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a b s t r a c t
Utilization of shrimp shell (Metapenaeus monoceros) to adsorb metanil yellow (MY) dye has been 
investigated using a batch system. The optimum conditions were achieved at pH 5, initial concen-
tration 800 mg L–1, contact time 75 min, the heating temperature of adsorbent 120°C, adsorbent mass 
0.05 g, and particle size 25 µm. These parameters resulted in an adsorption capacity of 69.307 mg g–1. 
The shrimp shell was characterized using Fourier-transform infrared spectroscopy, X-ray fluores-
cence spectroscopy, scanning electron microscopy energy-dispersive X-ray, and Brunauer–Emmett–
Teller before and after the adsorption processes. Equilibrium adsorption data fitted a Langmuir 
isotherm model with R2 = 0.9816 indicating chemical adsorption with a homogeneous biosorption 
process of the adsorbate onto a biosorbent surface forming a monolayer. The adsorption process 
followed pseudo-second-order kinetics with R2 = 0.9953. The adsorption of MY onto the shrimp 
shell was an endothermic (positive ΔH°) and non-spontaneous (positive ΔG°) reaction. The reaction 
disorder was found to increase (positive ΔS°). This study revealed that the shrimp shell was an effec-
tive low-cost adsorbent to remove MY dye.
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1. Introduction

Uncontrolled industrial activities discharge vari-
ous hazardous materials into the environment including 
azo dyes which are widely used in textile, paper, plas-
tic, and leather processing. These industries often release 
high concentrations of these toxic azo dyes in wastewa-
ter. One azo dye commonly used as colorant for nylon, 
wool, and silk is metanil yellow (MY) also known as Acid 
Yellow 36 (C.I. 13065). This is a water-soluble anionic and 

mono-azo dye that contains an azo group (–N=N–) [1]. MY 
is non-biodegradable even at low concentrations. The azo 
group in its structure makes the dye light resistant and it 
blocks sunlight and oxygen from penetrating to deeper 
levels of waterways and prevents the photosynthesis of 
aquatic plants. It is harmful to the environment especially 
aquatic life and can cause allergies, skin irritation, renal 
dysfunction, liver, brain, reproduction, and nervous system 
damage in humans [2].
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Various methods to chemically and physically remove 
the dye in an aqueous solution such as degradation [3], 
photolysis [4], coagulation and precipitation [5], photo- 
oxidation [6], membrane separation [7], and adsorption 
[8] have been reported [9]. One simple environmentally 
friendly method of waste treatment is adsorption. This 
method is most widely used because it is safe, simple, low-
cost, efficient, and the absorbent can be recycled. Currently, 
biosorption methods are being developed that employ natu-
ral adsorbents derived from plants and animals (biosorbent) 
such as agricultural waste. These can have the advantage 
of high efficiency and biosorbents can be easy to obtain but 
their reuse in this way can effectively reduce solid organic 
waste [2,10]. Previous studies have investigated the ability 
of various biosorbents in such as apricot stones [11], cocoa 
shells [12], orange seeds [13], durian seeds [14], Annona 
muricata L seeds [15], rambutan seeds [2], fish bones [16], 
prawn shells [17] sago bark [18], and shrimp shells [19].

Shrimps are a marine species that are widespread and 
abundant. Shrimp shells, which make up about 40%–66% 
of shrimp weight are usually discharged as food waste 
and an industrial waste-product [20]. Previous research 
has shown that the calcium carbonate, chitin, and proteins 
shrimp shell mainly contained calcium carbonate, chitin, 
and proteins which will interact with dye molecules [21]. 
It might be an ideal candidate for environmentally friendly 
and low-cost adsorbents. Therefore, this study aimed to 
investigate the ability of shrimp shell as a low-cost adsor-
bent for removal MY in aqueous solution with the batch 
method. The influence of several parameters on adsorption 
such as pH, initial dye concentration, contact time, tempera-
ture, adsorbent mass, and particle size on the adsorption 
process was also studied. The equilibrium data were ana-
lyzed using Langmuir, Freundlich, Temkin, and Dubinin–
Radushkevich adsorption isotherm models. The kinetic and 
thermodynamic parameters were studied as well in order to 
examine the adsorption mechanism.

2. Experimental setup

2.1. Materials

Shrimp shells (Metapenaeus monoceros) were obtained 
from the traditional market in Padang, West Sumatera, 
Indonesia. All reagents used are analytical grade purchased 
from Merck (Germany) and all solutions were prepared in 
distilled water.

