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Abstract
The carbon-containing hydroxyapatite has been synthesized using the fish bone obtained from East Kalimantan,
Indonesia. The synthesis was conducted at varying calcination temperature (300-700 °C) and duration time (1-5
h). The carbon-containing hydroxyapatite were characterized by using Nitrogen adsorption-desorption, Fourier
transform infrared spectroscopy, X-ray diffraction (XRD), Scanning electron microscopy (SEM), and Thermogravimetric analysis (TGA) and Differential thermal analysis (DTA). The carbon-containing hydroxyapatite nanoparticles consisted of the mesoporous structure with a specific surface area of 159 m 2.g-1 and pore size of 44 Å. The
carbon-containing hydroxyapatite nanoparticles were utilized as the adsorbent for the removal of methylene blue
by varying the contact time, initial dye concentration, pH, adsorbent dosage and temperature. The maximum
amount of adsorption capacity was 56.49 mg.g-1. The adsorption was well fitted with the Langmuir adsorption
model (R2 ~ 0.998) and the pseudo-second-order model. This indicated that the dye molecules were adsorbed on the
surface-active site of carbon-containing hydroxyapatite via chemical binding, forming an adsorbate monolayer.
Hence, the adsorption capability corresponds to the physical properties such as the surface area and pore volume
of hydroxyapatite because the larger surface area consists of higher binding sites for the adsorption. Thermodynamic parameters, including the Gibbs free energy (ΔG), enthalpy (ΔH), and entropy (ΔS), indicated that the adsorption of methylene blue onto the carbon-containing hydroxyapatite nanoparticles was spontaneous. Thus, carbon-containing hydroxyapatite nanoparticles can be applied as a low-cost adsorbent for the treatment of industrial
effluents that are contaminated with the methylene blue. Copyright © 2019 BCREC Group. All rights reserved
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1. Introduction
The effluents discharged from industries
such as manufacturing of textile, paper, plastic,
* Corresponding Author.
E-mail: nurhadi1969@yahoo.co.id (W. Wirhanuddin);

leather, food, printing and cotton mordant with
tanning have caused the serious environmental
pollution [1]. The synthetic dyes like methylene
blue (MB) that is usually found in the industrial
effluents are very toxic and carcinogenic to the
aquatic living organisms, animal, and even human [2-5]. The removal of dyestuffs from indus-
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trial effluents using traditional way is challenging due to the high sensitivity to environmental factors, including the light and pH
level. Nevertheless, the materials used could be
difficult to be decomposed by bacteria or other
living organisms, causing subsequent pollution.
The methods to eliminate dyestuffs from effluents are known to be the biological treatment
(fungal decolourization, microbial degradation,
bioremediation),
chemical
methods
(coagulation, electroflotation, electrokinetic coagulation, oxidation, irradiation) and physical
methods (filtration, adsorption) [6]. Among that
methods, adsorption technique has attracted
much attention in recent years due to their efficiency in the purification and chemical recovery
application [7].
Recently, many researchers attempt to find
low-cost adsorbents to remove dyestuffs. For
examples; The marine green alga Ulva lactuca
as low cost adsorbent to remove methylene blue
but only can be applied on low dye initial concentration[8]. The mesoporous bone char obtained by pyrolysis of animal bones effective to
use as dye adsorbent but still in low dye concentration and small amount of dye solution
(20 mL) [7]. The activated carbon prepared
from cashew nut shell can be used to remove
methylene blue but not costly to prepare it [9].
Carbon-containing bone hydroxyapatite obtained from tuna bone was good performance to
adsorb dye but only suitable for congo red dye
[1]. The activated carbon produced from tea
(Cammellia sinensis) seed shell has high performance to adsorb methylene blue but no costly to prepare it [10], NaAlg-g-Poly(acrylic acidco-acryl amide/Clinoptilolite hydrogel nanocomposite can remove 99.47% methylene blue but
the experiment still in low concentration of dye
(25 mg.L-1) [11]. The clay and pillared clays can
be used as low cost adsorbent but not effective
due to need a lot of adsorbent in experiment
(0.2 g in 5 mL sample) [12,13]. The yellow passion fruit peel can be used as low cost adsorbent to remove methylene blue but need much
time (72 h) to reach equilibrium [3] and the remove dyestuffs use Eichhornia crassipes as adsorbent is costly but only suitable to adsorb azo
and anthraquinone [14,15].
Indonesia that consists of 17,505 islands
with 70% territorial water was the largest archipelagic country in the world. In 2015, the
fishery production has reached 14.79 million
tons which have made Indonesia the top fishery
production in the world after China. The fish
bones become the main waste in the production. These fish bones are often dumped as
wastes. Therefore, the conversion of wasted

