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The fish-scale-based porous carbon shows high performance for the removal of methylene blue 

from aqueous solution. 
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The adsorption of methylene blue (MB) from aquatic systems 

by the fish-scale-based hierarchical lamellar porous carbon 

(FHLC) was investigated. In this paper, the FHLC was used 

as an alternative adsorbent to replace the Norit CGP, a 10 

commercial activated carbon, and showed an overall fast and 

pH-dependent MB adsorption. The effect of contact time, pH 

and concentration on MB adsorption was investigated. It was 

found that the adsorption behaviours of FHLC and CGP 

could be described by a monolayer Langmuir type isotherm. 15 

The kinetic data followed the pseudo second-order kinetic 

model for both activated carbons as the linear correlation 

coefficients were all above 0.9999. Thermodynamic analyses 

indicated that the adsorption was an endothermic and 

spontaneous physisorption process. The maximum Langmuir 20 

adsorption capacity of the FHLC was 555.55 mg g-1 at pH = 

7.07 and 1050.72 mg g-1 at pH = 11.00 while that of the CGP 

was 432.90 mg g-1 at pH=7.07 and 649.35 mg g-1 at pH=11.00, 

respectively. The adsorption capacity of the FHLC was much 

better than that of the CGP at different pH values. Our study 25 

shows that fish-scale-based carbon could be used as a high-

performance and cost-effective adsorbent to remove MB in 

aqueous solution in the wastewater treatment. 

 

Introduction 30 

The wastewater from the dyeing industry has been one of the 
major sources for many environmental problems. It contains dyes 
that are harmful to flora and fauna. In particular, some organic 
dyes and their products can cause mutagenic or carcinogenic 
effects on human beings.1 The presence of even very low 35 

concentrations of dyes in the effluent is highly visible and 
undesirable. The effluent also contains residues of reactive dyes 
and toxic chemicals. Therefore, wastewater with dye 
contaminations needs to be properly treated before its release into 
the environment.2  40 

In the complicate procedures of water treatment, activated carbon 
materials are important due to their significant adsorption ability3 

for the reactive dye, methylene blue (MB), which is widely used 
for paper coloring, temporary hair colorant, and coating for paper 
stock, etc, and can be adsorbed onto attapulgite/bentonite4, peach 45 

stone5, and sodium hydroxide6. The MB adsorption capability is 

one measure to evaluate the property of activated carbon in 
wastewater treatment,7 as it reflects the quantity of mesopores on 
the activated carbon surface.8 In addition to being used as an 
adsorbent, activated carbon is also treated as catalysts support 9, 10, 50 

energy store11, 12 in the chemical industry due to their high 
specific surface, high degree of surface reactivity, and variable 
surface chemistries. However, as these active carbon materials 
has high production costs, researchers focus more and more on 
the development of the alternative and environmental-friendly 55 

raw materials for producing cost-effective activated carbon with 
high adsorption capacity.3 Most recent studies have concentrated 
on the agricultural byproducts, such as bamboo13, coconut shell 14, 
saw dust 15, cotton stalks16, fruit stones17, buffing dust18. 
Fish scales can be a good candidate. It is a byproduct of fisheries, 60 

and approximately 50,000 tons of fish scale is discarded as waste 
every year in China.19 The main components of fish scales are 
protein and hydroxyapatite. During the carbonization the protein 
will provide the carbon source while hydroxyapatite serves as a 
template to form a specific porous structure. For these reasons, 65 

we developed a fish-scale-based porous carbon, which has high 
surface area and lamellar hierarchical structure.20 In this article, 
we used the fish-scale-based hierarchical lamellar porous carbon 
(FHLC) as an adsorbent to removal the model pollutant, MB, and 
investigated its adsorption properties. The Scheme 1 shows the 70 

representation of the preparation and adsorption for MB onto the 
FHLC. The influence of pH, the adsorption kinetics, the 
adsorption capacity and thermodynamics of the FHLC were also 
studied, and compared with the commercial activated carbon 
Norit CGP. These results proved the excellent adsorption 75 

performance of the FHLC, indicating that it can be a promising 
adsorbent for treating organic-containing wastewater. 