2.2. Preparation of biosorbent

Shrimp shells were washed with water, dried at room 
temperature, crushed, and sieved. Then, the 25 g powder 
of shrimp shell was activated by soaking in 100 mL 0.01 M 
HNO3 for 3 h, followed by washing with distilled water 
until neutral pH and then air-dried [22].

2.3. Dye solution preparation

A stock solution of 1,000 mg L–1 MY was prepared by dis-
solving 0.25 g of MY in 250 mL of distilled water. The stan-
dard solution was prepared by dilution MY at various con-
centrations (5–150 mg L–1) [2].

2.4. Characterization of shrimp shell

The characterization of shrimp shell before and after 
biosorption process was examined using Fourier-transform 
infrared spectroscopy (FTIR, Unican Mattson Mod 7000 
FTIR, United States), scanning electron microscopy ener-
gy-dispersive X-ray (SEM–EDX, Inspect F50, United 
States), X-ray fluorescence spectroscopy (XRF, PANalytical 
Epsilon 3, Netherlands) and Brunauer–Emmett–Teller 
(BET, Quantachrome QuadraSorb Evo, United States). The 
pH point of zero charges (pHpzc) analysis was carried out 
by contacting 0.1 g of biosorbent with 50 mL of 0.1 M KCl. 
The pH was adjusted between 1–8 by adding either 0.01 M 
NaOH or 0.01 M HNO3. The suspension was shaken for 
24 h and the final pH (pHf) of the supernatant was mea-
sured. The difference between the initial and final pH, ΔpH 
(pHf – pHi) was plotted against the initial pH (pHi) and the 
intersection point resulted from the curve with vertical axis 
corresponded to the pH point of zero charges (pHpzc) [23].

2.5. Biosorption studies

The biosorption process was conducted using a batch 
system. The effect of pH, concentration, contact time, 
temperature, adsorbents mass, and particle size was 
investigated. The experimental parameters were shown 
in Table 1. The pH of the solution was adjusted by adding 
0.01 M HNO3 or 0.01 M NaOH. The desired pH was main-
tained by a buffer solution. The Erlenmeyer was placed on 
a rotary shaker with agitation speed 100 rpm for 60 min. 
The solution was filtered from biosorbent using Whatman 
filter paper (No. 42). After that, the final concentration was 
determined by the UV-Vis spectrophotometer (Genesys 20 
Thermo Scientific, Germany) at a wavelength of 435 nm. 
The adsorption capacity of the biosorbent (q, mg g–1) and % 
removal was calculated by the following equation:

q
C C V
m

e=
−( )0  (1)

%R
C C
C

e=
−

×0

0

100  (2)

where C0 and Ce were initial and equilibrium dye concen-
tration in solutions (mg L–1), respectively; V was the volume 
of the solution (L); m was the amount of biomass (g) [24].

2.6. Adsorption isotherm studies

The adsorption isotherm was a very important approach 
to illustrate how adsorbates are distributed between liquid 
and solid phases. In the present study, the Langmuir, 
Freundlich, Temkin, and Dubinin–Radushkevich isotherm 
models were used to describe the equilibrium biosorp-
tion data. Langmuir isotherm can be represented by the 
following equation:

1 1 1
q k q C qe L m e m

= +  (3)
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where qm was the maximum monolayer adsorption capac-
ity of the adsorbent (mg g–1), KL was Langmuir adsorption 
constant (L mg–1), qe was the concentration of adsorbate on 
the adsorbent at equilibrium (mg g–1) and Ce was the concen-
tration of adsorbate in the solution at equilibrium (mg L–1).

Langmuir adsorption isotherm has its own character-
istic in determining the favorability of adsorption process 
that confirmed by calculating the dimensionless equilib-
rium parameter, usually known as separation factor (RL) 
expressed by the following equation:

R
K CL
L

=
+ ×( )

1
1 0

 (4)

where C0 was initial concentration of adsorbate (mg L–1). 
If RL > 1, the adsorption process was unfavorable, if 
0 < RL < 1, the adsorption process was favorable, if RL = 1, the 
adsorption process was linear, while RL = 0, the adsorption 
process was irreversible [25].

The Freundlich model equation was expressed by the 
following equation:

log log logq K
n

Ce f e= +
1  (5)

where qe was the amount of adsorbate on adsorbent at equi-
librium (mg g–1), Ce was the concentration of adsorbate in the 
solution at equilibrium (mg L–1). Kf and n were Freundlich 
constant.

