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a b s t r a c t
A biosorbent material was prepared from a shrimp co-product (SCP) collected from local fishery 
(Algiers, Algeria), following a simple route needing only washing, drying and grinding at room tem-
perature, without any chemical addition. The SCP biosorbent was characterized via X-ray diffrac-
tion, Fourier-transform infrared spectroscopy and scanning electron microscopy-energy-dispersive 
X-ray spectroscopy (SEM-EDX) techniques. The results indicated that SCP consisted mostly of calcium 
carbonate. SEM images revealed the presence of cavities more or less homogeneous, with different 
geometries. The biosorption study selected for the removal of Congo red (CR) dye gave a maximum 
experimental biosorption capacity of 25.628 mg/g. Several models were used to fit the biosorption 
experiment. The mono-layer biosorption was confirmed by the good fit of the Langmuir model with 
experimental data. The biosorption kinetic followed the pseudo-second-order model involving a 
chemical biosorption process. The SCP was proven to be a potentially sustainable biosorbent for dyes 
retention.
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1. Introduction

Human societies since their origin have exploited and 
altered the physical and biological environment in various 
aspects. Due to this impact and in order to attenuate the effect, 
durable biomaterials are in demand. However, the synthetic 
dyes are both toxic and no biodegradable [1]. Such dyes are 
used in the industries of textiles and leather dyeing, as well as 
printing, pharmaceuticals [2–5]. Generally, dyes are divided 
into chemical structures such as anionic, cationic and non-
ionic. Anionic reactive dyes are both stable and light resistant 
[6]. Dyes must be removed once used to avoid marine ecosys-
tem pollution [7,8].

The treatment of waste water has been achieved by various 
techniques such as filtration [9], flotation [10], photocatalysis 
[11], biological [12], ion exchange and advanced oxidation [13],  
adsorption [14–16].

Adsorption is commonly used due to the simplicity of 
the process and its lower involved cost compared to other 
processes [17,18]. Therefore, considerable efforts are devoted 
to the removal of organic contaminants [19,20] by using low-
cost renewable adsorbents as an alternative to expensive 
fossil activated carbons [21–23]. The cost of the adsorbent 
is an important parameter to be considered as well as other 
performance indicators related to environmental impacts. 
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Hence, there is a growing research of bio-based adsorbents 
to address the pollution issue.

A varied range of by-products can be obtained from 
shrimp co-products [24,25], yet processing plants continue 
to release considerable quantities of these co-products into 
the environment as waste products. For this reason, more 
in-depth studies are needed on shrimp co-products-based 
physical and chemical properties. We propose to use recov-
ered shrimps waste by-products to use as feedstock in 
the preparation of dye adsorbent materials. In previous 
studies [26–29], an adsorbent extracted from shrimp waste 
(chitosan) has been used for the removal of heavy metals [26] 
antibiotics [27], oil [28] and dye [29].

The study of potential adsorbent of marine co product 
in the adsorption of pollutants has recently started [30]. 
Agricultural and industrial waste materials have been stud-
ied as alternative feedstock to remove dyes and other pollut-
ants [31].

In this study a biosorbent was prepared from co-prod-
ucts from shrimp. Following washing step, shrimp shells 
were dried and grinding then the powder was character-
ized via X-ray diffraction (XRD), Fourier-transform infrared 
spectroscopy (FTIR) and scanning electron microscopy-en-
ergy-dispersive X-ray spectroscopy (SEM-EDX) techniques. 
Removal of Congo red (CR) dye on this novel biosorbent 
using adsorption kinetics and equilibrium isotherm was 
investigates. Another goal is to study equilibrium data using 
mathematical models. Characteristics of the intra particular 
diffusion, pseudo-first and second-order models and the 
Langmuir, Freundlich and Redlich–Peterson isotherms were 
evaluated using nonlinear regression models.

2. Material and method

2.1. Preparation of shrimp co-products powder

Shrimp shells collected from a local fishery (Algiers, 
Algeria) washed several times with water then with a solu-
tion of hydrochloric acid (10–3 N), dried in a ventilated oven 
at (40°C) over night, crushed and finally stored in airtight 
glass bottles for further experiments. This powder will be put 
back in the oven at 105°C for 24 h just before use.

