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Abstract

The utilization of fishbone as the carbon source for methylene blue adsorption has been successfully studied. Fishbone
was prepared from two kinds of fish such as marine fisheries (ex. Tenggiri) and freshwater fisheries (ex. Belida). The car-
bons were prepared by carbonation of fishbone powder at 500 °C for 2 h. Physical properties of carbons were character-
ized using Fourier transform infrared (FTIR) spectroscopy, X-ray diffraction (XRD), wavelength dispersive X-ray fluores-
cence (WDXRF), Scanning Electron Microscope (SEM), and hydrophobicity. The carbons were utilized as the adsorbent
for removing methylene blue by varying the contact time, initial dye concentration, and temperature. It is concluded that
both carbons can very good adsorb the methylene blue. The adsorption performance of carbon (TFC) from Tenggiri fish is
better than carbon (BFC) from Belida fish. 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 via chemical binding, forming an adsorbate monolayer. Thermodynamic parameters, including the Gibbs free
energy (AG), enthalpy (AH), and entropy (AS), indicated that the adsorption of methylene blue onto the carbon from fish-
bone was spontaneous. Thus, carbon from fishbone can be applied as a low-cost adsorbent to treat industrial effluents
contaminated with methylene blue.
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Keywords: Fishbone; Carbon; Methylene blue; Carbonization; Adsorption

Houw to Cite: S. Lestari, M. Nurhadi, R. Kusumawardani, E. Saputro, R. Pujisupiati, N.S. Muskita, N. Fortuna, A.S. Pur-
wandari, F. Aryani, S.Y. Lai, H. Nur (2022). Comparative Adsorption Performance of Carbon-containing Hydroxyapatite
Derived Tenggiri (Scomberomorini) and Belida (Chitala) Fish Bone for Methylene Blue. Bulletin of Chemical Reaction
Engineering & Catalysis, 17(3), 565-576 (doi: 10.9767/bcrec.17.3.15303.565-576)

Permalink/DOI: https://doi.org/10.9767/bcrec.17.3.15303.565-576

1. Introduction ber, plastics, leather, cosmetic, pharmaceutical
and food industries, is very fast in the world.
Consequently, a lot of waste pollution is pro-
duced, which can damage the environment. The

The development of industries that require
synthetic dyes, such as the textile, paper, rub-

e e Al synthetic dye compounds are very stable, so it
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[1-3]. Research efforts in degrading methylene
blue as synthetic dyes are often carried out us-
ing many adsorbents. Adsorption is a familiar
separation technique known since the earlier
history of science and is considered as an effi-
cient and user-friendly method for eliminating
a wide range of toxic pollutants from
wastewater. Adsorption is a physicochemical
method of treating aqueous effluent that is rap-
idly gaining prominence due to its proven effi-
ciency and great potential as means of produc-
ing quality effluent [4-6]. Many purposes of
separation and purification with the adsorption
technology have been used extensively in in-
dustrial processes. An essential application of
adsorption process using suitable adsorbents is
considered in the removal of coloured and col-
ourless organic pollutants from industrial
wastewater [7].

Recently, many researchers have been ef-
forted to find cheaper and more efficient alter-
native materials as dyes adsorbent, such as ag-
ricultural residues [8], clay minerals [1,3],
cashew nut shell [2], fly ash [9], peat [10], yel-
low passion fruit peel [11], wood powder and
lignin [12,13]. However, the cost of its commer-
cial application is still very high and low effi-
ciency. Indonesian country is the largest tropi-
cal archipelagic country in the world which has
a vast ocean and a large number of many large
and small islands. The potential of the Indone-
sian fishery sector is the largest in the world,
including capture fisheries (ex. Tenggiri
(Scomberomorini)) and aquaculture (ex. Belida
(Chitala)) with a sustainable production poten-
tial of around 67 million tons/year [14,15]. The
consequence of abundant fish yields is that
large amounts of fish bone waste have been
produced. The compositions of fish bone waste
are composed of calcium phosphate, collagen fi-
ber, calcium carbonate, and hydroxyapatite
[16,17], which are very useful for several appli-
cations, namely photocatalysts [18,19], cata-
lysts [20,21], adsorbents [22—24], etc. Captivat-
ed by the high carbon-containing hydroxyap-
atite of the fish bone, our research team has ex-
plored the usage of modified fish bone as a cat-
alyst in styrene oxidation [15,25] and an adsor-
bent in methylene blue removal [26,27].

