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Te objective of this study is to investigate the adsorption performance of activated carbon derived from the leaves of Cordia
africana for the removal of Cr (III) from an aqueous solution.Te plant sample was collected, washed, dried, grounded, and sieved
at 125 μm mesh size. Adsorbent activation was done using H3PO4 at concentrations of 25–85% and pyrolysis temperature of
400–500°C. Te activated carbon was characterized by proximate, SEM, BET, and FTIR analyses. A batch adsorption study was
conducted to determine the efect of contact time, adsorbent dose, initial chromium concentration, and mixing speed on Cr (III)
removal. Te regeneration of the activated carbon was investigated by using 1M of HNO3 as a desorbing solution for seven cycles.
At optimum acid concentration and pyrolysis temperature, a surface area of 700m2/g was recorded.Temoisture content, volatile
matter, ash composition, fxed carbon, and bulk density of the activated carbon were found to be 5.3%, 24.2%, 6.2%, 64.3%, and
0.75 g/mL, respectively. Te SEM and FTIR analyses indicated that the surface morphology was full of cracks and diferent peaks
were associated with plenty of functional groups, respectively. Te maximum Cr (III) removal was attained at a contact time of
180min (89%), adsorbent dose of 1.5 g (54%), initial concentration of 0.6 g/L (47%), and mixing speed of 300 rpm (64%). Te
equilibrium data were better described by Freundlich isotherm at R2 value of 0.88, which implies that the adsorption process is
conducted on a heterogeneous surface. Te pseudo-frst-order kinetics model with R2 value of 0.99 best fts with the equilibrium
data, which implies that physisorption controls the adsorption kinetics. Generally, it can be concluded that this locally prepared
adsorbent is promising for the removal of chromium from industrial wastewater, but further factorial approach assessment has to
be checked.

1. Introduction

Rapid population growth, industrialization, extensive agri-
culture, and urbanization are the common reasons for the
degradation of environmental quality, especially in

developing countries including Ethiopia [1]. Moreover, the
growth of water-intensive industries is causing stress on
freshwater availability [2]. On the other hand, the con-
tamination of water bodies by industrial efuents is be-
coming a big problem [3]. Industrial efuents mainly
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contain heavy metals, organic matter, and inorganic matter
[4]. Tannery industries release efuent which contains a high
concentration of heavymetals especially chromium ions into
the environment [5]. Discharging tannery efuents into
rivers without treatment can cause a major problem for the
environment and the community who live near the tannery
industries and downstream of the rivers [6]. Chromium ions
damage diferent organs including the liver, kidney, and
lung. It can also cause cancer and denature DNA. Generally,
chromium pollution can afect both terrestrial and aquatic
environments including soil, algae, fshes, and other living
and non-living components of the environment [5].
Terefore, chromium remediation from wastewater is es-
sential to prevent environmental pollution.

Conventional wastewater treatment technologies such as
preliminary, primary, and secondary treatment units have
been used for years. However, these units can only remove
suspended solids, dissolved solids, organic matter, and
nutrients. Micro-pollutants including heavy metals cannot
be efciently removed by conventional wastewater treatment
technologies. Heavy metals were removed efectively by
advanced wastewater treatment technologies but were not
removed completely [7]. Such treatment technologies are
ion exchange, electrodialysis, reverse osmosis, and mem-
brane technologies (micro-flter, nano-flter, and ultra-fl-
ter). However, these treatment technologies are very
expensive in terms of energy, chemical, and operational cost.
However, adsorption is the most promising technology
among advanced treatment technologies in terms of cost and
treatment efciency. Adsorption has a high potential to
remove micro-pollutants including heavy metals [8, 9].
Especially commercial activated carbons are efective in
removing diferent pollutants from water and wastewater,
but they are not widely used because of their high cost
[10, 11]. However, locally prepared activated carbons are
widely used as adsorbents due to their high potential in
removing diferent pollutants. Moreover, locally prepared
activated carbons are low-cost, easy to prepare, highly ef-
fcient, and environmentally friendly materials [12, 13]. But,
the application of this technology is still at the early stage to
scale up at the industrial level [14, 15]. Terefore, searching
for efcient and efective adsorbents, which are locally
available, is still under investigation.

