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Abstract: AC/CuO nanocomposite was synthesized using one pot procedure by using coal, Cupper (I) chloride as
precursor for CuO and NaOH as precipitating and activating agents. The formation of AC/CuO nanocomposite was
characterized and confirmed using UV -Visible spectroscopy, Scanning Electron Microscopy (SEM) and Fourier
Transformed Infrared Spectroscopy (FTIR). The nanocomposite was used as an adsorbent for adsorption of phenol, and
residual concentration was measured at a wavelength of 350 nm using UV -Visible spectrophotometer (model 6705).
The effect of various parameters such as adsorbent dose, contact time, initial concentration, temperature and pH were
investigated. AC-CuO nanocomposite adsorbent removed 99.995% of the phenol at optimum conditions of adsorbent
dose: 0.1 g, contact time: 30 minutes, initial phenol concentration: 50 mg/L, temperature: 323K (50°C) and pH: 4. Gibbs
free energy values for phenol adsorption were found to be 54.76, 56.57, 58.38, 60.19 and 62.00 klJ/mole at the
temperature of 303, 313, 323, 333 and 343 K respectively. The positive values for Gibbs free energy indicate that the
adsorption of Phenol on AC/CuO nanocomposite is non-spontaneous. The enthalpy and entropy change were found to
be -0.0804 kJ/mole and -181.004 J/Kmole respectively. The negative value of enthalpy change indicates that the
adsorption process is exothermic whereas the negative value for entropy change indicates decrease in randomness
between Phenol- AC/CuO nanocomposite interfaces. Also, the adsorption process was found to follow pseudo-second
order kinetic.
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deep necrosis.” Thus, attention of researchers has been drawn to

1. Introduction control phenol in industrial wastewater before being discharged.

Incorporation of metals and metal oxides into carbonaceous Adsorption technique with the aid of activated carbon as adsorbent

materials greatly improve effectiveness and significance of the is the most common and effective method used in removal of phenol

nanocomposite applications Thus in wastewater.>*0 ¢! However, adsorption technique with the aid of

materials  for  wide

adsorbents other than activated carbon such as vaniIIin,m] magnetic

MnO,/activated carbon (AC) compositem and bamboo-based
activated carbon @ MnO, nanocomposites,m and activated carbon
(AC)/metal oxides®™ were synthesized and found to have high
electrochemical performance. Several studies reported impregnation
of CuO on commercial activated carbon or prepared activated carbon
from agricultural sources for adsorption of pollutants with improved
adsorption efficiency than activated carbon alone. Hence, AC/CuO
nanocomposite was used in removal of nitric oxide,m propanethiol,[S]
gas desulphurization,le] decolourization of reactive Orange 16" as
well as adsorption of atrazine, caffeine and diclofenac.®

Modern industries such as textile, pharmaceutical, pesticide, dye
manufacturing, paper making and petrochemical use phenol as raw
material. Their industrial wastewater containing phenol is being
discharged into aquatic environment with detriment to aquatic life.

In human, phenol has been reported to cause nausea, erythema,
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mesoporous resorcinol-melamine—formaldehyde resin,[m] silica-
based aerosols™ as well as biodegradation by bacteria®” has been
used in removal of phenol in wastewater and were also found to be
effective.

This study aimed to synthesize AC/CuO nanocomposite using
one-pot procedure for removal of phenol. Coal was used as carbon
source, Copper chloride as precursor for CuO and NaOH as
precipitating and activating agents. The effect of various parameters
such as adsorbent dose, contact time, initial concentration,
temperature and pH were investigated using batch adsorption. Free
energy, enthalpy change, entropy change, pseudo-first order and
pseudo-second order kinetics for the adsorption of phenol were

evaluated.
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Fig. 1. SEM image of AC/CuO nanocomposite

2. MATERIALS AND METHODS
2.1. Materials

All reagents used were purchased from BDH and were of analytical
grade. All glass wares were washed and dried overnight in an oven at
105°C. Total lonic Strength Adjustment Buffer (TISAB) solution was
used for pH adjustment. The un-absorbed adsorbate was determined
with Ultraviolet—visible spectrophotometer (model 6705), and
PerkinElmer Spectrum Version 10.0309 and SEM (Phenom World
were used for characterization.

2001 Dbom 1, A0 45%1

2600

cm-1

2.2. Collection and Preparation of Coal

The coal samples were collected from Maiganga area of Akko Local
Government Area, Gombe State, Nigeria. The coal obtained was
thoroughly washed with tap de-ionized water five times to remove
dirts, and then dried in an oven at 105°C for 1 hour. The coal was
then crushed into smaller pieces with mortar and pestle.

