Science and Technology Indonesia
e-ISSN:2580-4391 p-ISSN:2580-4405
Vol. 3, No. 4, October 2018

nee &
Techn: -
Indonesi

Research Paper

Adsorption of Copper from Aqueous Solution by Chitosan using Molecular Imprinting

Technology

Sepehr Azizkhani', Ebrahim Mahmoudi?, Arefeh Emami? Siti Aslina Hussain' A. Wahab Mohammad?

'Department of Chemical and Environmental Engineering, Faculty of Engineering, Universiti Putra Malaysia, 43400 Serdang, Selangor, DE, Malaysia
2Department of Chemical and Process Engineering, Faculty of Engineering and Built Environment, Universiti Kebangsaan Malaysia, 43600 UKM Bangi, Selangor, DE, Malaysia
3Department of metallurgical Engineering, Faculty of Engineering, University Islamic Azad Shahreza, Iran

*Corresponding author: sepehr.azizkhani@gmail.com

Abstract

Keywords
Adsorption, cooper, chitosan, imprinting

In nature chitosan is a plentiful polymer with high heavy metal ion uptake capacity due to chitosan's functional groups that chelate
with the positive surfaces of heavy metal ions. In this study, epichlorohydrin was used as a crosslink to prepare the copper-imprinted
chitosan as a pattern to enable the selectivity property and increase adsorption capacity. The effects of the cross-linker, pH, initial
concentration and time were examined in this study to identify the optimum amount of each to remove copper metal ions from
waste water by imprinted chitosan. This composite was characterized by Fourier-transform infrared spectroscopy (FTIR) test to
determine the existence of copper ions in chitosan crosslinked with epichlorohydrin. Scanning electron microscopy (SEM) tests
were also done to compare the surfaces of crosslinked chitosan and the removal of copper by imprinted chitosan. pH adsorption
was tested from 3 to 7 and the initial concentration and time investigated were between 10 and 100 mg/l and O and 120 minutes
respectively. The maximum capacity to adsorb was found to be at pH 7, initial concentration of 100mg/l at 90 minutes with O.1 gr
chitosan. Ultimately, the maximum adsorbent amount achieved for effective Cu(ll) removal was 74.37 mg/g.

Received: 28 May 2018, Accepted: 15 September 2018
https://doi.org/10.26554/st1.2018.3.4.141-146

1. INTRODUCTION

The contamination of aquatic systems with heavy metal ions
and toxic organic pollutants is on the increase (Wang et al.,
2016a). Heavy metal ion pollution has become one of the most
dangerous and serious environmental problems due to the ions’
properties, such as non-biodegradable nature, high toxicity,
recalcitrance, the tendency to accumulate in living organisms,
carcinogenic potential and persistence in the environment (Fu
and Wang, 2011; Ahmed and Ahmaruzzaman, 2016). The
earth’s crust consists of heavy metal ions. Consequently, plenty
of experiments have been conducted and attempts made to
distinguish heavy metal ions (e.g. Copper, Cadmium, Lead,
Mercury, Arsenic, etc.) in the environment and to remove

them to prevent their negative impacts (Zhou et al., 2016).

Chitin is one of the most abundant materials on earth and is
extracted from crustacean shells, such as prawns, crabs, shrimp,
fungi and other crustaceans. Chitosan is a derivative of chitin
that is prepared through the chitin deacetylation process. It
has exceptional features, like non-toxicity, biocompatibility

and degradability (Kumari et al., 2015; Hamed et al., 2016).

Chitin and chitosan are from the polysaccharides family that

includes a large number of B(1-4) linked remains of N-acetyl-
2 amino-2-deoxy-D-glucose and 2 amino-2-deoxy-D-glucose.
According to Figure 1, to increase the amount of 2 amino-2-
deoxy-D-glucose units in chitin, it should be deacetylated and
turned into chitosan for dissolving in aqueous acid (Aranaz
et al., 2009; Sayari et al., 2016).