Activated carbons prepared from biomass residues were
found to be a good adsorbent for the removal of chromium
ions from wastewater [16, 17]. Currently, many industries
are using commercial activated carbons for the remediation
of their wastewater. However, many researchers are striving
for the replacement of commercial activated carbons with
locally prepared biomasses including the leaves of trees and
crops [18]. Cordia africana is an African tree, which is
commonly known as Wanza in Ethiopia. It is a pioneer tree
that grows naturally throughout sub-Saharan Africa and
tropical Arabia. In Ethiopia, Cordia africana is an indige-
nous tree that is found in diferent parts of the country. It
grows in areas with altitudes between 550 and 2600m above
sea level. Te stem of Cordia africana is used for timber
production, and its fruits are edible and eaten in many parts
of Ethiopia. Cordia africana is used as a shade tree in cofee

cultivation. Te fallen leaves are used as mulch and play a
great role in nutrient recycling. Cordia africana supplies
abundant pollen and copious nectar to the bees [19].

Adsorption of Cr (III) from aqueous solutions using
diferent materials has been studied extensively. Alemu et al.
[2] reported Cr (III) removal efciency of 55% using ve-
sicular basalt rock as an adsorbent. A 92% Cr (III) removal
efciency was achieved by using a modifed bio-sorbent
derived from Artocarpus nobilis [20]. However, it is noted
that the preparation of activated carbon from fallen leaves of
Cordia africana and adsorption of Cr (III) using Cordia
africana-based activated carbon has not been investigated
yet. In addition, the study used chromium sulfate as a source
of Cr (III), which is a direct chemical compound being used
in many leather industries in Ethiopia. Terefore, the ob-
jective of this study is to investigate the adsorption per-
formance of the activated carbon derived from the leaves of
Cordia africana for the removal of Cr (III) from an aqueous
solution. Diferent adsorption factors (contact time, ad-
sorbent dose, initial Cr (III) concentration, and mixing
speed), adsorption isotherm, adsorption kinetics, and re-
generation of the adsorbent were studied in this
investigation.

2. Materials and Methods

2.1. Adsorbent Preparation. Te leaves of Cordia africana
were collected from the premises of Addis Ababa Science
and Technology University, Ethiopia. A sufcient amount of
leave sample was washed with distilled water several times to
remove the impurities. Te well-washed samples were dried
in an oven (Model BOV-T50F) at 105°C for 24 h to remove
the moisture [21]. Te dried samples were then grounded by
a high-speed multi-function miller (Model HC-700) and
sieved by 125 μm mesh size. Te sample was ready for
carbonation and activation processes. Table 1 depicts the
activation process of Cordia africana leaves under variable
activation temperatures (400–500°C) and acid concentra-
tions (25–85%) [22].Tis optimization process was intended
to produce high biochar yields and specifc surface area.

About 30 g of powdered leaves was impregnated with
H3PO4 (85% w/w, Merck) at the ratio of 1 :1 with diferent
acid concentrations (25%, 55%, and 85%) for 24 h and
heated in an oven at 60°C [23]. Tis impregnation ratio was
taken constantly throughout the experiment. Te impreg-
nated precursors were carbonized in a mufe furnace
(Model Nabertherm F 330) at diferent temperatures (400,
450, and 500°C) at a heating rate of 25°C/min for 1 h [16].
Tis carbonized activated carbon was washed several times
with a total of 2 L distilled water until the supernatant pH
becomes 7. Ten, the activated carbon was dried in an oven
for 24 h at 70°C. Finally, the activated carbon was placed in
an airtight plastic container for use [24].

2.2. Adsorbent Characterization. Te proximate analysis
(moisture content, volatile matter, ash, and fxed carbon) for
the optimized activated carbon was determined according to
the American Society for Testing and Materials (ASTM
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D2866-2869). Te carbon yield and bulk density were cal-
culated using equations (1) and (2), respectively

Carbon yield �
mass of activated carbon
mass of thedry sample

∗ 100, (1)

bulk density �
samplemass(gm)

sample volume cm3
 

x 100. (2)

Te morphological structures were studied using a
scanning electron microscope (SEM, INSPECT-F50) at
diferent resolutions. Standard operating procedures were
followed during sample preparation and scanning [25]. Te
surface area of the activated carbon was measured using a
BET surface area analyzer (Horiba, SA-9600). Tis mea-
surement was operated by taking 0.4 g of activated carbon in
three sample tubes at 100°C for 2 h under vacuum condi-
tions. Helium, a non-adsorbable gas, was used to prepare the
sample. Te adsorption and desorption of nitrogen gas at
atmospheric pressure of 700mm were used by the surface
analyzer. Te functional groups of the adsorbent were
studied using a Fourier transform infrared spectrometer
(FTIR, TermoNicolet 5700) within the spectral range of
4000-400 cm−1. To get a clear pick value in the FTIR graph,
the sample to KBr ratio of 1 :100 was mixed and the analysis
was performed [10].

