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Abstract: In this work, chitosan was isolated from shrimp shell by various chemical treatments such as demineralization, deprotenization, de-colorization, de-acetylation. Shrimp shell was collected from a food processing landing zone in south-west
part of Khulna division (Rupsha) of Bangladesh as well as White clay was collected and modified by 5% ethylene diamine for
the preparation of chitosan-clay nanofilter (CCNF) by solution casting method for the purification of drinking water. CCNF
was prepared from agricultural wastage (in food processing sector) because it was tried to find out the usefulness of the
wastage efficiently. There was a remarkable improvement in this work, the Thermal Analysis data showed that bio-nanofilter
(CCNF) was thermally stable as well as biodegradable and the SEM analysis showed that the intercellular gaps were also
reducing due to deposition of clay. So, CCNF became more uniform and smooth. This nanofilter will be very helpful for the
purification of drinking water because of it’s uniformity and smoothness. Chitosan was chosen for drinking water purification
technology due to it’s antimicrobial activity, thermal stability and non-toxicity. This research also highlights the recent
development of chitosan as well as clay in case of nanofiltration technology from the last decade. However, shrimp shell,
chitin, chitosan and CCNF were characterized by TGA (Thermo Gravimetric Analysis), DTG (Differentiate
Thermogravimetry), DTA (Differentiate Thermal Analysis) and SEM (Scanning Electron Microscope).
Keywords: Shrimp Shell, Chitosan, Clay, Nano-filter, Drinking Water, Agricultural Wastage

1. Introduction
Chitosan is a natural, nontoxic, edible and biodegradable
polymer [1]. It is the second most abundant biopolymer in
the nature after cellulose, which is obtained by deacetylation
of chitin [2, 3]. It has some interesting characteristics like
biodegradability, biocompatibility, chemical inertness, high
mechanical strength, good film-forming properties, and low
cost [4, 5]. It is being widely used in a variety of products
and applications ranging from pharmaceutical and cosmetic
products to water treatment and plant protection. Because of
its low toxicity, biocompatibility, and bioactivity, it has
become a very attractive material in diverse applications like
biomaterials in medical devices and pharmaceutical
ingredient [6]. It is being used in shampoos, rinses, and
permanent hair-coloring agents. Chitosan and its derivatives

also have applications in the skin care industry. It works as a
moisturizer for the skin, and because of its lower costs, it
may compete with hyaluronic acid in this application [7].
Therefore, it can be applied in the food industry for birds and
fur-bearing animals [8]. Moreover, chitosan is metabolized
by certain human enzymes, especially lysozyme, and is
considered as bio-absorbale. Chitosan is also biocompatible
and, therefore, it can play a role in various medical
applications such as topical ocular application, implantation
or injection. Chitosan also has antibacterial, wound-healing
effects in humans and animals together with haemostatic
activities [9, 10].
Clay materials are composed of solid, liquid and vapour
phases. The solid phases are of mineral and organic phases
that make up the framework of the clay materials [11, 12].
The mineralogy can be broadly subdivided into the clay and
non-clay minerals, including poorly crystalline, so-called
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“amorphous” inorganic phases. By definition, minerals are
crystalline solids with well-ordered crystal structures but clay
minerals and other inorganic phases in clay materials are
often poorly crystalline compared to minerals such as quartz
and feldspar. On the other hand, clay may be defined as “ a
finely-grained natural rock or soil material that combines one
or more clay minerals with trace amount of oxides and
organic matters”. Geologic clay deposits are mostly
composed of phyllosilicate minerals containing variable
amounts of water trapped in the mineral structure. Clays are
plastic due to their water content and become hard, brittle
and non-plastic upon drying or firing [13-15]. Depending on
the soil’s content in which it is found, clay can appear in
various colours from white to dull grey or brown to deep
orange-red. Studies in the early 21st century have
investigated clay's absorption capacities in various
applications, such as the removal of heavy metals from waste
water and air purification [16, 17].
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conventional filter for the purification of drinking water.
In this research work, it was tried to find out the usefulness
and efficiency of CCNF composite in the drinking water
purification technology and their thermal behavior and
surface morphology.