As mentioned previously, chitosan is a natural material with
high heavy metal ion adsorption capacity owing to the chelating
of chitosan functional groups with negatively charged, heavy
metal ions. Nonetheless, chitosan has some drawbacks, such
as unsuitable surface area and chemical features that require
modification. There are several methods of modifying chitosan
properties, like imprinting (Nishad et al., 2012), crosslinking
(Ngah et al., 2002), magnetic combination with other materials
(Reddy and Lee, 2013) and creating composites like chitosan-
zeolite composite (Ngah et al., 2002), chitosan-PVA (Jin and
Bai, 2002), chitosan-graphene (Wang et al., 2016b), etc. There
are various substances for crosslinking chitosan to modify its
physical and chemical features (Chen et al., 2011), such as glu-
taraldehyde (Park et al., 2013), epichlorohydrin and ethylene
glycol diglycidyl (Li and Bai, 2005). The crosslink reaction rate
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Figure 1. Chitin and chitosan structures

as well as type and amount of crosslinking is responsible for the
polymer system strength and the binding of specific sites to the
template. Since a very high degree of crosslinking is required
to obtain polymer identifier properties, only a limited number

of crosslinks are used in the molecular deposition process(Sun
et al., 2000).

2. EXPERIMENTAL SECTION

2.1 Chemicals

Chitosan was obtained from Sigma-Aldrich with approximately
85% deacetylation degree and 120,000 gr/mol average molec-
ular weight. Epichlorohydrin (CgH;ClO) with average molecu-
lar weight of 92.5 gr/mol was applied as a crosslink. Copper(I1)
nitrate trihydrate with molecular weight of 241.599 gr/mol
was provided by Merck.

2.2 Imprinted chitosan preparation

First, 100 mg chitosan and 10 mg/l copper nitrate trihydrate
were placed in a test tube along with 4 ml distilled water. Then
Iml of 1 u NaOH was added to the solution, which was placed
in a 60° paraffin bath on a heater stirrer. The solution was
stirred for 4hr, after which 0.3 ml epichlorohydrin was added
and stirring continued for 24hr to obtain a fully crosslinked
gel. In the first stage, this gel was dried and turned into powder.
In the second stage, heavy metal copper nitrate trihydrate ions
were removed to create cavities in the synthesized chitosan
and improve copper adsorption. According to the FTIR test
results, synthesis occurred successfully. On the other hand, the
SEM test illustrated cavities and discrepancies between chitosan
synthesis and epichlorohydrin and imprinted chitosan.

2.3 Characterization

2.3.1 Characterization of crosslinked chitosan

Scanning electron microscopy (SEM) micrographs of raw chi-
tosan and crosslinked chitosan were analyzed to identify the
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Figure 2. a) raw chitosan, b) crosslinked chitosan

crosslinking function and adsorbing properties, as shown in
Figures 2 (a, b). Figure 2(b) demonstrates that the epichlorohy-
drin chains in chitosan powder caused an increase in chitosan
strength and adsorption properties.

2.3.2 Imprinted chitosan characterization

Crosslinked copper-imprinted chitosan microparticles were
prepared by ion imprinting method. Chitosan was first chelated
with Cu(Il) ions through ion-dipole and ion-ion interactions,
followed by chemical crosslinking with epichlorohydrin. Im-
ages of the adsorbent before and after imprinting were captured
by SEM (scanning electron microscope) as shown in Figure
3. The imprinted chitosan surface morphology and structure
were analyzed, and it can be seen there are some holes on
the chitosan crosslink surfaces with epichlorohydrin. These
holes are left after Cu(Il) is removed in preparation for the
imprinted chitosan. In the FTIR test, KBr powder was utilized
as background spectrum to identify the structures of Fig4 raw
chitosan, Fig5 imprinted chitosan crosslinks and Figb copper
adsorption by imprinted chitosan. When comparing the peaks
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Figure 3. A) Chitosan and epichlorohydrin without molecular
imprinting, B) chitosan imprinted with Cu(II) particles
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Figure 4. F'TIR test for raw chitosan

in Figd and 5, it is evident that some peaks in the 1000-1500
range have changed.

