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Abstract

The Synthesis of hydroxyapatite from Red Snapper (Lutjanus campechanus) fish bone carried out. Hydroxyapatite
is utilized for Cd(II) sorption from solution using a fixed-bed column. Hydroxyapatite was characterized using X-
ray Diffraction, Fourier Transform Infra-Red, Scanning Electron Microscope-Electron Dispersive, and
Thermogravimetric. In fixed-bed column, the influence of bed heift (5, 10, 15 cm) and flow rate (6, 8 and 10
mL/min) were studied. The highest adsorption capacity is obtained at ped height of 15 em, and a flow rate of 6
mL/min with adsorption capacity is 47.027 mg/g. The predicted by Bed Depth Service Time (BDST) model
obtained that value of R” in the range 0.9964-0.9997. The adsorption capacity per unit volume (N,,) is in the range
141.12-222.89 mg/L while k, is in the range 0.0136-0.022 L/mg h. This indicates that BDST can be used to explain
the performance of Cd(II) sorption onto hydroxyapatite by fix bed column.
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Abstrak (Indonesian)

Sintesis hidrosiapatit dari tulang ikan kakap merah ((Lutjanus campechanus) telah  Received 15 April 2021
dilakukan. Hidrosiapatit yang dihasilkan digunakan untuk mengadsorpsiion Cd(II)  Received in revised 27 May
menggunakan fix bed column. Karakterisasi hidrosiaptit yang dihasilkan 2021

menggunakan X-ray Diffraction, Fourier Transform Infra-Red, Scanning Electron ~ Accepted 28 May 2021
Microscope-Electron Dispersive, dan Thermogravimetric. Pada penelitian ini  Available online 20 June
dipelajari pengaruh tinggi kolom (5, 10, 15 ¢cm) dan kecepatan alir (6, 8 and 10 2021

mL/min). Kapasitas adsorpsi terbesar diperoleh pada tinggi kolom 15 cm, dan

kecepatan alir 6 mL/min dengan kapasitas adsorpsi 47,027 mg/g. Berdasarkan

prediksi Bed Depth Service Time (BDST) model diperoleh nilai R? pada range

0,9964-0,9997. Kapasitas adsorpsi per unit volum (N,) pada range 141,12-222 .89

mg/L, sedangkan nilai k, pada range 0,0136-0,022 L/mg. Hasil ini

mengindikasikan bahwa BDST dapat digunakan untuk menggambarkan adsorpsi

Cd(II) pada hidrosiapatit menggunakan metode fixed-bed column.

Article Info

Kata Kunci: hidrosiapatit, tulang ikan, fixed-bed column, Cd(1l)

INTRODUCTION respiratory irritation, anemia, trachea bronchitis,

Some heavy metals are important elements in life,
as examples are needed for the human metabolic
system. Other heavy metals are very toxic in trace
levels and harmful to humans and the environment.
[1.2]. Cadmium is one of the heavy metals produced
naturally and from industrial processes such as
electroplating, plastics, battery production, metallurgy,
pigments, fertilizers, pesticides, textiles [2,3.4].
Cadmium is carcinogenic, and it can also cause
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pulmonary edema, kidney [1,2]. According to WHO,
the concentration of cadmium in drinking water
allowed a maximum of 0,005 mg/L [5].

Research to reduce heavy metals in the water is an
important concern to obtain an effective and low-cost
method. Various methods can be used to reduce
cadmium in solutions such as coagulation, flocculation
[6], ion exchange [7], ultrafiltration [8], chemical
precipitation [9], deionization super capacitors [4], and
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adsorption [2]. The adsorption method is a
conventional method which is often used to reduce
heavy metal ions because it is effective, simple and
inexpensive [1,10,11]. The current study requires the
development of bio sorbents from low cost material,
abundantly available and have a large adsorption
capacity.