In this study, we have modified fish bone to
be the highly adsorptive carbon source as an
adsorbent to remove methylene blue dye from
the wastewater. Firstly, the fish bone was
ground to powder and then activated by ther-
mal activation at 500 °C for 2 h. The carbon
was characterized by FTIR, XRD, XRF, SEM,
Nitrogen adsorption-desorption, and hydropho-
bicity. Finally, the carbon will be tested to ad-

sorb methylene blue on the effect contact time
variation for the kinetic study and the initial
methylene blue concentration effect for Lang-
muir and Freundlich isotherm studies. Fur-
thermore, variation temperature for investigat-
ing thermodynamic parameters was also car-
ried out.

2. Materials and Methods
2.1 Carbonation Process

Tenggiri (Scomberomorini) and Belida
(Chitala) fish bone were obtained from food
company in Samarinda, East Kalimantan, In-
donesia. The fish bones were washed with boil-
ing water to separate them from other impuri-
ties. The fish bone was dried in an oven at 110
°C for overnight and it was crushed to fine
powder. The powder was carbonized in a fur-
nace at 500 °C for 2 h in an air atmosphere to
form carbon. The fish bone-derived carbon is
labelled as TFC for Tenggiri fish bone and BFC
for Belida fish bone.

2.2 Carbon Characterization

The samples were characterized by using
WDXRF, FTIR, XRD, SEM-EDX, BET adsorp-
tion-desorption and Hydrophobicity. The ele-
ments composition from the carbon was deter-
mined by using 1 kW wavelength dispersive X-
ray fluorescence (WDXRF PANalytical, Minipal
4). FTIR spectrometer (IR—Prestige—21 Shi-
madzu) was used to identity the functional
group in the sample with a spectral resolu-
tion of 2 cm™!, scans 10 s, at 20 °C and range of
wavenumber from 400 to 4000 cm~!. XRD in-
strument (Phillips PANalytical X'Pert PRO)
was used to determine of the crystallinity and
phase content of the sample with the Cu Ko (A
= 1.5406 A) radiation as the diffracted mono-
chromatic beam at 40 kV and 40 mA and the
pattern was scanned in the 26 ranges between
7° and 60° at a step 0.03° and step time 1 s.
SEM (FEI Inspect S50) instrument was used to
investigate the surface morphology of sample
with an accelerating voltage of 15 kV. The hy-
drophobicity was correlated with the amount
adsorbed water in the samples. In an experi-
ment, samples (1 g) were dried at 110 °C over-
night in an oven to remove all physically ad-
sorbed water. Distillated water (0.75 L) was
filled into desiccators for overnight. After dehy-
dration, the samples were exposed to water va-
por by placing them into the water-filled desic-
cators at room temperature and weighed every
30 min. The percentage of adsorbed water as a
function of time was determined follow the
Equation (1):
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(mt My )
%adsorbed water = ~————=x100 (1)
m()
where, m: represents the sample mass after ad-
sorption of water and mo represents the initial
mass of the sample.

2.3 Adsorption Test

The performance of adsorbent was tested
using methylene blue (Ci6H1sCIN3S.xH20, x =
2-3, Merck) dyes. The methylene blue struc-
ture was shown in Figure 1. The adsorption
was carried out by mixing 0.250 g of the adsor-
bent with 25 mL of methylene blue solution
(100 mg.Li-!) in a 100 mL beaker glass at room
temperature for the duration of 5, 10, 15, 20,
25, 30, 60, 120, and 240 min. Furthermore, the
adsorbent was separated from the filtrate by
centrifugation, and the residual dye in the fil-
trate was analyzed using UV-vis spectropho-
tometer by monitoring the changes in absorb-
ance at 660 nm for methylene blue. The effect
of initial dye concentration was investigated by
varying initial concentrations 100, 200, 300 and
400 mg.L1, In this study, the thermodynamic
parameters (enthalpy, entropy and free energy)
were also investigated following the adsorption
data of the effect of temperature (30, 40 and 50
°C).

