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Copper adsorption by different extracts of shrimp chitin
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ABSTRACT

Shrimp fishing for commercial purposes has been done for centuries generating income for many
families. Shrimp produces a high amount of wastes, with 50% of the total weigh wasted and these, if
not disposed properly, can cause many environmental problems. In addition, copper contaminated
areas, such as rural, metropolitan areas and mining areas have been studied as important problem-
atic sites. The aim of this study was to evaluate the ability of copper ions adsorption using differ-
ent chitin extracts from shrimp culture residues. Tests were designed with four different extracts
obtained by simple boiling and milling, demineralization, deproteinization and deacetylation. After
the contact time with extracts solution, samples were collected to detect levels of copper in solu-
tion. The possible interactions extracts-ion were investigated by thermal degradation analyse, X-ray
diffraction, infrared spectroscopy, scanning electron microscopy and dispersive energy X-ray spec-
troscopy. In this study, the extracts showed a removal of 52.66 mg g, 23.05 mg g, 19.31 mg g and
67.81 mg g™, respectively. Extract with deacetylation showed the highest efficiency of copper adsorp-
tion (Extract 4 — chitosan).
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1. Introduction

There is now a concern about the correct disposal of
fishery waste, especially exoskeletons of crustaceans,
such as shrimp. Shrimp fishing for commercial purposes
has been done for centuries, and it wastes represents
50% of its total weight, with high levels of organic mat-
ter and nutrients. When improperly disposed, wastes
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attracts rats, cockroaches and insects, causing problems
for human health and environment [1]. An alternative
to mitigate the adverse effects of shrimp waste in the
environment is the production of a high added-value
product, such as chitosan, through chitin. This allows
this residue to be inserted again into the fishery produc-
tion system.

Interests in studying chitosan and chitin increases due
to its properties such as biodegradability, biocompatibility,
hydrophilicity, as well as easy modification ability and high
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potential in removing metallic ions. Both the amine and
the hydroxyl group can serve as active sites for metal ions,
working as metal chelating agents and adsorbents of metal
anions [2—4]. Therefore, the use of chitin is an alternative in
the removal of heavy metals, because of its bonding capac-
ity with metallic ions and subsequent reuse, as well as its
possible biodegradability after its final use [2,5,6].

Contamination of natural waters by heavy metals
presents a serious problem in several countries. Heavy
metals can be released into aquatic systems by anthro-
pogenic sources, through urban and industrial effluents,
agricultural activities, mining tailings areas, among oth-
ers. The removal of heavy metals present in industrial
effluents is one of the practices aiming conservation of
water resources, thus reducing potential pollution and
contamination of water bodies [2]. One of the metals that
is commonly present in industrial effluents is copper,
a heavy metal used in industry and agriculture, and its
improper disposal contaminates the soil, water and plants
[7,8]. Once in the aqueous solution, the metal is solubi-
lized, with the possibility of cancer incidence in human
through its ingestion, and can cause dysfunctions in the
nervous system, threatening the health and life of animals
and human [9]. Thus, the application of remediation tech-
niques aiming the removal of heavy metals is essential to
maintain environment quality [10].

In relation to the removal of metallic ions, adsorption
is an alternative method, due to its easy operation and
high efficiency compared to conventional methods that are
costly or technically difficult [1,11,12]. In this context, the
aim of this work was to evaluate the ability of four chitin
extracts in the adsorption of copper ions. The extracts—ions
interactions were investigated using thermogravimetric
analysis (TGA), X-ray diffraction (XRD), infrared spectros-
copy (FTIR), scanning electron microscopy (SEM) and dis-
persive energy X-ray spectroscopy (EDS).

2. Materials and methods
2.1. Raw material

The raw material used for the different extracts of chi-
tin was obtained from shrimp waste (Penaeus brasiliensis),
kindly provided by the fishing community named Z3 in the
city of Pelotas, RS, Brazil.

