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a b s t r a c t

This study presents a simple and effective method of enhanced removal and selective recovery of 
Cu(II) from aqueous solution using a chitosan composite electrode in a capacitive deionization sys-
tem. The electrode was composed of chitosan, polyvinyl alcohol (PVA), and activated carbon powder. 
Its physico chemical and electrochemical characteristics were investigated by SEM, BET, FT-IR anal-
yses and by cyclic voltammetry, respectively. The electrical potential for the electrosorptive removal 
of Cu(II) and the regeneration of the electrode were determined, and its Cu(II) selectivity was exam-
ined. It was shown that the Cu(II) removal capacity and kinetics were dependent on the applied 
potentials and reached a maximum capacity at 0.6 V with a composition of chitosan:PVA:ACP of 
1:1:3. This result explains the significant influence of the electrical potential by the formation of an 
electrical double layer on the surface of the chitosan electrode, accelerating the removal of Cu(II). The 
electrode was successfully regenerated under a reverse electrical potential above 2.5 V with flowing 
deionized water without the use of chemicals. Moreover, the particular selectivity of Cu(II) from 
various cation mixture solutions using this system was confirmed. This finding implies that the sug-
gested chitosan composite electrode system may be suitable for industrial utilization for the removal 
and therefore concentration of Cu(II) from wastewater.
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1. Introduction

Cu(II) is present in wastewater effluents from industries 
because it is used in coatings, wire, electronic parts and as 
a catalyst [1–2]. Cu(II) is known to be toxic to the environ-
ment and humans due to its non-degradable property, and 
thus the removal of Cu(II) from wastewater and industrial 
effluents is necessary [3–6]. The most commonly studied 
methods for the removal of Cu(II) from wastewater include 
precipitation, membrane separation, and adsorption [7]. 

Among them, adsorption using chitosan is expected to be 
promising in actual industrial applications due to its abun-
dance in nature, bio-degradability, and adsorptive removal 
performance [8]. 

Chitosan has been widely studied as a biopolymer for 
the adsorption of heavy metal cations such as mercury, lead, 
zinc, cadmium, chromium, and Cu(II) due to the inherent 
–NH2 and –OH groups in its matrix [9]. These functional 
groups can provide selective removal of Cu(II) in wastewa-
ter due to ion affinity [10–15]. However, chitosan possesses a 
few unfavorable aspects when present as flakes or powder. 
Its hydrophilic nature enables chitosan to dissolve in solution 
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and makes it difficult to recover after use. Extensive studies 
have focused on enhancing its chemical and mechanical sta-
bility by modifying chitosan with chemical reagents such as 
glutaraldehyde [16], epichlorohydrin [17], and genipin [18] 
via cross linking. Granulation and coating of substrates are 
also commonly used techniques for the actual application of 
chitosan. However, such modification can cause a decrease 
in ion removal (adsorption) capacities and kinetic rates by 
limiting mass transfer; and therefore, there are difficulties in 
application at low-level ion concentrations [19].

To overcome this obstacle, electrosorptive removal 
methods can be considered [20]. The working principle is 
similar to an electrical double layer capacitor (EDLC). By 
applying an electrical potential, charged ions move toward 
a reversely charged electrode and are adsorbed in the elec-
trical double layer. After that, the charged ions are removed 
by a short-circuit process. During the process, neither reduc-
tion nor oxidation occurs. Based on this principle, several 
studies are reported to remove Cu(II) from aqueous solu-
tion using electrosorptive techniques. Ordered meso porous 
carbon [21], activated carbon [22], and MnO2/carbon fiber 
[23] were used as electrode materials, and its adsorption 
performance was tested with Cu(II) concentrations of 
under 200 ppm. Both adsorption capacities and rates are 
significantly affected by the applied electrical potential. It 
was revealed that 0.4 V was the optimal applied potential 
at which copper deposition did not occur, and the electro 
sorption constant rate increased from 0.018 min–1 (without 
electrical potential) to 0.038 min–1 at 0.4 V [22]. 