2. Experimental
2.1. Materials
Shrimp shell waste peeled out from Penaeusmonodon
species was the raw material for chitosan which was
collected from a food processing landing zone in south-west
part of Khulna division (Rupsha) of Bangladesh as well as
White clay was collected from Vejaypur , Netrokona,
Mymensingh, Bangladesh. Hydro Chloric Acid (HCl) purity
37% manufacturer E. Marck Ltd. Germany, Sodium
Hydroxide (NaOH) purity 98% manufacturer BDH
(England), ammonium hydroxide (5%) and ammonium
oxalate (5%)manufacturer E. Marck Ltd. Germany, ethanol
& absolute alcohol (C2H5-OH)manufacturer BDH (England),
5% ethylene diamine manufacturer BDH (England), sand
was collected from Kushtia, Bangladesh.
2.2. Methods
2.2.1. Isolation of Chitosan from Shrimp Shell

Figure 1. Collected white clay.

But the clay which was used here as a filler material to
produce nanofilter or nano composite with chitosan was
partially white in colour.
Noteworthy, alternative name of water is life, no one can
live without water. Our body contain 70% water of its total
weight. So, water is not only very important for us but also
essential. on the other hand, polluted water is very harmful
for every living being. It causes many diseases such as
cholera, diarrhea , jaundice etc. For this reason it is early
need to purify the drinking water before use. There were
many processes for the treatment of drinking water which
contained organic pollutant and heavy metals. As for
example biological treatment, catalytic oxidation, filtration,
sorption process and combination treatments. For the
purification of drinking water nano-filtration process was
used in this experiment. Before this experiment CCNF was
not performed by anyone. CCNF was produced as a
nanofilter composite, it was chosen because here both the
reinforcement and matrix were bio based. The most
important cause to choose CCNF that it was cheaper,
biodegradable, nontoxic and environmental friendly
nanocomposite. They also thermally stable and there is no
chance to grow any bacterial colony because chitosan shows
the antibacterial activity and clays are highly crystalline and
they have a good absorption capacity against important water
pollutants, e.g., heavy metal species and organic molecules.
So, CCNF was better than any other nanofilter or

Figure 2. Demineralization of shrimp shell.

The extraction of Chitosan from shrimp carapace
composed of a series of chemical treatment. The collected
raw shrimp shell was first washed and dried under sunlight
then the size was reduced through crashing by means of
hand. The bracken carapace was then ready for chemical
treatment.
The
treatments
were
demineralization,
deprotenization, decolorization, by these set of treatment we
obtained chitin. The chitin passed through a chemical
treatment named deacetylation to give chitosan.
For demineralization the shrimp shells were broken
approximately 0.25 cm ×0.5 cm in size by hand.
Demineralization was carried out in 1MHCl solution bath
under constant stirring at ambient temperature. The ratio of
the shrimp shell to 1MHCl was 1:25. In this process HCl
reacts with mineralized carbonates (mainly CaCO3) which
form water soluble CaCl2 and CO2 gas emission represented
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in the following reaction [18].
CaCO3 + 2MHCl = CaCl2 + H2O+ CO2 ↑ (Demineralization)
The end point of the demineralization was determined by
Armins method [19]. A solution of ammonium hydroxide
(5%) and ammonium oxalate (5%) was added to 5 ml of the
decalcifying medium after certain times. The formation of a
cloudy solution caused by precipitation of calcium oxalate
indicated that the specimen was not thoroughly decalcified.
The decalcifying solution was replaced repeatedly until the
cloudy solution was no longer formed. A transparent solution
indicated that no more calcium was removed from the
cuticle. The demineralization was completed within 2 hours.
After demineralization the solid product was washed
repeatedly by water to reduce acid content in solid. The
demineralized chitin-protein complex of the shrimp shells
were deproteinized by the treatment with 2MNaOH at 55°C
for 24 hours with gentle stirring. The ratio of the
demineralized shell to 2MNaOH was 1:15. The amide bond
was hydrolyzed in alkaline medium to give a long chain
aliphatic alcohol along with precipitate of sodium carbonate.
The reaction is as follows:

Extraction of chitosan by deacetylation of chitin [21-25] :
Removal of acetyl groups (CH3C=O) from chitin by
treatment with strong NaOH produces chitosan which is 2amino-2-deoxy-β-D-glucose. A sharp nomenclature with
respect to the degree of N-deacetylation has not been defined
between chitin and chitosan. When the degree of
deacetylation (DDA) is greater than 70 it is considered as
chitosan. The highest degree of deacetylated chitosan was
obtained when the deacetylation process was carried out by
50% NaOH at 100°C for 4 hours (chitin: liquor = 1:20). After
this process, solid samples were washed continuously with
distilled water and filtered in order to retain the solid matter,
which was the desired chitosan. The deacetylated carapace
was washed by means of distilled water then a series of
alcohol treatment was carried out on it. The carapace was
then treated sequentially with 10%, 30%, 50%, 70% and 90%
alcohol solution each carried out for 30minutes. After this
treatment the carapace was treated with absolute alcohol for
24 hours at room temperature. The samples were then left
uncovered and oven dried at 55°C for 24 hours. The creamy
white chitosan was kept in a moisture proof packet for the
further study.