2.1.1. Process of adsorbents production

The four different extracts were prepared to adsorb the
Cu(II) ions in aqueous solution. Each batch contained about
500 g of shrimp and the wastes were washed manually and
boiled in water (at 100°C, for 3 h). After boiling, the exoskel-
etons were dried (at 80°C, for 24 h), milled and mechani-
cally sifted (2 mm particles). This procedure was used for
the first extract [13].

After this procedure, demineralization (Extract 2) was
carried out by adding 1 L of HCI (1 M) to the dried milled
material (140 g). The demineralized extract was filtered and
washed with water until neutrality, followed by further
drying at approximately 80°C for 24 h. The mixture was
stirred for 3 h. This material was then filtered and washed
with water until neutrality. After this procedure, the mate-

rial was dried in oven for 24 h at 80°C. Finally, the depro-
teinated material (Extract 3) was led to the latter process.

The chitosan production process was conducted from
the deacetylation of chitin with 450 Be NaOH solution
(42.3%). This reaction occurs in a reactor with agitation and
heating. The reactor temperature was maintained at 130°C
for 2 h. After this period, it was performed a wash with
water, removing the excess of reagent which is checked by
pH measurement. After deacetylation, the chitosan has been
solubilized in 1% acetic acid. The solution was centrifuged
in order to remove the undissolved material, and to obtain
a solution with lower impurities content. The chitosan was
precipitated in alkaline solutions, with the pH 12.5. The
separation was performed by centrifugation. Drying was
performed in a tray dryer to obtain commercial moisture.
The chitosan purification process is based in these previous
steps of solubilisation in acetic acid and centrifugation; and
then precipitated and separated by centrifugation again
with further drying the chitosan [14].

After obtaining the different extracts, the adsorption
efficiency of heavy metals was tested aiming the applica-
tion in remediation of contaminated areas.

The materials were prepared to act as an adsorbent to
remove the Cu(Il) ions in aqueous solution. In this work,
four new adsorbents were developed: boiling compound
(Extract 1), compound with boiling and demineralization
(Extract 2), compound with boiling, demineralization and
deproteinization (Extract 3) and compound demineraliza-
tion with all previous treatment (Extract 4).

2.2. Adsorption capacity test

For the adsorption capacity test, it was used 500 mL of
Cu(II) solution (100 mg L™). One gram of each extract was
added and incubated for 24 h with 150 rpm rotation. After
this time, the solution was filtered to remove the extracts.
The remaining Cu(Il) ions was detected in the solution.
Detection of copper levels were done using ICP-OAS at
the Laboratory of Soil Analysis of the School of Agron-
omy in Federal University of Rio Grande do Sul (UFRGS).
The extracts were dried and stored for Scanning Electron
Microscopy and Energy Dispersive System (SEM/EDS)
analysis, along with thermogravimetric analysis (TGA),
X-ray diffraction analysis (XRD) e Fourier-transform infra-
red (FT-IR).

2.3. Adsorption kinetics

The copper solution was prepared using copper-salt

(99% purity, Merck, Germany). The copper solution was

used with an initial concentration of 100 mg L. It was added

2.0 g of the adsorbent to the copper containing solution.

This solution was kept under constant stirring at 160 rpm

for 6 h. Designed in triplicates, adsorption capacities in time

“t” were determined according to Eq. (1):
V(C,-C

q: = M (1)
m

In order to adjust the experimental data, kinetic mod-

els of pseudo-first-order, pseudo-second-order and Elovich

were used. Egs. (2), (3) and (4) express the models, respec-
tively [15].
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The kinetic parameters were estimated with non-linear
regression adjustments in experimental data. The Qua-
si-Newton estimation method was used. Estatistica 7.0
software (Statsoft, USA) was used and the quality of the
adjustments were measured according to the coefficient of
determination (R?) and mean relative error (MRE) [16].