In this study, we report the electrosorptive removal of 
Cu(II) from aqueous solution using a chitosan composite 
electrode. The electrode was composed of chitosan, poly-
vinyl alcohol, and activated carbon powder. The effect of 
applied potentials, initial Cu(II) concentration, pH, and the 
composition of materials in the electrode on the electrosorp-
tive removal of Cu(II) were investigated. Interestingly, aside 
from the conventional electrosorptive removal system using 
EDLC theory, the adsorbed Cu(II) cannot be easily removed 
via simple short-circuiting due to the interaction between 
chitosan and Cu(II). Electro sorbed ions on the chitosan 
composite electrode except for Cu(II) are removed from the 
electrode via short-circuiting process. This result indicates 
that Cu(II) can be concentrated during desorption (regener-
ation of electrode). Moreover, from an economic standpoint, 
it is important to selectively recover Cu(II) from solution. 
Thus, regeneration of electrodes, cyclic performance, and 
selectivity studies with the multi-cation component system 
were also performed.

2. Experimental

2.1. Preparation of chitosan composite electrodes

The chitosan solution was prepared by dissolving 2 wt% 
of chitosan flakes (medium molecular weight, 75–85% 
deacetylated, Sigma-Aldrich) in acetic acid (99%, Samchun); 
15 wt% of PVA (average molecular weight 31,000–50,000, 
98–99 hydrolyzed, Sigma-Aldrich) dissolved in deionized 
water was also prepared. The chitosan and PVA solutions 
and ACP (specific surface area > 1,300 m2/g, Daedong AC 
Crop) were mixed with a mechanical stirrer for 2 h. The 
mixture was cast onto conductive graphite sheets (Dong-

bang Carbon Co., Korea) with a thickness of 450 μm using 
a doctor blade. The coated electrode was dried at 373 K in 
an oven for 30 min and immersed in 1 M NaOH solution 
for 1 h. It was rinsed with deionized water several times to 
reach a neutral pH and was cut into 10 × 10 cm2 pieces and 
kept in deionized water before use. The net dry weight of 
chitosan composite on the graphite sheet was 0.2–0.3 g. The 
prepared samples were denoted as C113, C212, C311, and 
C014, respectively, in accordance with the dry weight con-
tents of chitosan:PVA:ACP. For comparison, PVA electrode 
was also prepared using glutaraldehyde [24] as a cross link-
ing agent and denoted as C010.

2.2 Preparation of counter electrode

The ACP electrode was prepared as a counter elec-
trode as follows. A well-blended mixture of ACP and poly 
(vinylidenefluoride) (PVDF, average molecular weight 
530,000, Sigma-Aldrich) was dissolved in di-methylacet-
amide (99.5%, Daejung, Korea) with a total binder content 
of 15 wt%. After drying, it was cast onto graphite sheets 
using a doctor blade. The coated electrode was dried in a 
vacuum oven at 323 K. The dried electrode was heated at 
363 K and was then uniformly pressed using a roll press. 
The resulting electrode was further immersed in deionized 
water to remove residual DMAc. After that, it was cut into 
size of 10 × 10 cm2, and kept in deionized water before use.

2.3. Characterization

The surface morphologies of the prepared chitosan 
composite electrodes were observed using scanning elec-
tron microscopy (SEM, S-4800, HITACHI). The specific 
surface area (SBET) of the electrode samples were measured 
by the Brunauer-Emmet-Teller (BET) equation. The total 
micropore volume (Vmicro) and the total mesopore volume 
(Vmeso) of the electrode samples were determined using 
the MP method [25] and BJH method [26], respectively, 
from the liquid nitrogen adsorption at 77 K on Micromer-
itics ASAP-2400 system after degassing at 100°C for 3 h. 
The surface functional groups on the chitosan composite 
electrodes were identified using an FT-IR spectrometer 
with attenuated total reflectance (FT-IR/ATR, VERTEX 
80/80v, Bruker). The electrochemical characteristics were 
determined using cyclic voltammetry with a potentiostat 
(WMPG-1000, WonATech).

2.4. Electrosorptive removal properties 

All electro sorption tests were conducted in a batch-
mode experiment with a continuous flowing Cu(II) solu-
tion using chloride salts at a flow rate of 2 ml/min using 
a peristaltic pump. Fig. 1 shows schematic diagrams of the 
test cell and experimental device. Between the chitosan and 
ACP electrodes, porous polyurethane foam was positioned 
to maintain the gap distance (200 μm) and the function of 
the flow path for Cu(II) solution. The Cu(II) adsorption 
capacity was calculated with following equations. 