2.3. One-pot Synthesis of AC/CuO Nanocomposite

The nanocomposite was synthesized according to the method used

1-8
by some researchers™®

in which forty grams (40 g) of coal was
weight and soaked in 160 ml of copper chloride (CuCl) and heated
with constant stirring at 75°C for 30 minutes. The color changed after
10 minutes of adding the coal from green to black color. After that,
80 ml of sodium hydroxide (NaOH) was added to activate the coal
and to precipitate copper solution to CuO. The temperature was
maintained at 75°C for 30 minutes. The solution was allowed to
settle down over night. The nanocomposite was simultaneously
carbonized and calcinated in a muffle furnace wrapped with

aluminium foil paper at 500°C for 2 hours.

2.4. Adsorbents characterization

The adsorbent (AC/CuO nanocomposite) surface functional groups
were obtained by the Fourier Transform Infrared Spectroscopy (FTIR,
model Perkin Elmee Spectrum Version 10.0309) analysis over the
range of 500—-4000 cm™. The microstructure of the adsorbents was
examined using a Scanning Electron Microscope (SEM, Phenom
World). The maximum adsorption wavelength of the adsorbent was
measured using UV-visible spectrophotometer (model 6705).

2000 1500

Fig. 2. FTIR spectrum for raw coal
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Fig. 3. FTIR spectrum for AC/CuO nanocomposite

2.5. Batch Adsorption of Phenol

Batch adsorption studies were carried out by investigating the effect
of adsorbent dose, contact time, initial concentration, temperature
and pH. For adsorbent dose, 0.1, 0.2, 0.3, 0.4, and 0.5 g of AC/CuO
nanocomposite were each poured into five different beakers and 50
ml of phenol was added into each beaker. The contents were stirred
for 30 minutes at room temperature and then filtered. The filtrate
was then analyzed using UV-Spectrophotometer (model 6705) at the
wavelength of 270 nm to determine the absorbance. The same
procedures were followed for other effects by varying (10 to 60
minutes) for the contact time, (10 to 50mg/L) for the Initial
concentration, (30°C to 70°C) for the temperature and (2 to 10) for
the pH. 1M HCl and 1M NaOH were used for pH adjustment.

The amount of phenol adsorbed (q.) on AC/CuO nanocomposite
and the percentage removal of phenol red were calculated as:

e = (Co_ce)% (1)

Co—Ce

% Removal = ( c

) X 100% (2)

Where C,, C, is the initial and equilibrium concentration (mg/L),
respectively, V is the volume of the solution (L) and w is the amount
of adsorbent (g).

3. Results and Discussions

3.1. SEM analysis

Fig. 1 showed SEM image of AC/CuO nanocomposite. The Scanning
Electron Microscopy technique determines the size, shape and

AR Ariviyal

s PUDiShINgG

surface morphology with direct visualization of the nanoparticle. The
surface morphology of the synthesized AC/CuO nanocomposites was
investigated using SEM analysis. The SEM images of the AC/CuO
nanocomposite showed porous structure consisting of coated
structure. The coated dispersion on the surface of carbon showed
the appearance of CuO nanoparticles. This description is in
agreement with the work by some researchers.™

3.2. FTIR Result Analysis

Fig. 2 and Fig. 3 showed the FTIR spectra of the raw coal and AC/CuO
nanocomposite respectively. For the raw coal, the absorption bands
observed includes: 3417.92 cm™, 2921.35 cm”, 1258.91 cm™,
1384.33 cm™ and 1606.81 cm™. In the FTIR analyses of raw coal, the
band at 3417.30 cm™ corresponds to the highly stretching symmetric
of O-H stretching. Bands at 2921.35 cm ™ and 1606.81 cm™ belongs to
C-H and C=0 bonds stretching respectively. Band at 1384.33 em™
belong to C-H bending mode of aliphatics while band at 1258.91 em™
belongs to C-O stretching. This is similar with FTIR spectra of coal
reported bym] FTIR analysis of AC/CuO nanocomposite showed
peaks at 3417.92 cm™, 1445.69 cm™, 1142.91 cm™, 880.62 cm™,
776.65 cm™ and 463.07 cm™. Peaks at 880.62 cm™, 776.65 cm™ and
463.07 cm™ can be assigned to the vibrations of the Cu-O stretching.
This is also in agreement as reported by.m Whereas the bands at
3417.92 cm™, 1445.69 cm™ and 1142.91 cm™ belong to OH, C=0 and

C-O stretching vibrations.?>?