2.4. Analysis of SEM/EDS and copper levels

The scanning electron microscopy (SEM) technique was
used to observe the morphology, and the distribution of
the elements through the micro structure (JEOL, JSM-5800,

Japan).

2.5. Materials characterization by TGA, XRD e FT-IR

The dynamic degradation studies (TGA) for the sam-
ples were carried out in air atmosphere in a thermo balance
(Shimadzu, TA60, Japan). The samples were heated from
25°C to 500°C, at heating rate of 10°C min™.

The X-ray diffraction (XRD) patterns were obtained
using a diffractometer (Brunker D-8, Germany), provided
with a diffracted beam monochromator and Ni filtered CuK
a radiation (A = 1.5406 A). The voltage was of 40 kV and the
intensity of 40 mA. The 2e angle was scanned between 10°
and 60°, and the counting time was of 1.0 s at each angle
step (0.02°).

The functional groups were identified by FT-IR
(Prestige, 21210045, Japan) using diffuse reflectance in KBr
pellets.

2.5. Factorial plan

The experimental design was carried out by the
entirely randomized with four different treatments and
each evaluation of the pH, adsorption, temperature and
kinetics were carried out 5 times (5 replications). The MEV /
EDS, FTIR, TGA, and XRD analysis were characterized in
one composed sample.

3. Results and discussion
3.1. Adsorption test

All extracts showed copper adsorption capacity (Table
1). Among them, extract with deacetylation process (Extract
4) and extract with simple boiling and milling (Extract 1)
showed higher copper adsorption capacity, with levels of
67.81 mg g~'and 52.66 mg g, respectively. The lowest cop-
per adsorption was 19.31 mg g™ (Extract 3) and 23.05 mg g~
(Extract 2).
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Table 1
Copper adsorption by different chitin extracts in 24 h of
incubation.

Extract Treatment pH Ads. Temp.
(mgg") (°O)

1 Boiling and milling  6.31 52.66 21.56

2 Demineralization 6.19 23.05 21.23

3 Deproteinization 6.24 19.31 21.21

4 Deacetylation 6.18 67.81 23.04

The higher adsorption of copper by the deacetylated chi-
tin extract (Extract 4) could be justified because chitosan, a
cationic polysaccharide produced from the chitin deacetyla-
tion, is produced from hydrolysis under high temperatures.
The chitosan then presents pairs of free nitrogen electrons
in the amine groups being responsible for the adsorption of
the cationic metals [17,18].

According to an experiment conducted by [19], chitosan
showed the highest biosorption index for the copper ion,
while chitin showed highest biosorption index for iron (Fe),
demonstrating that the deacetylation process is necessary
for the removal of copper ions. Recent studies by [20] show
that the absorption of copper (II) using nano chitosan parti-
cles reached the maximum capacity of 21.5 mg g™ (C,< 1000
mg/L) in 4 h, which suggests a reactive activity of intense
electron transfer representing a high performance in the
chemical adsorption of heavy metals.

In this context, it is also possible to observe that the
extracts with demineralization and deproteinization
(Extracts 2 and 3) showed lower efficiency in the copper
ion adsorption than the simple boiling and milling extract
(Extract 1). This result may be related to the amount of
protein present in Extract 1 capable of retaining part of the
metal present in the solution. The degree of deacetylation
is related to the fraction of amino groups in the polymer
chain. Chitosan becomes soluble in acid solutions when the
degree of deacetylation of chitin is greater than 70%, thus
chitosan behaves as a cationic polyelectrolyte, which con-
figures a higher rate of adsorption of metals, as shown in
Table 1 for Extract 4 [21,22,23].

3.2. Adsorption kinetics

Fig. 1 shows the adsorption capacity of copper as a func-
tion of time at a 120 rpm rotation, related to the temperature
during the adsorption of copper. It is possible to observe that
the highest adsorption index occurred in chitosan (Extract
4). Extract 3 obtained the lowest copper adsorption value in
solution over the course of 6 h, being 9.27 mg L. It is import-
ant to note that Extract 2 and 3 did not showed satisfactory
results for removal of copper in solution as can be seen below.