 

 Materials and methods 

2.1 Adsorbent preparation and characterization 80 

Raw materials (fish scale) from tilapia were collected from food 
market. The clean and dry fish scale was precarbonized at 330 °C 
for 3h in air. The precarbonized powder was mixed with KOH at 
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a weight ratio of 1:1, followed by the activation in an N2 
atmosphere at 950 °C for 1h. The products were washed with 5 M 
HCl and hot deionized water until the pH value become neutral, 
and then heated in a vacuum oven at 120 °C for 24 h to obtain 
thefish-scale-based carbons.21 In this article, the fish-scale-based 5 

carbon was denoted as FHLC. The commercial activated carbon, 
CGP Super (Norit), was used as comparison through the whole 
study. 

Textural characterization of the FHLCs was carried out by 
adsorption/desorption measurement of nitrogen at 77K (ASAP 10 

2020, Micromeritics, USA) and the surface morphologies of 
FHLCs were examined by scanning electron microscopy (SEM, 
Model: HITACHI S-4700). The functional groups and elements 
components of the FHLCs were analyzed by Fourier transform 
infrared spectroscopy (FT-IR) spectra (Nicolet 6700). The FHLC 15 

was examined by zeta potential analysis set (ZetaPALS, 
Brookhaven Instruments Corporation). 
 
2.2 Methylene blue (MB) solutions preparation 
MB (C16H18ClN3S·3H2O, molecular weight 373.90 g mol-1) was 20 

used as a model pollutant. Na2HPO4, NaH2PO4 and 0.01 mol L-1 
NaOH were used to better control the pH value of MB solutions. 
All these reagents mentioned were of analytical grade from 
Sinopharm Chemical Reagent Beijing Co., Ltd. 1000 mg L-1 MB 
solution was prepared and subsequent solutions were all prepared 25 

by diluting the stock solution. The diluted solutions were further 
tested by the UV-2000 at 665 nm to confirm their concentrations. 
 
2.3 Methylene blue adsorption 
Adsorption test of MB on different adsorbents were conducted in 30 

a batch process by mixing 0.005g adsorbent with 5 mL/10 mL 
different concentrations of MB solutions in a sealed container. All 
containers were placed in water bath (30±0.5) °C with the 
constant temperature to reach the equilibrium. The containers 
were then removed and the final concentrations of the dye in the 35 

solutions were analyzed. The solutions were diluted to a proper 
concentration as required so that their absorbance remained with 
the linear calibration range. The upper solution with the less 
activated carbon partial was test by UV-2000 at 665 nm. Another 
container with the same MB solution without adsorbent was also 40 

processed as a blank team. Measurements on all samples were 
repeated twice. To better understand the effects of pH value, two 
pH values of 7.07 and 11.00 were selected in the experiments. 
The amount of adsorption at equilibrium (qe/mg g-1) was 
calculated by qe = (C0-Ce) V/m, where C0 and Ce (mg L-1) are 45 

MB solutions concentration at initial and equilibrium, 
respectively. V is the volume of the solutions (L), while m is the 
mass of the adsorbent used (g). Similarly, the amount of 
adsorption at time t (qt/ mg g-1) was calculated using qt = (C0-Ce) 
V/m. 50 

 

 Results and discussion 

3.1 Characterization of adsorbent 
Figure 1 showed the surface morphologies of the FHLC and MB 
adsorbed FHLC (FHLC-MB). It could be seen that the FHLC 55 

