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Abstract

Many chitosan adsorbent derivatives for metal ion adsorption have been developed by grafting novel functional groups on the
chitosan chain, and these functional groups are combined with chitosan to improve sorption capability. The chemical structure
of chitosan was characterized by the spectroscopy of Fourier Transform Infrared (FT-IR). The degree of N-deacetylation (DDA)
was also calculated from FT-IR data. The use of bio sorbent chitosan-fatty acid derivatives makes it possible to extract both
heavy metals and organic compounds. In this analysis, the grafting copolymer of fatty chitosan derivatives with acrylic acid
polymer was synthesized using ceric ammonium nitrate, the redox nitric acid method under UV irradiation. Synthesized
copolymers have been subjected to various analytical techniques such as X-ray diffraction (XRD), thermogravimetric analysis
(TGA) and differential thermogravimetric analysis (DTA) to confirm the formation of copolymers and to research their thermal
stability. The findings show the formation and strong chemical interaction between fatty chitosan derivatives and acrylic acid.
Fatty Chitosan derivatives and prepared grafting copolymers have been treated with copper and chromium-containing metal
solutions and the results have shown that fatty chitosan derivatives and prepared copolymers are excellent in the removal of
heavy metals such as copper and chromium. Prepared compounds could therefore open the way for industrial wastewater

treatment.

Keywords: Fatty chitosan, Environmental pollution, Copper ion, Chromium ion, Grafted copolymer.

Introduction

Chitosan is a natural polymer that is antimicrobial,
biodegradable, and biocompatible. Chitosan (2-
acetamido 2-deoxy—D-glucose(N-
acetylglucosamine)) is a partially deacetylated chitin
polymer that is typically prepared by treating chitin
with a strong alkaline solution. Chitosan was
functionalized using a variety of reagents, including
alumina [1], alginate [2], cellulose [3], polyvinyl
alcohol [4, 5], cyclodextrins [5,6] magnetic
nanoparticles [7], ionic liquids [8], etc. Many
publications have confirmed the efficacy of
functionalizing chitosan with silica particles to treat
contaminated waters [9, 10]. There is a lot of interest
in developing a perfect green composite for the
treatment of contaminated water because of the
concern about keeping the environment clean.
Chemical industries use a large amount of water
during the physical, chemical, and biological
processing stages, and they emit a significant amount
of wastewater [11]. Many natural adsorbents have
been developed to remove a wide range of metal ions
from water [12-16]. Heavy metal discharge from

industrial operations is more dangerous due to the
presence of copper, chromium, zinc, nickel, and
cadmium [17]. Copper concentrations in the effluent
stream are high enough to cause serious health
problems in the brain, kidneys, and anemia. Copper
consumption at high doses raises serious toxicological
concerns because it can accumulate in the brain, skin,
liver, and kidney [18,19]. Furthermore, chromium is a
well-known contaminant that is becoming more
important due to its highly toxic nature even at low
concentrations. Furthermore, water contamination by
chromium (Cr) has received increased attention in the
current context of global ecology due to this metal's
extensive use in textile industries, electroplating,
leather processing, metal finishing, and chromium
preparation. Chromium exists in three oxidation states:
Cr (11), Cr (111}, and Cr (VI), with the hexavalent form
500 times more toxic than the trivalent. This Cr (V1) is
a carcinogenic agent that can cause serious health
problems. [20-23]. There are common conventional
methods for removing heavy metals from water, such
as ion exchange [24], solvent extraction [25], reverse
osmosis [26], chemical precipitation [27], etc.
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However, these techniques are either prohibitively
expensive or ineffective in terms of achieving high
removal efficacy. The adsorption technique is widely
used due to its simplicity, rapidity, cost effectiveness,
efficiency, and the availability and reusability of
adsorbents [28-30]. Chitosan biopolymer is a very
appealing material that is regarded as an excellent
adsorbent due to its high nitrogen and oxygen content.
The presence of reactive amino and hydroxyl groups
in its structure allows for some chemical
modifications, allowing it to be used in a variety of
applications [31-33]. Grafting vinyl monomers onto
chitosan is one of the most effective methods for
improving chitosan performance without sacrificing
its properties, and it is also a challenging field of
research with limitless future possibilities. Several
studies on the grafting copolymerization of chitosan
with various vinyl monomers such as methyl acrylate
have been published [34], methyl methacrylate [35],
acrylamide [36], acrylic acid [37], and acrylonitrile
[38] using redox initiators. The purpose of this study
was to perform a kind of chemical modification of the
derivatives of chitosan fatty acids by the method of
graft polymerization of acrylic acid into the backbone
of the derivatives of chitosan fatty acids. In the current
work, the products were characterized by FTIR and
XRD, which elucidated changes in structure compared
to chitosan fatty acid derivatives. The mechanism of
the graft reaction has been proposed. In the present
research, the efficacy of fatty chitosan grafted acrylic
acid in the treatment of wastewater was identified and
the copolymer was a promising matrix for the
adsorption of metal ions.