Protein (R-CONH2) + 2M NaOH = R-OH + Na2CO3 + NH3
(Deproteinization)

Figure 3. Deproteinized shrimp chitin.
Figure 5. Chitosan.

After this treatment the carapace was treated with absolute
alcohol for 24 hours at room temperature. Finally, pure chitin
was dried in an electrical oven at 55oC for 24 hours. After
deproteinization the residue known as chitin was about
21.88% by weight of total weight of shells [20]. The chitin
was further converted into chitosan by the process of
deacetylation.

Figure 4. Chitin.

2.2.2. Preparation of CCNF (Composite)
Many types of blending methods are followed for the
preparation of various polymer blends and composites as
melt process and solution casting process. Above the process
solution casting process is the most applied methods for
preparing CCNF composite. Clay was dissolved separately in
5% diethyl amine solvents for 48 hours. Then the solution
was allowed to keep for filtration by a suitable filter cloth.
After completing filtration the filtrate part was sent to an
electrical oven for drying at (100-105)oC. At the same time
dry chitosan was sent to a blinder for making powder. After
that the dry clay and powdered chitosan were inserted into a
mixing tank which contained ethanol with constant stirring
for preparing a homogeneous mixture. Which is shown in
figure 6 by a flow diagram.
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Figure 6. Schematic flow diagram of preparation of chitosan-clay nanofilter (CCNF).

2.2.3. Column Preparation
At first a filter column was collected which containing a
0.5 cm cotton lear at the bottom part. Then a sand bed was
prepared which thickness was 2.0 cm. After completing the
preparation of sand bed it would be early needed to introduce
the mixture of CCNF composite into the column. The
thickness of the nanofilter layer should be 2.20 cm. When
column was filled by cotton lear, sand bed and finally caly
and the mixture of chitosan powder, the total thickness
should be 4.70 cm which contain 70% clay and 30% chitosan
(powdered form).

prevent charging. The micrographs were taken at a
magnification of 100, 250, 500 and 1000,2000. The surface
morphology of Raw shrimp shell, Chitin, Chitosan and
CCNF composite were observed by scanning electron
microscope (FEI QUANTA 200 3D) with an accelerating
voltage 10 KV. The surface was coated with 3 nm thick gold
before analysis.
2.2.5. Thermal Analysis
Weight loss due to degradation, as a function of
temperature was evaluated by Thermogravimetric analysis
(TGA) to measure the thermal stability of different
composites [27-29] This experiment was carried out in order
to evaluate the thermal stability of Raw shrimp shell,
demineralized shell, Chitin, Chitosan and CCNF composite.
Thermogravimetry of all samples were investigated by the
Thermal gravimetric analyzer (TGA/DTA/DTG 6300 Seiko
Instrument, Japan). About 20 mg of each sample was taken
for analysis. The samples were heated up steadily at a rate of
200C/min from 25 to 6000 C under continuous flow of
nitrogen at 50 ml/min. For perfection, analysis was carried
out two times for each sample.

3. Result and Discussion
3.1. Scanning Electron Microscope (SEM) Analysis

Figure 7. Prepared column.

2.2.4. Scanning Electron Microscope
The morphology of samples was observed by scanning
electron microscopy (SEM) [26]. SEM analysis was carried
out using a JSM-7610 F model at an accelerating voltage
15.0 kV. The samples were sputter coated with platinum to

The SEM image of experimental composites at magnification
of × 500, 1000 were shown in the following figures. SEM
micrographs of different fractured sample in figures 8 the
surfaces of raw shrimp shell was rough and not smooth and
plain because of the presence of nerve, mineral and protein
which was indicated in figure. In figure 9 the surface was not
rough but the surface was smooth and plain because the
minerals which was present here already removed by
demineralization step which was shown in “figure 8 & 9”.
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Figure 8. SEM analysis of Shrimp shell.