There are correlation between the availability of sites
and the adsorption kinetics, thus, the number of avail-
able sites decreases gradually with decreasing adsorption
kinetics [21]. In this context, Extract 4 (Fig. 2) with higher
removal levels of copper in solution presented ideal kinetic
behaviour, with its adsorption increasing gradually over
time. Another important fact to consider is the low thermal
variation during the process.
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Fig. 1. Adsorbent and thermal behaviour of the different ex-
tracts of chitin.

Fig. 2. Adsorbent and thermal behaviours of Extract 4 with in
copper solution.

The chitin extraction processes and their transforma-
tion into chitosan should not be done simplified, since it
requires the consumption of reagents and heating sources,
resulting in a final value added product. In this way, the
production of chitosan with reduced costs represents a
great opportunity, since its properties of adsorbing of heavy
metals and possible application in techniques for remediat-
ing degraded areas [24].

Fig. 3 shows the adsorption capacity of copper as a func-
tion of time at a stirring rate of 160 rpm as well as the adjust-
ment of the most suitable model.

The adsorption capacity after 360 min was approx-
imately 35 mg g. The experimental data of Fig. 3 were
adjusted to the pseudo-first-order, pseudo-second-order
and Elovich models (Table 2). The kinetic analysis showed
that the Elovich model was the most suitable to represent
the kinetic experimental data (R>> 0, 90 and MRE < 5.00).

However, the pseudo-second-order model (R*> 0.96)
applied for Cu(Il) absorption was used by [21], the K, values
ranged from 1.881 x 10~ to 4.029 x 10~ showing insufficien-
cies in the adsorption process. Otherwise, K, ranged from

40
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0 50 100 150 200 250 300 350 400
t (min.)

Fig. 3. Experimental equilibrium data for adsorption of copper
by shrimp extracts.

Table 2
Adjustment parameters of the kinetic models for adsorption of
copper by shrimp. extracts.

Pseudo-first-order

g,(mgg")  k (min™) R? ARE (%)
31.63 0.05 0.80 11.83
Pseudo-second-order
q, (mgg") k, (gmg’min') R ARE (%)
34.83 2993.20 0.89 8.59
Elovich

o (g mg™) B (mg g min™) R? ARE (%)
0.18 9.72 0.94 445

0.015 to 0.020, concluding that Cu(II) could diffuse into the
pores before being adsorbed, and that intra particle diffu-
sion may not be controlling the rate of the reactions, thus,
the external absorption and the equilibrium absorption have
equal importance in the adsorption processes. According
to [20] the adsorption of metals is higher in materials with
high specific surface area (chitosan) and achieve the equi-
librium faster, which was noticed in their studies with chi-
tosan, pseudo-second-order obtained R*> R! for adsorption
of Cu(ll) through the coordination bond. [25] showed Cu(II)
adsorption values of 71.36 mg g™ (C, < 200 mg L™') in 12 h.

3.3. SEM/EDS

Scanning electron microscopy (SEM/EDS) of the differ-
ent chitin extracts was carried out to compare the possible
changes in the surface of the biopolymers. Extract 1 (Fig. 4)
shows that there was a high adsorption after 24 h of incuba-
tion in Cu solution (100 mg L™). The images of the shrimp
shell with simple boiling and milling as in Extract 1, show
that chitin (Figs. 4a and 4c) already have an irregular porous
structure and can adsorb copper, as shown in the EDS anal-
ysis in Fig. 4d.
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Fig. 4. Scanning Electron Microscopy and Energy Dispersive System (SEM/EDS) from Extract 1 (a) SEM before adsorption; (b) EDS

before adsorption; (c) SEM after 24 h; (d) EDS after 24 h.