2.4 Sorption study

To create optimum chitosan with Cu(II) ions on the surface,
the preparations involved 0.1 gr chitosan with 0.1, 0.3 and 0.5
ml epichlorohydrin as a crosslinker at different addition times
(3, 4 and 5hr) and with various metal ion amounts (5, 10 and
15 mg/1) at 60 °C and 24hr stirring. Then the copper ions

were removed with HCL 2 and NaOH 1.2 g after filtering.

The maximum adsorption was found for different PH, initial
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Figure 5. FTIR test of imprinted crosslinked chitosan
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Figure 6. FTIR test of Cu(Il) adsorption by imprinted chitosan

concentrations and times. In this research, the sorption capacity
and removal percentage of copper(Il) nitrate trihydrate ions
was calculated with Eq. (1) and (2):

ru =SS 0o 1)
Ci

_Ci-cf
Q=——V @

Where Ci is the initial concentration of metal ions (mg/mL.),
Cf is the concentration of metal ions (mg/mL), V (mL) is the
amount of metal ion solution, and W (gr) is the weight of
particles.

2.4.1 Effect of pH

To investigate the effect of pH on the adsorption process, 0.1 gr
of imprinted chitosan was poured in 5 polyethylene dishes with
lids, to which 20 mL of 100 ppm copper(Il) nitrate trihydrate
solution was added. The pH was set in the range of 8 to 7 by
adding NaOH. After filtering, the solutions’ adsorption was
identified with atomic adsorption spectrometry

2.4.2 Effect of initial copper concentration in solution
Copper(Il) nitrate trihydrate was prepared in concentrations
ranging between 10 and 100 ppm. A control solution was made
in order to determine the amount of adsorption removal. Then
20 ml of each concentration was crossed with 0.1 gr imprinted
chitosan.

2.4.3 Effect of time equilibrium

Time equilibrium is another parameter with an important role
in adsorption. To survey this factor, 12 polyethylene dishes
with lids were prepared. In each dish, 0.1 gr imprinted chitosan
was added along with 20 ml of 100 ppm copper solution. The
PH was set at 7. The dishes were put in the shaker for 2 to 120
min.
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Figure 7. Cu(ll) adsorption with different amounts of
crosslinking

3. RESULTS AND DISCUSSION

3.1 Effect of epichlorohydrin amount

The crosslinking agent amounts used were 0.1, 0.3 and 0.5 ml
per 100 mg chitosan. It was observed that the copper uptake
of metal ions by chitosan was greater when 0.8 ml crosslinking
agent was used than 0.1 ml. This was due to the polymer’s
increased crosslinking density and strength. According Fig. 7,
when 0.5 ml crosslinking agent was used the polymer adsorp-
tion capacity dropped and adsorption was dependent on the
emigrating concentration.

3.2 Effect of epichlorohydrin addition time

Figure 8 indicates that with increasing the time of adding the
crosslinking agent, chitosan adsorption capacity increased. The
reason is that the time required for metal complexes to form
on chitosan along with the number of these complexes in-
creased. After crosslinking agent addition time reached about
4 hours, extra time had no significant effect on adsorption ca-
pacity. Thus, the time required for complex formation was
approximately 4 hours. It is understood that optimum adsorp-
tion happened with 8 ml of crosslinking agent at 4 hours, which
led to the adsorption of 70.9mg/g Cu(II) ions.

3.3 Effect of pH

The effect of pH on Cu(II) adsorption was tested in the 3.0-7.0
range. Figure 9 indicates that increasing the pH enhanced the
adsorption amount. The maximum removal of Cu(Il) ions
(85.6%) occurred at pH 6. By reducing the pH, the amine
groups in synthesized chitosan were protonated to different de-
grees, which caused the electrostatic removal of metal cations.
At lower pH, the H" ions competed with the metal ions. H"
ions were adsorbed on the adsorbent surface and the func-
tional groups available and adsorbent holes were limited to the
adsorbed Cu(Il) ions, which caused reduced adsorption.