(Fig. 1(a)) had the lamellar structure and pores on the surface. 
The large-size pores were analogous to channels surrounded by 

the small size pores. This structure had high specific surface area 
and large pore volume. After the MB absorption on the FHLC, 
most small size pores were filled and parts of large size pores 60 

were filled, showing less developed pore structure compared to 
the FHLC (Fig. 1(b)). These findings were consistent with our 
assumptions (Scheme 1). 
The stronger adsorption ability of the FHLC was further 
supported by the textural characterization. The BET surface and 65 

pore volume of the FHLC was 2273 m2 g-1 and 2.74 cm3 g-1, 
respectively, with an average pore diameter of 4.47 nm. These 
parameters were much higher than those of the CGP (Table 1). 
Owing to the high specific surface area, large pore volume and 
ideal porous structure, the FHLC was promising as the adsorbent 70 

for wastewater treatment. So we focus on the discussion of the 
adsorption behavior and kinetics for M B onto the FHLC in the 
following. 
The FT-IR spectrum of FHLC (Fig. 2) showed the characteristic 
peaks of the stretching vibration of O-H, C=C, C=O, COOH, and 75 

C–O respectively at 3429 cm−1, 2363 cm−1, 1620 cm−1, 1440 cm-1, 
1112 cm-1, respectively. It indicated that the FHLC has an 
abundance of functional groups, which are beneficial for the 
adsorption process. After the MB adsorption, most of these 
characteristic peaks of FHLC-MB remain the same as those of 80 

FHLC, except the COOH peak. This could be attributed to the 
neutralization reaction during the pH controlling process, 
suggestin that the process of MB adsorption on the FHLC was 
mainly a physical adsorption. 
 85 

3.2 Effect of contact time 
Since adsorption isotherms are related to the equilibrium 
conditions, we measured the contact time for each adsorption 
system to reach its equilibrium condition. The effects of contact 
time in the range 1-24 h were studied using different 90 

concentration of MB solution, pH = 7.07 and 11.00 at the 
temperature of (30±0.5) °C. The adsorption percentage, which 
was defined as the adsorption quantity over the maximum 
adsorption quanity, increased with the increased contact time and 
MB concentration. This agreed with Pavan’s conclusion.22 The 95 

adsorption percentage of the FHLC was much higher than that of 
CGP when there were a few minutes before reaching unity (Fig. 
3(a)). However, it took more time to reach the adsorption 
equilibrium for FHLC when the concentration was closed to or 
exceed to the maximum adsorption amount. After 24 h, no 100 

detectable changes could be observed for all samples at different 
pH values. As a consequence, subsequent adsorption experiments 
were all performed for 24 h, a period which was assumed to be 
enough for performing all the adsorption processes. 
 105 

3.3 Adsorption isotherms 
The adsorption isotherms are fundamental to reveal the process of 
adsorption molecules that distribute between the liquid phase and 
the solid phase when the system reaches its equilibrium at a fixed 
temperature. Once a suitable model can be found to fit the 110 

isotherm data, it can serve  the design purpose. In general, 
Langmuir and Freundlich isotherms are enough for evaluation. 
Thus we applied them in this experiment. 
3.3.1 Langmuir isotherm 
The Langmuir isotherm is represented by the following equation 115 
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(1):              
Ce/qe=1/qmKL+Ce/qm                            (1) 

Where Ce is the equilibrium concentration of the MB solution 
(mg L-1), qe is the amount of adsorbate adsorbed per unit mass of 
adsorbate (mg g-1), and qm and KL are Langmuir constants which 5 

related to the adsorption capacity and rate of adsorption, 
respectively. The data were analyzed using the Langmuir 
equation and the results are shown in Table 2. The linear plot of 
Ce/qe versus Ce shows that adsorption follows the Langmuir 
isotherm. Values of qm and KL can be calculated from the slope 10 

and the intercept of the linear plot. 
As seen from Fig. 3(b), equilibrium uptake increased with the 
increase of the pH value in the range of experimental 
concentration and the maximum adsorption capacity of FHLC 
stays higher than that of CGP at both of pH values. Due to the 15 

FHLC’s porous structure, the maximum monolayer adsorption 
capacity increased from 555.55 mg g-1 at pH = 7.07 to 1050.72 
mg g-1 at pH=11.00 while the CGPs were 432.90 mg g-1 at pH = 
7.07 and 649.35 mg g-1 pH = 11.00, respectively. The pH at point 
zero charge of the FHLC tested by the ZetaPALS is about 4.6. 20 

