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Abstract Chitosan, an important biopolymer with many
uses, is made by deacetylation of chitin. Classical hydrolysis
at high temperatures (above 100 °C) in 50 % concentrated
sodium hydroxide during several hours produces chitosan, a
poly-beta-glucosamine. This chemical deacetylation step is
often performed under pressure in boiling ethyleneglycol
and tends to degrade polymer chain length, thus the inter-
esting polymer properties. It is convenient to search for a
more economical production pathway in order to make chi-
tosan available for environmental applications, such as use in
water suspended matter flocculation. Chitin was extracted
from the exoskeletons of shrimps and its deacetylation
kinetics was followed for 35 days at 20 and 35 °C. The
results obtained using different techniques (conductivity,
viscometry, '>C NMR and thermogravimetry) showed that
the deacetylation degree of chitin increased with the incu-
bation time reaching 99 and 88 % at 35 and 20 °C, respec-
tively, after 35 days. Moreover, during the incubation time,
the molecular weight of chitosan showed moderate decrease
compared to deacetylated chitin at high temperature. Clari-
fication or urban waste water with chitosan biopolymer
demonstrated good results at 1.5 mg/L concentrations.
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Introduction

Chitosan is an expensive biopolymer (more than one
thousand euros per kilogram at Aldrich, for example),
despite being sources from abundant marine wastes,
including crab, shrimp or lobster shells. The main source of
chitosan remains chitin which is extracted from crustacean
exoskeletons and chemically treated by basic hydrolysis
(deacetylation). There are two reasons why chitosan is
costly: there exist high value applications for chitosan,
particularly in medical and antibiotic fields, and the
preparation methods involve many steps. Starting from
chitin, the process includes demineralization, depro-
teinization, deacetylation of chitin and chitosan isolation.
For example, sodium hydroxide and hydrochloric acid
solutions were used for deproteination and demineralisa-
tion, respectively, while acetone was used for decolouri-
sation [1]. The amount of chitin and subsequently chitosan
obtained was ~35 and 25 % respectively of the dry weight
of the shells. The chitin was deacetylated using sodium
hydroxide at 100 °C. In another example Yong describes
“Chitosan production involves four major steps, viz.,
deproteination, demineralization, bleaching and deacety-
lation. These four processes require excessive usage of
strong alkali at different stages, and drives chitosan’s
production cost up” [2]. Alternative biological methods to
the chemical treatments have been developed, as, for
example, the lactic acid fermentation pathway in a packed
bed column reactor where the maximal percentages of
demineralization and deproteinization after 96 h reached
92 and 94 %, respectively [3]. However, even submerged
fermentation reactions can use complex methods, such as
steam explosion, so that biologically derived chitosan is not
necessarily less costly than chemically obtained chitosan
[4]. Engineering optimization was performed with Taguchi
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design to evaluate chitosan production starting from jumbo
squid pen by Jung [5], who concluded that optimal treat-
ment conditions for making chitosan were: 40 % NaOH at
90 °C for 6 h with three separate steps (2 + 2 + 2 h) or
50 % NaOH at 90 °C for 6 h with one step, or 50 % KOH
at 90 °C for 4 h with three steps (1 + 1 + 2 h) or 6 h with
one step. Another study, using factorial design by Younes
et al. [6], found that nitrogen atmosphere had a protective
effect against chitosan degradation during deacetylation.

Typically, the deacetylation of chitin is performed with
very high concentrations of NaOH and heating under
pressure at high temperatures, ranging from 100 to 140 °C
[7]. Under these conditions, the molecular weight of chi-
tosan is reduced by polymer chain breaking that leads to
the decrease of the flocculent properties. Furthermore, the
deacetylation process is not cost effective due to heating
[8, 9]. Therefore, to promote environmental use of chitosan
[10], the transformation process of crustacean exoskeletons
should be simplified to lessen production costs.