2.3. Batch Adsorption Experiment. Te chromium aqueous
solution was prepared by dissolving 1.0 g of Cr2(SO4)3
(powder, technical grade) into 1 L of distilled water to get a
1000mg/L concentration. Appropriate dilutions have been
made to this aqueous solution to get the needed concen-
trations. In the batch adsorption experiment, contact time,
adsorbent dose, initial Cr (III) concentration, and mixing
speed were used as independent variables, whereas the re-
moval efciency was the response variable. Te pH of the
solution was fxed at 3 throughout the experiments [26].
About 24 experiments have been carried out for batch ad-
sorption studies. In all experiments, about 200mL solution
was prepared in a 300mL borosilicate glass stopper reagent
bottle at room temperature (25± 1°C). Each adsorption
factor such as contact time, initial Cr (III) concentration,
adsorbent dose, and mixing speed was varied while keeping
the other factors constant at 120min, 0.6 g/L, 0.8 g, and
200 rpm, respectively, as depicted in Table 2.

After the adsorption process, the solution was fltered
using grade 42 Whatman flter paper and the concentration
of Cr (III) was determined using a UV-visible spectro-
photometer (JASCO V-770) at 540 nm wavelength [4].

Te removal efciency of Cr (III) from an aqueous
solution was calculated using the following equation:

R% �
C0 − Ce

C0
x100, (3)

where R% is the removal efciency, Co is the initial Cr (III)
concentration (mg/L), and Ce is the fnal Cr (III) concen-
tration (mg/L).

2.4. Adsorption Isotherm. Equilibrium isotherms were
studied by dissolving 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, and 1 g of
chromium into 1 L of solution and placing it into a 300mL
glass bottle. Te pH of the solution was adjusted to 3. Te
value of the factors such as contact time, adsorbent dose, and
mixing speed that gives maximum Cr (III) removal were
taken constantly for each adsorption isotherm experiment.
Each solution was stirred at room temperature 25± 1°C. Te
equilibrium data were ftted with Langmuir and Freundlich
isotherms. Langmuir isotherm assumes that maximum
adsorption occurs when the adsorbent surface is covered by
a single adsorbate layer, whereas the Freundlich model
described the multi-layer adsorption of adsorbate [27].
Langmuir and Freundlich’s isotherm models are described
by equations (4) and (6)

ce

qe
�

ce

qm

  +
1

qmaxki

, (4)

qe �
C0 − Ce

m
x V, (5)

logqe � logKf +
1
n
logCe, (6)

where qe is the adsorption capacity (mg/g),V is the adsorbate
volume (L), m is the mass of adsorbent (g), qm is the
maximum adsorption capacity of (Cr III) adsorbed per unit
mass of activated carbon (mg/g), Kl is the Langmuir constant
which is related to equilibrium adsorption constant (L/g), Kf
is the Freundlich isotherm constant (mg/g), and n is the
adsorption intensity. Moreover, the dimensionless constant
parameter which is called separation constant (RL) was
determined using the following equation:

RL �
1

1 + KlCe

. (7)

2.5. Adsorption Kinetics. Adsorption kinetic parameters
were determined following the pseudo-frst order and
pseudo-second order. In the present study, the adsorption
kinetics was performed at 60, 120, 180, 240, 300, and 360min
periods. A concentration of 0.6 g/L was put into a 300mL
glass bottle, and the pH of the solution was adjusted to 3.

Table 1: Diferent activating temperatures and acid concentrations
for the preparation of activated carbon.

Run Activation temperature (°C) Acid concentration (%)
1 400 85
2 400 55
3 400 25
4 450 85
5 450 55
6 450 25
7 500 85
8 500 55
9 500 25
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Te pseudo-frst-order and pseudo-second-order
models were developed based on solid adsorption capacity
expressed as follows, respectively.

log q − qt(  � log qe +
K1t

2.303
,

t

qt
�

t

qe
  +

1
K2q2e

,

(8)

where qt is the amount of Cr (III) on the surface of the
activated carbon at time t (mg·g−1), K2 is the rate constant of
the pseudo-second-order adsorption (g/mg min), and k1 is
the equilibrium rate constant of the pseudo-frst-order
adsorption (min−1).

