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ABSTRACT

The present work aimed to investigate the removal feasibility of organic micropollutants (o-
nitrophenol (o-NP) and p-nitrotoluene (p-NT)) from aqueous solutions using an original
activated carbon prepared from chicken bones (CAB). The activated carbon is treated with
30% H2O2 and carbonised at 800˚C for 3 h. Thus, the obtained CAB is characterised by the
way of different physico-analytical methods as X-ray diffraction, scanning electron micro-
scopy, Fourier transform infrared spectroscopy and the method of Boehm titration. The
kinetic experimental data were fitted according to theoretical models: pseudo-first-order,
pseudo-second-order, intraparticle diffusion models and the Elovich and Avrami models.
The maximum removal obtained for o-NP and p-NT is around ~80% at 5–20 mg/L respec-
tively. The required time for the adsorption equilibrium is between 70 and 145 min. The
adsorption kinetics of o-NP and p-NT is tested according to the intraparticle diffusion equa-
tions. The results obtained in the present study indicate that the bioadsorbent material CAB
is a promising adsorbent for the removal of organic micropollutants from wastewater.

Keywords: Adsorption; Activated carbon; Chicken bones; Industrial wastewater; Organic
micropollutant

1. Introduction

Aromatic compounds are major pollutants, as they
are usually highly toxic and often carcinogenic. Such

compounds are common contaminants in wastewaters
[1–3]. Many industrial activities, particularly the tex-
tile, paper, plastics, coal, food, petrochemical, pharma-
ceutical and dye industries, discharge effluents
containing various chemicals are toxic to humans and
harmful to the environment [4,5].
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Several methods such as adsorption, chemical oxi-
dation, photodegradation, coagulation and flocculation
are being used for the removal of aromatics com-
pounds from wastewater and particularly the adsorp-
tion technology for the removal of organic compounds
from wastewaters [1].

Activated carbon adsorption is a widely used tech-
nique for the removal of organic and inorganic pollu-
tants from water and gas environments due to their
high surface area, porosity and specific surface chem-
istry. Despite the widespread use of activated carbon
in water treatment, the application of the solid adsor-
bent is limited by the high cost of the material. The lit-
erature reveals a developing research interest in
establishing the production of activated carbon from
low-cost and renewable precursors [6]. Numerous
low-cost alternative adsorbents have been proposed,
including pomegranate peel [7], algae [8], sawdust [9],
chitosan [10], animal bones [11], tree ferns [12], dried
plants [13], melon seeds [14], grain sorghum [15] and
coir pith [16].

Many studies in the literature are related to the
production and characterisation of activated carbon
from animal bones [17–24].

Bones consist about 30% by weight of organic com-
pounds, mainly fibrous protein collagen, while the
remaining 70% represent inorganic phase composed of
defect, poorly crystalline, cation and anion substituted
hydroxyapatite Ca10 (PO4)6(OH)2(HAP) [25].

Animal bones are chosen because of their availabil-
ity and desirable physical characteristics as activated
carbon precursors. Therefore, this study was con-
ducted to investigate the potential of activated carbon
from chicken bones (CAB) as an effective adsorbent
for the removal of organic micropollutants from
industrial wastewater.

2. Materials and methods

2.1. Adsorbent development and characterisation

Chicken bones were collected from a local restau-
rant in Skikda, Algeria. The results reported in the lit-
erature show that animal bones contain mainly Ca
and P, with small amounts of Mg, K, Na and other
minerals [11,18,25]. All attached meat and fat were
removed and cleaned from the bones. Bones were
crushed into 1–2-cm pieces and washed with hot dis-
tilled water and boiled at least three times in distilled
water for 2 h to remove fatty residues. Then, the bones
were dried at 80˚C. After drying, bones were treated

with an oxidation agent (30% H2O2) in order to
remove the organic phase of the bone. The H2O2

solution was changed daily and heated to its boiling
temperature, three times a day. The process was
stopped after three days, and the sample was dried at
80˚C during 24 h.

The obtained sample was calcined (in a muffle fur-
nace) for 3 h at 800˚C and grounded to a fine powder
using a grinder. Finally, the material was dried in an
oven at a temperature of 110˚C for at least 24 h. The
activated carbons, thus obtained displayed a pore
diameter ranging from 150 to 250 μm.

The morphology, structure and properties of the
activated carbon from CAB were determined by X-ray
diffraction (XRD), scanning electron microscopy
(SEM), Fourier transform infrared spectroscopy (FTIR)
and the Boehm titration method.