It was observed that Cu, P, Mo and Cain Extract 1
showed a positive correlation of the Spike type in adsorp-
tion after 24 h (Fig. 4d). The fact may be justified by the
competition of the molecules by the same active sites in the
matrix that should be filled by copper ions, since the occur-
rence of complexes can retain more than one type of chemi-
cal element in the active site [2].

Extract 2, after demineralization (Fig. 5) shows a het-
erogeneous, fibrous and irregular structure. Changes in the
surface of the material were observed, where the rounded
white spots (Fig. 5a) after demineralization were replaced
by rounded holes (micro pores) (Fig. 5c) resulting from
removal of CaCO, by the acid treatment. This fact is evi-
denced by the absence of Ca in the EDS in Fig. 5d, where
Cu(IT) was adsorbed. This absence of Ca was also detected
in other studies related with the production of chitosan
from shrimp shells [26]. Therefore, it was observed that the
capacity to adsorb copper in the Extract 2 after 24 h through
demineralization is lower, comparing with Extract 1 from
Fig. 4d.

In Extract 3 (Fig. 6), the shrimp waste was boiled and
milled, followed by demineralization and deproteinization.
After this last treatment, a more uniform, non-fibrous struc-
ture was obtained with regular pores and few imperfections
(Figs. 6a and 6¢), compared to previous treatments.

It was noticed that there were rounded white spots
(CaCo,) (Figs. 6a and 6c) after deproteinization, and that
micropores (Fig. 6a) were filled by both Cu(Il) and Si and
S. The Ca element appearing in the EDS (Fig. 6b), is not
present in the EDS of (Fig. 6d). Thus, the deproteinization
treatment (Fig. 6) also removed the copper contained in the

solution (Fig. 6d) after 24 h, but was not as effective compar-
ing with Extracts 1 and 2.

The last extract tested in this study (Extract 4), chi-
tosan with the final purification, demonstrated that the
deacetylation promoted a differentiated physical struc-
ture. The EDS (Figs. 7b and 7d) showed absence of Ca in
the extracts that were demineralized, comparing with the
other extracts (Fig. 7). In addition, a difference between chi-
tosan before (more fibrous structure with presence of irreg-
ular pores) and after incubation with copper (Figs. 7a and
7¢) is noticed.

It is possible to observe that the metal concentrations
increased (Fig. 7d) after incubation with the copper solu-
tion. Extract 4 has the highest Cu(ll) adsorption among
all extracts (Fig. 7d), and this treatment may be the most
effective way to remove copper, according to the spec-
trum (EDS) observed below. Studies carried out by [26]
and [20] demonstrate the higher absorptive capacity of
metals in chitosan materials take place after the deacetyl-
ation process.

The different extracts of chitin presented good perfor-
mance in the adsorption of copper in solution, the same
performance was found by [2], [17] and [21], in adsorption
treatment of heavy metals, especially Cu(Il), on chitosan
surface.

However, it is important to emphasize that there are
many variables that interfere in the adsorption process, for
example, the surface area or size of the adsorbent particle,
concentration of the metal ions to be adsorbed, dosage of
the adsorbent and temperature, pH of the medium, among
other factors [21,27].
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before adsorption; (c) SEM after 24 h; (d) EDS after 24 h.

3.4. Materials characterization by TGA, XRD e FT-IR

Fig. 8 shows the TGA curves, for the extracts. In all the
TGA curves there were three characteristic temperature
intervals of weight loss. The first weight losses occurred
until 226°C with 18% weight loss, which corresponds to the
evaporation of physically adsorbed and strongly bonded
water to the films. The second weight losses were caused
by depolymerization/decomposition of polymer chains
through deacetylation and cleavage of glycosidic linkages.