2.2. Preparation of aqueous Congo red solution

Congo red (CR) is an anionic dye (Fig. 1). Solutions of 
the dye CR were analyzed by UV Visible at its adsorption 
wavelength (λmax = 498 nm). CR stock-solution (1 g/L) were 
prepared by shaking in distilled water and kept at room tem-
perature. The 50 mg/L solution used in the study is prepared 
by dilution of a quantity of the 1 g/L stock solution.

2.3. Characterization of material used

The biosorbent characterization was performed using 
different techniques. X-ray diffraction patterns were 
obtained utilizing the PANalytical X’PERT PRO diffractom-
eter (Cu-Kα radian, λ = 1.5418 Å, 45 kV). A Perkin-Elmer 
spectrum 65. Fourier-transform infrared spectroscopy (FTIR, 
Shimadzu FTIR-8400S) was employed in the 400 to 4,000 cm–1 
range to characterize the shrimp co-products powder (SCP) 
surface groups. Sample were obtained by dispersing finely 
ground material in KBr powder-pressed pellets. Resulting 
infrared patterns helped to identify the chemical functional 
groups present. A scanning electron microscopy (SEM) obser-
vation was carried out using a JEOL-JSM 636O equipped 
with an energy-dispersive X-ray spectroscopy (EDX) system. 
Sample was powdered on an aluminum support previously 
covered with a self-adhesive pellet containing graphite. A pH 
meter (Bante Instruments PHS-3BW) was used to determine 
zero charge pH of adsorbent. UV/Vis spectrophotometer 
(Optizen 210UV) was employed to measure adsorbate (CR) 
concentrations.

2.4. Adsorption experiments

Adsorption experiments were conducted by batch. 
Kinetic was conducted at room temperature by mixing and 
shaking at 250 rpm 0.1 g of adsorbent with 100 mL of 50 mg/L 
solution containing CR. The flasks were shaken at intervals 
0–360 min.

Isotherm was determined by shaking different amounts 
of adsorbent (varying from 25 to 1,000 mg) with 100 mL of 
50 mg/L solution containing CR for 6 h. After shaking, 2 mL 
of the suspensions were centrifuged at 2,000 rpm for 2 min.

The amount of CR adsorbed was calculated based on the 
following equation:

q
C C V
me

e�
�� �0  (1)

where qe is the amount of dye adsorbed in material, C0 is the 
initial concentrations, Ce is the equilibrium concentrations 
of CR solutions respectively, determined by UV-Visible, V is 
the volume of solution containing adsorbent, m is the mass 
of adsorbent. The experiments were performed at the solu-
tion pH (pH 6.65) without adjustment, over the concentration 
range employed.

Modeling of the adsorption data was performed by 
non-linear regression analysis using Excel software (Solver). 
The suitability of this tool was assessed based on correlation 
coefficient (R2) and calculation of error (sum of squares error; 
(SSE)) as mentioned in Eq. (2).
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where qe is the experimental amount of dye adsorbed in 
material, qcal is the calculated with model amount of dye 
adsorbed in material, i = test set. Kinetic data were fitted 
using a pseudo-first-order. Models proposed by Lagergren Fig. 1. Molecular structure of Congo red.
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[32], [Eq (3)] and pseudo-second-order model proposed by 
Ho and Mackay [33], [Eq (4)] were used.
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where qe, q(t) are the amounts of dye adsorbed respectively, 
at equilibrium and at time t (mg/g) and K1 (min–1), K2 (g/
mg·min) are the adsorption rate constants for each model.