Figure 11. SEM analysis of Chitosan.

Finally, In figure 12 showed that SEM picture of CCNF
composite, Comparison of the micrographs of the raw,
demineralized, chitin and chitosan of shrimp shell showed
that a considerable amount of clay was oriented and/or
entrainment onto chitosan surface. The intercellular gaps
were also reducing due to deposition of clay as a matrix. As
the surface was covered with polymer, it became more
uniform and smooth [30].
Figure 9. SEM analysis of Demineralized shell.

On the other hand , in figure 10 and 11 which represented
the chitin and chitosan, here we could clearly see that the
surface of chitin and chitosan were more smooth and plain
than raw shrimp shell and demineralized shell because the
nerve, mineral and protein were absent in chitosan surface
shown in figure 10 & 11.

Figure 12. SEM analysis of CCNF composite at 10000X.

3.2. Thermal Properties

Figure 10. SEM analysis of Chitin.

TGA, DTG and DTA curves were represented and
discussed below: Figure 13 showed the TGA, DTA & DTG
curves of Shrimp shell. The top one (blue colour) was the
TGA, the bottom one (red colour) was the DTG, and the
middle one (green colour) was the DTA curves of the Shrimp
shell.
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Figure 13. TGA, DTA, DTG analysis of shrimp shell.

Figure 14. TGA, DTA, DTG analysis of demineralized shell.
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The TGA curve showed that the major degradation
occurred at only one stage for the Shrimp shell. TGA showed
the 13% initial loss due to moisture. Then the mass was
continuously losing having initial slower rate and ending was
in the faster rate. The onset temperature, 50% degradation
temperature and the highest degradation temperature were at
315.2oC (table 1), 349.7oC, and 399.0oC respectively (table
2). The total degradation was 30.5%.
The DTA curve showed two endothermic pecks were at
446.2oC, and 487.1oC due to the removal of moisture. The
DTG curve showed one exothermic peck at 399.0oC due to
thermal decomposition. The maximum degradation occurred
at 399.0oC with the rate of 0.879 mg/min. The main
degradation at this temperature was due to depolymerization,
dehydration, and decomposition of hydroxyl units followed
by the formation of char while the degradation above this
temperature could be described to the oxidation and
breakdown of the char to lower molecular weight gaseous
products.
Figure 14 showed the TGA, DTA & DTG curves of
demineralized shell. The top one (blue colour) was the TGA,
the bottom one (red colour) was the DTG, and the middle one
(green colour) was the DTA curves of the Shrimp shell.

The TGA curve showed that the major degradation
occurred at only one stage for the demineralized shell. TGA
showed the 8.1% initial loss due to moisture. Then the mass
was continuously losing having initial slower rate and ending
was in the faster rate. The onset temperature, 50%
degradation temperature and the highest degradation
temperature were at 307.9oC (table 1), 342.0oC, and 346.2oC
respectively (table 2). The total degradation was 30.5%.
The DTA curve showed two endothermic pecks were at
251.2oC, and 408.2oC due the removal of moisture. The DTG
curve showed one exothermic peck at 346.2oC due to thermal
decomposition. The maximum degradation occurred at
346.2oC with the rate of 1.315mg/min. Here, the main
degradation at this temperature was due to depolymerization,
dehydration, and decomposition of hydroxyl units followed
by the formation of char while the degradation above this
temperature could be described to the oxidation and
breakdown of the char to lower molecular weight gaseous
products.
Figure 15 showed the TGA, DTA & DTG curves of Chitin
shell. The top one (blue colour) was the TGA, the bottom one
(red colour) was the DTG, and the middle one (green colour)
was the DTA curves of the Shrimp shell.

Figure 15. TGA, DTA, DTG analysis of chitin.