The equation of the Temkin adsorption isotherm model 
is as follows:

q K Ce T e= +β βln ln  (6)

β =
RT
b

 (7)

where T is the absolute temperature (K), b is Temkin isotherm 
constant, R is the universal gas constant (8.314 J mol–1), KT is 
a constant related to the Temkin isotherm constant (L mg–1), 
and β is the Temkin constant related to the heat of adsorption 
(J mol–1).

The equation of the Dubinin–Radushkevich adsorption 
isotherm model is as follows:

ln lnq q Ke m= − DRε
2  (8)

ε =
+







RT

C
C
e

e

ln
1

 (9)
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where KDR is a constant related to the mean free energy of 
adsorption (mol2 J–1), qm is the theoretical maximum adsorp-
tion capacity (mg g–1), ε is the Polyani potential (J mol–1) 
and E is mean free energy of adsorption (kJ mol–1).

3. Results and discussion

3.1. Characterization of shrimp shell

Characterization of shrimp shell with FTIR was per-
formed in the wavenumber range of 4,000–400 cm–1. The FTIR 
spectra analysis was important to identify the functional 
groups involved for adsorption of MY and to predict the 
adsorption mechanism between adsorbent and adsorbate.

Fig. 1 shows that there were various functional groups 
in the shrimp shell. The broad and strong peak at 
3,266.26 cm–1 represented –OH stretching of the water mol-
ecule and N–H groups. The peak at 2,960.42 cm–1 could be 
assigned to C–H stretching and the peak around 1,912 cm–1 
was related to C=O in amide. The peak at 2,302 cm–1 cor-
responds to –COOH group. The adsorption bands at 
1,027.82 and 704.53 cm–1 were assigned to bending of C–N 
and N–H, respectively. The typical peaks representing 
CO3

2– of the aragonite compound (CaCO3) appear on the 
wavenumber 1,408.35 and 867.82 cm–1. After the biosorp-
tion of MY, the peak of each functional group was shifted 
(Table 2). This indicated that the interaction between 
functional groups with MY molecules has occurred.

The biosorbent composition was changed after MY 
adsorption process (Table 3). The percentage of elements 
or oxides was decreased after adsorption processes such as 
Ca, P, CaO, P2O5, and others, indicated the presence of elec-
trostatic interactions between the elements or oxides and 
the dye molecules. Aguayo-Villarreal et al. [26] have been 
reported about the calcium compounds in pecan shells are 

Table 1
Experimental parameters of biosorption study of metanil yellow onto shrimp shell

No. Parameter Experimental parameters

Initial 
pH

Initial concentration 
(mg L–1)

Contact 
time (min)

Temperature 
(K)

Adsorbent 
mass (g)

Particle 
size (µm)

1 Initial pH 3–8 5 60 298 0.1 ≤160
2 Initial concentration 5 60–1,200 60 298 0.1 ≤160
3 Contact time 5 800 15–120 298 0.1 ≤160
4 Temperature 5 800 75 363–483 0.1 ≤160
5 Adsorbent mass 5 800 75 393 0.05–1.25 ≤160
6 Particle size 5 800 75 393 0.05 ≤25–≤425
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responsible for the favorable adsorption of anionic dyes 
through the electrostatic interactions between the calcium 
cation of Pecan shells and the sulphonic groups of the 
dyes molecules, which would be dissociated in aqueous 
solution [26].

Fig. 2 shows the SEM’s image of the biosorbent sur-
face before and after the adsorption process took place. 
The biosorbent was activated by acid treatment before the 
adsorption process. Activation with 0.01 M HNO3 aims to 
improve the specific surface area and porosity of adsorbent 
and to remove impurities so that the adsorption process can 
occur properly. The same results have been reported about 
activated red mud by acid treatment was highly efficient 
for the removal of methylene blue [27]. From Fig. 2a it can 
be seen that the surface of the biosorbent after activated by 
nitric acid has a rough surface, non-uniformly, and cav-
ities. The existence of pore on the surface of biosorbent 
was proved by BET analysis. The BET analysis revealed 
that the average pore size of the shrimp shell was 1.273 Å. 
The pores and cavities act as a place for the adsorption 
site of MY so that the dye concentration in solution was 
decreased.