XRD studies were performed using a Bruker
diffractometer, model D8 Advance, equipped with a
Cu Kα source and a LynxEyes fast detector (system
θ–θ) and operated at the monochromatic radiation Kα1
wavelength of copper (λ = 1.5406 Å). The measured
angular field ranged from 2θ = 8˚ to 80˚ for the CAB.

The microstructure of the adsorbent was observed
using a scanning electron microscope (SEM) (Model
JEOL JSM 840) operated at a voltage of 7 kV, to gener-
ate the flow of secondary electrons necessary for the
formation of a surface image.

FTIR was used to detect the functional groups pre-
sent at the surface of the adsorbent. The spectra were
recorded in the frequency range of 650–4,000 cm−1

using an FTIR spectrophotometer (Spectrum One FTIR
spectrometer).

The concentration of acidic surface oxygen groups
(carboxylic, lactonic and phenolic groups) was deter-
mined using the Boehm titration method [26]. The
Boehm method was performed as follows: 0.5 g of car-
bon sample was added to a series of flasks containing
50 ml of 0.01 N NaOH, Na2CO3, NaHCO3 and HCl
solutions. The flasks were then sealed and shaken for
72 h at room temperature. The supernatant solutions
were filtered using a Whatman membrane filter with a
pore size 0.45 μm, and 10 ml of the remaining solution
was titrated with 0.01 N HCl or NaOH, depending on
the original solution used. The number of acidic groups
was calculated based on the assumptions that NaOH
neutralises carboxylic, lactonic and phenolic groups;
Na2CO3 neutralises carboxylic and lactonic groups; and
NaHCO3 neutralises only carboxylic groups. The num-
ber of basic sites was determined from the amount of
HCl that reacted with the carbon [27].
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2.2. Adsorption experiments

Adsorption tests were performed with
o-nitrophenol (o-NP) and p-nitrotoluene (p-NT), two
micropollutants frequently found in industrial emis-
sions. As usual, an adsorbent material sample with a
mass of 0.1 g was placed in a vessel containing 50 mL
of an aqueous solution of o-NP or p-NT at an initial
concentration of 5 or 20 mg/L, respectively. The
experiments were carried out at room temperature
while stirring at 250 rpm. The pH values of the aque-
ous solutions of o-NP and p-NT were respectively,
4.9–5.5. The solution was sampled during the adsorp-
tion process, and samples were analysed after filtra-
tion through a 0.45-μm RC membrane. Sample
concentrations were measured with a Shimadzu UV-
1700 spectrophotometer at wavelengths of 273 nm for
o-NP and 285 nm for p-NT.

The amount of organic compounds adsorbed per
gram of adsorbent (qt, mg/g) at time (t) was calcu-
lated using the following formula:

qt ¼ ðCi � CtÞ � V
W

(1)

where W is the mass of adsorbent expressed in g, V is
the volume of the solution in L, Ct (mg/L) is the liq-
uid concentration of organic compounds at any time
and Ci (mg/L) is the initial concentration of the
organic compounds in solution.

The equilibrium adsorption, qe (mg/g), was calcu-
lated using the following formula:

qe ¼ ðCi � CeÞ � V
W

(2)

where Ci and Ce (mg/L) are the liquid concentrations
of the organic compounds initially and at equilibrium,
respectively.

Rð%Þ ¼ Ci � Ce

Ci
� 100 (3)

where Ci and Ce (mg/L) are the initial and equilib-
rium concentrations of organic compounds in solution,
respectively.

2.3. Adsorption kinetic studies

Pseudo-first-order [28,29], pseudo-second-order
[30], intraparticle diffusion [31], Elovich [32] and
Avrami [33–35] model kinetic equations are given in
Table 1.

3. Results and discussion

3.1. Properties of the activated carbon

XRD was employed to evaluate the phase purity
and the crystallographic structural properties of the
activated carbon prepared from animal bones (Fig. 1).
XRD analysis revealed the crystal structure of CAB.
Additionally, in the spectrum of CAB, trace amounts
of CaO and MgO were observed and can be ascribed
to the decomposition of non-stoichiometric carbonate
containing apatite bone [25,36]. For 2θ values, between
25˚ and 45˚, the main lattice reflections peaks are 25˚,
28.1˚, 32.8˚, 33.7˚, 34.5˚ and 39.7˚ and assigned to the
(0 0 2), (1 0 2), (2 1 0), (2 1 1), (1 1 2) and (3 0 0) Miller
plans of hydroxyapatite, respectively [18]. Addition-
ally, a peak from Ca10(PO4)6(OH)2 appeared [22].