fish bones into adsorbent not only add considerable economic value but also provides a lowcost solution compared to the expensive commercialized adsorbent such as activated carbon. Previous research carbon-containing hydroxyapatite must be prepared by pyrolysis
process in nitrogen atmosphere at high temperature (900 °C) [16]. The objective of this work
is to demonstrate the fish bones are used as
the precursor to prepare carbon-containing hydroxyapatite by simple thermal activation: the
powder of fish bones was carbonized directly in
the furnace with varying temperature (300,
400, 500, 600, and 700 °C) in air atmosphere
for 2 hours. Carbonization process was also
conducted at 500 °C with duration time 1, 2, 3,
4, and 5 h that used to study the effect of time
duration to the physical properties of carbonderivate fish bones. The adsorption capability
was tested using the methylene blue dye solution. The adsorption properties and mechanism
were evaluated using the kinetic equilibrium
models and the thermodynamic studies.
2. Materials and Methods
2.1 Materials
The fish bones were collected from waste of
many food companies in Samarinda, East Kalimantan, Indonesia. Sodium hydroxide pellets
for analysis was purchased from Merck. Hydrochloric acid (37%) was supplied by Merck.
Methylene blue was purchased from Merck.
2.2 Carbon-containing hydroxyapatite preparation
The fish bones were cleaned by washing using boiling water. The fish bones were then
dried in an oven at 110 °C for 24 hours. Obtained dried bones were crushed and sieved to
get a powder with the size of 100 mesh and
was labelled as FB. The powder of fish bones
was further calcined in a furnace at temperatures of 300, 400, 500, 600, and 700 °C for 2
hours. The powder obtained after calcination
was labelled as CFB-X(Y), where X is the calcination temperature and Y is the duration of
calcination. For instance, CFB-300(2) represents the sample that was obtained after calcination at 300 °C for 2 h. To study the effect of
time duration in calcination process, the powder of fish bones was calcined at 500 °C with
time duration (1-5 h).
2.3 Samples Characterization
The surface properties of the samples were
determined by N2 adsorption-desorption. Be-
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Figure 1. The effect of calcination temperature to the physisorption isotherms of (a) FB, (b) CFB300(2), (c) CFB-400(2), (d) CFB-500(2), (e) CFB-600(2) and (f) CFB-700(2).
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fore analysis, the samples were degassed at 150
°C. N2 adsorption-desorption isotherms were
determined at 77 K using a surface area analyzer Quantachrome instruments version 11.0.
The BET (Brunauer Emmet-Teller) surface area was estimated over a relative pressure
(P/P0) range of 0.05-0.30. The pore size distribution was measured with the Barrett-JoynerHalenda (BJH) adsorption. The X-ray diffraction (XRD) of the sample was obtained in the
2θ range of 2° to 65° using Bruker AXS Advance D8 diffractometer with Cu-K radiation
at 40 kV and 40 mA. The functional groups of
the sample were determined using the Perkin
Elmer Fourier Transform Infrared at room
temperature with a spectral resolution of 2 cm -1
and scan time of 10 s. JEOL JSM-6701F Scanning Electron Microscopy (SEM) instrument
with an accelerating voltage of 15 kV was used
to investigate the surface textures in the samples. The thermal stability of adsorbent was examined by using thermal gravimetric analysis
(TGA), STA Linseis PT1600 instrument with

[10-3]
6

5
(a)
(b)
(c)
(d)
(e)

dV(r) (cc/Å/g)