However, after the adsorption of MY, the surface of 
adsorbent was changed. Fig. 2b shows that MY molecules 
filled the pores and cavities, and then the surface becomes 
smoother due to the homogeneous layer of MY covering the 
biosorbent surface.

The specific surface area of the shrimp shell was 
45.119 m2 g–1, which showed that the biosorbent has a rel-
atively large surface area. This value suggests that there 
was good feasibility of adsorbent to trap and absorb the 
dye molecules onto the surface biosorbent due to the high 
surface area that could provide more adsorption sites [28]. 
The results showed a decrease in the surface area of the 
shrimp shell after the absorption of MY dye from 45.119 
to 33.079 m2 g–1. This phenomenon proved that MY had 
covered the surface of the shrimp shell so that the surface 
area of the shrimp shell decreased, and the adsorption 
capacity increased.

EDX analysis of shrimp shell (Fig. 2) represented the 
number of elements Ca, P, Mg, O, N, and C. MY dye is a 
non-conductive compound so it does not appear in the EDX 
spectrum. After dye adsorption, the weight percent of car-
bon and oxygen elements increased from 9.42% and 33.45% 
to 11.24% and 41.62%, respectively. This proved the strong 
affinity of the adsorbent for the MY dye [29]. The affin-
ity of adsorbent to adsorbate was indicated by separation 
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Fig. 1. FTIR spectra of shrimp shell before and after MY 
adsorption.

Table 2
Functional groups in shrimp shell

Functional groups Before adsorption (cm–1) After adsorption (cm–1)

OH–NH stretching 3,266.26 3,264.60
C–H stretching 2,960.42 2,835.39
–COOH 2,302 2,345.57
C=O in amide 1,912.82 –
C=O stretching in amide I 1,640.76 1,639.28
CO3

2– (calcite) 1,408.35 1,408.73
C–N bending 1,027.82 1,026.45
CO3

2– (calcite)/C–H stretching 867.82 868.36
N–H bending 704.53 704.91

Table 3
XRF of shrimp shell before and after adsorption

Elements 
or oxides

% (w/w)

Before adsorption After adsorption

Mg 2.485 2.018
P 7.614 7.019
Ca 85.443 85.013
Mn 0.035 0.024
Sr 1.927 1.462
MgO 3.437 2.777
P2O5 13.704 12.527
CaO 79.138 77.034
MnO 0.027 0.018
SrO 1.35 0.995
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factor value, RL (Table 4). The value of the separation factor 
RL is greater than 0 and less than 1, which suggested that 
the adsorption process is favorable [30]. The percentage 
of calcium and phosphor was decreased after MY adsorp-
tion indicated the adsorption process had taken place. 
This case was verified by the XRF analysis of adsorbent 
(Table 3) [15].

The determination of pHpzc value was important 
because it was related to the surface charge of the biosor-
bent that influenced the mechanism of MY adsorption. 
Adsorption of anions was favored at pH < pHpzc while 
adsorption of cations was favored at pH > pHpzc [31]. In 

Fig. 3 it can be seen that the pHpzc value of the shrimp shell 
was 8.2. At this pH value, the shrimp shell has no pos-
itive or negative charge (zero charges). At pH > pHpzc the 
shrimp shell has a negative charge that caused an electro-
static repulsion force between biosorbent surface and the 
MY molecules so that reduced adsorption capacity. While 
at pH < pHpzc the surface of the shrimp shell has a positive 
charge that caused a strong electrostatic attraction between 
the surface of the shrimp shell with the MY molecules [31].

The MY contain a sulphonate group which exhibited 
anionic properties in an acidic medium so that the adsorption 
of the MY by the shrimp shell was predicted to be optimum 

(a) (b)

Fig. 2. (a) SEM–EDX of shrimp shell before sorption and (b) after metanil yellow dye sorption. (Magnification: 10,000 times).

Table 4
Isotherm model constant of Langmuir, Freundlich, Temkin, and Dubinin–Radushkevich on the adsorption of metanil yellow dye onto 
a shrimp shell

Langmuir Freundlich

qm (mg g–1) KL (L mg–1) R2 RL Kf 1/n R2

44.62 0.005 0.981 0.141–0.767 0.845 0.590 0.906

Dubinin–Radushkevich Temkin

qm (mg g–1) KDR (mol2 g–1) E (kJ mol–1) R2 KT (L mg–1) b R2

238.38 1.237 × 10–8 4,040.40 0.586 0.029 12.305 0.823
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at pH lower than 8.2. Several studies on the adsorption of 
anionic dye in the acidic medium by the fishery waste have 
been reported. Research conducted by Ribeiro et al. [16] 
showed the optimum adsorption of 5G reactive blue dye 
by fishbone occurred at pH below of pHpzc (pH < 7.6).