Furthermore, the diffraction patterns of the crys-
talline form of hydroxyapatite were observed in the X-
ray results of CAB. In general, the diffraction pattern
of the bioadsorbent is very similar to those reported
for other bone chars obtained from swine, animal bone
meal and bovine bones [18,25,37].

SEM was employed to observe the surface mor-
phology of CAB. The SEM images (Fig. 2) obtained
at different magnifications revealed the irregular
morphology of CAB. The surface of CAB is hetero-
geneous. The structural heterogeneity is a result of
existence of micropores, mesopores and macropores
of different sizes and shapes [38] and, in our CAB,
the presence of mesopores and macropores. The
presence of mesopores is also valuable for the
adsorption of large molecules or when a faster
adsorption rate is required [39].

The FTIR spectrum of CAB is shown in Fig. 3. The
absorption peak at 3,695.63 cm−1 indicates the pres-
ence of OH groups, which can be attributed to
adsorbed water on the carbon. The peaks at 1,024.58,
1,086.44 and 962.45 cm−1 arose from the different
vibrational modes of the �PO3�

4 groups. The band in
the 900–800 cm−1 region may be attributed to symmet-
ric CO2�

3 stretching and is associated with the defor-
mation of the carbonate group [11,25,40,41].

The small bands at 1,462.16 cm−1 confirm the
above-mentioned existence of carbonate groups in the
natural hydroxyapatite. The band at approximately
869.83 cm−1 confirms HPO2�

4 [41]. In the region of
2,014.79–2,299.84 cm−1, overtones and combinations of
the �PO2�

4 are observed [25].
A large number of bands in the spectra (3,695.63,

1,462.16, 1,086.44, 1,024.58, 962.45 and 869.83 cm−1) are
in agreement with the literature data on hydroxyap-
atite [39,42,43].

The presence of different oxygen-containing func-
tional groups on the surface of activated carbon is a
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very important characteristic because, these groups
have a strong effect on the adsorption properties of
the activated carbon. The results of the identification
and quantification of the oxygen groups in the pre-
pared carbon are shown in Table 2. The functional
groups at the surface of the CAB, characterised by the
Boehm method, were predominantly basic
(0.760 meq/gsorbent), which is in a good agreement
with the pH value, followed by lactonic (0.090 meq/
gsorbent), phenolic (0.076 meq/gsorbent) and carboxylic
(0.070 meq/gsorbent) groups.

It should be mentioned that this distribution of dif-
ferent oxygen groups is logical because pyrolysis at
high temperature leads to the formation of activated

carbons with a basic surface. The number of acid func-
tional groups is very low and approximate, because
the Boehm method is an approximate method.

3.2. Adsorption kinetic studies

Fig. 4 demonstrates the effect of contact time on
the adsorption of o-NP by CAB for initial concentra-
tions of 5–20 mg/L. The adsorption process was
highly rapid within the first few minutes (contributing
to external surface adsorption), regardless of the con-
centration, and it gradually slowed down as equilib-
rium was approached (contributing to internal surface
adsorption). A similar phenomenon was observed for

Table 1
Names and non-linear forms of studied kinetic models

logðqe � qtÞ ¼ log qe � k1
2;303 � t Pseudo-first-order

Dqð%Þ ¼ 100

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP
qexp�qcalð Þ=qexp½ �2

N�1

r
Normalized standard deviation

t
qt
¼ 1

k2 qe 2 þ 1
qe

t Pseudo-second-order

qt ¼ kint t1=2 Intraparticle diffusion
qt ¼ 1

b ln abð Þ þ 1
b ln t Elovich

ln � ln 1� að Þð Þ ¼ nAV ln kAV þ nAV ln t Avrami

Notes: k1: rate constant for the pseudo-first-order adsorption; k2: rate constant for the pseudo-second-order adsorption; N: is the number

of data points, qexp and qcal are the experimental and calculated adsorption capacity value; kAV, nAV: Avrami constants; α, β: Elovich con-

stants; kint: intraparticle diffusion constant.

Fig. 1. XRD pattern of CAB.
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the adsorption of p-NT (Fig. 5). The phenomenon may
be observed because, initially, all active sites on the
adsorbents surface were vacant and because of the
high concentration of the solution. After that period,
few surface active sites were available; therefore, only
a very small increase in the o-NP and p-NT uptake

was observed [44]. However, there was a reverse rela-
tionship between the adsorptive removal efficiency of
o-NP, R (%) and the initial concentration. The maxi-
mum R (%) values at the initial concentrations of 5–
20 mg/L for o-NP were observed to be 77%
(1.6836 mg/g) and 68% (6.875 mg/g), respectively,

Fig. 2. SEM of CAB at different magnifications.