The adsorption efficiency of the adsorbent
was determined following this equation (2)
[28,29]:

. .. (CO _Ct)
Adsorption efficiency (%) = —e x100 2)
0
where, Co 1s the dye initial concentration and
C: is the dye concentration after adsorption

N
X
Cr
HaC @ CHs
CHs CH;

Methylene blue

Figure 1. The chemical structure of dye.

time ¢ (mg.Li 1) in the solution. The adsorption
capacity g: of adsorbent (mg/g) was calculated
with following the Equation (3) [5,30]:

(G —WC )V 3)

where, V is the volume of dye solution (mL)
and Wis weight adsorbent (g).

q, =

3. Results and Discussion
3.1 Physical Properties

The results from wavelength dispersive X-
ray fluorescence (WDXRF) show that both of
samples were consisted of major elements cal-
cium (Ca) and phosphorus (P). Both of the sam-
ples also consist the transition metal as minor
constituents which are ferrum (Fe), cuprum
(Cu), and zinkum (Zn). The complete list of ele-
ments and compounds was displayed in Table
1.

The FTIR spectra of (a) HA, (b) BFC and (c)
TFC are shown in Figure 2. The wavenumber
to detect the functional group of hydroxyap-
atite (HA) were measured in range 4000 to 400
cm-1. All of the spectra show the absorption
bands around 2500-3600 cm~! corresponded to
the stretching mode of hydroxyl (O—H) group of
organic compounds. The HA in the sample was
proven by the presence of carbonate ion (CO32-)
and phosphate ion (PO43-) groups [16,31-35].
The C-O stretching was investigated by the
absorption bands at 1449, 1272 and 877 cm™!
which correlated with the carbonate ion
(COs2). The phosphate group (PO43-) absorp-
tion band were characterized from wave-
number 1150 to 460 cm-1. The P-O stretching
asymmetric was identified by the absorption
bands around 1150-1000 cm-! which correlated
with the phosphate ion (PO43-). The bending vi-
bration of PO43- was observed by bands located
at 620-510 cm~1. The bands at 877 cm™!, which
was assigned to the acidic phosphate group
(HPO42) [36].

The crystallinity of (a) HA, (b) BFC and (c)
TFC were shown by using the XRD pattern in
Figure 3. In Figure 3(a), the crystallinity

Table 1. Elements analysis of BFC and TFC
obtained using WDXRF.

Element (wt%) BFC TFC
P 16.3 17.3

Ca 81.2 79.5

Fe 0.08 0.09

Cu 0.04 0.04

7n 0.03 0.10
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(JCPDS-PDF 74-0565) of HA powder was
shown by the diffraction peaks at 20 = 25.8°,
28.8°, 31.6°, 32,8°, 33.9°, 39.7°, 46.6°, 47.8°,
49.4°, 50.4°, 51.3°, 52.1°, and 53.1° which corre-
spond to (002), (210), (211), (300), (212), (310),
(311), (312), (213), (004), (104), and (322) sets of
planes respectively manifested that the ob-
tained samples were of pure form of hydroxyap-
atite with hexagonal structure [16,17]. In Fig-
ure 3(b) and 3(c), the crystallinity (JCPDS-PDF
74-0565) can be investigated by the diffraction
peaks at 20 = 25.7°, 28.8°, 32.8°, 39.7°, 46.6°,
and 49.4°. The diffraction peaks in Figure 3(b)
and 3(c) are not clear due to HA crystal still
mixed with carbon. The XRD in Figure 3(b) and
3(c) did not show any other peaks correspond-
ing to secondary phases or intermediate com-
pounds, such as CaHPO4+2H20 or Cas
(HPO4)2(PO4)4.5H20. The percentage of crystal-
linity and amorphous of BFC and TFC was cal-
culated by using OriginPro 2021 the Ultimate
Software for Graphing & Analysis. The per-
centage of amorphous of BFC was higher than
TFC. The percentage of crystallinity and amor-
phous was displayed in Table 2.

Transmittance (%)

3600 - 2500

1
phosphate group!

(PO&) )

T T T

I | |
4000 3000 2000 1000
Wavenumber (cm”)

Figure 2. FTIR spectra of (a) HA (b) BFC and
(c) TFC.

T

Table 2. Physical properties of BFC and TFC.

Figure 4 shows the SEM images of BFC and
TFC. In Figure 4, the surface morphology of
both of samples are roughness and irregular.
The particle size of TFC appears bigger than
BFC.