3.2. Biosorption study

3.2.1. Effect of pH on adsorption capacity of MY

The effect of the pH of the dye solution was the most 
important factor that controlled the biosorption process. 
The pH of the system affected the surface properties of 
biosorbent and the mechanism of ionization or dissocia-
tion of dye molecules. In addition, the pH of the solution 
might also affect the electrostatic interaction between the 
surface of the biosorbent and the adsorbate molecules 
[2,15]. Effect of solution pH on the adsorption of MY onto 
shrimp shell was investigated within the range 3–8.

From Fig. 4 it can be seen that the optimum adsorption 
capacity was achieved at pH 5 with adsorption capacity of 
0.217 mg g–1. The adsorption capacity initially increased 
from 0.163 to 0.217 mg g–1 at pH 3–5. At the higher pH, the 
adsorption capacity decreased from 0.217 to 0.060 mg g–1 
at pH 5 to 8. The pH of the solution strongly influenced 
the electrostatic interaction between the surface of the 
biosorbent and the dye molecule. At low pH, there was an 
increase of H+ ions that will pull the electrostatic attraction 
force with the anionic dye so that the adsorption capac-
ity increased. While at higher pH, the OH– concentration 
increased. The presence of OH– ions become a competitor 
that will compete with MY anions to fill the active site. 
So that the electrostatic repulsion existed between the 
positively charged surface of the biosorbent and anionic 
dye and decreased the adsorption capacity [32].

In the pH effect study, the optimum pH was achieved at 
pH 5. This was suitable with the pHpzc (pHpzc = 8.2), where 
in at pH < pHpzc the surface of the shrimp shell has more H+ 
ions causing a strong electrostatic attraction between the sur-
face of the shrimp shell with MY anion. Thus, the optimum 
adsorption of MY onto shrimp shells occurred at low pH. 
The same result has also reported by previous research [9].

3.2.2. Effect of concentration on adsorption capacity of MY

The effect of concentration of adsorbate was related to 
the liquid–solid adsorption process. The initial concentra-
tion of dye provided to transfer dye molecules between 
liquid and solid phases that affected the interaction between 
adsorbent and adsorbate [33]. The effect of MY concen-
tration on the biosorption process was studied within the 
range 60–1,200 mg L–1. Fig. 5 showed that the optimum 
adsorption of MY dye onto the shrimp shell was reached 
at the concentration of 800 mg L–1 with adsorption capacity 
41.213 mg g–1.

The adsorption capacity of shrimp shell increasing 
as the concentration increased. This phenomenon was 
affected by electrostatic interaction between MY molecules 
and the surface of the shrimp shell (active site). In addition, 
the adsorption capacity increased as the number of active 
sites available was sufficient to accommodate the amount 
of dye to be eliminated. The efficiency of dye removal 
depended on the initial dye concentration. The higher 
concentration will produce a higher driving force due to 
the concentration gradient. The driving force affected the 
speed of the diffusion of the dye from the solution to the 
biosorbent [2].

After the optimum concentration (800 mg L–1), the 
adsorption capacity decreased because the number of active 
sites was not proportional to the amount of the dye, result-
ing in saturation of active site remaining the unabsorbed 
dye molecule [24,34]. A similar result has been reported for 
adsorption of MY by eggshell membrane showed an increase 
in concentration proportional to adsorption capacity [35].

The data was executed by several isotherm models. 
The adsorption isotherm was an important approach to 
illustrate how adsorbates are distributed between liquid 
and solid phases. The determination of the adsorption iso-
therm type aimed to determine the adsorption process that 
occurred between the shrimp shell as adsorbent and MY 
as adsorbate in equilibrium at a constant temperature [2].