2.6. Regeneration Study. Regeneration and reusability of
Cordia africana-based adsorbent material were investi-
gated by using 1M of HNO3 as a desorbing solution. Te
tests were done by employing 2 g of saturated adsorbent in
150mL of HNO3 and agitating it at 400 rpm at 25℃ by
mechanical stirrer for 120min. Ten, the regenerated ac-
tivated carbon was separated from the desorbing solution
using flter paper.

A 200mL solution containing 0.6 g/L of Cr (III) ions
concentration was prepared. A 0.8 g of regenerated activated
carbon sample was added in to the solution. After mixing the
solution for 120min at 200 rpm, the solution was fltered and
the concentration of Cr (III) ions concentration in the so-
lution was checked.Te adsorbent material was then washed
with ethanol and dried at room temperature. Te adsorbent
was reprocessed/recycled for cation adsorption for seven
successive cycles.

3. Results and Discussion

3.1. Optimization of Activated Carbon Preparation. Te
preparation of activated carbon derived from the leaves of
Cordia africana was optimized by investigating the best
combination of activation temperature and acid concen-
tration that gives a relatively high yield and surface area. As
depicted in Table 3, an activation temperature of 500°C and
acid concentration of 85% give an activated carbon with a
relatively high yield of 67% and a surface area of 700m2/g.
Te value of the surface area reported by Veeramani et al.
[28] in studying activated carbon derived from pumpkin
stems is also in agreement with the value reported in this
study.Te optimized combination that gives a relatively high

yield and surface area was used for characterizing the ac-
tivated carbon, conducting batch adsorption experiments,
and studying the adsorption isotherm.

As depicted in Table 3, at constant activation temper-
ature, both surface area and carbon yield increased as the
acid concentration increased from 25% to 85%. Te incre-
ment of the surface area might be due to the attack on the
cellulosic and lignocellulose composition of biomass [29].
Te increment in yield might be due to the ability of H3PO4
to retain carbon andminimize the loss of volatile matter.Te
promotion of H3PO4 to convert aliphatic to aromatic
compounds might also play a role in increasing the yield
[30]. Tis condition is true for all activation temperatures
(400, 450, and 500°C). At constant acid concentration, as
activation temperature increases from 400 to 500°C, the yield
frst decreases and then increases. Similar result was ob-
tained in other studies [31]. Te decrease in yield as acti-
vation temperature increases might be due to the promotion
of carbon burn-of and tar volatilization, and at relatively
high activation temperatures, a slight increment of yield was
observed. At constant acid concentration, as activation
temperature increases from 400 to 500°C, the surface area
frst increases and then decreases. Tis result is in agreement
with the previous study [32]. Tis condition is true for all
acid concentrations (85, 55, and 25%).

3.2. Characteristics of the Adsorbent

3.2.1. Proximate Analysis. Te moisture content, volatile
matter, ash, fxed carbon, and bulk density of the optimized
activated carbon were 5, 24, 6, 64%, and 0.74 g/mL, re-
spectively, as depicted in Table 4. Activated carbon that has a
low percentage of ash content, moisture content, and high
percentage of fxed carbon is considered ideal.

It can be noted that the activated carbon has a low
moisture content, low ash content, and high fxed carbon.
Tis might be due to the thermal and acid activation process,
which breaks the bonds of the molecules and increases the
carbon content [1].

3.2.2. Scanning Electron Microscope (SEM). SEM analysis
was used to study the surface structure of Cordia africana
before and after activation as depicted in Figure 1. A surface
magnifcation of 200 μm was used for both cases. Relative to
the surface structure of Cordia africana before activation, it
was observed that more pore openings are created on the
surface structure of Cordia africana after activation. Tis

Table 2: Te values of diferent factors of the adsorption experimental conditions.

Factor Contact time (min) Adsorbent dose (g) Initial Cr (III) concentration
(g/L) Mixing speed (rpm)

1 30, 60, 90, 120, 150, 180, 210, and
240 0.8 0.6 200

2 120 0.5, 0.6, 0.7, 0.8, 1, 1.3, 1.4,
1.5 0.6 200

3 120 0.8 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1 200

4 120 0.8 0.6 100, 150, 175, 200, 225, 250, 275,
300
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increases the surface area of the activated carbon, which in
turn increases the binding sites for the adsorbent. On the
micrograph image, the dark structure indicates the passage
of electrons through the created pores. Te increase of pores
on the activated carbon might be resulted due to the
elimination of impurities using both chemical activation by
phosphoric acid and thermal activation [21].