Therefore, there would be more and more negatively charged 
sites in the surface of FHLC when the pH value increases from 7 
to 11. Methylene blue, a highly charged molecule (pKa less than 
or equal to 1), 22 when in neutral and alkaline conditions, it 
mainly exists as cationic MB. The electrostatic attraction between 25 

the cationic MB and FHLC is benefit for the removal of MB from 
dye water. Besides, lower adsorption at neutral pH was probably 
due to the presence of excess of H+ ions competing with the dye 
cations for adsorption sites. 23 The Langmuir isotherms of the 
FHLC and Norit CGP at different temperature and different 30 

values of pH are also showed in Fig. 3(b).  
Dimensionless equilibrium parameter (RL) is another essential 
characteristic of the Langmuir isotherm, as defined: 

RL=1/(1+[KL×C0])                                        (2) 
The value of RL indicates the type of the isotherm to be 35 

unfavorable (RL > 1), linear (RL = 1), favorable (0 < RL < 1) or 
irreversible (RL = 0). Values were found to be 0.0087 and 0.0096 
for the FHLC and the CGP at pH =7.07, respectively. However, at 
pH = 11.00, the RL value were 0.00041 and 0.0063 for the FHLC 
and the CGP, respectively. The results indicate that the carbon 40 

samples are favored for the MB adsorption under conditions used 
in this study. 
 
3.3.2 Freundlich isotherm 
The Freundlich isotherm model is expressed by the following 45 

equation (3):          
logqe =logKF+1/n logCe                                (3) 

Where KF and n are Freundlich constants, KF (mg g-1(mg-1)1/n) is 
the adsorption capacity of the adsorbent that is defined as the 
adsorption or distribution coefficient and represents the quantity 50 

of the MB solution onto the activated carbon adsorbent for a unit 
equilibrium concentration, while n reveals how favorable the 
adsorption process is. The plot of logqe versus log Ce with slope 
1/n ranging between 0 and 1 is a measure of adsorption intensity 
or surface heterogeneity. The adsorbent surface becomes more 55 

heterogeneous as the value of 1/n gets closer to 0.23 

In Table 2, the 1/n slopes for all the samples at different pH 
values are close to 0, while the KF value and linear correlation 

coefficient increased for both samples as the pH value increased. 
The R2 calculated from Freundlich isotherm equation is closer to 60 

1, indicating that the adsorption processes also follows the 
Freundlich isotherm. Compared to FHLC, the slope value 
decreased while the CGP increased as the pH value increased 
from 7.07 to 11.00, which means that FHLC became more 
heterogeneous as the pH value is increased. However the values 65 

of R2 values obtained from Freundlich isotherm equation were 
lower than that from Langmuir isotherm equation. Furthermore, 
the experimental adsorption capacity (qe) were close to those of 
theoretical adsorption capacity (qm) calculated from Langmuir 
isotherm equation. This suggests that Langmuir isotherm model 70 

could better describe the adsorption equilibrium process. This 
also indicates the monolayer coverage of MB on the composite 
adsorbents. 
 
3.4 Adsorption kinetics 75 

Adsorption kinetics is one of the main characteristics to define 
the adsorption efficiency and to explain the adsorption 
mechanism. In order to investigate the adsorption processes of 
MB dyes on the FHLC and CGP, kinetic analysis were conducted 
using pseudo-first and second-order models. 80 