Fig. 6 indicates that Langmuir isotherm was suitable 
to describe the adsorption process of MY onto the shrimp 
shell. This can be seen from a higher value of the coefficient 

Fig. 3. pHpzc of shrimp shell. Fig. 4. Effect of pH on metanil yellow dye biosorption by 
shrimp shell. Experimental condition: concentration = 5 mg L–1; 
bio sorbent mass = 0.1 g; stirring speed = 100 rpm; contact 
time = 60 min; particle size = 160 µm.
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of determination (R2) of the Langmuir isotherm linear equa-
tion (close to 1) compared to the Freundlich isotherm linear 
equation. This indicated that the process of MY biosorp-
tion occurred chemically through monolayer sorption with 
a homogenous surface of shrimp shell [31]. Similar results 
were also obtained by previous research [36].

The isotherm model constants of selected isotherm 
models can be seen in Table 4. These values were calcu-
lated from the slope and intercept of the linear equation of 
isotherm models.

In this present study, the RL value ranges from 0.141 to 
0.767. It was concluded that the process of adsorption of 
MY onto shrimp shell was favorable. Similar results were 
also obtained by previous research [25].

3.2.3. Effect of contact time and kinetics studies

The contact time effect was the time required to reach 
biosorption equilibrium. The effect of contact time on 

Fig. 5. Effect of initial concentration on the sorption capacity of 
metanil yellow dye on shrimp shell. Experimental condition: 
pH = 5; biosorbent mass = 0.1 g; stirring speed = 100 rpm; contact 
time = 60 min; particle size = 160 µm.

       
(c)          (d)

(a) (b)

Fig. 6. (a) Langmuir, (b) Freundlich, (c) Temkin, and (d) Dubinin–Radushkevich isotherm linear equations for metanil yellow 
adsorption on shrimp shell.
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the biosorption process was studied within the range of 
15–120 min. Fig. 7 shows that the optimum adsorption of 
MY dye onto shrimp shell occurred at contact time 75 min 
with adsorption capacity 43.42 mg g–1.

The increase in adsorption capacity was due to the 
longer collision time of the shrimp shell and the dye mol-
ecules so that the possibility of dye being adsorbed by the 
shrimp shell increased. This can be explained by the fact that 
the vacancy of active sites in shrimp shells so that the MY 
molecules easily interacted with the active site [37].

The kinetics study was evaluated using the pseudo- 

first-order and pseudo-second-order models. The kinetic 
parameters derived from these models were summarized 
in Table 5.

Fig. 8 shows that the kinetics of adsorption MY onto 
shrimp shell followed pseudo-second-order model indi-
cated by determination coefficient (R2) larger than pseudo-
first- order. Also, the experimental qe value (43.48 mg g–1) 
was closed to the calculated qe value from the pseudo- 
second-order model. It can be concluded that the adsorption 

process controlled by the chemisorption reaction between 
the shrimp shell and MY dye.

3.2.4. Effect of temperature on adsorption capacity of MY

The effect of heating temperature of adsorbent on the 
biosorption was studied within the range 90°C–210°C. 
Fig. 9 shows that the optimum adsorption of MY dye 
onto shrimp shell occurred at a heating temperature of 
adsorbent 120°C with adsorption capacity 57.838 mg g–1.

Biosorbent heating aimed to determine the adsorbent’s 
resistance to temperature and reduce the water content 
contained in shrimp shell powder so that the pores were 
open larger. This will cause interaction between the dye 
molecule and the biosorbent active site to begin optimally.

The thermodynamic parameters such as Gibbs free 
energy ∆G°, enthalpy ∆H° and entropy ∆S° were calculated 
at different temperatures 298, 308, and 318 K by the follow-
ing equations:

Fig. 7. Effect of contact time on the sorption capacity of met-
anil yellow on shrimp shell. Experimental condition: pH = 5; 
concentration = 800 mg L–1; biosorbent mass = 0.1 g; stirring 
speed = 100 rpm; particle size = 160 µm.

Fig. 9. Effect of heating temperature on the sorption capacity of 
metanil yellow on shrimp shell. Experimental condition: pH = 5; 
concentration = 800 mg L–1; contact time = 75 min; biosorbent 
mass = 0.1 g; particle size = 160 µm; stirring speed = 100 rpm.

(a) (b) 

Fig. 8. (a) Pseudo-first-order and (b) pseudo-second-order kinetic model for metanil yellow dye biosorption on shrimp shell.
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∆G RT K° = − ln  (11)

K S
R

H
RT

=
°
−

°∆ ∆  (12)

∆ ∆ ∆G H T S° = ° − °  (13)

where R is the universal gas constant, T (K) is the thermo-
dynamic temperature, K is the adsorption equilibrium 
constant.