4

3

heat rate of 10 °C.min-1 and target temperature
900 °C.
2.4 Adsorption Test
Adsorption capability of samples were tested with methylene blue dye. The adsorbent
(0.25 g) was inserted into a test tube containing 25 mL of methylene blue dye (100 mg.L -1).
The experiment was carried out at different
pH value, the initial concentration of dye, adsorbent dosage and temperatures to find out
the optimum operating condition. The effect of
pH was investigated in the pH range of 2.010.0 that was adjusted using HCl (0.1 M) and
NaOH (0.1 M). The initial concentration of
methylene blue dye was set to be 50-1000
mg.L-1. Three different dosages of adsorbent
were used, which are 62.5, 125, and 250 mg.
The operating temperature was fixed at 30, 40,
and 50 °C. All adsorption tests were conducted
under a stirring rate of 200 rpm. When the reaction was completed, the solution was filtered, and the residual dye concentration was
analyzed using a UV-Vis spectrophotometer at
660 nm.
The adsorption capacities (qe) is expressed
as the dye adsorbed per gram of adsorbent
(mg.g-1) and the adsorption efficiency (%) of the
adsorbent were calculated using equations below [17-19]:
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where Ci is the initial concentration of dye
(mg.L-1), Cf is the dye concentration after adsorption time t, V is the volume of dye solution
(mL), and W is the adsorbent weight (g).
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Figure 2. BJH pore size distribution of (a)
CFB-300(2), (b) CFB-400(2), (c) CFB-500(2), (d)
CFB-600(2) and (e) CFB-700(2).
Table 1. Physical properties of (a) FB, (b) CFB-300(2), (c) CFB-400(2), (d) CFB-500(2), (e) CFB-600(2)
and (f) CFB-700(2).

FB
CFB-300(2)

Pore Radius
(Å)
17.4
59.6

Pore Volume
(cm3.g-1)
0.015
0.023

Surface Area
(m2.g-1)
8.2
7.9

Micropore Area
(m2.g-1)
6.932
0.000

CFB-400(2)

50.9

0.101

39.5

0.000

CFB-500(2)

44.1

0.350

158.8

0.000

CFB-600(2)
CFB-700(2)

50.7
48.5

0.276
0.301

108.9
124.2

0.475
0.000

Samples
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Figure 3. Effect of calcination duration to the isotherm models of (a) CFB-500(1), (b) CFB-500(2), (c)
CFB-500(3), (d) CFB-500(4) and (e) CFB-500(5).
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3. Results and discussion
3.1 Physical Properties
The synthesis of carbon-containing hydroxyapatite was optimized from the aspect of calcination temperature and duration. Untreated
FB was used as our main reference. In Figure
1(a), FB has a type III N2 adsorptiondesorption isotherm, indicating that FB is nonporous or macroporous. Upon calcination, the
physical properties of FB changed significantly.
The N2 adsorption-desorption isotherms type of
CFB-300(2), CFB-400(2), CFB-500(2), CFB600(2) and CFB-700(2) become typical type IV
patterns with clear hysteresis loops in the relative low-pressure range that indicates the presence of mesopores. The hysteresis loops of CFB300(2), CFB-400(2) and CFB-700(2) (Figure
1(a-b)) are type H3 which is the characteristic
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Figure 4. BJH pore size distribution (a) CFB500(1), (b) CFB-500(2), (c) CFB-500(3), (d) CFB500(4) and (e) CFB-500(5).

signal for the solids consisting of aggregates or
agglomerates of particles forming slit-shaped
pores (plates or edged particles like cubes). On
the other hands, the hysteresis loops type of
CFB-500(2) and CFB-600(2) (Figure 1(c-d)) are
type H1 which is often identified with porous
materials exhibiting a narrow distribution of
relatively uniform (cylindrical-like) pores. Both
hysteresis loops are not different due to the
amount carbon released from the samples during carbonization process from 500 to 600 °C
were not influence to pore structure or network
models attribute hysteresis (pore blocking or
percolation). All the samples consisted of uniform mesopores (44.1-59.6 Å) as shown in Figure 2. The physical properties of all samples
were listed in Table 1. Overall, the calcination
treatment not only increased the pore size but
also the surface area of FB. The surface area
increases from ~8 to 159 m2.g-1 when calcination temperature reaches 500 °C. The effect of
calcination duration was further investigated
using CFB-500. Figure 3 showed the N2 adsorption-desorption isotherms of CFB-500 synthesized from 1-5 hours. As the calcination duration increased, all the sample shows typical
type IV patterns with the H1 hysteresis loops
type. As shown in Figure 4, prolonging the calcination duration bring insignificant impact
onto the physical properties of CFB-500. This
phenomenon was caused the amount of carbon
released from samples for a duration time of
carbonization process (1-5 hours) not change
pore structure. The pore size distribution is in
a narrow range between 45.1-50.8 Å. Based on
the data listed in both Table 1 and 2, calcination at 500 °C for 2 hours is the most optimum
synthesis condition to obtain a CFB with high
pore volume and surface area.
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Figure 5. XRD pattern of CFB-500(2).