3.4.1 The first-order kinetic model 
The rate constant of adsorption is determined from the first- order 
rate expression given by Lagergren and Svenska as below: 

ln(qe-qt)=lnqe-k1t                    (4) 
Where qe and qt are the amounts of MB adsorbed (mg g-1) at 85 

equilibrium and at time t (h), respectively, and k1 (min-1)is the 
rate constant of adsorption (h-1). As shown in Table 5, k1 values 
which are shown in Table 5 were calculated from the plots of 
ln(qe – qt) versus t at a specific starting concentration of MB 
solution. Here the MB starting concentrations were set to be 90 

slightly more than the maximum adsorption for all samples at 
different pH values. 
At pH = 7.07, both the FHLC and CGP cannot be fit for the first-
order kinetic model as the R2 values were only 0.6356 and 0.8954, 
respectively. And the adsorption process also cannot be better fit 95 

using the first-order kinetic model at pH = 11.00 as the R2 values 
were 0.8974 and 0.9736 for the FHLC and CGP 
3.4.2 The second-order kinetic model 
The second-order kinetic model is expressed as below:  

t/qt=1/(k2qe
2)+t/qe                     (5) 100 

Where k2 [g (mg h)-1] is the rate constant of second-order 
adsorption and the values of k2 were calculated from the plots of 
t/qt versus t. 
It is clear to see that both FHLC and CGP can be better fit by the 
second-order kinetic model at different pH values as the linear 105 

correlation coefficients were all above 0.9999.  
 
3.5 Thermodynamic analyses 
To estimate the temperature effect on the adsorption of MB onto 
FHLC and CGP, the free energy change (∆G0), enthalpy change 110 

(∆H0), and entropy change (∆S0) were determined. The Langmuir 
isotherm was used to calculate thermodynamic parameters using 
the following equations: 

∆G0= −RTln(KL)                                     (6 ) 
ln(KL)=∆S0/R−∆H0/RT                            (7 ) 115 

Where KL is the Langmuir equilibrium constant (L/g); R is the 
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gas constant (8.314 J/mol K-1) and T is the temperature (K). 
Considering the relationship between ∆G0 and KL, ∆H0 and ∆S0 
were determined from the slope and intercept of the van’t Hoff 
plots of ln(KL) versus 1/T. Table 6 presents the thermodynamic 
parameters at various temperatures. The negative values confirm 5 

the feasibility of the process and the spontaneous nature of the 
adsorption. 

In general, ∆H0 value less than 40kJ/mol indicates that the 
adsorption process is physisorption.24 The positive value of ∆S0 
demonstrates the increased randomness at the solid–solute 10 

interface and the affinity of the FHLC for the MB, This is a direct 
consequence of enhancement of the mobility and extent of 
penetration within the activated carbon pores and overcoming the 
activation energy barrier and enhancing the rate of intra-particle 
diffusion as well. The values of ∆G0 suggest the adsorption is a 15 

spontaneous process and adsorption rate improves when the 
temperature’s increased. The positive value of ∆H0 indicates that 
the adsorption reaction is endothermic.  

Conclusion 

In summary, the high performance of fish-scale-based porous 20 

carbon for the removal of methylene blue from the aqueous 
solution has been demonstrated. Their adsorption capacity was 
shown to be better than that of CGP for dye adsorption at 
different pH values. The maximum adsorption capacity of the 
FHLC was 555.55 mg g-1 at pH = 7.07 and 1050.72 mg g-1 at pH 25 

= 11.00, while capacity for the CGP was 432.90 mg g-1 and 
649.35 mg g-1 at pH = 7.07 and 11.00, respectively. Although 
both of the two carbons were prone to alkaline condition for MB 
adsorption, the FHLC would be a faster separation adsorbent to 
remove MB from the wastewater. Adsorption behaviors of the 30 

FHLC were described by a monolayer Langmuir type isotherm 
while kinetic data obey the pseudo second-order kinetic model 
for MB. Thermodynamic analyses indicated that the adsorption 
for MB direct dyes onto the FHLC and CGP was endothermic 
and spontaneous, and via a physisorption process. Considered the 35 

adsorption performance of the FHLC, the fish-scale-based 
activated carbon is a promising adsorbent in the water treatment. 
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Scheme 1 Scheme of the preparation and adsorption for MB onto 
the FHLC from aqueous solution 

  5 

 
 

 
 

Fig. 1 The surface morphologies of the FHLC and the FHLC-MB 10 

 
 

Table1 Textural characteristics of the FHLC and CGP.
20,25

 