Three models were applied to determine the nature 
of CR sorption isotherms on SCP. The first model based 
on the Langmuir model [34] was represented by Eq. (5), it 
was based on a monolayer adsorption on the adsorbent sur-
face, with no interaction between adsorbed molecules [35]. 
The second model was based on an empirical study first 
reported by Freundlich in 1907 [36], represented by Eq. (6) 
this model described the adsorption on a heterogeneous 
surface through a multilayer adsorption mechanism [35]. 
The third model reported by Redlich–Peterson [37,38] was 
represented by Eq. (7). This model included three adjust-
able parameters an empirical isotherm. This equation was 
widely used as a compromise between the Langmuir and  
Freundlich systems [38].
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where Ce is the equilibrium CR concentration (mg/L); qe is 
the amount of CR adsorbed per gram of the adsorbent at equi-
librium (mg/g); qmax is saturated monolayer adsorption capac-
ity; KL is Langmuir isotherm constant; KF is the Freundlich 
constant [(mg/g)(L/mg)1/n]; n is the heterogeneity factor; KRP 
is the Redlich–Peterson adsorption capacity constant; The 
parameter aR is the Redlich–Peterson isotherm constant and 
β is the exponent between 0 and 1.

2.5. Determination of zero-charge pH

The zero-charge pH (pHPZC) of SCP was determined 
according to the method described in [38], by prepar-
ing 50 mL of KNO3 solutions (10–2 M) and transferring to 
100 mL beakers. Initial pH (pHinitial) of the solutions were 
adjusted in region 2–11 by addition of NaOH or HCl. Then, 
0.1 g of SCP was added to the beakers. The solutions were 
magnetically stirred for 48 h to reach the equilibrium. The 
final pH was measured and the difference (pHinitial–pHfinal) 

was plotted against pHinitial. The intersection points of the 
resulting curve with the abscissa axis, for which ΔpH = 0,  
gives the pHPZC.

3. Results and discussion

3.1. Characterization of adsorbent

The zero-charge pH (pHPZC) (Fig. 2) was determined 
by the point of intersection of the resulting curve with the 
abscissa axis, for which ΔpH = 0.

The value found was pHPZC = 7.8. Therefore, the surface 
of the adsorbent was positively charged below pH = 7.8 and 
negatively charged otherwise [39].

The mechanism of uptake of CR on adsorbent could be 
grouped into non-electrostatic and electrostatic interactions. 
The adsorption capacity of the material depended on the pH 
of the solution and the pHPZC. Knowing that the pHPZC value 
of sample (pHPZC = 7.8) was higher than the pH value of CR 
solution (6.65); the material is positively charged and CR was 
an acid dye, dissolved in water it was negatively charged. This 
resulted, an adsorption by electrostatic attraction between 
the negative charge of the anionic dye and the protonated –
OH and –COOH groups on the surface of the material [40].

The XRD pattern of shrimp co-products powder is pre-
sented in Fig. 3. The diffractogram of the co-products revealed 
a significant amount of amorphous phase with peaks corre-
sponding to calcite. A similar observation was reported else-
where [30,41]. The patterns can be well fitted by the stan-
dard calcite diffraction pattern (JCPDS card no. 24-0027) [30].

The FTIR spectrum of SCP (Fig. 4) showed absorption 
bands assigned to symmetric stretching modes (800, 875 
and 950) cm–1 of calcite carbonates [15,41–43]. The peak 
at 1,025 cm–1 was assigned to the C–O stretching mode 
[44,45]. The broad peak in the range of 1,375–1,500.53 cm–1 
was assigned to asymmetric stretching carbonate (calcite) 
[42,43]. Peaks in the range of 1,300 cm–1 were assigned to 
the bending modes of the physically bonded water [46–48], 
Bands due to the C–H stretching vibration in the group were 
also observed at 2,924.18 cm–1 [49,50]. The small peak at 
1,541.49 cm–1 was ascribed to the presence of protein [51,52]. 
The broad vibration at (3,000–3,600) cm–1 indicated the pres-
ence of hydroxyl and amino groups which probably origi-
nate from the chitin contained in the shrimp shells [30].

The surface morphology of co-products is shown in 
Fig. 5a. The SEM of powder indicated that the surface is 

Fig. 2. Variation of the pH differential as a function of initial pH.
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relatively rough and contains homogeneous cavities with dif-
ferent geometries, which can be taken as a sign for effective 
adsorption of dye molecules. The EDX spectrum provided 
relative concentration of each element (Fig. 5b); it mainly 
consisted of carbon, oxygen and calcium confirming the 
existence of the groups C–O, C=O, C–O–C and O–H. EDX 
also indicated the presence of Calcite and 2,6-hydroxynaph-
toic acid. Trace elements like Na, Mg, Al, Si and P were also 
inferred from EDX.