Materials and Methods

Chitosan was extracted from shrimp shells waste.
Ceric ammonium nitrate, Acrylic acid, lauric acid,
stearic acid, oleic acid and linoleic acid were of
analytical grade.

Preparation of Chitosan

The preparation of chitosan is divided into three
consecutive stages. Demineralization of shrimp shells.
Chitin processing (deproteinization) and chitosan
processing (deacetylation) [39-41]. Shrimp shells
were dried 2 days in the sun. The shrimp shells were
crispy after sun-drying. The shells were then ground
into powder. Dry Powder shrimp shells were packed
in opaque plastic bottles and kept at room temperature.

Demineralization of Shrimp shells

In this step, the finely powdered shrimp shells are
demineralized with HCI. At room temperature, the
shrimp shells were demineralized at 5 percent HCI for
24 hours with a solid to 1:6 ratio. After 24 hours, the
shells were very squash and rinsed with water to
extract acid and calcium chloride and dried in the oven
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to 60°C. A small amount of treated shell was re-
reacted to 10% HCI solution, which showed no
generation of bubbles. This test confirms the complete
demineralization of the shell.

Deproteinization

Demineralized shells were deproteinized at a solid to
solvent ratio of 1:10 (w/v) with 5 percent NaOH
solution for 48 hours at 60-70°C. After treatment, the
residue was washed with distilled water to extract
NaOH. Itis then dried for 2 days and the result is called
chitin.

Chitosan processing (Deacetylation)

Deacetylation is a method to convert chitin to chitosan
by eliminating the acetyl group. After rinsing with
distilled water, decalcified chitin was transferred to a
60% sodium hydroxide solution. The solution was
heated for 2 hours in a domestic microwave oven for
deacetylation. After rinsing with distilled water and
drying at 60°C, deacetylated chitin (chitosan) was
ready to be used.

Structural characterization of chitosan

The degree of N-deacetylation (DDA) of chitosan
powder was calculated by Fourier transform infrared
(FT-IR) spectroscopy using FT-IR JASCO 4100.
Samples were screened against a blank KBr pellet at
wave number 4000-400cm—1. Chitosan DDA was
determined based on the following equation. [42]

DDA (%)= 100 - [ (Augss/ Aaaso) X 115]
where; Asss and Aazsso are absorbances at 1655 cm™
and 3450 cm™!, respectively.

Preparation of Fatty Chitosan Derivatives

For the preparation of (Ch-L), (Ch-S), (Ch-Ol) and
(Ch-Lin) derivatives, 10 mg (lauric acid, stearic acid,
oleic acid and linoleic acid) were added individually
to the chitosan solution (dissolved in 1% acetic acid)
and kept on stirring for 20 h. After that they were
poured on glass plates and film drawn and left for air
drying for 5 days.

CHIOH = OOl Clon CliOH p CHOH q CIHOH
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Scheme 1: Preparation of fatty chitosan derivatives.

Preparation of Copolymer

A 2% WI/V solution of chitosan [37] and fatty chitosan
derivatives were prepared in 2% aqueous acetic acid.
A solution of 0.1 M ceric ammonium nitrate (CAN) in
10 ml of 1N nitric acid was added accompanied by a
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known amount of acrylic acid (Ac) drop by drop with
continuous UV stirring. The reaction temperature was
held at 70 °C for 45 minutes, the substance was
precipitated by the use of sodium hydroxide solution
with intense stirringThe precipitate washed with
distilled water several times to extract the
homopolymer formed and filtered.

The grafting efficiency (GE %) and grafting yield (GY
%) were calculated as follows:

Wg
Grafting Efficiency (GE%) = .................. x 100
Wg + Wi
Wg - Wi
Grafting Yield (GY%) = .....ccoenenen. x100
Wi
Where, Wg  Weight of grafted copolymer; Wi

Weight of homopolymer (acrylic acid).
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Scheme 2: Preparation of chitosan-grafted acrylic acid
copolymer [43].