Figure 6. SEM micrograph of CFB-500(2).
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The XRD pattern of CFB-500(2) is depicted
in Figure 5. The diffraction peaks at 2θ = 25.9,
31.8, 46.8, 49.6, 53.4, and 64.4 prove that CFB500(2) was in the form of hydroxyapatite. The
average size of hydroxyapatite is predicted using the Debye-Scherrer equation [7]:

T=

K 
  cos 

(3)

3.2 Methylene Blue Dye Adsorption
CFB-500(2) was used for the methylene blue
adsorption test. Figure 9 shows the adsorption
of methylene blue at 30 °C. The initial concentration of methylene blue was 100 mg L-1 and
the pH of solution was 6.9. The removal rate of
methylene blue increases drastically in the
first 10 min and thereafter reaches equilibrium
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where T is the average of crystal size, K is the
shape factor (0.9),  is the X-ray wavelength
(0.15406 nm),  is the line broadening at full
width at half maximum (FWHM = 0.02783) on
the 2θ = 31.806 scale in radians and θ is the
Bragg angle of the peak in degrees. The average crystal size of hydroxyapatite was estimated to be 5.18 nm. The morphology of CFB500(2) was observed using scanning electron
microscopy (SEM) as shown in Figure 6. The
particles size of CFB-500(2) was observed to be
much bigger compared to the result obtained
using XRD. This indicated that the CFB-500(2)
nanoparticles tend to aggregate to form bigger
particles.
The chemical properties of CFB-500(2) was
checked using FTIR. The FTIR spectrum in
Figure 7 shows several strong peaks which are
the characteristic bands of hydroxyapatite.

The peaks located at 3416 cm-1 and 1653 cm-1
are associated to the O–H stretching. The absorption bands at 1435 cm-1 and 876 cm-1 are
C–O stretching vibration which correlated to
carbonate ion (CO32-) substitution in the crystal
lattice. Whilst, the absorption bands at 1047
cm-1 and 564 cm-1 are assigned to the P–O
stretching vibration in phosphate ion (PO 43-)
groups [20]. CFB-500(2) was also analyzed using T G . Based on the thermogram in Figure 8,
the CFB-500(2) experiences two steps of weight
losses. TGA displays a slight weight loss (~
9.5%) at the temperature below 200 °C, indicating the evaporation of moisture from the
CFB-500(2) surface. In the temperature range
of 200-550 °C, another weight loss of about
11.9% is observed, which can be associated
with the decomposition of the organic group.
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Figure 7. FTIR spectra of CFB-500(2).
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Figure 8. TGA and DTA curves of CFB-500(2).

Table 2. Physical properties of (a) CFB-500(1), (b) CFB-500(2), (c) CFB-500(3), (d) CFB-500(4) and (e)
CFB-500(5).
Samples
CFB-500(1)
CFB-500(2)
CFB-500(3)
CFB-500(4)
CFB-500(5)

Pore radius
(Å)
45.3
44.1
48.9
47.5
50.8

Pore volume
(cm3.g-1)
0.319
0.350
0.343
0.348
0.370

Surface area
(m2.g-1)
141.0
158.8
140.5
146.3
145.9
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Micropore area
(m2.g-1)
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0.000
0.000
0.000
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in about 30 min. The removal of methylene
blue remains constant up to 720 min. It can be
assumed that the adsorption process has
reached a quasi-equilibrium stage in the first
30 min. Figure 10 shows the initial dye concentration versus the quantity of dye adsorbed qe.
The quantity of dye adsorbed increases from
4.98 to 57.01 mg.g-1 when the initial concentration increases from 50 to 1000 mg.L-1. However,
the dye removal percentage decreases from
99.06 to 57.01%. As can be seen, the efficiency
of CFB-500(2) drops when the concentration of
methylene blue exceeds 500 mg.L-1. At dye concentration below 500 mg.L-1, the number of active sites on the surface CFB-500(2) is still sufficient for the adsorption of dye molecules.
However, at high initial concentration, the