3.2.3. Fourier Transform Infrared Spectrophotometer (FTIR).
Te functional groups before activation, after activation, and
after adsorption of Cordia africana were identifed using
FTIR spectra. Te presence of various functional groups is
indicated by the observed diferent peaks, which in turn
indicate the complex nature of the adsorbent [33].

As depicted in Figure 2, the peaks observed at a wave-
length of 3294 cm−1 correspond to hydroxyl (-OH)
stretching vibration [34]. Te 2990 cm−1 and 2917 cm−1

wavelengths correspond to -C-H stretching vibrations in the
alkane functional group [35]. At wavelengths of 1716 cm−1

and 1770 cm−1, there is C=O stretch vibration. Te peaks
observed at 1620 cm−1, 1597 cm−1, and 1543 cm−1 were at-
tributed to N-H stretch vibration. 1483 cm−1, 1417 cm−1, and
1405 cm−1 wavelengths correspond to C=C ring stretching.
In 1046 cm−1, 1022 cm−1, and 1040 cm−1 wavelengths, there
is C-O stretch vibration [36]. Te peaks observed at
855 cm−1, 879 cm−1, and 873 cm−1 correspond to C-H
bending vibration [37]. Additionally, 546 cm−1 and 559 cm−1

indicated the phosphate groups from the phosphoric acid. It
can be noted that the wavelength shift of the precursor
between before activation, after activation, and after ad-
sorption indicates that functional groups such as N-H, C=C,
C-O, and C-H participated in the adsorption of Cr (III) ions.
Chelate structures may be formed as a result of chromium
ion adsorption with the functional groups of the activated
carbon.Te shift of wave numbers between before activation
and after activation might be due to the increase of surface
area due to thermal and chemical activation. Te

wavenumber shift between after activation and after ad-
sorption might be due to the adsorption of Cr (III) ions on
the surface of the adsorbent [38].

3.3. Efect of Contact Time. Te efect of contact time on Cr
(III) removal was studied by varying the contact time from
30min to 240min while keeping the adsorbent dose, initial
Cr (III) concentration, and mixing speed constant at 0.8 g,
0.6 g/L, and 225 rpm, respectively. Te Cr (III) removal
efciency rapidly increased from 32% to 69% when contact
time increased from 30min to 90min. Tis might be due to
the availability of a large surface area on the adsorbent
surface at the beginning of adsorption. Te removal ef-
ciency then relatively slowly increased from 69% to 86% as
contact time increased from 90min to 240min. Tis might
be due to the decrease of available surface area on the
adsorbent surface as contact time progresses [39]. More-
over, the removal efciency will not signifcantly increase
after the adsorption process reaches a steady state [40]. Te
adsorption process slows down at a later phase of ad-
sorption due to the repulsion between bulk liquid and
solute molecules. Te maximum Cr (III) removal efciency
(89%) was attained at a contact time of 180min as depicted
in Figure 3.

3.4. Efect of AdsorbentDose. Te efect of adsorbent dose on
Cr (III) removal efciency was studied by varying the ad-
sorbent dose from 0.5 to 1.5 g while keeping contact time,
initial concentration, and mixing speed constant at 120min,
0.6 g/L, and 225 rpm, respectively. Te Cr (III) removal
efciency increased from 34 to 54% as the adsorbent dose
increased from 0.5 to 1.5 g. Tis might be due to the increase
in the surface area of the adsorbent, which in turn increases
the number of available binding sites for the adsorption
process [41]. At a lower adsorbent dose, the adsorption sites
are insufcient and the adsorption sites increase as the
adsorbent dose increases. Yusuf [42] also reported an in-
crease in the removal efciency of Hexavalent Chromium as
the adsorbent dose increased from 0.4 to 1 g. Te maximum
Cr (III) removal efciency (54%) was attained at an ad-
sorbent dose of 1.5 g as depicted in Figure 4.

3.5. Efect of Initial Concentration. Te initial concentration
of Cr (III) was varied from 0.3 to 1 g/L to study the efect of
initial Cr (III) concentration on Cr (III) removal efciency as

Table 3: Optimization of the preparation of activated carbon.