3.3. UV Visible Results

UV-Visible spectroscopy is a technique use for measuring the
transmittance or absorbance of a sample as a purpose of the
wavelength of electromagnetic radiation. The UV-Visible

Chem. Sci. Eng. Res., 2021, 3(7), 16-23. 18
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Fig. 4. Uv-visible spectrum of AC/CuO nanocomposite.
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spectrophotometer was used to measure the visual absorbances of
the AC/CuO nanocomposite. This was carried out between 290 nm to
350 nm. The maximum absorption wavelength was found at 310 nm
due to surface Plasmon resonance, Fig. 4. The maximum absorption

2324 for Cuo
[25]

wavelength has been reported to be 300 nm
nanoparticles and 310 nm for chitosan-CuO nanocomposite.
Hence, it could be concluded that the maximum absorption
wavelength found at 310 nm for AC/CuO nanocomposite was due to

CuO nanoparticles.

3.4. Effect of adsorbent dose on phenol

The percentage removal of the phenol by adsorption on to AC/CuO
nanocomposite adsorbent was studied by varying the dosage of
AC/CuO nanocomposite adsorbent in the range from 0.1 to 0.5 g,
with a solution 10 mg/L of the phenol concentration, at shaking time
of 60 minutes (1 hour), at a fixed pH of 7, room temperature of 30°C.
The result obtained was plotted as percentage removal and quantity
absorbed of phenol against adsorbent dose respectively, Fig. 5.
Generally, the removal percentage and adsorption capacity of phenol
decreases with increase in AC/CuO nanocomposite dose. Thus, dose
of the adsorbent having the optimum phenol red removal
competence was found to be 0.1 g. Hence, 0.1 g of AC/CuO
nanocomposite was taken as the dose of the material for the
remaining experiment.

3.5. Effect of contact time on phenol

In adsorption method, contact time plays an important role than
other adsorption effect. In order to study the effect of contact time
on adsorption of phenol, the adsorption experiment were conducted
by varying the time from 10 to 60 minutes, with a solution of 10 mg/L
of phenol concentration, at a fixed pH of 7 and room temperature of
30°C. The percent of removal of phenol increases with contact time
until equilibrium at first 30 minutes and beyond this time the
removal percentage decreases with increase in contact time, Fig. 6.
Also, the adsorption capacity increases as the contact time increases
until it reaches equilibrium from which the number of quantity
absorbed start decreasing. The result corresponds to the work that
was done by Madgda, et al.,(2014) which shows that the adsorption
capacities of two adsorbents for phenol increases with increase in
contact time at the beginning period.

3.6. Effect of initial concentration on phenol

Fig. 7 represents effect of initial phenol concentration. Both
percentage removal and quantity adsorbed increases with increase in
initial concentration of phenol. So the maximum efficiency was
achieved at the initial concentration of 50 mg/L with the maximum
percentage of (99.906%). At higher initial phenol concentration there
was plateau formation and according to™? the plateau indicates
saturation of the available binding sites on the adsorbent.

3.7. Effect of temperature on phenol

Fig. 8 shows the relationship between temperature with percentage
removal and adsorption capacity of phenol. At the temperature of
30°C and 40°C, the adsorption capacity and percentage removal of
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phenol on AC/CuO nanocomposite remains constant and slightly
increases when the temperature increases to 50°C. And beyond the
temperature of 50°C, the adsorption capacity and the percentage
removal decreases with increase in temperature. Thus, optimum
temperature was selected to be 50°C.

3.8. Effect of pH on phenol

The effect of pH on phenol removal was studied by varying the pH
from 2-10 under the optimum conditions ( i.e dose of 0.1 g, time of
30 minutes, initial phenol concentration of 40 mg/L and at
temperature of 50°C). The results obtained were plotted as
percentage removal and quantity absorbed against pH as shown in
Fig. 9. At pH of 2, 4, 7, 8 and 10, the percentage removal was found
to be 99.959, 99.995, 99.990, 99.986 and 99.938 % respectively. The
removal of phenol is highly dependent on pH of the solution. In this
result the pH was found to be at 4 with the maximum percentage of
(99.995%) and thereafter start decreasing and the absorption
capacity was found to be nearly equal. It was observed that in the
acidic medium as the pH increased, the percentage removal
increases. However, in the alkaline medium, percentage removal
decreases with increase in pH. Interesting, at the pH of 7 (neutral),
the percentage removal remains within the intermediary between
acidic and alkaline medium.

3.9. Adsorption Kinetics

In this study, Pseudo-first order and Pseudo-second order kinetic
models were studied as represented in equation 3 and 4 respectively.