The propreties of chitin and chitosan have been revieved
[11] and the use of chitosan for coagulation/flocculation
processes has been detailed [12], but without consideration
for the method of deacetylation of chitin. In this report, our
aim is to show that chitosan can be derived from chitin with
as economical approach at room temperature and pressure
in simple plastic vessels and that the resulting polymer
works well in clarifying urban waste waters.

Materials and Methods

Exoskeletons (shells) of fresh shrimps were used in this
study to extract chitosan. The deacetylation kinetics of
chitin was followed in order to improve the conditions for
obtaining a less expensive product with good flocculent
properties (Fig. 1). One gram of chitin was suspended in a
100 mL vial containing 50 mL of 40 % NaOH. The
resulting product was then filtered, washed with water until
neutral pH and then oven dried at 50 °C for 24 h. The
experiment was repeated for reaction times ranging from 3
to 35 days at 20 and 35 °C.

Conductimetric titrations were performed by dissolving
150 mg of each chitin product in 10 ml of 0.1 N HCI,
adjusting the volume to 200 ml with deionized (DI) water
and titration with a solution of 0.1 N NaOH. The degree of
deacetylation (DDA) was calculated according to Eq. 1
below [13]:

203><(V2—V1)><N
m+42><(V2—V1)><N

DDA = x 100 (1)

where V| and V, are the equivalent volumes of NaOH as
shown in Fig. 2, m is the mass of the sample (g), 203 is the
molecular weight of the acetylated monomer (g/mol) and
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Fig. 1 Chemical structure of acetylated and deacetylated chitin, with
atom numbering scheme

42 is the difference between the molecular weight of the
acetylated monomer and that of the deacetylated one
(g/mol). N (Normality): equivalent/liter).

The molecular weight of each sample of deacetylated
chitin was calculated from the intrinsic viscosity denoted
[n] using the following Mark-Houwink equation [14]:

[n] = kM* (2)

where k and a are constants and M is the molecular weight
(Dalton). The intrinsic viscosity of each sample was
determined experimentally using a capillary tube vis-
cometer. This was performed by measuring the time taken
for the solvent, consisting of 1 % acetic acid, to flow
through the capillary tube. Time measurements were made
in 10 replicates for better accuracy. The intrinsic viscosity
can be determined either from the reduced or inherent

viscosity. The reduced viscosity #,.; is given by the
equation:

Ny,
Nrea = CI: (3)

where C; is the concentration of chitosan and 7, (speci-
ficity viscosity) is given by:
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Fig. 2 Conductimetric titrations of deacetylated chitin at 35 °C for
various extraction times ranging from 3 to 35 days (m (chi-
tOSan) = 150 mg, C(HCI) =0.1 N, C(NaOH) =0.1 N) V| and V2
represent the volume of NaOH corresponding to the first and the
second inflection point, respectively
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where ¢ and ¢, are the flow times of the chitosan solution
and the solvent, respectively.

The inherent viscosity #j,, iS defined by the following
equation:

In (’7 rel )
e 5
Mink Ci ( )

where 7,¢ (relative viscosity) is given by:

t
Myel = - (6)

fo

Different values of reduced an inherent viscosities were
obtained for each sample of different concentrations (0.01,
0.025, 0.05, 0.075 and 0.1 g/dl). The plot of reduced or
inherent viscosity as a function of the concentration is a
straight line whose intercept is equal to the intrinsic viscosity.

The determination of molecular weight of the chitosan
from its intrinsic viscosity using the Mark-Houwink
equation requires knowledge of constants a and K that
depend essentially on the temperature and the used solvent.
Based on Rao [15] who used the same solvent at 30 °C, the
following values of 0.72 and 4.74 x 107> dl/g were
assigned to @ and K, respectively.
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Fig. 3 Conductimetric titrations of deacetylated chitin at 20 °C for
various extraction times ranging from 3 to 35 days (m (chi-
tosan) =150 mg, C(HCI) =0.1 N, C(NaOH) =0.1 N)

The change in conductivity during the titration with
sodium hydroxide is represented by Figs. 2 and 3 at 35 and
20 °C, respectively. These titration curves exhibit two
inflection points. The difference in volume of NaOH
(V, — V}) between these two points (Fig. 2) corresponds to
the amount of HCI required to protonate the amino groups
of the deacetylated chitin [17]. The results of DDA range
from 50 to 99 %. The titration of chitin is described by the
following reaction.