The analysis of Nitrogen adsorption-
desorption isotherm was used to determine the
surface area and pore structure of all samples.
Figure 5 shows nitrogen adsorption-desorption
isotherms of TFC and BFC. Both isotherms
were of Type IV in the IUPAC classifications,
which are a typical isotherm for mesoporous
materials. The isotherms exhibited that hyste-
resis loops in the relative pressure range ~0.4—
1.0 for TFC and BFC. The surface area, pore
volume and mean pore size completely can be
seen in Table 2. Mean pore size of both samples
more than 2 nm indicates the presence of uni-
form mesopores. Surface area of BFC higher
than TFC, it was caused the particle size of
TFC bigger than BFC that can be proven in
SEM images. Figure 6 shows percentage of ad-
sorbed water of BFC and TFC. The percentage
of adsorbed water of TFC was significantly
higher than BFC. It indicates that BFC more
hydrophobic than TFC. From the SEM results,

Intensity (a.u)

(b)

(a)

10 20 30 40 50 60
26 (°)

Figure 3. XRD pattern of (a) HA, (b) BFC and
(c) TFC.

Samples BET surface area Pore Volume Mean pore size Crystalinity Amorphous
(m?%g) (cm?/g) (nm) (%) (%)
BFC 131.7 0.2581 4.3 25.6 74.4
TFEC 90.8 0.2369 5.2 26.9 73.1
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it can be shown that the particle size of BFC is
smaller than TFC so that BFC is very difficult
to contact with water as a solvent for meth-
ylene blue. From the XRD results, we can de-
termine the percentage of amorphous carbon of
BFC is ~75% higher than TFC (~73%), the
higher percentage of amorphous carbon causes
BFC is difficult to contact with water as meth-
ylene blue solvent.

Table 3 shows that the methylene blue ad-
sorption capacity is affected by three factors,
i.e. surface area, active sites, and targeted
sorbents. The torrefied rice husk, which is low
in surface area and scarce of active sites, gave
low adsorption capacity [6]. Although TiOs2-
sulfonated carbon-derived from FEichhornia
crassipes is comparatively high in surface area
and functionalized with functional groups, it
gave low adsorption capacity due to this adsor-
bent is selective to anionic dye (Congo Red) but
not cationic dye (Methylene Blue) [26]. Aston-
1shingly, graphene oxide/alginate displayed rel-

-
et | tilt

ETD|-1 State Univ

00 KV 3.5 ETD|-1 State University of Malang

Figure 4. SEM Image of (a) BFC and (b) TFC.

atively low surface area but contributed a high
removal ability [41], this owing to its abun-
dance of active functional groups. Bamboo-
based activated carbon, which consists of plen-
tiful active sites and high surface area, showed
very good methylene blue removal capability
[43]. Our current study with pristine carbon-
derived fish bones gave good adsorption capaci-
ties because of the charge interaction, whereby
the hydroxyapatite functional groups, i.e. CO32-
and PO43- groups, could be attracted to S* and
N+ from cationic methylene blue. Nonetheless,
the carbon-derived fish bones can be further
improved by Van der Waals force by functional-
izing with aromatic-structured, polymeric com-
pounds to remove the heterocyclic aromatic
methylene blue effectively.

—@— Adsorption-desorption

2 N
v_ ' Kneearea

Quantity adsorbed (a.u)

I T | T | T | T | T
0 0.2 0.4 0.6 0.8
Relative pressure(p/p’)

Figure 5. The physisorption isotherms of (a)
BFC and (b) TFC.
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Figure 6. Hydrophobicity of (a) BFC and (b)
TFC.
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3.2 Effect of Contact Time

The effect of contact time on the percentage
dye removal of methylene blue onto TFC and
BFC adsorbents are shown in Figure 7. These
results indicate that the equilibrium adsorption
such as ~90% for BFC and ~98% for TFC was
reached within 20 min by both adsorbents and
dye removal percentage increased with increas-
ing contact time. Both adsorbents rapidly ad-
sorbed methylene blue within the first 5 min of
contact time with adsorption capacity of ~85%
for BFC and ~94% for TFC. The changes in ad-
sorption capacity increased gradually until the
equilibrium was achieved within 20 min. The
dye removal by BFC is lower than of TFC, most
probably caused by the physical properties such
as the hydrophobicity, which was BFC more
hydrophobic than TFC. The solvent for meth-
ylene blue is distillate water, this makes it dif-

100 - — & o
o]
80—
—O— BFC
T 80 —8— TFC
g
[
x
(]
>
o 404
=
20
0@ T T T T
0 100 200
Time (min)

Figure 7. Effect of contact time on the % of
methylene blue dye removal on TFC and BFC
Conditions: (neutral pH of dye solution: 100
mg.L~1, weight adsorbent: 250 mg, at 30 °C).

ficult for hydrophobic carbon to make contact
with the solution and may have hindered the
effective adsorption of the methylene blue onto
the surface of the adsorbent. Furthermore, af-
ter adsorption duration time 240 min the equi-
librium methylene blue achieved 92.8% for
BFC and 99.7% for TFC.