Characterization of polymer

Prepared grafted copolymers were analysed in Xray
diffraction studies using Xray Powder Diffractometer
(XRD — SHIMADZU XD — D1) using Nifiltered Cu
K5-007 Xray radiation. Thermogravimetric analysis
(TGA) and differential thermogravimetric analysis
(DTA) of chitosan composites were performed using a
Perkin Elmer simultaneous thermal analyzer (STA
6000) at a temperature range of 50-600-C at a heating
rate of 10-C min under the nitrogen atmosphere.
Experimental process of removal of chromium and
copper

Batch experiments were conducted with various
concentrations of copper chloride and potassium
dichromate to investigate the degree of adsorption.
The degree of removal of the two metals was tested
separately by changing the time of shaking of the
adsorbent metal solution mixture. The pH of each
solution has been adjusted. The stoppered bottles were
agitated at 30°C by an orbital shaker at fixed speed,
160 rpm at different time intervals. The adsorbates
were isolated using Whattman filter paper and the
residual metal concentration of the supernatant liquid
was measured by the atomic absorption
spectrophotometer. Triplicate runs of less than 1% of
all experiments were carried out to ensure the
reproducibility of the data collected [44,45].

Results and Discussions

Degree of deacetylation (DDA) of chitosan

DDA is the percentage of amino groups formed by the
deacetylation process. The DDA of chitosan varied in
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literature, ranging from 40 to 60 percent [46]. The
majority of commercial samples of chitosan have an
average DDA of 70-90 percent [47] . For certain
special biological applications, higher DDA chitosan
(>95%) was prepared by more deacetylation, which
not only increased the cost of preparation but also
frequently resulted in partial depolymerization [48].
As you can see in Fig.1, FT-IR analysis of chitosan
samples shows that all the characteristic peaks
corresponding to the chitosan functional groups have
identified. The disappearance of absorption bands at
1540cm™! showed a good deproteinization of chitin.
Another broad, intense absorption band at
approximately 3450cm™! was corresponding to the
hydroxyl groups (OH) of chitosan and could also be
physically adsorbed water molecules [49-52]. l1655 and
lasso are light intensity of- NH2 and -OH groups at
1655 and 3450cm ™" respectively.

Table 1. Degree of deacetylation (DDA) values
obtained from FT-IR data.

Chitosan DDA l1655 l3450 DDA (%)
sample (min) FTIR
Chl 10 93.99 | 88.73 | 40.38
Ch2 20 84.34 | 68.80 | 47.62
Ch3 30 90.14 | 76.06 | 56.37
Ch4 40 97.61 | 93.70 | 57.24
Chb 50 95.78 | 88.36 | 59.93
Cho 60 94.12 | 70.1 80.38
Ch7 90 97.24 | 80.09 | 85.5
——(chL
: : : : ——(ch2)
(ch3
] — (Cha]
(Ch5;
—(che
| (Ch7,
% | VT

wavenumber cm™

Fig. 1. FT-IR spectra of chitosan.

X-ray diffraction (XRD)

The XRD spectra of chitosan and its grafting
copolymer are shown in Figure 2. Chitosan exhibited
two diffraction peaks at 8.65° and 19.9°, which are
characteristic of the hydrated crystalline structure of
chitosan, while Ch-g-Ac composite displays an X-ray
diffraction pattern with no specified peaks, suggesting
that the crystallinity of chitosan decreased after
modification. It is obvious that the crystallinity of
chitosan had vanished when copolymerized. This
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phenomenon was due to the strong interaction
(covalent bond formation) between chitosan and
acrylic acid. In other words, copolymerization
enhanced the compatibility between chitosan and
acrylic acid.

450 |
400 |
350 |
300 |
250 | )
200 w

150 WM

100

Intensity

1
w0 ] Ch-g-Ac
o

10 20 30 40 50 60 70 80
2%Theta

Fig. 2. XRD analysis of chitosan (Ch) and chitosan-g-
acrylic acid (Ch-g-Ac).