( )0e e

V
q C C

m
 = −   

 (1)
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where qe is the adsorption capacity (mg/g), C0 and Ce are 
the initial and equilibrium concentrations (mg/l) of the cat-
ions, V is the volume of the solution (L), and m is the CPA 
composite dry weight (g). The concentration of cations in 
the effluent solutions were analyzed using an inductively 
coupled plasma atomic emission spectrophotometer (ICP-
AES, Optima 7300D, PerkinElmer).

2.5. pH of solution

The adsorption properties are strongly dependent on 
the initial pH of the solution. The amine groups in the chi-
tosan molecules can be protonated at pH 2–4, which causes 
the electrostatic repulsion of Cu(II) due to the formation of 
–NH3

+ sites [27,28]. Precipitation of Cu(II) to Cu(OH)2
 can 

occur at high pH, and thus it is important to maintain an ini-
tial pH of less than 6. In all experiment, the pH was adjusted 
to approximately 6 by adding HCl and Cu(OH)2 to the stock 
solution. 

2.6. Regeneration of electrode after electro sorption

Before the regeneration of electrode, deionized water 
was fed into the cell to remove the remaining ions from the 
electrode interface at open circuit. Reverse electrical poten-
tials with a potential range from 0 to 3.5 V between two 
electrodes system were applied by feeding deionized water 
and HCl solution for 900 min at a flow rate of 2 mL/min 
using a peristaltic pump.

2.7. Selectivity

To investigate Cu(II) selectivity from divalent cat-
ions, a stock solution containing Cu(II), Cd(II), Ni(II), 
Co(II), and Mg(II) was prepared using chloride salts of 
each reagent (purity 98–99.5%). The Cu(II) selectivity in 
the effluent solution during electrodesorption was deter-
mined using the selectivity factor for Cu(II) with respect 
to other metal cations and was calculated using the fol-
lowing equation:

,

,

 S d Cu

d M

C

C
=  (2)

where S is the selectivity factor and Cd,Cu and Cd,M (mg/l) are 
the concentration of desorbed cations. Here, M represents 
cations such as Cd(II), Ni(II), and Co(II). The desorbed 
metal ion amounts of the samples obtained in the desorp-
tion process was calculated as follows:

, C d
d M

C V
m

=  (3)

where Cd is desorbed metal ion concentration in the solu-
tion, V is the collected solution volume (L), and m is the 
mass of chitosan in adsorbent layer. Moreover, the system 
was tested in synthetic LCD wastewater [29] to demon-
strate the effectiveness of this system in actual application 
for the selective recovery of Cu(II).

3. Results and discussion

3.1. Characteristics of chitosan composite electrodes

Physical properties such as porosity, specific surface 
area, pore size distribution, wettability, and mechanical 
properties are important characteristics for the electrode 
in electrosorptive ion adsorption from an aqueous solu-
tion [30–32]. The prepared electrodes were easily wet with 
an aqueous solution and maintained their shape under 
various experimental conditions, such as hydraulic pres-
sure and applied potential. Figs. 2a–c show the surface 
and cross-sectional views of prepared chitosan electrodes. 
Smooth and flat surfaces can be seen for C410 (Fig. 2a), and 
rougher surfaces are found with increasing ACP content 
in composite electrodes. The cross-sectional images also 
confirmed more accessible Cu(II) inside the chitosan com-
posite. Such morphologies are desirable for better access of 
Cu(II) to the functional group of chitosan while a potential 
is applied. Moreover, as shown in Table 1, the average pore 

Fig. 1. Schematic overview of experimental setup for Cu(II) recovery system.
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diameter of Chitosan-PVA composite electrode determined 
by BET analysis was 16.19 nm and it was decreased to 2.78 
nm by increasing ACP contents in electrode. The Vmeso and 
SBET surface areas increased from 0.0455 cm3/g, 17.13 m2/g 
to 0.1024 cm3/g, 184.93 m2/g and with increasing content 
of ACP in the electrode. Considering the effect of high 
specific surface area and mesopore volume on enhancing 
electrosorptive capacities [33,34], the C113 electrode might 
expect to have higher electro sorption capacities than other 
electrodes.