All the determined thermodynamic parameters are 
given in Table 6. The positive values of ΔG° and ΔH° at all 
studied temperatures indicated the non-spontaneous and 
endothermic reaction of MY dye adsorption process, respec-
tively. The positive ΔS° values indicated a good affinity and 
increasing the degree of disorder at solid/solution inter-
fered during the processes [38]. The same result has been 
reported by [36].

3.2.5. Effect of biosorbent mass on adsorption capacity of MY

Determination of biosorbent mass related to the bio-
sorbent surface area and the availability of active sites. 
The effect of biosorbent mass on the biosorption was 
studied within range 0.05–1.25 g. Fig. 10 shows that the 
optimum adsorption capacity of MY dye onto shrimp shell 
was reached at biosorbent mass 0.05 g with adsorption 
capacity 66.007 mg g–1 and the removal percentage 97.5%.

From Fig. 10 it can be seen that as the adsorption capac-
ity of MY dyes decreased as the number of adsorbents 
increased, but the percentage of removal increased sig-
nificantly. It was related to a number of active sites on the 
surface of the adsorbent. The dye concentration remained 
constant, despite the fact that the number of adsorbents 
increased entirely so that the active site of the adsorbent 
becomes an unsaturated state because the dye molecules 
have no combine with it, this phenomenon leads to adsorp-
tion capacity reduction [36].

3.2.6. Effect of particle size on adsorption capacity of MY

The effect of particle size on the biosorbent was studied 
within range 25–425 µm. Fig. 11 shows that the optimum 

Table 5
Kinetic parameters for metanil yellow removal using shrimp shell biosorbent

Pseudo-first-order Pseudo-second-order

K1 (min–1) qe (mg g–1) R2 K2 (min–1) qe (mg g–1) R2

0.0244 18.1342 0.0536 1.561 × 10–5 41.66 0.9953

Table 6
Thermodynamic parameters for metanil yellow removal using shrimp shell biosorbent

Temperature (K) ΔG° (kJ mol–1) ΔH° (kJ mol–1) ΔS° (kJ mol–1 K–1)

298 621.623
308 14.154 5,877.2 18.002
318 261.574

Fig. 10. Effect of biosorbent mass on the sorption capacity and % 
removal of metanil yellow on shrimp shell. Experimental condi-
tion: pH = 5; concentration = 800 mg L–1; contact time = 75 min; 
stirring speed = 100 rpm; heating temperature = 120°C; particle 
size = 160 µm.

Fig. 11. Effect of particle size on the sorption capacity of met-
anil yellow dye on shrimp shell. Experimental condition: pH = 5; 
concentration = 800 mg L–1; contact time = 75 min; stirring 
speed = 100 rpm; heating temperature = 120°C; biosorbent 
mass = 0.25 g.
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adsorption capacity of MY dye onto shrimp shell was 
reached at particle size 25 µm with adsorption capacity 
69.307 mg g–1.

The adsorption capacity of the biosorbent was decreased 
as the particle size increased. This phenomenon related to 
the surface area of the adsorbent. The small size of adsor-
bent was increased the surface area and the number of active 
sites for the adsorption process. A similar result has been 
reported by previous research [39].

The comparison of the adsorption capacity of MY on 
shrimp shell with other reported adsorbents was sum-
marized in Table 7. It showed that the shrimp shell stud-
ied in this work has a large adsorption capacity for MY.

4. Conclusion

The shrimp shell (Metapenaeus monoceros) could be 
used to adsorb MY dye. The optimum conditions were 
achieved at pH 5, initial concentration 800 mg L–1, contact 
time 75 min, the heating temperature of adsorbent 120°C, 
adsorbent mass 0.05 g, particle size 25 µm with adsorption 
capacity 69.307 mg g–1. The characterization using FTIR, 
XRF, BET, and SEM–EDX showed the changes in the shrimp 
shell before and after the adsorption process. Equilibrium 
adsorption data were fitted to Langmuir isotherm (R2, 
0.981) indicating chemical adsorption and homogeneous 
biosorption process of adsorbate onto the biosorbent sur-
face forming a monolayer. The adsorption process followed 
pseudo-second-order kinetics with R2 0.995. The adsorption 
of MY dye onto the shrimp shell was an endothermic reac-
tion with a non-spontaneous process. The reaction disorder 
was found to increase. This study was indicated that shrimp 
shells could be used as an effective low-cost adsorbent to 
remove MY dye.
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