitric acid (98%)
were obtained from Fluka. Carbon nano tubes
purchased from Egyptian Petroleum Research
Institute (EPRI )which is used as adsorbents
for studying the characteristics of adsorption of
phenol from waste water.

Method

Purification of carbon nanotubes (MWCNT5)

The purification process of CNTs was achieved
by chemical oxidation method. Specific amount
of carbon nanotubes were mixed with mixture
of concentrated nitric acid / sulfuric acid (3:1 by
volume, respectively). The mixture was refluxed
at 120 °C for 4 h in oil bath, left to cool at room
temperature, diluted with deionized water and
then filtered by filter paper. This washing process
was repeated many times and the mixture was
dried overnight at 100°C [21].

Adsorption procedure

This study was carried in a batch system, batch
adsorption was performed in 50 ml flasks inside an
incubator container with a constant temperature.
A magnetic stirrer with a fixed setting was used
to mix thoroughly all contents of all flasks in a
constant speed. Firstly 50 ml of stock solution
was added into an Erlenmeyer flask, 0.1 N Hcl
and 0.1 N NaOH were used to adjust pH, after that
the adsorbent was put in the Erlenmeyer flask for
shaking in a regulated speed, different adsorption
times and adsorbent doses were considered.
After the adsorption, the samples were filtrated
and the concentration of phenol was determined
using HPLC. The adsorption process was studied
as initial phenol concentration (5 to 45 mg/L),
function of pH (3 to 10) ,adsorbent dose (10 to
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500 mg/L), agitation speed (50 —200) and contact
time (30 to 1080 min).

By using transmission electron microscopy
(HR-TEM) morphological features of adsorbent
can be determined. The phase structure and purity
of crystal were analyzed using X-ray diffraction
(XRD). A thermo gravimetric analyzer (TGA) was
used to examine the thermal stability up to 1200°
C in nitrogen atmosphere with a steady rate 5 °C/
min. Zeta potential was measured using Zeta sizer
(ZS). The dynamic light scattering spectroscopy
(DLS) was used to measure relative hydrodynamic
diameter distribution of MWCNTs and composites.

Results and Discussion

MWCNTs specifications

TEM and DLS Analysis

The HR-TEM image of MWCNTs is shown in
Fig.1 from this figure, it can be seen that the diameter
of'nano-sized tubes is about 20 nm in diameter, which
is confirmed that it is MWCNTs, because the tube
diameter of MWCNTs varied from 4 to 150 nm [22].
The curve of DLS (Fig. 2) shows that the diameter of
MWCNTs is less than 100 nm.

X-Ray analysis

Figure 3 shows XRD pattern of MWCNTs,
in this fig. there are two sharp peaks which are
found at 26 and 42 and they are symmetric with
the standard card ( 00-058-1638) of carbon
nanotubes. This confirmed the hybridization of
sp* atoms and the concentric cylindrical behavior
for the structure of carbon nanotubes [23].

TGA

The thermal stability of MWCNTs was
examined by the thermo gravimetric analysis.
Figure 4 shows that the high thermal stability
of MWCNTs is up to 800° C. The low observed
loss up to 800° C is associated with the thermal
degradations of the thermally unstable functional
groups such as carboxylic and hydroxyl groups
that formed on the MWCNTs during the acid
purifications [24]. After that, MWCNTs are
completely decomposed at around 1000°C in one
stage thermal degradation.

FTIR

The FTIR spectra of MWCNTs are shown
in Fig. 5. The peaks at 3445 cm™ and 1136 cm’!
are assigned to the —OH stretching vibration
and distorting vibration, respectively, which are
resulting from the hydroxyl groups on the surface
of the functionalized MWCNTs. The peak at 1628
cm! is assigned to the stretching vibration of C=0.
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Effect of contact time

The contact time had a noticeable effect on the
removal of phenol. To show the effect of contact
time, the concentration of phenol was 25 ppm,
the adsorbent dosage was 0.3 g. The samples
were withdrawn from 30 to 1080 min shaking
period with agitation speed 90 rpm and pH 7.
The residual concentration of phenol in solution
was tested by HPLC. The adsorption capacity
of phenol at various contact time is shown in
Fig.6. It is clear that the adsorption capacity
and removal efficiency of phenol increased with
contact time till 120 min and then decreased till
reach equilibrium. Which is due to the presence
of abundant initial number of active sites on the
sorbents, while by increasing time, the process of
sorption becomes less effective due to gradually
increased occupancy of these sites.

Adsorption kinetics models

A certain amount of adsorbent (300 mg) was
added to 1 L of phenol aqueous solution (25 mg/L).
The concentration of phenol was determined
by high performance liquid chromatography
technique (HPLC). The pseudo — first —order
kinetics and pseudo — second — order kinetics
were used to estimate the sorption kinetics and
calculate the sorption rates, the sorption rate
constants and adsorption capacities.

The pseudo — first — order kinetic model [25]
illustrates adsorption of liquid — solid manner
which is based on the capacity of solid. The model
can be expressed by the following equation:

Log (gqe — qt ) =log qe — kalt/2.303 (1)

The pseudo-second-order kinetic model [26]
based on the hypothesis of chemical adsorption.
This type comprises all steps of adsorption. The
equation for this model is as the following:

t/qt = 1/ka2qe2 + t/qe )

where kal and ka2 are the adsorption rate constant,
ge in (mg/g) is the equilibrium adsorption uptake
of a certain adsorbent, and qt in (mg/g) is the
adsorption uptake at time t . So, we can determine
the values of kal, ka2 and ge experimentally by
plotting log (ge - qt ) vs. t, reading out values
from least squares analysis of intercept and slope
and replacing into equation.