3.2. Cyclic voltammetry test

CV measurements were performed to confirm the 
potential window for electrosorptive removal of Cu(II) 
in this system. Fig. 3a presents cyclic voltammograms 
for the C113 and ACP electrode system in 20 mg/L of 
Cu(II) solution at various potentials with a scan rate of 
10 mV/s. One current peak observed at around 0.75 V in 
the potential widow of –1.0 V to 1.0 V. It indicates that 
reduction of Cu(II) to Cu metal occurred on the surface of 
the electrode [22]. In the potential range from –0.6 to 0.6 
V, typical capacitive behavior was observed without evi-
dent oxidation/reduction suggested that electrodes can 
form an electrical double layer under charging potential 
[35]. On the other hands, current peaks corresponding to 
the complex formation between Cu(II) and a mine group 
in chitosan were not observed in the experimental con-
dition. The environmental conditions are known to be 
important parameters in the formation of Cu(II) and a 
mine complexes. Thus, another CV measurement was 
carried out in 200 mg of Cu(II) solution with various scan 
rates. As shown in Fig. 3b, a small current peak corre-
sponding to the Cu(II) complex [36] is observed at 0.35 V 
with a scan rate of 2 mV/s and it shifted to higher voltage 

Table 1
Physical characteristics of chitosan-PVA-activated carbon 
composite electrodes

Sample SBET 
(m2/g)

Average pore 
diameter (nm)

V micro 
(cm3/g)

V meso 
(cm3/g)

C410 17.13 16.19 0.0077 0.0455
C311 23.93 9.87 0.0118 0.0517
C212 95.10 3.64 0.0164 0.0640
C113 184.93 2.78 0.0102 0.1024

Fig. 2. SEM images and pore size distribution of prepared chitosan composite electrodes (a) C410, (b) C311, (c) C113. Insets are 
cross-sectional view of each electrode. 
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by increasing the scan rate. Based on these results, the 
following electro sorption tests were performed under 
the potential limit to 0.6 V to prevent deposition of Cu 
during electro sorption. 

3.3. Electrosorptive removal performance

The electrosorptive Cu(II) removal performances 
were investigated using the C113/ACP electrode sys-
tem at various applied potentials. A test of physisorption 
without electrical potential (open circuit, o.c.) was also 
conducted to confirm the effect of electrical potential on 
electro sorption. As shown in Fig. 4a, adsorption equi-
librium was reached after 48 h for 18 mg/L of Cu(II) for 
the o.c. condition. The maximum capacities increased 
up to 35.5 mg/L at 0.6 V, and adsorption equilibrium 
was reached faster in 4 h under electrical potential. 
These results indicate that electrochemical polarization 
showed significant enhancement of Cu(II) transfer from 
bulk solution onto the electrode [22]. Moreover, a higher 
electrical potential (0.6 V) was preferable to improve the 

capacitance of the chitosan/ACP electrode system for 
Cu(II) adsorption.

Fig. 4b shows the effect of mixture composition on elec-
trosorptive Cu(II) removal capacities. No significant Cu(II) 
adsorption was detected when C010 (PVA-GA cross linked 
film electrode) was used. This means that the hydroxyl 
group on the PVA matrix and the chitosan matrix do not 
effectively influence electrosorptive and adsorptive Cu(II) 
removal. By increasing the amounts of chitosan and ACP in 
the composite electrodes, the maximum capacities increased 
from 16.7 mg/L for C410 to 35.5 mg/L for CPA113. This 
indicates that the amounts of ACP affect electrosorptive 
Cu(II) removal performance compared to chitosan. Thus, 
the optimized proportion obtained from the experiment for 
chitosan/PVA/ACP was selected as 1:1:3 (C113). 

3.4. Electro sorption kinetics of Cu(II)

To understand the adsorption/electro sorption kinetic 
of Cu(II) on the chitosan composite electrode, two classical 
pseudo-first-order and pseudo-second-order models were 

Fig. 4. Effect of (a) electrical potential and (b) ACP content on electrosorptive Cu(II) removal (Co = 40 ppm, V = 200 ml, feed rate = 
2 ml/min).