Sample FHLC CGP 
Specific surface area (m2 g-1) 2273 1281 
Pore volume (cm3 g-1) 2.74 1.13 
Average pore diameter (nm) 4.47 3.14 
 

 15 

Fig. 2 The FT-IR spectrum of the FHLC and FHLC-MB 
 

 
Fig. 3 (a) The relationship between adsorption quantity and time 
onto the FHLC and CGP for MB at 30℃(The initial 20 

concentration is 200mg/L and 300mg/L) and (b) adsorption 
isotherm for MB onto FHLC and CGP for pH=7.07and 11.00 at 
30℃ 
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Table 2 Langmuir and Freundlich isotherm constant for MB at 30 °C 

Sample pH 
                      Langmuir isotherm                       Freundlich isotherm 

qm 
(mg g-1) 

KL 
(Lmg-1) 

R2 RL 1/n KF[(mg g-1)(mg-1)1/n] R2 

FHLC  7.07 555.55 0.1137 0.9991 8.7E-03 0.0641 566.98 0.9176 
CGP 7.07 432.9 0.1031 0.9993 9.6E-03 0.1783 520.98 0.9613 

FHLC  11.00 1050.72 0.2452 0.9997 4.1E-03 0.0972 1164.98 0.9272 
CGP 11.00 649.35 0.1554 0.9996 6.3E-03 0.0909 695.52 0.9321 

 
 5 

Table 3 Langmuir and Freundlich isotherm constant for MB at 40 °C 

Sample pH 
Langmuir isotherm Freundlich isotherm 

qm 
(mg g-1) 

KL 
(L mg-1) 

R2 RL 1/n KF[(mg g-1)(mg-1)1/n] R2 

FHLC  7.07 671.14 0.1249 0.9992 7.9E-03 0.0834 705.73 0.9373 
CGP 7.07 510.2 0.1161 0.9987 8.5E-03 0.1611 606.99 0.9801 

FHLC  11.00 1117.84 0.2831 0.9994 3.5E-03 0.0962 1250.75 0.9329 
CGP 11.00 775.19 0.1802 0.9993 5.5E-03 0.0923 837.70 0.8901 

 
 

Table 4 Langmuir and Freundlich isotherm constant for MB at 50 °C 

Sample pH 
Langmuir isotherm Freundlich isotherm 

qm 
(mg g-1) 

KL 
 (L mg-1) 

R2 RL 1/n KF[(mg g-1)(mg-1)1/n] R2 

FHLC  7.07 787.4 0.1402 0.9995 7.1E-03 0.1128 861.69 0.8750 
CGP 7.07 591.72 0.1241 0.9984 8.0E-03 0.1807 741.60 0.9776 

FHLC  11.00 1283.91 0.3054 0.9994 3.3E-03 0.0637 1362.07 0.9005 
CGP 11.00 840.34 0.2088 0.9993 4.8E-03 0.0780 898.75 0.8722 

 10 

 

Table 5 First-order kinetic and Second-order kinetic constant for MB at 30 °C 

Sample pH 
First-order kinetic model Second-order kinetic model 

k1(h
-1) R2 k2[g(mg h)-1] R2 

FHLC  7.07 0.1194 0.6356 0.128 0.9997 
CGP 7.07 0.0895 0.7779 0.010 0.9999 

FHLC  11.00 0.1541 0.8974 0.042 0.9999 
CGP 11.00 0.1684 0.9736 0.006 0.9999 

 

 

 15 

Table 6 Thermodynamic parameters for MB adsorbed by the FHLC and CGP 
Sample pH -�G0(kJ/mol) �H0 

(kJ/mol) 
�S0 

(J/mol) 303K 313K 323K 
FHLC 7.07 11.93 12.17 12.46 8.52 63.57 
CGP 7.07 11.68 11.98 12.15 7.67 67.42 

FHLC 11.00 13.87 13.99 14.18 8.97 75.41 
CGP 11.00 12.50 12.87 13.23 12.02 81.61 
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