Hydroxyapatite (Cao(PO4)6(0OH),) is a bio sorbent
that can be synthesized from biomaterials containing
caleium such as mammalian bones, shell sources (eggs
shells, stoves), marine sources (fish bones, fish scale)
[12]. Hydroxyapatite has the potential as a bio sorbent
for heavy metal because it has low water solubility,
high stability against oxidation or reduction conditions
and a large adsorption capacity [13]. Several
researchers reported that have used hydroxyapatite for
the adsorption process with batch methods including
hydroxyapatite from eggshell to removal Pb(Il) [14],
synthetic hydroxyapatite for fluoride ion adsorption
[15] and synthetic hydroxyapatite to reduce Zn(ll)
[13]. Fish bones are the most solid waste from fish
consumption. Synthesis of hydroxyapatite from fish
bone has economic and environmental value, that is
low cost and reduces solid waste. Red snapper
(Lutjanus campechanus) is one of the fish that has high
economic value. In Indonesia, these fish are called
kakap merah. This fish is generally consumed fresh,
and most of it is exported in the form of fillets.

In this study, hydroxyapatite was extracted from
red snapper fish bones by the heat treatment method.
This method is considered the simplest, cheap and the
most successful synthesis [16,17]. Sunil and
Jaganathan [16] reported that the extraction of
hydroxyapatite from roho labio fish bones at
calcination temperatures of 600-1000 °C, obtained with
high purity hydroxyapatite at temperature of 1000 °C
with Ca/P ratio of 1.67. Hydroxyapatite produced is
used to reduce Cd(Il) using a fixed-bed column. This
method is very suitable for treatment large-scale
wastewater, This advantages of fixed-bed column
compared to the batch experimental that is easy to
operate, high adsorption capacity, can easily be
converted from a laboratory scale, the volume of waste
in large quantities can continuously flow. If the column
is saturated, desorption can be done [11,18]. In this
study, the effects of flow rate and beth depth are
examined.

MATERIALS AND METHODS
Materials

Red snapper fish is obtained from traditional
markets in Lubuk Linggau, South Sumatra. The
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chemicals used are acetone, CdCls, ethanol, HCI,
NaOH, H;PO,4 from Merck (Germany).

Methods
Extraction of hydroxyapatite

The fish bones are boiled with water at 100 °C for
2 hours to remove salt, fish meat, and some impurities.
Then, fish bones soaked with acetone. The fish bones
cleaned using distilled water, then dried at room
temperature for 24 h. The samples were crushed and
grinded. Then, fish bone calcined in furnace at 750°C
at heating rate 10°C/min for 5 hours to transform CaO.
The hydroxyapatite preparation by adding H:POs to
fish bone powder with a molar ratio of Ca/P = 3: 2. The
mixture was refluxed for 1 hour. The hydroxyapatite
dried at temperature 100 °C for 1 hour.

Characterization of Hydroxyapatite

The crystallinity and crystallite size of
hydroxyapatite were analyzed using X-Ray Diffraction
(XRD Rigaku Miniflex 600). Data was obtained in 20
in the range 10-80° using interval of 0.02° The
diffraction peak of hydroxyapatite compared with
JCPDS (09-0432). The crystallite size (d) is measure
by the Debye-Scherrer equation:

093
. B cos () (l)
where A is wavelength of Cu Ka radiation source
(1.5418 A), B is the FWHM (full width at half
maximum) intensity (rad), and 0 is the diffraction angle
from Bragg’s law (°).

Fourier Transform Infra-Red (FTIR Thermo Fisher
Scientific) used for analyzed the functional group of
hydroxyapatite. The transmittance (%) were
determined in the wavenumber of 400-4000 cm’'. For
surface morphology and element composition of
hydroxyapatite were determined using a Scanning
Electron Microscope-Energy Dispersive X-Ray
Spectroscopy (SEM-EDS JEOL JSM) instruments.

Column adsorption

The Cd adsorption study using hydroxyapatite
with the fixed-bed column method was carried out by
glass column with diameter of 1.8 cm and a height of
.J cm. Bed height varies from 5, 10, and 15 cm while
the flow rate is 6, 8 and 10 mL/min. The initial
concentration of Cd(II) of 50 mg/L with pH solution of
6.0 (by addition of NaOH or HCI 0.1 M). The bottom
of the column is equipped with glass wool. Peristaltic
pumps are used to drain liquid sample ions in the
column. Hydroxyapatite is poured into the column.
Before the start operation, in the column flowed with
deionized water in a downward flow to attract air
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trapped between the particles. Figure 1 shows the
schema of the column in the research.