Fig. 3. Cyclic voltammograms obtained using a two-electrode configuration (C113 vs. ACP electrodes) of (a) various potential win-
dows in a 20 ppm CuCl2 solution with a scan rate of 10 mV/s, and (b) various scan rates in a 200 ppm CuCl2 solution.
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employed [37–39]. The linearized forms of both kinetic 
models are as follows: 

, C d
d M

C V
m

=  (3)

( )
1  e t

e

q q
k t ln

q

 −
− =  

  
 (4)

where qe (mg/g) is the amount of adsorbed Cu(II) at equi-
librium, qt (mg/g) is the quantity of Cu(II) adsorbed in the 
chitosan composite electrode at time t, and k1 (min–1) and 
k2 (g/(mg min)) are the pseudo-first-order and pseudo-sec-
ond-order reaction rate constants, respectively. 

The linearized plot fitting of the kinetic models to exper-
imental data is shown in Fig. 5, and its kinetic parameters 
are listed in Table 2. Both kinetic models fitted well with the 
experimental data, but the regression coefficient (R2) for the 
pseudo-second-order models were relatively higher than 
for pseudo-first-order. This can be explained by consider-
ing that the pseudo-second-order mechanism includes the 
majority of metal adsorption kinetics for the adsorption of 
divalent metals on heterogeneous sorbent [40]. Complex-
ation could occur by sharing electrons between the a mine 
in chitosan and Cu(II), with or without applied electrical 
potential. This is the probable explanation for the Cu(II) 
adsorption mechanism on the surface of the chitosan elec-
trode.

3.5. FT-IR 

FT-IR spectra were used to observe the Cu(II) adsorption 
behavior during electro sorption. Three C113 electrodes, 
before adsorption (as-prepared), after physisorption, and 
after electro sorption, were collected. To prepare the Cu(II) 
physisorbed electrode, the C113 was immersed in 200 mL 
of a 100 ppm Cu(II) solution for 48 h with shaking and 
washed with deionized water several times. To prepare the 
Cu(II) electro sorbed electrode, 200 mL of a 100 ppm Cu(II) 
solution was fed into the electrochemical cell at 2 mL/min 
with a cell potential of 0.6 V for 300 min. As shown in Fig. 6, 
the FT-IR spectra and transmittances were significantly 

altered after adsorption of Cu(II). This reveals that the same 
Cu(II) adsorptive interactions accrued between the chitosan 
matrix and Cu(II) during physisorption and electro sorp-
tion. More specifically, the transmittance changes in the 
frequency range of 3100–3500 cm–1 were observed, char-

Fig. 5. Linearized plots of pseudo-first- (a) and pseudo-second- (b) order kinetic models at various electrical potentials (Co = 40 mg/l, 
V = 200 ml, feed rate = 2 ml/min).

Table 2
Parameters of kinetic models studied for Cu(II) electrosorption

Cell 
potential 
(V)

Pseudo first order Pseudo second order

qe 
(mg/g)

k1 × 103 
(min–1)

R2 qe 
(mg/g)

k2 × 103 
(g/mg min–1)

R2

o.c. 18.48 1.130 0.916 19.85 0.405 0.990
0.2 23.60 7.720 0.980 24.89 0.370 0.989
0.4 26.25 8.150 0.972 27.72 0.253 0.985
0.6 34.15 9.300 0.951 33.08 0.110 0.983

Fig. 6. FT-IR spectra of C113 electrodes before (as-prepared) 
adsorption, after physisorption, and after electro sorption of 
Cu(II).
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acterized as N-H amino groups. This led to the consider-
ation that N-H amino groups are involved in the formation 
of chelated chitosan compounds with Cu(II) [41] in good 
agreement with the kinetic analysis. Other changes in trans-
mittance were also observed at 1638 cm–1 for N-H bending 
and 1050 cm–1 for C-N stretching. Many peaks related to OH 
and CH groups in the frequency ranges of 1250 to 1500 cm–1 
and 2700 to 3400 cm–1 were also observed [5] and its trans-
mittance was decreased similarly after Cu(II) adsorption. 
This appears to be due to the contribution of the OH group 
to the chelation of chitosan with Cu(II).