Run Activation temperature (°C) Acid concentration (%) Carbon yield (%) Surface area (m2/g)
1 400 85 63.3 580
2 400 55 61.6 500
3 400 25 61.0 400
4 450 85 60.3 640
5 450 55 60.0 570
6 450 25 56.6 490
7 500 85 66.6 700
8 500 55 61.6 610
9 500 25 58.3 540

Table 4: Proximate analysis of the AC.

Parameters Values
Moisture content (%) 5.3
Volatile matter (%) 24.2
Ash content (%) 6.2
Fixed carbon (%) 64.3
Bulk density (g/mL) 0.74
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depicted in Figure 5. Te experiment was carried out at
constant contact time (120min), adsorbent dose (0.8 g), and
mixing speed (225 rpm). Te Cr (III) removal efciency
increased from 36 to 46.7% as the initial Cr (III) concen-
tration increased from 0.3 g/L to 0.6 g/L. Tis might be due
to the provision of the driving force that overcomes the mass
transfer resistance between the surfaces of the adsorbent and
adsorbate molecules. Te Cr (III) removal efciency de-
creased from 47 to 38% as the initial Cr (III) concentration
increased from 0.6 to 1 g/L. Tis might be due to the sat-
uration of active sites of the adsorbent by the adsorbates (Cr
(III) ions) [43]. Te maximum Cr (III) removal efciency
(47%) was attained at an initial Cr (III) concentration of
0.6 g/L.

3.6. Efect ofMixing Speed. Te efect of mixing speed on Cr
(III) removal efciency was studied by varying the mixing
speed from 100 rpm to 300 rpm while keeping the initial Cr
(III) concentration, adsorbent dose, and mixing speed
constant at 0.6 g/L, 0.8 g, and 225 rpm, respectively, as
depicted in Figure 6. Te Cr (III) removal efciency slightly
increased from 63 to 64% as the mixing speed increased
from 100 to 300 rpm. Tis might be due to the increase of
turbulence in the mixing zone evenly spreading the ad-
sorbents and adsorbates, which will increase the efec-
tiveness of the adsorbent [44]. Te maximum Cr (III)
removal efciency (64%) was attained at a mixing speed of
300 rpm.

3.7. Adsorption Isotherm. Langmuir and Freundlich are the
two most commonly used isotherm models. Te Langmuir
isotherm is a concept of the adsorption leading to a
monolayer without interaction among the adsorbate

(a) (b)

Figure 1: SEM image of Cordia africana before activation (a) and after activation (b).
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molecules. Te adsorption takes place at specifc sites within
the adsorbent. Te R2 value, which is the indicative of the
actual deviation between the experimental points for
Langmuir isotherm, was found to be 0.87. Te values of Qm
and Km were determined for the adsorbent from the in-
tercept and slopes of the linear plots. Te values were
0.011mg/g and 7.82 L/g, respectively.

Freundlich isothermmodels indicate that the adsorption
process is conducted on a heterogeneous surface and ad-
sorption capacity is related to the concentration of the
adsorbent [45]. Kf indicates adsorption capacity and 1/n
measures adsorption intensity. Te linear isotherm corre-
lation coefcients (R2) indicate that the equilibrium data are
better described by the Freundlich isotherm with an R2 value
of 0.88 as depicted in Table 5.Te Kf and 1/n values obtained
in this study were 0.37 and 0.92, respectively, as depicted in
Table 5.Te value for 1/n for the activated carbon is less than
1, which indicates normal and favorable adsorption and
more heterogeneous surfaces with more functional groups
that favor the adsorption.

3.8. Adsorption Kinetics. Kinetic studies evaluated the de-
tails of the process whereby a system moves from an initial
state to the fnal state and the time required for this
transition. In this study, the relative slopes and intercepts of
a plot of log (qe−qt) and t/qt versus t have been used to
compute qe, the frst-order rate constant K1, and second-
order rate constant K2. Te linear plot of the kinetics
models for Cr (III) adsorption onto the activated carbon is
depicted in Table 6. Te best-ftting model was chosen
based on the linear correlation coefcient (R2). Te equi-
librium data best ft with the pseudo-frst-order model with
an R2 value of 0.99. Tis indicates that physisorption
controls the adsorption kinetics [46]. Te K1, K2, qe1, and
qe2 values obtained in this study were 3.85, 2.94×10−4,
10−7.81, and 54.65, respectively.