@ 4
Figure 1. Schematic  fixed-bed column of the
laboratory scale. (1) Feed storage, (2)

Peristaltic pump, (3) Glass column, (4)
Effluent tank

Data analysis

Breakthrough important
characteristic of operations using fixed-bed columns.
When the eluent concentration has reached about 5%,

curves are an

it is the initial value of the points on the S shape curve
that indicate the breakthrough point [19]. The total
mass of Cd adsorbed was calculated using

Q0 t=total
Ytotal — 1000 1000 J;_{] Cyq dt @)

Where gopq = total mass of Cd adsorbed (mg), Q = is
flow rate, 4 is the area on the breakthrough curve, # is
total time to flow (min), and C,y is the Cd
concentration of absorbed (mg/L). Total amount of Cd
in the column is calculated from:

_ Co Qg
Mypra] = lml(;“ 3

Cp 1s initial concentration (mg/L), Capacity adsorption
(mg/g) of hydroxyapatite at equilibrium time can be
calculated from:

— Qi

qefl_ m (4)
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m is a weight of hydroxyapatite (dry) in the column.
Effluent volume (mL) is calculated following:

Veff= thm| (5)

RESULTS AND DISCUSSION
Characterization of Hydroxyapatite

Figure 2 shows the XRD spectra of hydroxyapatite
product synthesized by the heat treatment method.
Identify the peak of hydroxyapatite by comparing with
the XRD standard (JCPDS 09-0432). The 26 of
hydroxyapatite produced according to JCPDS are at
25.88 (002), 31.77 (211), 32.16 (112), 32.88 (300),
34.08 (202), 38.80 (310), 46.78 (222), 49.46 (213),
50.30 (321) and 53.10° (004). The strong diffraction
peak at 20=31.74, indicated the purity of the
hydroxyapatite synthesized. The particle size
calculation using the Debye-Scherrer equation based
on the peak at 20=31.77 shows that the hydroxyapatite
has a crystallite size of 34.50 nm. The crystallite size
obtained in this study is similar to the crystallite size of
hydroxyapatite from the bones of Pangasius
Hypothalmus fish in the range 24.16-45.68 nm [20].

Intensity (a.u)

N VN

1] 10 20 30 40 50 &0 70 &0
2 theta

Figure 2. XRD pattem of hydroxyapatite

The characteristics of hydroxyapatite functional
groups are shown in Figure 3. The IR band showing the
presence of PO3~ Groups appear at wavenumbers 553-
597, 987.42 and strong bands at 1020.02-1083.84 cm’
!. The widening peaks at wave numbers 3100-3400
indicate absorbed water [21]. The peaks at 3567.81 and
626.78 cm’! indicate the stretching OH and in-plane
bending from hydroxyapatite. Lugo et al [22] obtained
the hydroxyl group of hydroxyapatite at a similar wave
number of 3570 and 629 cm™. The band at 1384.98
cm’! indicate the presence of carbonate groups. This
study same with other studies on wave numbers 1384

cm’! [23].
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Figure 3. FTIR spectra of hydroxyapatite

The photograph of hydroxyapatite prepared from
fish bones appear globular shape shown in Figure 4. In
addition, it also appears the presence of pores. The
composition of the elements of hydroxyapatite is
expressed in table 1. The main components of the
hydroxyapatite are Ca, O and P. This shows the purity
of hydroxyapatite.

Figure 4. SEM photograph of hydroxyapatite

Table 1. Hydroxyapatite elements

Elements Percentage (%)
(0] 46.07
P 16.73
Ca 36.20

Figure 5 illustrated the Thermogravimetric
analysis of hydroxyapatite. At temperature 200 °C, a
significant weight reduction from the absorbed water
molecule adsorbed onto hydroxyapatite powder. The
weight loss at this temperature is 5.2%. Furthermore,
an increase in temperature causes the decomposition of
hydroxyapatite. Deflection of temperature appears at a
450 °C from of small amount of organic matter present
in hydroxyapatite. Spectra TG of hydroxyapatite from
salmon appeared to be deflected at 465 °C [24]. The
loss of weight from a temperature of 450-1000 °C is
very small, less than 3%.
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Figure 5. TG analysis of hydroxyapatite

The effect of experimental condition

Bed depth is one of the important parameters in the
adsorption process using columns. In this study, the
initial concentration of Cd(II) was 50 mg/L, and the
flow rate was 6 mL/min with a bed depth of 5, 10 and
15 em. Figure 6 shows the performance of the bed
depths curve at different bed heights. The figure
illustrates that breakthrough time increases with
increasing bed height. The [@igher the bed height, the
more amount of adsorbent, the increase in the surface
area of adsorbent and the more active site of the
adsorbent to adsorb Cd(Il). Besides, the bed height
increases, the lower the slope. The breakthrough with
5 cm bed height is saturated faster than other bed
heights. According to Oguz [11], the phenomenon
occurs because saturation in the binding sites is faster.