quantity of dye adsorbed per unit weight of adsorbent (qt) was also high. Adsorption process
at low dye concentration, the value of the percentage (%) of dye removal opposite with the
amount of dye removal capacity (qt, mg.g-1).
This phenomenon was caused at the low concentration for the same amount of adsorbent in
the experiment the percentage of dye removal
becomes high (~100%) due to almost all the dye
concentration totally was absorbed. Otherwise,
the amount of dye removal (qt) becomes low
due to at low concentration the number of dye
adsorbed (mg.g-1) also small for the same
amount of adsorbent. Along with the increasing of the initial of dye concentration the percentage of dye removal becomes low due to the
increase of the dye concentration adsorbed was
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Figure 9. Effect of contact time on methylene
blue dye removal. Conditions: (pH: 6.9, MB: 100
mg.L-1, weight adsorbent: 250 mg, at 30 °C).
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small and even constant. While the quantity of
dye adsorbed per unit weight of adsorbent (qt)
always increase until the value constant along
with the increase of the dye initial concentration. The adsorption of methylene blue was
tested in different pH medium. Figure 11
shows the effect of pH on the removal of methylene blue (100 mg.L-1 dye concentration) using
CFB-500(2) as adsorbent. The adsorption of
methylene blue was quite consistent in the pH
range of 4-10. However, the adsorption of dye
in reaction medium with pH 2 drops significantly. This indicates that the presence of excess H+ ions in the solution became the competing ion to be adsorbed onto the active site of the
surface of CFB-500(2).

dlich adsorption models. The Langmuir adsorption model is assumed as the maximum adsorption corresponds to a saturated monolayer
of solute onto the adsorbent surface. The adsorbate binding is treated as a chemical reaction between the adsorbate molecule and an
empty site. Meanwhile, the Freundlich isotherm equation was correlated with heterogeneous surfaces and multi-layer adsorption
[12,15,20-22]. The Langmuir equation is shown
as equation (4) [21] and the Freundlich equation is followed as equations (5) and (6).

Ce
C
1
= e +
qe Qmax Qmax b
1

qe = K F Ce n

3.3 Adsorption Equilibrium Study
The adsorption of methylene blue was
checked using the Langmuir and the Freun-
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where Ce and qe are the residual dye concentration (mg.L-1) and the number of the dye adsorbed on the sorbent at equilibrium (mg.g-1).
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80
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(b)
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= 160
the
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0
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ity of adsorption. If the value
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acterizes favorable adsorption condition.
Figure 12 shows the Langmuir and Freundlich adsorption isotherm.
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Figure 13. Pseudo-second-order kinetics plot for the adsorption of methylene blue dye. Conditions:
(pH:
6.9, MB: 100 mg.L-1, weight adsorbent: 250 mg, at (a) 30 °C, (b) 40 °C and (c) 50 °C).
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This is in-line with our previous finding that
the removal of dye drops when the concentration of dye exceeds 500 mg.L-1. This is because
the dye molecules could only form monolayer at
the surface site of CFB-500(2) through chemical binding. The excess dye molecules could not
be removed since multilayer is not allowed.
This is consistent with the large pore volume
and surface area CFB-500(2).

t
1
t
=
+
2
qt k2 qe,cal qe,cal

where qe and qt are the amount of dye adsorbed
per gram of adsorbent (mg.g-1) at time, t in
equilibrium. The adsorption of methylene blue
by CFB-500(2) best fit into the pseudo-secondorder as shown in Figure 13. The correlation
coefficient is found to be unity. As shown in Table 3, the adsorption follows the pseudo-secondorder even at higher temperature of 50 °C. The
best fit to pseudo-second-order kinetics indicates that the rate-determining step may be a
chemical adsorption which depends on the adsorbent and adsorbate [25-27].