Figure 3 shows regular lattice spacing of lauric acid
crosslinked chitosan Ch-L and Ch-L-Ac composite.
The XRD pattern of chitosan- lauric acid shows sharp
diffraction peaks at 16.2 °, 21.4 °, 23.8°, 39.4 ° and
46.3°. The peak of d-spacing 4.1 at 20 = 21.4 ° has
lower intensity than that appeared in XRD spectra of
Ch-L-Ac .More over the peak of d-spacing 3.72 at 20
=23.85 ° has higher intensity than that appeared at 20
= 23.75° and a new peak is formed at 26 = 9.7° in the
XRD pattern of crosslinked chitosan lauric acid
grafted acrylic acid composite .This is proved the
interaction between the component .The XRD pattern
of Ch-L-Ac composite shows sharp diffraction peaks
at6.3°,9.7°,16.1°,20.1°,21.4°,23.7 °and 40.2°.
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Fig. 3. XRD analysis of chitosan lauric acid (Ch-L)
and chitosan lauric acid-g-acrylic acid
composite (Ch-L-Ac).

Figure (4) shows XRD pattern for chitosan stearic acid
Ch-S and chitosan stearic acid grafted acrylic acid
composite Ch-S-Ac. The XRD pattern of chitosan
stearic acid shows two sharp diffraction peaks at 21.3°
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and 23.6 ° while Ch-S-Ac composite shows sharp
peaksat 7.2 °,21.7 °and 23.9 ° .

650

T T T
600 - l
550
Ch-S-Ac| |
500 L“
450 o M«,«‘ p *Wm A
400
~. 350 T
‘® 300
=
< 250
2 4
£ 200
150
100 ] Ch-S| |
50
0]
-50 +— - - - - - -
10 20 30 40 50 60 70 80
2%Theta

Fig. 4. XRD analysis of chitosan stearic acid (Ch-S)
and chitosan stearic acid-g-acrylic acid
composite (Ch-S-Ac).

Figure (5) shows XRD pattern for chitosan oleic
acid and chitosan oleic acid grafted acrylic acid
composite. The XRD pattern of chitosan oleic acid
shows one broad peak at 2[ /= 19.6° it may be due to
the formation of an amorphous material which can be
attributed to the intermolecular interaction between
chitosan and oleic acid within the films [53]. Ch-Ol-
Ac composite shows an X-ray diffraction pattern with
no defined peaks, which indicating that the
modification is done, and the composite is formed.
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Fig. 5. XRD analysis of chitosan oleic acid (Ch-Ol)
and chitosan oleic acid-g-acrylic acid composite (Ch-
Ol-Ac)

Figure (6) shows XRD pattern for chitosan linoleic
acid and chitosan linoleic acid grafted acrylic acid
composite. The XRD pattern of chitosan linoleic acid
shows one broad peak at 20/= 18.8°. due to the
formation of an amorphous material. Ch-Lin-Ac
composite shows an X-ray diffraction pattern with no
defined peaks.
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Fig. 6. XRD analysis of chitosan linoleic acid (Ch-Lin)
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and chitosan linoleic acid-g-acrylic acid composite
(Ch-Lin-Ac).

Thermal Analysis

Thermogravimetric analysis (TGA) and differential
thermogravimetric analysis (DTA) shows the thermal
behavior of chitosan grafted acrylic acid (Ch-g-Ac)
(Fig. 7), chitosan Lauric acid grafted acrylic acid
composite( Ch-L-Ac) (Fig. 8), ), chitosan stearic acid
grafted acrylic acid composite (Ch-S-Ac) (Fig. 9), ),
chitosan oleic acid grafted acrylic acid composite (Ch-
Ol-Ac) (Fig. 10) and ), chitosan linoleic acid grafted
acrylic acid composite (Ch-Lin-Ac) (Fig. 11) as a
function of % weight loss with temperature. All
samples show three different zones. An initial zone of
slight loss in weight due to the evaporation of water.
Then the break in each thermogram indicates the onset
of the decomposition process involving a rapid loss in
weight. At the end of this break a slight curvature is
formed, which might be due to the formation and
evaporation of some volatile compounds. Finally, the
decomposition rate decreased gradually to a constant
weight representing carbonization [54].

(Fig 7) Thermogravimetric analysis (TGA) and
differential thermogravimetric analysis (DTA) of
chitosan grafted acrylic acid (Ch-g-Ac).

- = = = =

(Fig 8) Thermogravimetric analysis (TGA) and
differential thermogravimetric analysis (DTA) of
chitosan lauric acid grafted acrylic acid composite
(Ch-L-Ac).

(Fig 9) Thermogravimetric analysis (TGA) and
differential thermogravimetric analysis (DTA)of
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chitosan stearic acid grafted acrylic acid composite
(Ch-S-Ac).

d B E—) = = T

(Fig 10) Thermogravimetric analysis (TGA) and
differential thermogravimetric analysis (DTA) of
chitosan oleic acid grafted acrylic acid composite (Ch-
OI-Ac).