60 T
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|
Figure 6. Breakthrough curves for adsorption of Cd(II)

@ Figure 6 shows the breakthrough curve at various
tlow rates, 6, 8, and 10 mL/min and bed height. The
initial concentration of Cd used was 50 mg/L, and
solution pH 6. The figures of different flow rate have
the same pattern where columns with large flow rates
have steeper graphs, indicated the effects of intra-
particle diffusion. Maximum adsorption capacity is
faster achieved in columns with large flow rates
because more Cd(Il) exchanges with functional groups
of adsorbent in short time [25]. The mechanism of
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adsorption of metal ions onto hydroxyapatite reported
through two stages, namely the first stage of metal ions
adsorbed on the surface of the POH group, then the ion
exchange between metal ions (M**) by Ca(Il), in the
following reaction [26].

Cay(PO4)s(OH)> + 14H —> 10Ca>" + 6H,PO, + 2H,0
10M2" + 6H,PO; + 2H:O — Myg(PO4)o(OH), + 14H*

07 (@
=
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- 3=]
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Figure 7. Breakthrough curves at bed height (a) 5 cm,

(b) 10 em and (c) 15 cm

Table 2 shows the parameters in the fixed-bed
column. Increasing bed height increases adsorption
capacity, and conversely increases flow rate,
adsorption capacity decreases. The bifest adsorption
capacity is at bed height 15 cm with a flow rate of 6
mL/min. This value depends on the total Cd(II) that
pass through the column and the amount of mass of the
adsorbent in the column.
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Table 2. The parameter in the fixed-bed column

Bed height Flow rate ty, t, Jeq
(cm) (mL/min)  (h) (h) (mg/g)
5 6 2.1 12.5 21.74
8 1.5 11.0 11.12

10 1.2 9.0 7.48
10 6 3.8 19.0 33.09
8 35 16.0 16.20
10 2.8 14.0 12.16

15 6 5.6 27.0 47.03
8 52 24.0 24.30
10 4.1 20.5 17.07

Breakthrough modeling curves are very important
for describing and analyzing adsorption-scale labs
using columns for applications in industry. In this
study, Bohard Adams model applied to predict
behavior of the adsorption process. The BDST (Bed
Depth Service Time) model is a development of the
Bohard Adam model, which shows the relationship
between bed height and operating time. This theory is
based on reactions on the surface of the adsorbent. The

equation is as follows:
\JU

) 1 c,
tb:CuV ‘Z-Eln(c—b—l) (6)

Where t,, (h) is flow time, €, and C, are initial
concentration and final concentration effluent, Z is bed
height (cm), N, is adsorption capacity and k, is rate
constant can be obtained from the slope and intercept
of the linear plot t, versus Z. Bohart Adams parameters
using linear regression are shown in table 3. From the
table, it clear that the value of k,; and N, depends on
the flow rate [25], the increase in flow rate also
increases the kinetics constant and the reverse value of
N, decreases. This phenomenon shows that sorption
kinetic has a contribution to mass transfer in the
column system [19].

Table 3. Parameter of BDST adsorption of Cd(II) onto
hydroxyapatite

Flow rate No kq 2
(mL/min) (mg/L)  (L/mgh)
6 222.89 0.0136 0.9997
8 146.88 0.0151 0.9978
10 141.12 0.0227 0.9964
CONCLUSION

This research has successfully synthesized
hydroxyapatite from a fish bone by sonochemical
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method. The hydroxyapatite obtained was 10 nm in
size with a molar ratio of 1.68. Hydroxyapatitff is
effective for removal Cd(II) by fixed-bed column. The
bed height and flow rate affect the adsorption capacity.
Increasing bed height and decreasing flow rate provide
good adsorption perffirmance. The largest adsorption
capacity is obtained at a bed height of 15 cm with a
flow rate of 6 mL/min.
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