3.3 Adsorption Kinetics

The pseudo-first-order kinetic models and
the pseudo-second-order kinetic model were
use to check the adsorption kinetic of meth-
ylene blue adsorption onto TFC and BFC ad-
sorbent. The pseudo-first-order kinetic models
by Lagergren base on the sorption capacity of
adsorbent is expressed as [45-47]:

In(g, —q,) =Ing, -kt (4)

where, k1 (g/mg.h) is the rate constant for
Lagergren pseudo first-order, ge and g; are the
amounts of dye adsorbed per gram of adsorbent
(mg/g) at equilibrium and any time ¢. The slope
and intercept from plot In(ge—q:) versus ¢ was
used to determine the value of k1 and ge.

The pseudo-second-order kinetic model by
Ho, Y. S., and McKay, G is also based on the
sorption capacity of the adsorbent with the
equation [48—-49]:

t 1 t

R + —
9, kgl q, ®)

where, k2 (g.mg-1.h1) is the rate constant for
pseudo-second-order, ge and gt are the amounts
of dye adsorbed per gram of adsorbent (mg.g-1)
at equilibrium and any time ¢. The intercept
and slope form the plot ¢ versus t/q: were used
to calculate the value of k2 and ge cal.

The pseudo-first-order and pseudo-second-
order kinetics plots for both TFC and BFC as

Table 3. Comparisons of different adsorbents in their effectiveness of methylene blue adsorption capac-

ities.

Adsorbents Surface area Methylene Blue Removal References
(m2.g-1) Capacity (mg.g-1)

Torrefied rice husk 28 6.82 [37]

TiOgz-sulfonated carbon-derived from 233 18.8 [26]

Eichhornia crassipes

Alkaline treated Kaolinite - 20.5 [38]

Carbon-derived Tenggiri fish bone 90.8 24.8 Present study

Carbon-derived Belida fish bone 131.7 20.8 Present study

Carbon nanotubes 160 26.1 -41.6 [39]

Activated Bledug Kuwu 70 40.0 [40]

Calcined-fish bone waste 159 56.5 [27]

Graphene Oxide/Alginate 7.61 225.5 [41]

Chitosan/Graphene Oxide - 107.1 -179.6 [42]

Bamboo-based activated carbon 1896 454.2 [43]

Poly(acrylic acid) hydrogel - 2100 [44]
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adsorbent of methylene blue dye were checked
with equations (4) and (5), respectively. The
rate constant (k), equilibrium sorption calculat-
ed (gecal) were determined by slope and inter-
cept of the plots. Completely, the value of rate
constant (%), equilibrium sorption calculated
(Ge,cal), equilibrium sorption experiment (qeexp)
and the correlation coefficients (R2) were listed
in Table 4. The value of the correlation coeffi-
cient (R?) for pseudo-first-order of TFC and
BFC as 0.814 and 0.540 were lower compared
to the value for pseudo-second-order of both ad-
sorbents by 1.000, where the pseudo-second-
order indicates more accurate. This phenome-
non is in line with the report by Ho and McKay
[50] that concluded the first order equation of
Lagergren is not well-suited for the whole
range of contact time and is generally applica-
ble over the initial stage of the adsorption pro-
cess in many cases. The result of this research
showed that the adsorption of methylene blue
onto BFC adsorbents did not follow the pseudo-
first-order kinetic.

Both adsorbent follow pseudo-second-order
models also can be proven by the difference in
Qecal With geexp for both adsorbents in pseudo-
second-order were lower compared with pseu-
do-first-order. Therefore, the adsorption of
methylene blue dye onto both adsorbents were
concluded to follow the pseudo-second-order ad-
sorption mechanism model.