(Fig 11) Thermogravimetric analysis (TGA) and
differential thermogravimetric analysis (DTA) of
chitosan linoleic acid grafted acrylic acid composite
(Ch-Lin-Ac).

The percentage weight loss with temperature
are given in Table 2. The initial decomposition
temperature (IDT) for chitosan grafted acrylic acid
(Ch-g-Ac) started at 150.6°C, which is lower than the
initial decomposition temperature of ), chitosan
linoleic acid grafted acrylic acid composite (Ch-Lin-
Ac) (178.6°C).On the other hand  the initial
decomposition temperature of ), chitosan lauric acid
grafted acrylic acid composite ( Ch-L-Ac), ), chitosan
stearic acid grafted acrylic acid composite (Ch-S-Ac)
and ), chitosan oleic acid grafted acrylic acid
composite (Ch-Ol-Ac) started at (128.6°C), (145.2°C)
and (135.8°C) respectively .

The DTA curves show the active decomposition
temperature (ADT) for ), chitosan lauric acid grafted
acrylic acid composite ( Ch-L-Ac) which is 230.4°C
and goes on decreasing for chitosan linoleic acid
grafted acrylic acid composite (Ch-Lin-Ac),chitosan
oleic acid grafted acrylic acid composite (Ch-Ol-Ac),
chitosan grafted acrylic acid (Ch-g-Ac) and chitosan
stearic acid grafted acrylic acid composite (Ch-S-Ac)
to (228.9°C), (224.9°C), (165.2°C) and (146.0°C)
respectively.

Application of prepared compound in wastewater
treatment

Effect of contact time

It is clear from Figures 12 ,13 indicated that the
percentage removal of copper increased with the
increase in contact time before equilibrium was
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reached. Other parameters such as dose of adsorbent
and pH solutions were kept constant. It is illustrated
that the percentage removal of copper were 97%,
95.4%, 66.6 % and 33.3% for chitosan lauric acid (Ch-
L), chitosan stearic acid(Ch-S), chitosan oleic acid
(Ch-Ol) and chitosan linoleic acid (Ch-Lin)
respectively. On the other hand were 40% ,30% ,35%
,27.7% and 33.3% for chitosan grafted acrylic acid
(Ch-g-Ac), chitosan lauric acid grafted acrylic acid
composite( Ch-L-Ac), chitosan stearic acid grafted
acrylic acid composite (Ch-S-Ac), chitosan oleic acid
grafted acrylic acid composite (Ch-Ol-Ac) and
chitosan linoleic acid grafted acrylic acid composite
(Ch-Lin-Ac). (Figure 14 ,15) showing that % removal
of chromium were 74.6% , 56.5% , 27.3 % and 16.6%
for chitosan stearic acid(Ch-S), chitosan lauric acid
(Ch-L), chitosan linoleic acid (Ch-Lin ) and chitosan
oleic acid (Ch-Olrespectively. While were 43.3%
,33.3% ,22% ,10% and 13.3% for chitosan grafted
acrylic acid (Ch-g-Ac), chitosan lauric acid grafted
acrylic acid composite ( Ch-L-Ac), chitosan stearic
acid grafted acrylic acid composite (Ch-S-Ac),
chitosan oleic acid grafted acrylic acid composite (Ch-
Ol-Ac) and chitosan linoleic acid grafted acrylic acid
composite (Ch-Lin-Ac).