The kinetic equations of pseudo — first — order
and pseudo — second — order are shown in Fig.
7, 8 respectively, these figures clarified that the
adsorption of phenol approbates better with the

kinetic equation of pseudo — second — order as
summarized in Table 1.

Adsorption isotherm

Adsorption isotherm describes the relation
between the quantity of adsorbate which is
adsorbed by the adsorbent (qe, g/g) and the
concentration of adsorbate which is remaining
in the solution after the process of adsorption
reached the equilibrium at certain temperature
(ce mg/L) . Freundlich and Langmuir equations
[27] are commonly used isotherms to demonstrate
solid — liquid adsorption system.

Freundlich isotherm is expressed in the
following equation:

logge=1/n log ce+ log kf
where k and n are Freundlich constants.

Langmuir isotherm is based on monolayer
adsorption hypothesis onto the homogeneous
surface which has a limited number of identical
sites, it can be described as follow:

Ce/ge = 1/bgm + ce/qm

where Ce in ( mg/L ) is the solute equilibrium
concentration of adsorbent in solution , ge in
(mg/g) is the capacity of adsorption for specific
kind of adsorbent in equilibrium case , qm in (mg
/ g) is the maximum adsorption capacity , and b is
the constant of equilibrium adsorption .

From adsorption isotherm we can take more
information about the behavior of adsorption for
an adsorbent. Both equations of Langmuir and
Freundlish were chosen to normalize the data of
adsorption. The calculated results are listed in
Table 2, and we notice that the calculated results
appropriate for Langmuir model better than
for Feundlich model, which indicates that the
mechanism of adsorption is monolayer.

Effect of pH
The effect of pH on the efficiency of

the removal of phenol using MWCNTs was
illustrated in Fig.9. The pH range from 3 to 9 for 2
hours, shacking speed of 130 rpm, and dosage of
adsorbent of 0.3 g/I. It is noticed that the phenol
removal by MWCNTSs increased continuously by
increasing the pH from 3 to 7 and then decreased
within the pH range from 7 to 10. The maximum
percentage removal of phenol by MWCNTs was
at pH 7. The active sites in the adsorbent particles
have negative charges. At low pH environment,
the H" ions in this media can neutralize those
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negative particles and thus decrease the difficulty
of phenol ions diffusion therefore the chances
of their adsorption increase. While at high pH
environment, there is high concentration of OH,
which increase the difficulty of phenol ions
diffusion and so the chances of their adsorption
decrease.

Effect of agitation speed

Figure 10 shows the effect of agitation speed
on the rate of adsorption of phenol by MWCNTs.
This factor was studied by varying the speed of
agitation from 30 to 230 rpm, it is observed that
by increasing the speed of agitation speed to 130
rpm the percentage removal of phenol increased,
then the rate of adsorption becomes constant
afterwards. It is obvious that agitation facilitates
appropriate contact between adsorbents binding
sites and ions in the solution and thus helps the

phenol ions to transfer to the carbon Active sites
and makes the diffusion of phenol on the surface
of MWCNTs much better.

Effect of dose of adsorbent

One of the most important factors is the adsorbent
amount in the water, which affects the capacity of
adsorption. We carried out the experiments using
different amounts of MWCNTs from 10 to 500
mg, and pH 7, contact time 2 h and agitation speed
130 rpm. Figure 11 shows that with the increase in
adsorbent doses up to 300 mg, there is an increase
in adsorption capacity, then for the remaining
dose, the range of adsorption is almost constant,
which is due to the presence of abundant sites
for ions exchangeable at high dose of adsorbents.
While, after certain dose, 300 mg, there is no
effect on the percentage of the removal.
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Fig. 8. Pseudo 2nd order.
TABLE 1. The kinetic parameters for the adsorption of phenol on MWCNTs.
Pseudo 1* order 1% order Pseudo 2" order 2" order
Compound R’ K, R’ K, R’ q, K, R K,
0.2489
MWCNTs 0.1486 0.00322 0.9437 0.9986 56.8181 0.00208 | 0.3922 0.0036
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TABLE 2. The isotherm parameters for the adsorption of phenol on MWCNTs.

Adsorbent Langmuir Freundlich
MWCNTs q, b R? n kf R?
56.90 103.8367 0.9991 -1.4583 0.3649 0.9988
Conclusions

In this study, the influence of different
parameters; contact time, agitation speed, pH of
solution and the dose of adsorbent (MWCNTs),
was studied to determine their effect on the
percentage of removal of phenol from water. It
was clear that the removal of phenol in solution
increased continuously with increasing pH from
3 to 7, while decreased for pH from 7 to 10.
The maximum percentage of phenol removal at
pH 7 by MWCNTs is approximately 51%. For
agitation speed, the removal of phenol increased

60

with increasing the speed up to 130 rpm, and
then the rate of adsorption remains constant
afterwards. Agitation helps good contact between
the adsorbents binding sites and ions in the
solution so support the phenol ions transfer to the
active sites of carbon in MWCNTs.

For the contact time, the removal rate of
phenol was about 58% and the rate of adsorption
reach equilibrium after 2 hours.

Finally, with increasing dose of adsorbent up
to 300 mg, the capacity of adsorption increase and
is almost constant for the remaining dose range.
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Fig. 11. The effect of dose of adsorbent on the adsorption of phenol.
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