Fig. 3. FTIR spectrum of CAB.
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which may be due to the saturation of adsorption sites
at higher o-NP concentrations. The percentage
removal of p-NT was 78% (1.915 mg/g) at an initial
concentration of 5 mg/L and 80% (7.335 mg/g) at an
initial concentration of 20 mg/L. A comparative analy-
sis showed that the CAB was efficient in removing
organic micropollutants (Table 3).

Pseudo-first- and second-order kinetics models, an
intraparticle diffusion model and the Elovich and
Avrami models were used to examine the mechanism

controlling the adsorption process, such as a chemical
reaction, diffusion control or mass transfer.

Several formalisms have been established in the lit-
erature to describe the kinetics of absorption. In this
study, we used the first- and second-order kinetic
laws. The rate constant for the first-order adsorption is
derived from the model established by Lagergren. The
selected models are simple and are well suited to
describe the adsorption kinetics of organic compounds
[14].

The constants of the kinetics models for the
adsorption of o-NP and p-NT by CAB are listed in
Table 4. It can be concluded that the pseudo-first-and
second-order equations do not give a good fit to the
experimental data for the adsorption of o-NP and
p-NT.

An intraparticle diffusion model based on the the-
ory proposed by Weber and Morris was tested to
identify the diffusion mechanism. It is an empirically
found functional relationship, common to most
adsorption processes, in which the uptake varies
almost proportionally with t1/2 rather than with the
contact time t (Table 1) [45].

Table 2
Surface chemistry of activated carbon prepared from
animal bones

Properties (meq/g) CAB

pH 8.38
Carboxylic groups 0.070
Lactonic groups 0.090
Phenolic groups 0.076
Acid groups 0.236
Basic groups 0.760
Total 0.996
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Fig. 4. Adsorption of o-NP on bioadsorbent prepared from
CAB: (a) [o-NP] = 5 mg/L and (b) [o-NP] = 20 mg/L.

(a)

(b)

Fig. 5. Adsorption of p-NT on bioadsorbent prepared from
CAB: (a) [p-NT] = 5 mg/L and (b) [p-NT] = 20 mg/L.
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If the Weber–Morris plot of qt vs. t
1/2 satisfies the

linear relationship with the experimental data, then
the sorption process is found to be controlled only by
intraparticle diffusion. The intraparticle diffusion
model may present multi-linearity, which indicates
that two or more steps occur in the adsorption pro-
cesses [46]. The first, sharper portion is the external
surface adsorption or instantaneous adsorption stage.

The second portion is the gradual adsorption stage,
where the intraparticle diffusion is rate controlled. The
third portion is the final equilibrium stage, where the
intraparticle diffusion starts to slow down due to the
extremely low solute concentration in solution [47].

The rate of uptake might be limited by the size of
adsorbate molecule, concentration of the adsorbate,
affinity to the adsorbent, diffusion coefficient of the
adsorbate in the bulk phase, pore size distribution of
the adsorbent and degree of mixing. The intraparticle
diffusion is generally the rate-limiting step for systems
with high concentrations of adsorbate, good mixing,
large particle sizes and low affinity towards the adsor-
bent [48].

The plots are not linear over the entire time range
(Figure not shown), implying that more than one pro-
cess is controlling the sorption process. If the two
steps are independent of one another, the plot of qt vs.
t1/2 appears as a combination of two or more inter-
secting lines. The intraparticle diffusion equation pro-
vides the best correlation coefficient, and the value of
kint increased as the initial organic micropollutants
concentration increased (5–20 mg/L). The high values
of R2 (Table 4) indicate the possibility of the sorption
process to be controlled by both particle and pore
diffusion [49]. Additionally, the C values (–0.5215,
–1.6596 for o-NP and 0.0776, –1.5544 for p-NT)
decreased as their concentrations increased from 5 to
20 mg/L.

The intraparticle diffusion of CAB is likely to occur
in three stages. The adsorbate molecule rapidly enters
the macropores and wider mesopores and then pene-
trates more slowly into the smaller mesopores. The
linear portion of the plot for a wide range of contact
times between the adsorbent and adsorbate does not
pass through the origin. This deviation from the origin
or near the saturation point may be due to the differ-
ences in the rates of mass transfer in the initial and
final stages of adsorption. Furthermore, such deviation
from the origin indicates that the pore diffusion is not
the only rate controlling step.