The initial rapid adsorption then gives way to a very
slow approach to balance, saturation is reached in 1 hr
for chromium and 4 hr for copper. The rapid initial
removal rate may be due to the availability of
sufficient vacant adsorbing sites in the presence of
higher metal ion  concentration gradients.
Subsequently, the percentage of metal ion removal
rates decreased dramatically due to the reduced
number of empty adsorption sites. Further increase in
contact time did not increase the uptake due to
deposition of metal ions at the available adsorption
sites on adsorbent materials. 240 min is therefore set
as the minimum contact time for the maximum
removal percent of copper ion and 60 min for
chromium ion.
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Fig 12: Percentage removal of Cu (Il) of chitosan
lauric acid (Ch-L), chitosan stearic acid (Ch-S),
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chitosan oleic acid (Ch-Ol) and chitosan linoleic acid
(Ch-Lin) at different time interval.
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Fig 13: Percentage removal of Cu (II) of chitosan
grafted acrylic acid (Ch-g-Ac), chitosan lauric acid
grafted acrylic acid composite ( Ch-L-Ac), chitosan
stearic acid grafted acrylic acid composite (Ch-S-Ac),
chitosan oleic acid grafted acrylic acid composite (Ch-
OI-Ac) and chitosan linoleic acid grafted acrylic acid
composite (Ch-Lin-Ac ) at different time interval.
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Fig 14: Percentage removal of Cr (VI) of chitosan
lauric acid (Ch-L), chitosan stearic acid (Ch-S),
chitosan oleic acid (Ch-Ol) and chitosan linoleic acid
(Ch-Lin) at different time interval.
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Fig 15: Percentage removal of Cr (VI) of chitosan
grafted acrylic acid (Ch-g-Ac), chitosan lauric acid
grafted acrylic acid composite ( Ch-L-Ac), chitosan
stearic acid grafted acrylic acid composite (Ch-S-Ac),
chitosan oleic acid grafted acrylic acid composite (Ch-
Ol-Ac) and chitosan linoleic acid grafted acrylic acid
composite (Ch-Lin-Ac ) at different time interval.
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Table 2. Thermal stability of chitosan composites in nitrogen atmosphere at a heating rate of 10°C. min!
Sample code | IDT?2(°C) | ADT® (°C) | wt. loss (%)
°C
100 | 200 | 300 |400 |500 |600 | 700 | 800 | 900

Ch-g-Ac 150.6 165.2 47 |501 |70.0 | 825 |91.8 | 96.2 | 99.3 | _ _

Ch-L-Ac 128.6 230.4 048 | 35.0 | 62.6 | 675 | 734 | 772 | 814 | 834 | 852

Ch-S-Ac 145.2 146.0 0.11 | 255 | 62.7 | 694 | 724 |80.2 | 821 | 84.1 | 85.3

Ch-Ol-Ac 135.8 224.9 1.3 258 | 524 | 62.0 | 724 | 76.0 | 79.5 | 81.7 | 84.9

Ch-Lin-Ac 178.6 228.9 1.9 16.0 | 49.2 | 72.2 | 945 | 995 | _ _ _
DT : the initial decomposition temperature.

PADT : the active decomposition temperature
Conclusion 5. Jabli M., Mohammed H., Aymen J., Yassine G.,
The bioactive low-cost natural polymer chitosan (CS) Béchir B.H., A comparative study on the
is obtained in this paper by treating it with a strong performance of dye removal, from aqueous
alkaline medium. Deacetylation with a high degree of solution, using (2-hydroxypropyl)-p-
deacetylation (DDA) is obtained (85.5 percent). We cyclodextrin-CS, PVP-PVA-CS, PVA-CS, PVP-
were able to create a new functionalized chitosan CS and plain CS microspheres,J. Text. Inst. 105
adsorbent (fatty chitosan) by introducing fatty acids ,661 -675(2014).
into its chain via the amino group. Prepared fatty 6. Jiang Y., Liu B., Xu J., Pan K., Hou H., Hu J,,
chitosan derivatives and their grafted acrylic acid Yang J., Cross-linked chitosan/B-cyclodextrin
copolymers have been developed in the presence of composite for selective removal of methyl orange:
CAN as redox initiator and have been confirmed by adsorption  performance and  mechanism,
XRD, TGA and DTA. It has been shown that these Carbohydr. Polym. 182, 106-114(2018).
compounds have high thermal stability. The obtained 7. Reddy D.H.K., Lee S.M., Application ofmagnetic
adsorbents were efficiently used for removing copper chitosan composites for the removal of toxic
(1) ions and chromium ions from aqueous solutions, metal and dyes from aqueous solutions, Adv.
and the results confirmed what we expected when Colloid Interf. Sci. 201-202 ,68-93(2013).
designing this work, revealing that the adsorbents 8. CuiH., ChenJ., Yang H., Wang W., Liu Y., Zou
achieved a maximum adsorption capacity greater than D., Liu W., Men G., Preparation and application
that reported by many chitosan-based adsorbents in of aliquat 336 functionalized chitosan adsorbent
previous works. As a result, fatty chitosan and fatty for the removal of Pb (Il), Chem. Eng. J. 232
chitosan grafted acrylic acid can be used to create a ,372-379(2013).
green composite for wastewater treatment. 9. Budnya E.M., Pylypchuk L.V., Tertykh V.A,
Yanovska E.S., Kolodynska D., Synthesis and
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