3.4 Adsorption Kinetics
The adsorption kinetics of the adsorption of
methylene blue onto carbon-containing hydroxyapatite was investigated using two kinetics
models which are the pseudo-first-order model
and pseudo-second-order model. The pseudofirst-order and pseudo-second-order models follow the first order Lagergren equation (8)
[23,24] and Ho’s pseudo-second-order equation
(9) [12,15], respectively.

log ( qe − qt ) = log qe ,cal −

kf
2.303

t

3.5 Determination of Thermodynamic Parameters
The thermodynamic parameters include activation energy (Ea), Gibbs free energy (ΔG),
enthalpy (ΔH), and entropy (ΔS) was determined to find out the inherent energetic changes during the adsorption process of methylene
blue onto the CFB-500(2). The Arrhenius equation was used to determine the activation energy (Ea) and is expressed as equation (10) [20]:

(8)

Table 3. Rate Constant for the adsorption of methylene blue onto CFB-500(2) at different temperatures.
Temp.
(°C)
30
40
50

qe,exp
(mg.g-1)
9.844
9.832
9.845

qe,cal
(mg.g-1)
9.852
9.832
9.852

k2
(g.mg-1.h-1)
0.280
0.170
0.200

(9)

ln k = ln A −

R2

Ea
RT

(10)

where k is the rate constant (k2) which was obtained from pseudo-second-order models, Ea
(kJ.mol-1), T (K), R (8.314 J.mol-1.K-1) and A are

1.000
1.000
1.000

Table 4. Thermodynamic parameters
ΔH
(kJ.mol-1)
6.816

3

3.1

ΔS
(kJ.K-1.mol-1)
0.068

3.2

ΔG (kJ.mol-1)
40 °C
–14.5

30 °C
–13.8

50 °C
–15.1

Ea
(kJ.mol-1)
–14.09

6.0

1/T (10-3)
3.3

3.4

3.5

0

y = -819.87x + 8.1792

ln KC

5.5

ln k

-1

5.0

y = 1694.8x - 6.9748

4.5
-2

4.0
3.0

3.1

-3

Figure 14. Plot ln k versus 1/T.

3.2

3.3
1/T (10-3)

Figure 15. Plot ln KC versus 1/T.
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the Arrhenius activation energy, temperature
of the adsorption medium, the gas constant and
the Arrhenius factor, respectively. Figure 14
shows plot of ln k against 1/T with slope and intercept were 1694.8 and –6.9748, respectively.
The value of activation energy (Ea) and the
Arrhenius factor A were obtained –14.09
kJ.mol-1 and 9.35×10-4, respectively. The Gibbs
free energy (ΔG), enthalpy (ΔH), and entropy
(ΔS) were calculated by using the following
equations [12,28]:

KC =

C1
C2

(11)

G 0 = H 0 − T S 0

(12)

G 0 = − RT ln K C

(13)

ln K C =

S
H
−
R
RT
0

0

a pseudo-second-order model with rate constant calculated 0.280 g.mg-1.h-1 at 30 °C. The
enthalpy (ΔH) of methylene blue adsorption
was obtained as 6.814 kJ.mol-1 and the adsorption process was endothermic. The activation
energy (Ea) of methylene blue adsorption was
determined as −14.09 kJ.mol-1. The adsorption
of methylene blue onto the carbon-containing
hydroxyapatite is spontaneous as predicted
from the Gibbs free energy (ΔG) as −13.80
kJ.mol-1 at 30 °C. As conclusion, carboncontaining hydroxyapatite synthesized from
fish bone can be a potential low-cost adsorbent
for the removal of methylene blue.
Acknowledgements

(14)

where KC is the equilibrium constant; C1 is the
quantity of methylene blue dye adsorbed on the
adsorbent per liter of the solution at equilibrium time and C2 is the concentration of methylene blue dye in the solution, respectively. ΔS
and ΔH were calculated from the intercept and
slope of the Van’t Hoffs plots (ln KC against 1/T)
as shown in Figure 15. The value of ΔH and ΔS
were calculated to be 6816.4 J.K-1.mol-1 and
0.068 kJ.K-1.mol-1, indicating the adsorption
process of methylene blue onto carboncontaining hydroxyapatite is endothermic and
random. The adsorption process of methylene
blue onto carbon-containing hydroxyapatite is
spontaneous as proven by the negative value of
ΔG. The thermodynamic parameters of the adsorption process were listed in Table 4.
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