3.2. Results of adsorption study of CR by SCP adsorbent

Adsorption kinetics and isotherms patterns were fit-
ted using different models including pseudo-first-order, 
pseudo-second-order and intra-particular diffusion mod-
els. Langmuir, Freundlich and Redlich–Peterson mod-
els were implemented using non-linear Excel Software 
(Solver). This method did not transform data sets; 
hence, no distortions were created in the original error  
distribution.

3.2.1. Kinetic study of the adsorption of CR by SCP adsorbent

Pseudo-first-order and pseudo-second-order kinetics, 
were employed to evaluate the kinetics and mechanism of 
solid-liquid adsorption [53,54]. Fig. 6 describes the experi-
mental data and following adjustment using nonlinear forms 
of the PFO and PSO models of the adsorption of Congo red 
on the SCP as a function of the time.

the Table 1 grouping the results of the modeling, showed 
that contrary to the PFO model; the PSO model revealed a 
higher correlation coefficient (R2) and a lower error calcula-
tion (SSE). Thus, the pseudo-second-order kinetic model rea-
sonably described the mechanism of the CR adsorption by 
the material.

This observation supported the assumption that the 
adsorption was predominantly due to chemisorption [55].

Based on this work we could not be confirmed that 
the diffusion mechanism followed either PFO or the PSO 
model. For this, the kinetic results were analyzed using the 
intraparticular diffusion model (Fig. 7). The Weber–Morris 

Fig. 3. X-ray diffraction pattern from shrimp co-products powder.

Fig. 4. FTIR spectra of SCP, circles show the calcite stretching vibration peaks.
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equation was used to describe the intraparticular diffu-
sion; if the plot of qe vs. t1/2 was linear and passed by the 
origin, then the intraparticular diffusion would be the 
sole rate-limiting step [56]. The rate constant Kint is given  
by Eq. (8).

q K t Ce � �int
/1 2

 (8)

where C is the intercept, C is a constant representing the 
boundary layer thickness, and a larger value of C represents 
a thicker boundary layer [57].

The constants (Kint) for CR were calculated and shown in 
Table 1. If the value of C was zero, then the rate of adsorp-
tion was controlled by intraparticle diffusion for the entire 
adsorption period. In the present study, the value of C was 

(a)

(b)

Fig. 5. SEM micrograph of shrimp co-products powder (a) and EDX spectrum (b).
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Fig. 6. Kinetic plots, pseudo-first-order and pseudo-second-order of the adsorption of CR by SCP adsorbent.
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not equal to zero. However, the plot of qe as a function of t½ 
showed more than one linear portion. As seen from Fig. 7, the 
plots were not linear over the whole-time range, indicating 
that more than one process affected the CR adsorption.

3.2.2. Isotherm of the adsorption of CR by SCP adsorbent

The adsorption isotherm models indicate how adsor-
bate molecules are distributed between the liquid and solid 
phases when the process is in the equilibrium state. This was 
based on analysis using Langmuir, Freundlich and Redlich–
Peterson isotherms models. Analysis of the fitness between 
the data and different isotherm models was an important 
step in determining the suitable model.

The non-linear forms of the Langmuir, Freundlich and 
Redlich–Peterson isotherms are shown in Fig. 8 and the rel-
evant constants are shown in Table 2. It appeared that the 
models of Redlich–Peterson and Langmuir were the most 
appropriate to describe the adsorption trends. For this, higher 
correlations coefficients (R2) and the lowest error calcula-
tions (SSE) were utilized to assess the fitness of these three 
models. For the Freundlich model, even though the value of 
correlations coefficients was 0.95, the calculated error is the 
highest of the three, so this model did not appear to be ade-
quate to describe the present adsorption process. Moreover, 
this result confirmed since the exponent βRP was very close to 
the one (0.84), which indicated that the mathematical equa-
tions of Redlich–Peterson [Eq. (7)] and Langmuir [Eq. (5)]  
were similar.