3.4 Effect of initial adsorbing copper concentration

Another factor that affected the adsorption of metal ions was
the initial concentration of ions in the test solution. In this
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Figure 8. Cu(ll) adsorption after adding crosslinks for different
times
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Figure 9. Percentage of Cu(Il) removal with imprinted
chitosan based on pH efficiency

study, the percentage of metal ion removal was investigated
by chitosan imprinting under the effect of initial metal ion
concentrations from 10 to 100 ppm, pH 6 and 1 gr of adsor-
bent. According to Fig 10, increasing the initial concentration
of metal ions diminished the removal rate, and the highest
Cu(II) removal percentage was 89.5% by imprinted chitosan at
a concentration of 10 mg/l, 1 gr of adsorbent and pH 6.

At lower metal ion concentrations there were fewer metal
ions than the number of available adsorption places and thus
greater adsorption efliciency was obtained. Higher metal ion
concentrations meant fewer available adsorption sites, and the
saturation of active sites led to reduced adsorption efliciency.

3.5 Effect of time

The adsorption percentage increased rapidly in the first 30
minutes of the process and then moderately up to 70 min.
Hence, the time factor is a key parameter in practical adsorbent
applications. From Figure 11 it is understood that adsorption
was rapid and sudden in the first 30 min owing to various
functional groups available and adsorbent holes. Therefore, a
majority of Cu(Il) ions were adsorbed in the initial minutes,
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Figure 10. Cu(Il) removal percentage by imprinted chitosan
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Figure 11. Cu(1I) removal with imprinted chitosan based on
contact time

but beyond 70 min adsorption continued approximately at the
same level and remained stable.

4. CONCLUSIONS

This study indicates that a variety of methods of separating
heavy metals are available, a suitable method being to use chi-
tosan. Chitosan is a good adsorbent for the removal of anionic
and cationic dyes as well as heavy metals due to the presence
of functional groups such as amine and hydroxyl groups that
chelate with heavy metal ions. In this study, chitosan was im-
printed with Cu(IT) metal ions, and the results illustrate that
imprinted chitosan has superior uptake capacity to crosslinked
chitosan. Crosslinked materials chelate with active chitosan
functional groups. Although chelating boosts the chemical and
physical properties of chitosan, it may decrease the adsorption
capacity. In this study, imprinting chitosan with Cu(II) pro-
duced a selectivity feature for Cu(Il) adsorption and increased
the adsorption percentage for removing Cu(Il) up to 96% via
the imprinting method.

© 2018 The Authors.

Science and Technology Indonesia, 3 (2018) 141-146

REFERENCES

Ahmed, M. J. K. and M. Ahmaruzzaman (2016). A review
on potential usage of industrial waste materials for binding
heavy metal ions from aqueous solutions. Journal of Water
Process Engineering, 10; 39-47

Aranaz, 1., M. Mengibar, R. Harris, 1. Panos, B. Miralles,
N. Acosta, G. Galed, and A. Heras (2009). Functional Char-
acterization of Chitin and Chitosan. Current Chemical Biology,
3(2); 208-230

Chen, C.-Y., C.-Y. Yang, and A.-H. Chen (2011). Biosorp-
tion of Cu(Il), Zn(I1I), Ni(II) and Pb(II) ions by cross-linked
metal-imprinted chitosans with epichlorohydrin. Journal of
Environmental Management, 92(3); 796—-802

Fu, F. and Q. Wang (2011). Removal of heavy metal ions from
wastewaters: A review. Journal of Environmental Management,
92(3); 407-418

Hamed, 1., F. Ozogul, and J. M. Regenstein (2016). Industrial
applications of crustacean by-products (chitin, chitosan, and
chitooligosaccharides): A review. Trends in Food Science &
Technology, 48; 40-50