OH

HO +NaOH —» Ho Q

NH; CI

Qualitative analyses using '*C NMR and thermo-
gravimetry were performed on the different samples in
order to confirm the results obtained by the conductivity
method.

Results and Discussion

Chitosan was prepare directly by deacetylation of crude
chitin in this work. The multiple chitin preparation steps
prior to deacetylation were omitted because the impurities
can be removed during or after the deacetylation proce-
dure: the minerals are not soluble in the final dilute acetic
acid dissolution step, the proteins remain soluble and do
not precipitate from the deacetylated solutions when the pH
is raised during the rinsing step. Therefore, the impurities
present in chitin, including proteins, fats, minerals and
other contaminants [16], need not be pre-removed for
environmental applications of chitosan.

HO oH + NaCl +H,0

NH,

In Fig. 2, the conductivity decreases while the excess
HCI is neutralized, followed by a slope change when the
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Fig. 4 Evolution of the degree of deacetylation (DDA) of the chitin,
incubated at 20 and 35 °C, over time

@ Springer



404

Waste Biomass Valor (2017) 8:401-406

protonated amines are neutralized by base, and finally the
conductivity increases when the pH rises with excess base.
The volume of base comprised between points V; and V,
correspond to the number of moles of amino groups titrated
in the chitosan. Similar curves are observed for chitin
extracted at 20 °C, as illustrated in Fig. 3. From these
results, the degrees of deacetylation can be derived, and are
illustrated in Fig. 4. It can be observed that the chitin reacts
faster at 35 °C than at 20 °C. A high degree of deacety-
lation occurs before 10 days time, sufficient to make a
chitosan solution in 1 % acetic acid. On the other hand, the
viscosities of the solutions tend to decrease faster too and
were investigated. The evolution of the reduced viscosities
i,.q and inherent viscosities #;,;, as a function of the con-
centration of deacetylated chitin (chit D35-T20) is shown
by Fig. 5. Similar calculations gave the viscosities of the
products obtained at 35 °C. From these results, the plot of
molecular weight as a function of extraction times was
established for both temperatures and is illustrated in
Fig. 6. Clearly, the small increase in hydrolysis tempera-
ture results in a significant decrease in molecular weight of
the chitosan. The value of molecular weight (MW) of the
chitosan depends intimately on the preparation process as it
can induce depolymerization of macromolecular chains
and/or degradation during its production [18]. Macro-
molecular chains of chitosan generally have a molecular
weight of about 100-1500 kDa [12]. This molecular
weight determines the desired application for the chitosan.
The chitin products obtained in this investigation have
relatively high molecular weights, compared with other
samples mentioned in the literature [19]. This is probably
due to the treatment at low temperature (20 and 35 °C)
during the deacetylation of chitin, as temperature has a
strong effect on the molecular weight of chitosan. These
high molecular weights would provide a better behavior to
chitosan during flocculation. Molecular weights typically
encountered in this type of chitosan have values between
100 and 500 kDa [11].

1.7 4
y=85862x+0.3325
R?=0.9915
s 129 X nredichitD35-120)
20 ninh{chitD35-120)
R
= y=78377x+03471
2 0.7 R*=0.9945
0.2 T T J
0 0.05 0.1 045

Ci(g/dI)
Fig. 5 Evolution of the reduced and inherent viscosity as a function

of the concentration of deacetylated chitin content obtained at 20 °C
following 35 days of hydrolysis
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Fig. 6 Evolution of the molecular weight (MW) of the chitin
incubated at 20 and 35 °C, over time
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Fig. 7 '>C NMR spectra of undeacetylated chitin and a few samples
of deacetylated chitin (chitD35-T20, chitD7-T35 and chitD35-T35)

The results of '>C NMR analysis shown in Fig. 7 clearly
indicate the presence of peaks of high intensity corre-
sponding to the acetyl group (CH3 and C=O0) in the spec-
trum of undeacetylated chitin. These peaks appeared at
very low intensities in the case of deacetylated chitin
(chitD7-T35, chitD35-T20) and were almost absent in the
spectrum of the sample chitD35-T35.