The TGA curve showed that the major degradation
occurred at only one stage for the Chitin shell. TGA showed
the 6.5% initial loss due to moisture. Then the mass was

continuously losing having initial slower rate and ending was
in the faster rate. The onset temperature, 50% degradation
temperature and the highest degradation temperature were at
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340.5oC (table 1), 368.70C, and 378.9oC respectively (table
2). The total degradation was 59.6%.
The DTA curve shows four endothermic pecks were at
338.40C, 374.4oC, 334.3oC & 504.4oC due the removal of
moisture. The DTG curve showed one exothermic peck at
378.9oC due to thermal decomposition. The maximum
degradation occurs at 378.9oC with the rate of 1.95mg/min.
The main degradation at this temperature was due to
depolymerization, dehydration, and decomposition of
hydroxyl units followed by the formation of char while the
degradation above this temperature could be described to the
oxidation and breakdown of the char to lower molecular
weight gaseous products.
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Figure 16 showed the TGA, DTA & DTG curves of chitosan
shell. The top one (blue colour) was the TGA, the bottom one
(red colour) was the DTG, and the middle one (green colour)
was the DTA curves of the Shrimp shell. The TGA curve
showed that the major degradation occurred at only one stage for
the chitosan shell. TGA showed the 7.0% initial loss due to
moisture. Then the mass was continuously losing having initial
slower rate and ending was in the faster rate. The onset
temperature, 50% degradation temperature and the highest
degradation temperature were at 291.7oC (table 1), 310.5oC, &
317.7oC respectively (table 2). The total degradation was 33.9%.
The DTA curve showed one endothermic pecks were at 286.3oC
due the removal of moisture.

Figure 16. TGA, DTA, DTG analysis of chitosan from shrimp shell.

The DTG curve showed one exothermic peck at 317.7oC
due to thermal decomposition. The maximum degradation
occurred at 317.7oC with the rate of 1.91mg/min. Also here
the main degradation at this temperature was due to depolymerization, dehydration, and decomposition of hydroxyl
units followed by the formation of char while the degradation
above this temperature could be described to the oxidation
and breakdown of the char to lower molecular weight
gaseous products.
In figure 17 the TGA curve showed that the major
degradation occurred at only one stage for the CCNF. TGA
shows at the initial stage i.e 0.02 min at 21.31oC there was a
very small loss but after sometimes (3.77 min) at 60.82oC the
loss rate was very high i.e about 15.91%. At the time 7.94

minutes as well as 34.12 minutes at 102.34oC & 363.05oC
temperature the degradation was very high almost
34.34%&48.86% respectively. After that stage on 43.39 min
at 456.20oC the degradation became more than half of the
total. And finally at the time of 57.77 min when the
temperature was 599.53oC (table 1), the degradation was
maximum which was actually 58%. The total degradation of
CCNF at 600oC temperature was 58%. Here, the main
degradation at this temperature was due to depolymerization,
dehydration, and decomposition of hydroxyl units followed
by the formation of char while the degradation above this
temperature could be described to the oxidation and
breakdown of the char to lower molecular weight gaseous
products. So, CCNF composite was thermally very stable.
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Figure 17. TGA curve of Chitosan-Clay nanofilter (CCNF).

The related table is given below:
Table 1. Final degradation Temperature (TGA) of different samples.
name
Raw shrimp shell
Demineralized shell
Chitin
Chitosan
Chitosan-Clay nanofilter (CCNF)

Final degradation Temperature
(°C)
315.2
307.9
340.5
291.7
599.53

Table 2. Comparison between DTA and DTG analysis of different samples.
Sample name
Raw shrimp shell
Demineralized shell
Chitin
Chitosan

Final Degradation temperature (0C)
DTA
DTG
349.7
399.0
342.0
346.2
368.7
378.9
310.5
317.7

4. Conclusion
In a nutshell, the biodegradable CCNF composite was
produced for water purification purposes. Because, today the
whole world faces a global water challenge. In the last
century the global population quadrupled, while the world
water demand increased sevenfold. This global water
challenge will become greater as the population and
economies of developing countries expand; in the next forty
years, the global population is expected to grow nearly 40%,
and hence, domestic, agriculture, industry, and energy
demands on water resources will continue to grow. The
World Water Council estimates that by 2030, 3.9 billion
people will live in regions characterized as “water scarce
[31]. According to the World Health Organization, 1.1 billion

people lack access to improved drinking water and 2.6 billion
lack access to proper sanitation [32]. So, drinking water
purification is one of the most important challenge for the
next generation. This will require better water treatment
technology. The new family of CCNF showed remarkable
improvement in mechanical and barrier properties. TGA,
DTG, DTA data showed that CCNF was thermally very
stable and SEM (morphological) analysis showed that its
surface was uniform and smooth. As chitosan and clays are
cheaper, nontoxic, biodegradable, biocompatible and
environmental friendly, these bio nanocomposites may have a
great application in water treatment or purification
technology. Which can plays a very important role to prevent
the water crisis problem which is upcoming for the next
world or next generation.
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