K4t (3)

2.303

Log(q.-q:) = Log q. —

t 1 1
q_t_ Kpqe? a Z t (4)

Where K; (1/min) is the pseudo first order adsorption rate
coefficient, g. and g, are the values of amount. Adsorbed per unit
mass at equilibrium and at any time t, K, (g/mg min.) is the rate
constant of second-order adsorption.

The pseudo first plot of Log (. - g;) against time (t) should give a
linear graph from which K; and g, could be determined from the
slope and intercept of the plot respectively. For pseudo second

order, the plot of qiagainst time (t) should give a linear graph from
t

which g, and K, could be determined from the slope and intercept of
the plot respectively.

From Table 1, the R? values of the two kinetic models are 0.0007
and 0.988 for pseudo-first-order and pseudo-second-order
respectively. The R? values of the kinetic models suggest that the
pseudo-second-order model mechanism fitted the experimental
data. The closeness of g, cal. and g exp. Values for pseudo-second-
order proved that the adsorption of phenol followed pseudo-second-
order. Report by Mohammad et aI.,(2015),[12] Magda et al., (2014),
and Polat et al., (2006)[11] showed that adsorption of phenol on
different adsorbent followed pseudo-second order.

Chem. Sci. Eng. Res., 2021, 3(7), 16-23. 20
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Table 1. Kinetic parameters results

Pseudo-second order Pseudo-first order

R’ 0.988 R’ 0.0007
Kz(g/mgmin) 0.2625 K1(1/min.) 0.0039
e cal.(mg/g) 5.216 e cal. (mg/g) 0.0066
Qe exp. (me/g) 4.983 e exp. (mg/g) 4,983

Table 2. Thermodynamic parameters of adsorption of phenol

T(K) AG°(kJ/mole) AH’(kJ/mole) 2S°(J/mole/K)
303 54.76 -0.0804 -181.004

313 56.57

323 58.38

333 60.19

343 62.00

3.10. Thermodynamic Studies

Thermodynamic parameters such as standard free energy change
(AG°), standard enthalpy change (AH°) and standard entropy change
(AS°®) can be calculated using the following equation:.

AG® = —RTInkK, (5)
AG® = AH — TAS (6)
AS®  AHC
anc T - RT (7)
= %
Ke= % (®)

Where, K, is equilibrium constant resulting from the ratio of the
equilibrium concentrations of the phenol red on an adsorbent and in
solution.

From equation 7, AH® and AS°can be calculated from the slope
and intercept of a plot of InK, versus 1/T and AG® can be calculated
from equation 6. The thermodynamic parameters of the phenol
adsorption onto AC/CuO Nanocomposite are given in Table 2. The
standard Gibbs free energies (AG®) of adsorption were positive at all
investigated temperatures. The positive values of AG® of the
adsorption confirmed that the adsorption of phenol onto AC/CuO
nanocomposite was not spontaneous. However,? stated that the
weak positive values of free energy change indicate that the process
is feasible and the weaker values at lower temperatures imply that
adsorption is favored at lower temperatures. The negative values of
AH° and AS° indicates that the adsorption process is exothermic and
AC/CuO
interfaces respectively. Similarly, adsorption of

there is decrease in randomness between phenol-
Nanocomposite
phenol on rice husk activated carbon gives negative values for both

AHO and AS°.*

4. Conclusions

In this work, the AC/CuO nanocomposites was synthesized
successfully using mixing of solution method and characterized using
various analytical apparatus like UV-Visible adsorption spectroscopy,
SEM and FTIR. The UV-Visible analysis that the
nanocomposite has its highest wavelength (Amax) at 310 nm. The

showed
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structure and morphology of the nanocomposite were characterized
using the scanning electron microscopy (SEM). The SEM images
above proved rough structures and agglomeration nanocomposite, it
also proved that the nanocomposites are matrix consisting of micro-
sized AC/CuO nanocomposite having layered structure with irregular
shape. Different functional groups in the AC/CuO nanocomposite
were detected by the FTIR analysis and it shows the functional
groups like; O-H, C-H, C-C, C-O-C and C-CuO. The removal of phenol
using AC/CuO nanocomposite adsorbent has been carried out. From
the investigation, it was observed that the experimental parameters

such as adsorbent dose, contact time, initial concentration,

temperature and pH were investigated for their prospective effect on
the competence of phenol red and phenol removal. Based on the
comprehensive experimental investigation, AC/CuO nanocomposite
adsorbent also removed 99.995% of the phenol at optimum process
conditions (adsorbent dose of 0.1 g, contact time of 30 minutes,
initial phenol concentration of 50 mg/L, temperature of 323K (50°C)
and pH of 4). These proposed that the adsorbent could be used for
the phenol removal in wastewater.
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