3.4 Adsorption Isotherms

The Langmuir and the Freundlich isotherm
were used to identify the adsorption isotherm
in adsorption process onto TFC and BFC adsor-
bent. The Langmuir isotherm is correlated with
monolayer sorption onto a surface that equa-
tion is given by [61-53]:

C 1 1

—<=—20C +

0. Q. Qb ©
where, C. and ge are the residual dye concen-
tration (mg.Li"1) and the number of the dye ad-
sorbed on the sorbent at equilibrium (mg.g™1).
Meanwhile, @max and b are Langmuir constant
which correlated with maximum adsorption ca-

pacity and bonding energy of adsorption, re-
spectively. The slope and intercept of the linier
plot of Ce/ge versus Ce was used to determine
Qmax and b.

The Freundlich isotherm model assumes
heterogeneous site energies of sorption. The
Freundlich equation is followed as [30,52]:

Ing, =InK, +(lj1nce (7
n

where, Kr and n are the Freundlich constant
which indicate adsorption capacity and adsorp-
tion intensity, respectively. Kr (mg.g!) and n
(L.mg1)¥n were calculate from the intercept
and slope of the plot of In ge versus In Ce.

At equilibrium, the methylene blue removal
capacity increased from 9.3 to 20.8 mg.g! for
BFC and 9.9 to 24.4 mg.g ! when the initial
concentration of both dyes increased from 100
to 400 mg.Lt. The increasing of the amount of
dye removal at equilibrium condition was
caused by an increasing the initial concentra-
tion that can increase the driving force to re-
duce all mass transfer resistances of the meth-
ylene blue molecules between the aqueous and
solid phase of the adsorbent [54].

The Langmuir and the Freundlich adsorp-
tion isotherms were used to describe the inter-
action between the dye and adsorbent that fol-
low equations (6) and (7), respectively. For the
removal of methylene blue by TFC and BFC
adsorbents, 25 mL of various dyes concentra-
tions (between 100 and 400 mg.Li1) were mixed
with 0.250 mg sorbent, then stirred at 300 rpm
for 240 min at room temperature. From the
Langmuir equation can be calculated the value
of the constants of Qmax, b and R2? as 24.8
mg.g~l, 0.257 and 0.9986 for TFC and 20.8
mg.g~1, 0.0889 and 0.9999 for BFC, respective-
ly. Base on the value of maximum adsorption
capacity (@max), bonding energy (b) can be used
to conclude that adsorption of methylene blue
onto TFC was easier than BFC adsorbent.

The favorable adsorption onto adsorbent
was investigated base on the constant Kr, n
and R2? were determined from the Freundlich
isotherm that was obtained 10.752, 5.831 and

Table 4. First order and pseudo second order kinetics for methylene blue dyes adsorption on TFC and

BFC adsorbent.

First Order

Pseudo Second Order

Temp. Qe.exp
Dye removal ©C) Qe,cal k1 Qe.cal ko R2 (mg.g1)
(mg.g”!) (g.mgl.h™) (mg.g”!) (g.mgl.h™)
TFC 30 0.4573 0.0347 0.8141 9.9800 0.2431 1.000 9.9652
BFC 30 0.6086 0.0184 0.5404 9.3197 0.1247 1.000 9.2855
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0.9813 for TFC and 6.086, 4.087 and 0.9765 for
BFC, respectively. Base on Kr value can be con-
cluded that the methylene blue adsorption pro-
cess was the heterogeneous adsorption process
on the surface of onto TFC and BFC adsorbent
which was done through a multi-layer adsorp-
tion mechanism. The n values of methylene
blue adsorption process are more than 1, which
indicates favorable adsorption of both dyes onto
TFC and BFC adsorbents. The complete data of
Langmuir and the Freundlich isotherm were
listed in Table 5.

3.5 Effect of Temperature

The thermodynamic parameters free energy
(AG), enthalpy (AH) and entropy (AS) were de-
termined by the experiments that were created
at different temperatures. The value changes of
AH and AS of adsorption were estimated from
Van't Hoff equation [6,55]:

®

with Kc=C1/Cs, is the equilibrium constant and
T, R, Ci and C: are temperature (K), the gas
constant (8.314 J.K-l.mol!), the quantity of
methylene blue dye adsorbed per unit mass of
adsorbent and the concentration of methylene
blue dye in aqueous phase, respectively. The
linier plot of In Kc versus 1/T was used to de-
termine of AS and AH which calculated from
the slope and intercept. The positive value of
AS indicates that the increase in randomness of
ongoing process. The negative value of AH indi-
cates that the adsorption process is exothermic
in nature and otherwise, the positive value of
AH indicates that the adsorption process is en-
dothermic in nature. Furthermore, the value of
AG was calculated by wusing the equation
AG=AH-TAS. The negative value of AG at
each temperature shows the feasibility and
spontaneity of adsorption process.