It could be concluded that the experimental data collected 
from biosorption isotherms were better fitted to Langmuir 

model (i.e., a homogeneous surface containing equivalent 
sites and available for Congo red) [58]. According to the low 
values of RL and 1/nF (Table 2), that is, less than unity, the 
system showed favorable adsorption of CR onto SCP adsor-
bent. Additionally, this value of nF (higher than 1) implied 
that CR dye molecules could be adsorbed with a non-par-
allel orientation (i.e., the adsorbate could interact with one  
adsorption site).

The error calculation (SSE) and correlation coeffici- 
ent (R2) for each of the equilibrium isotherm models of the 
adsorption process are shown in Table 2. The Freundlich and 
Redlich–Peterson models showed the smallest (R2 = 0.95) and 
the highest (SSE), whereas the Langmuir isotherm model 
showed the best (R2 = 0.99) and lowest error calculation. 
Thus, the isotherm that best described the adsorption behav-
ior of the dye onto SCP was the Langmuir isotherm.

R
K CL
L

�
�� �
1

1 0

 (9)

The value of RL [Eq. (9)] indicates the type of isotherm 
to be either favorable (0 < RL < 1), linear (RL = 1), unfavor-
able (RL > 1), or irreversible (RL = 0). The results showed that 
the value of 1/nF was less than unity indicating that the dye 
was favorably adsorbed by the adsorbent. This was in good 
agreement with the findings regarding to RL values [59].

It is noticed that the maximal adsorption amount 
obtained from the experiment is close to the calculated value 
of the Langmuir model, however a margin of error occurs 
which is explained by the SSE error reported in Table 2.

Table 1
Kinetic parameters for the two models studied

Pseudo-first-order Pseudo-second-order Intraparticle diffusion

qe (mg/g): 22.68 qe (mg/g): 24.15 C = 0.570 (mg/g)
K1 (g/mg·min): 0.022 K2 (g/mg·min): 0.0015 Kint (g/mg·min0.5) = 1.845
R2: 0.9908 R2: 0.9912 0.981
Sum: 23.3169 Sum: 1.8572

y = 1.8456x + 0.5704
R² = 0.981
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Fig. 7. Intraparticle diffusion model of the adsorption of CR by 
SCP adsorbent.
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4. Conclusion

A new shrimp co-products-based (SCP) biosorbent was 
obtained via a simple route and investigated for the removal 
of Congo red (CR/anionic dye (acid)) from aqueous solution. 
The results indicated that the SCP are a promising new low-
cost biosorbent. The dye kinetic study on SCP suggested that 
the biosorption kinetic followed the pseudo-second-order 
model. The isotherm data showed that the CR biosorption 
followed a Langmuir model. Compared to other raw biomass 
adsorbents (without pre-treatments), the amount adsorbed 
by these shells shows that SCP are effective in removing 
acid dyes.

Symbols

aR — Redlich–Peterson isotherm constant
C0 — Initial concentrations of adsorbate, mg/L
Ce —  Equilibrium concentrations of adsorbate, 

mg/L
C — Intra-particular model parameter
K1 —  Adsorption rate constants for pseudo- 

first-order, g/mg·min
K2 —  Adsorption rate constants for pseudo- 

second-order, g/mg·min
Kint — Intra-particular parameter
KRP —  Redlich–Peterson’s adsorption capacity 

constant
KL — Langmuir isotherm constant, L/mg
KF — Freundlich constant, (mg/g)(L/mg)
m — Amount of adsorbent, g
n — Freundlich isotherm heterogeneity factor
qe —  Amount of pollutant adsorbed at equilib-

rium in material, mg/g
qexp —  Experimental amount of pollutant 

adsorbed in material, mg/g
qcal — Amount calculated with model, mg/g
qmax — Monolayer adsorption capacity, mg/g
q(t) — Amounts of dye adsorbed at time t, mg/g
SSE — Sum of squares error
V — volume of pollutant solution, L
β — Redlich–Peterson exponent
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