Jin, L. and R. Bai (2002). Mechanisms of Lead Adsorption on
Chitosan/PVA Hydrogel Beads. Langmuir, 18(25); 9765—
9770

Kumari, S., P. Rath, A. S. H. Kumar, and T. Tiwari (2015).
Extraction and characterization of chitin and chitosan from
fishery waste by chemical method. Environmental Technology
& Innovation, 8; 77—-85

Li, N. and R. Bai (2005). Copper adsorption on chi-
tosan—cellulose hydrogel beads: behaviors and mechanisms.
Separation and Purification Technology, 42(3); 237-247

Ngah, W. W., C. Endud, and R. Mayanar (2002). Removal
of copper (II) ions from aqueous solution onto chitosan and
cross-linked chitosan beads. Reactive and Functional Polymers,
50(2); 181-190

Nishad, P. A., A. Bhaskarapillai, S. Velmurugan, and S. V.
Narasimhan (2012). Cobalt (II) imprinted chitosan for se-
lective removal of cobalt during nuclear reactor decontami-
nation. Carbohydrate Polymers, 87(4); 2690-2696

Park, S.-1., I. S. Kwak, S. W. Won, and Y.-S. Yun (2013).
Glutaraldehyde-crosslinked chitosan beads for sorptive sep-
aration of Au(Ill) and Pd(II): Opening a way to design
reduction-coupled selectivity-tunable sorbents for separa-
tion of precious metals. Journal of Hazardous Materials, 24 8-
249; 211-218

Reddy, D. H. K. and S.-M. Lee (2013). Application of mag-
netic chitosan composites for the removal of toxic metal and
dyes from aqueous solutions. Advances in Colloid and Interface
Science, 201-202; 68-93

Sayari, N., A. Sila, B. E. Abdelmalek, R. B. Abdallah, S. Ellouz-
Chaabouni, A. Bougatef, and R. Balti (2016). Chitin and
chitosan from the Norway lobster by-products: Antimicro-
bial and anti-proliferative activities. International Journal of
Biological Macromolecules, 87; 163—171

Sun, S., L. Wang, and A. Wang (2006). Adsorption properties

Page 145 of 146



Azizkhani et. al.

of crosslinked carboxymethyl-chitosan resin with Pb(II) as
template ions. Journal of Hazardous Materials, 136(3); 930—
937

Wang, K., J. Zhao, H. Li, X. Zhang, and H. Shi (2016a). Re-
moval of cadmium (II) from aqueous solution by granular
activated carbon supported magnesium hydroxide. Journal
of the Taiwan Institute of Chemical Engineers, 61; 287-291

Wang, Y., L. Li, C. Luo, X. Wang, and H. Duan (2016b).

© 2018 The Authors.

Science and Technology Indonesia, 3 (2018) 141-146

Removal of Pb (II) from water environment using a novel
magnetic chitosan/graphene oxide imprinted Pb (I1). Inter-
national Journal of Biological Macromolecules, 86; 505—511
Zhou, Y., L. Tang, G. Zeng, C. Zhang, Y. Zhang, and X. Xie
(2016). Current progress in biosensors for heavy metal
ions based on DNAzymes/DNA molecules functionalized
nanostructures: A review. Sensors and Actuators B: Chemical,

223; 280-294

Page 146 of 146



	INTRODUCTION
	EXPERIMENTAL SECTION
	Chemicals
	Imprinted chitosan preparation
	Characterization
	Characterization of crosslinked chitosan
	Imprinted chitosan characterization

	Sorption study
	Effect of pH
	Effect of initial copper concentration in solution
	Effect of time equilibrium


	RESULTS AND DISCUSSION
	Effect of epichlorohydrin amount
	Effect of epichlorohydrin addition time 
	Effect of pH
	Effect of initial adsorbing copper concentration
	Effect of time

	CONCLUSIONS