Kaya et al. [28] characterizing chitosan isolated from dif-
ferent sources (the insect M. melolontha and the crustacean
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Fig. 8. TGA curves, of different extracts.

species O. asellus) in the TGA analysis detected the mass losses
in two steps. The first step for both species was described as
being related with the water evaporation from the structure.
However, the range of temperature observed for these results
were between 0 and 150°C and the percentual of mass losses
were quite lower, being 4 and 5%, for M. melolontha and O.
asellus, respectively. The authors attributed the second step of
mass losses to the deterioration of chitin molecules.

Moussout et al. [29] showing the TGA results of chitin
and chitosan extracted from shrimp shells also detected
three intervals of weight loss, being the first also related
with the evaporation of hydrogen bonded water to the
materials and corresponding to 10-15% of mass loss. The
second interval found by the authors and by Borowska et al.
[30] corroborates with the results found in this study, with
the mass losses in this stage correlated with breaking poly-
saccharide chains.

Fig. 9 shows the XRD patterns of the extracts, achieved
in the field 5° < 20 < 60°. The two main peaks, located at d
=6.90 A and atd =4.41 A, are in agreement with the litera-
ture. The first peak is assigned to N-acetyl-D-glucosamine
sequences and the second peak to the sequences N-glucos-
amine in the polymer chain.

The results of XRD analysis corroborates with Mous-
sout et al. [29] regarding the detection of N-acetyl-D-glu-
cosamine sequences in the first peak of XRD analysis and
with Zia et al. [31] that reports chitin as being a crystalline
polymer of N-acetyl-d-glucosamine (GlcNAc) monomers
with its structure well known by previous studies.

Kaya et al. [32] studying the structures of chitin obtained
from three common wasp species (Vespa crabro, Vespa orien-
talis and Vespula germanica) detected the XRD peaks very
similar with some other chitin samples from organisms pre-
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Fig. 9 XRD patterns of different extracts.

viously reported, i.e. Holotrichia parallela, Euphausia superba
and the results were also similar with those found in this
study, having two sharp (around 9° and 19°) and 4-week
peaks (around 13°, 21°, 23°, and 26°).

Kaya et al. [33] in another study characterizing chitosan
obtained from scorpion also observed two peaks around 10
and 20° and described them as being typical for chitosan,
thus indicating that the chitosan was successfully obtained
from scorpion.

In Fig. 10 was observed at 3350 and 3150 cm™ the chitin
and chitosan characteristic stretches of N-H and O-H. The
C-N stretching of amides was identified at 1550 cm™. The
angular deformations of C-O-H and H-C-H appeared at
1450 cm™. At 1075 cm™, the C-N stretching related to the
amino groups was identified.

Zhang et al. [34] studying the determination of the
degree of deacetylation of chitin and chitosan from shrimp
detected the FTIR spectra exhibiting broad peaks around
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Fig. 10. FTIR spectrum of different extracts.

3450 cm™ assigned to OH stretching, corroborating thus
the results found in this study. In addition, Moussout et al.
[29] characterizing the chitin and chitosan extracted from
shrimp shells detected a broad band centred at the infrared
spectra at 3250 and 3500 cm™ corresponding to stretching
vibrations of the O-H and N-H groups.

The study of Kaya et al. [32] regarding the V. crabro,
V. orientalis, and V. germanica chitin also detected the O-H
stretching at the three different species at respectively,
3437 cm™, 3434 cm™ and 3440 cm™. In another study, Kaya
et al. [33] evaluating the low molecular weight scorpion
(Mesobuthus gibbosus) chitosan also identified the C-N
stretching of amides at 1550 cm™.

4. Conclusion

Among the different treatments analysed, the chi-
tosan (Extract 4) showed the highest efficiency in copper
adsorption. With the development of studies related to the
properties found in shrimp wastes (shrimp shells), it can
be concluded that this technology could be useful for the
treatment of effluents containing copper and other metals,
and that the deacetylation process is essential in improv-
ing removal efficiency. In this way, it is possible to reduce
the amount of metals released into the water bodies and to
reduce the amount of improperly disposed waste.
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