The solid state '*C spectrum is ideal for identifying the
presence or absence of methyl groups present in the
acetylated form. The spectrum allows identification of the
other carbons labeled as depicted in Fig. 1. The attributions
are from Ref. [20-22]. It can be observed that the acetyl
group gradually decreases in intensity as the deacetylation
progresses. The other peaks shift during the reaction except
for the C3 and C5 peaks. The absence of extraneous peaks
shows the chitosan is pure and free of other protein or
impurities [22].

A typical thermogravimetric curve is illustrated in
Fig. 8a. Thermogravimetry also shows differences
according to deacetylation degree: there are two weight
losses the first (M;) corresponding to the acetyl group
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Fig. 8 a Thermal analysis of chitD7-T35 sample showing weight
loss, first derivative and heat flow. b Variation of the mass ratios (M;/
M,) of the deacetylated chitin in function of time

portion and the second (M;) to the cyclic part of the
polymer. The M;/M, ratio gradually decreases from 1.3 to
0.8 during deacetylation (see Fig. 8b).

Clarification of urban waters usually involves treatment
with coagulation and flocculation additives. Biodegradable
or biocompatible additives are sought to promote eco-
friendly processes and renewable biopolymers would be
favored over synthetic ones. The chitosan biopolymers
obtained in our work were conveniently derived from
marine wastes, at different temperatures including room

Table 1 Results of water parameters before and after treatment with
chitosan flocculants

Before treatment After treatment

Parameters Values Chit/IH Chit/3H Chit/ambiant
Temperature (°C) 24 24 24 24
Turbidity (NTU) 535 121 38 20

Suspended particles 57.6 15.2 16.4 14
(mg/l)

Suspended volatiles 4.8 0.2724  0.0356 0.33
(mg/l)
COD (mg Oy/1) 688.75 177.5 147.5 110
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Fig. 9 Turbidity variations for waste waters of the town of Tizi
Ouzou during treatment with various amounts of different chitosan
polymers

temperature and atmospheric pressure. Advanced
deacetylation occurs after 15 days in base without stirring
and simply macerating in a plastic flask. Deacetylation is
faster when heating at 120 °C for a few hours, but requires
investing in equipment. To compare the results given by
high or low temperature deacetylation, the variation in
turbidity of waste water was examined following the action
of each type of chitin. The results plotted in Fig. 9, and
summarized in the table, show a significant reduction in
turbidity together with reduced COD, reduced suspended
particles and volatile matters. The best results were derived
with the use of chitD15-T20 at 1.5 mg/l concentrations. At
higher concentrations of chitosan, self-aggregation disfa-
vored the flocculation and the results were not as good as at
lower concentrations.

At the optimum dosage of 1.5 mg/l of chitosan, the
results presented in Table 1 show that contaminants were
reduced to levels acceptable according to local regulations.

Conclusion

The kinetics of deacetylation of the chitin, incubated at 20
and 35 °C for 35 days showed that the degree of
deacetylation (DDA) increased with time of incubation
reaching 88 and 99 % at 20 and 35 °C, respectively. A
moderate decrease in molecular weight of the chitin which
did not exceeded 170 and 226 kDa for the samples incu-
bated at 35 and 20 °C, respectively, was observed. This
would provide for the chitin a better behavior in floccula-
tion. Qualitative analysis of different samples of deacety-
lated chitin by '*C NMR and thermogravimetry were in
good agreement with the results obtained by the conduc-
tivity method. This low cost method for obtaining chitosan
should help recovery of chitin in developing countries
lacking industrial facilities to transform shrimp waste into a
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valuable polymer. Such easily obtained biopolymers can be
an economical and eco-friendly polymer for use in treating
waste waters.
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