Tis research is compared with other research studies
that were conducted on chromium removal by activated
carbon in terms of maximum adsorption capacity (Qe max)
and BET surface area as depicted in Table 7.

3.9.RegenerationStudy. As depicted in Figure 7, the removal
efciency of the adsorbent for seven cycles decreased from
86% to 17%. Te adsorption efciency of reused adsorbent
dropped by about 14% and 15% in the frst and second
cycles, respectively. Te regeneration process involves the
exchange of proton between HNO3 and cation-adsorbed
activated carbon in the repeated adsorption-desorption
cycles. Te adsorbent showed good reusability up to the
third cycle. Te Cr (III) ion removal percentage decreases as
we go from the frst cycle to the seventh cycle.Tis reduction
could be due to two causes. First, during the recovery step of
adsorbents, loss of materials (for instance, carbon)may exist,
which decreases the adsorbent amount andmaterials needed
to adsorb dyes for the next cycle. Hence, the adsorbent
recovery will not be complete. Second, during recovery steps,
adsorbents might have changes in their properties, such as
fouling and aggregation. Reduction of surface area and
active sites might also occur due to the irreversible particle
aggregation during the reusing cycles.
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4. Conclusions

Te synthesis of activated carbon derived from the leaves of
Cordia africana was optimized using phosphorus acid
concentration and activation temperature. Yield and surface
area were response variables. Te high yield (67%) and

surface area (700m2/g) were attained at an acid concen-
tration of 85% and activation temperature of 500°C. From
proximate analysis, the low moisture content, ash content,
and high fxed carbon indicate that the prepared activated
carbon has good adsorbent characteristics. Maximum Cr
(III) removal was attained at a contact time of 180min,

Table 5: Adsorption isotherm.

Langmuir isotherm parameters Freundlich isotherm parameters
Equation R 2 q m (mg/g) K L (L/g) Equation R 2 K F (L/g) 1/n
Y� 89.1X+ 11.4 0.87 0.011 7.82 Y� 1.1X− 0.99 0.88 0.37 0.92

Table 6: Adsorption kinetics.

Pseudo-frst order Pseudo-second order
Equation R 2 q e (mg/g) K 1 (min−1) Equation R 2 K 2 (g·mg−1·min) q e (mg/g)
Y� −7.81X+ 1.67 0.99 10–7.81 3.85 Y� 0.0183X+ 1.14 0.98 2.94×10−4 54.65

Table 7: Comparison of this research with other research.

Precursor material Qe max
(mg/g) Activating agent BET surface area

(m2/g) References

Sugar industrial waste 41.20 — 520.6 [47]
Mango kernel 7.80 H3PO4 490.4 [48]
Cashew nut shells 13.93 KOH 1120 [49]
Groundnut shell activated carbon embedded with aluminummetal 13.45 Blending with Al — [50]

Waste lignocellulosic material (Ziziphus jujuba cores) 96.00 Rubidium
carbonate 608.31 [51]

Flamboyant (Delonix regia) pod 16.13 H2SO4 — [52]
Agricultural waste material 10.97 H2SO4 512 [53]
Olive-mill waste 18.76 KOH 1641 [54]
Macadamia nut shell-derived activated carbon and attapulgite clay
combination 96.28 Mixing in 1 :1

ratio 689 [55]

Cordia africana 54.65 Phosphoric acid 700 Tis paper
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Figure 7: Regeneration study.
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adsorbent dose of 1.5 g, initial concentration of 0.6 g/L, and
mixing speed of 300 rpm. Te equilibrium data were best
ftted with Freundlich isotherm with an R2 value of 0.88,
which indicates that the adsorption process was conducted
on a heterogeneous surface and adsorption capacity is re-
lated to the concentration of the adsorbent.Te pseudo-frst-
order kinetics model with an R2 value of 0.99 best fts the
equilibrium data, which indicates that physisorption con-
trols the adsorption kinetics. In the regeneration study, the
Cr (III) ion removal percentage decreases as we go from the
frst cycle to the seventh cycle. Te adsorbent showed good
reusability up to the third cycle. Generally, it can be con-
cluded that the activated carbon derived from the leaves of
Cordia africana showed promising results to be used as a
low-cost, locally available, and efective adsorbent for the
removal of Cr (III) from wastewater. However, further in-
vestigation of the precursor is still needed before its ap-
plication at industrial level [56].
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