The Arrhenius equation was used to deter-
mine activation energy (Ea.) for adsorption pro-
cess onto TFC and BFC adsorbent. The equa-
tion is given as [30,55]:

E(l

Ink=InA =T 9)
k, Ea( kd.mol?), T (K), R (J.mol-1.K-1) and A
are the rate constant, Arrhenius activation en-
ergy, temperature of the adsorption medium,
the 1deal gas constant (8.314 J.mol-1.K-1), and
the Arrhenius factor, respectively. The slope of
plotting In %k versus 1/T was used to calculate
the Arrhenius activation energy. The removal
of MB dye at varying temperatures increased
from 94.2 to 99.6% (at room temperature), 93.3
to 99.3% (40 °C) and 92.8 to 98.5% (50 °C). It
can be clearly seen that by increasing the tem-
perature, the removal percentage of methylene
blue dye decreased slowly.

The thermodynamic parameter value of AG,
AH and AS are calculated based on the slope
and intercept of Van’t Hoff’s plots follow equa-
tion (8). The value of AG, AH, and AS were
listed in Table 6. The feasibility and spontanei-
ty of ongoing MB adsorption onto TFC adsor-
bent was proven by negative value of free ener-
gy (AG). The negative value of enthalpy (AH)
indicates that the adsorption process of MB on-
to TFC adsorbent is exothermic in nature. The
activation energy (Fa.) for adsorption process
onto TFC adsorbent was calculated by the Ar-
rhenius equation (9). The activation energy
value for adsorption process onto TFC adsor-
bent was 7.157 kdJ.mol-1.

4. Conclusions

In this study, modified fishbone (Tenggiri
and Belida) to be carbon (TFC and BFC) adsor-
bent has been carried out via a simple thermal
activation method. The thermal activation was
conducted at a carbonation temperature 500 °C

Table 5. Langmuir and Freundlich Isotherm models for methylene blue dyes adsorption on TFC and

BFC adsorbent.

Langmuir Isotherm

Freundlich Isotherm

Adsorbent

Qmax b R2 KF n R2
TFC 24.752 0.2568 0.998 10.752 5.831 0.9813
BFC 20.790 0.0889 0.999 6.086 4.087 0.9765

Table 6. Thermodynamic parameters data.
AH AS AG (kd/mol) E.
Adsorbent

(kdJ/mol) (kd/mol.K) 30 °C 40 °C 50 °C (kd/mol)

TFC -59.5 -0.149 -14.3 -12.8 -11.3 7.157

Copyright © 2022, ISSN 1978-2993




Bulletin of Chemical Reaction Engineering & Catalysis, 17 (3), 2022, 5§73

for 2 h. The surface area and pore size of TFC
and BFC were 90.8 m2.g-1, 5.2 nm and 131.7
m2.g-1 4.3 nm, respectively. Both carbon func-
tions as an adsorbent for the methylene blue,
one of the major pollutants from dye industries.
The adsorption process was carried out by
batch system at room temperature with the ad-
sorbent (0.25 g) and methylene blue dye solu-
tion (25 mL, 100 mg.LL-1). The adsorption of
methylene blue onto TFC and BFC follows the
Langmuir adsorption isotherm with the maxi-
mum adsorption capacity 24.8 mg.g-! and 20.8
mg.g-1. The kinetic data for methylene blue fit-
ted with a pseudo-second-order model with rate
constant calculated 0.243 g.mg-1.h-1 (TFC) and
0.125 g.mg1.ht (BFC) at 30 °C. The enthalpy
(AH) of methylene blue adsorption was ob-
tained as —59.5 kd.mol! and the adsorption
process was exothermic. The adsorption of
methylene blue onto the TFC is spontaneous as
predicted from the Gibbs free energy (AG) as
—14.3 kd.mol-! at 30 °C. In conclusion, carbon
synthesized from fish bone can be a potential
low-cost adsorbent for removing methylene
blue.
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