Table 3
Comparison percentage removal of various adsorbents for o-NP and p-NT

Precursor

Percentage removal

Refs.

o-NP initial concentration p-NT initial concentration

5 mg/L 20 mg/L 5 mg/L 20 mg/L

Coffee grounds 80.6 88 95.4 97.4 [14]
Melon seeds 80.8 78.15 89.8 99.4 [14]
Orange peels 80.5 89.9 96.6 95.25 [14]
Chicken bones 77 68 78 80 Present study

Table 4
Kinetic parameters

Kinetic parameter

o-NP initial
concentration
(mg/L)

p-NT initial
concentration
(mg/L)

5 20 5 20

Pseudo-first-order
k1 (min−1) 0.0368 0.0479 0.0419 0.0279
qexp 1.6836 6.8750 1.9150 7.3350
qcal 2.4038 16.4437 3.2299 13.7911
Δq (%) 13.53 32.80 35.20 93.84
R2 0.9716 0.8073 0.8938 0.9274

Pseudo-second-order
k2 (g mg−1 min−1) × 10−3 3.9946 0.0811 8.7526 0.2063
qcal 3.5574 34.2466 2.6882 20.2020
Δq (%) 16.18 16.94 9.52 33.76
R2 0.5511 0.1784 0.9590 0.4883

Intraparticle diffusion
kint (mg g−1 min−1/2) 0.2880 0.8653 0.1835 0.7479
R2 0.9807 0.9923 0.9816 0.9857

Elovich
α (mg g−1 min−1) 0.1215 0.3517 0.2299 0.3723
β (g mg−1) 1.3342 0.4222 2.1510 0.5228
R2 0.9674 0.9656 0.9532 0.9025

Avrami
nAV 1.3077 1.2976 0.8918 1.4022
kAV (min−1) 0.0285 0.024 0.039 0.0162
R2 0.9878 0.9602 0.9210 0.9882
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The Elovich equation has been successfully applied
to represent chemisorption processes at low adsorp-
tion rates. The same equation was used to model the
adsorption on heterogeneous surfaces. The Elovich
rate equation uses constants for adsorption and des-
orption to describe the kinetics of chemisorption on
highly heterogeneous surfaces. The experimental data
in this study do not show a good fit to this equation,
as they do to the intraparticle diffusion equation.
However, the results obtained by applying this model
to the adsorption of o-NP and p-NT on CAB show
acceptable correlation coefficients, with the lowest
being R2 = 0.9025 for p-NT (20 mg/L).

The Avrami exponential is a fractional number
related to the possible changes in the adsorption
mechanism that occur during the adsorption process.
Therefore, the adsorption mechanism model may take
into account a change in the kinetic order which occur
during the contact of the adsorbate with the adsorbent
[14]. The corresponding Avrami parameters, along
with the correlation coefficients, are shown in Table 4.
The regression values determine the suitability of this
model.

The validity of the abovementioned kinetic models
for o-NP and p-NT adsorption on CAB ranked as fol-
lows: intraparticle > Avrami > Elovich > pseudo-first-
order > pseudo-second-order.

4. Conclusions

The present investigation demonstrated that CAB
can be effectively used as a raw material for the
preparation of activated carbon for the removal of
organic micropollutants from aqueous solution. Ani-
mal bone is a low-cost waste residue that is easily
available in large quantities. The activated carbon was
characterised and has been used for the removal of o-
NP and p-NT from aqueous solution. Characterisation
studies performed via XRD and FTIR, ascertained that
the activated carbon prepared from animal bones was
rich in calcium. The majority of the functional groups
in the activated carbon were basic according to both
pH and titration measurements. The percentage of
organic micropollutant removal by CAB was 77% for
o-NP and 78% for p-NT, at an initial concentration of
5 mg/L and 68% for o-NP and 80% for p-NT at an ini-
tial concentration of 20 mg/L. A comparative analysis
indicated that the activated carbon is efficient in
removing organic micropollutants. The kinetics data
were analysed using five adsorption kinetic models:
pseudo-first- and second-order equations, an
intraparticle diffusion equation and the Elovich and
Avrami equations. The results indicate that the

intraparticle diffusion equation fits the experimental
data notably well, and it is demonstrated that CAB
can be an alternative source for low-cost absorbents.
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