3.6. Recovery of Cu(II)

Recovery of electrode, in other words removal of 
adsorbed Cu(II) from chitosan electrode, was examined 
using two parameters: pH and reverse electrical poten-
tials. Before the desorption test, the simple charged Cu(II) 
ions in EDL without bonding between Cu(II) and the func-
tional group of chitosan were removed by flowing deion-
ized water for 75 min. Approximately 3 mg of Cu(II) were 
rinsed for the C113 electrode. Fig. 7a shows pH-dependent 
Cu(II) desorption characteristics from the chitosan elec-
trode. In all, 32 mg of Cu(II) was removed at pH 3.0 (32 
mg) from the chitosan composite electrode. By considering 
the washed amounts of Cu(II), almost all of the remaining 
Cu(II) was successfully removed in acidic condition, but 
only small amounts of Cu(II) were removed at pH values 
greater than 4. This means that Cu(II) can be more effec-
tively desorbed from chitosan electrode in acidic condi-
tions [42,43]. 

Electrodesorption was achieved by applying reverse 
electrical potential ranging from 0 (o.c.) to 3.5 V under flow-
ing deionized water and an acidic solution (pH 3). In addi-
tion, to avoid deposition of desorbed Cu(II) on the opposite 
electrode, a cation exchange membrane was installed in 
front of the ACP electrode before electrodesorption [44]. 
Fig. 7b shows the electrodesorption of Cu(II) from the chi-
tosan electrode. Significant amounts of Cu(II) were suc-
cessfully removed by increasing electrical potentials but no 
further increase was observed in the acidic condition. Thus, 
the desorption efficiency appears to be solely dependent on 
the applied electrical potential. 

3.7. Selectivity and regeneration properties

The selectivity for Cu(II) from a divalent cation mixture 
solution of CuCl2, NiCl2, CdCl2 and CoCl2 was investigated. 
Electro sorption, washing, and electrodesorption processes 
were conducted. The initial concentration of each cation in 
the solution was 100 ppm. Table 3 shows the concentration 
of cations after each step. The observed trend for the selec-
tivity factor of metal-ion electro sorption followed the order 
Cu(II) >> Cd(II), Ni(II) > Co(II), and this result was similar 
to previous studies using chitosan-based composite materi-
als [12–15]. Moreover, the regeneration of the Cu(II) and its 
selectivity performance were also important in this process. 
The electro sorption, washing, and electrodesorption cycles 
were repeated five times. As shown in Fig. 8, almost similar 
amounts (28 ~ 29 mg/g) of Cu(II) were observed in elec-
trodesorption process. This result shows that the reusability 
and stability of the chitosan composite electrode is suit-
able for use in a continuous Cu(II) recovery process under 
experimental conditions.

Additional experiments were performed to evaluate the 
actual application for the selective recovery of Cu(II) in more 
complex cationic mixtures of synthetic LCD wastewater. 
Its initial concentration of cations and metal ion recovered 
amounts are shown in Table 4. As expected, higher selec-
tivity factors for divalent cations (Cd,Cu/Cd,Mg = 68.00) were 
observed. Moreover, selectivity factors of 67.95 and 34.00 
for B(III) and K(I) were also found. These results showed 

Table 3
Selectivity of Cu(II) on chitosan composite electrodes

Metal ions Co (ppm) Cd,M (ppm) S

Cu(II) 96.04 28.31 1
Cd(II) 97.91 4.12 6.87
Ni(II) 103.56 1.92 14.74
Co(II) 102.67 1.36 20.82

Experimental conditions: T = 303 K, V = 200 mL, flow rate = 2 
ml/min, electro sorption at –0.6 V for 300 min, washing of 75 
min with deionized water, electrodesorption at 2.5 V for 12 h 
with deionized water.

Fig. 7. Removal and recovery of Cu(II) from chitosan electrode (C113) with effect of (a) pH and (b) reverse electrical potentials.
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that chitosan composite electrodes can preferentially adsorb 
Cu(II), indicating the selective adsorption effect of chitosan 
under electrical potential better than competitive cations 
with a different oxidation state. Thus, we conclude that the 
suggested chitosan composite electrode – ACP electrode 
system has a potential application for selective recovery of 
Cu(II) from a complex cationic mixture.

4. Conclusions

Chitosan composite electrodes composed of chitosan, 
PVA, and ACP were prepared and their electrosorptive 
Cu(II) removal capacities from aqueous solution and selec-
tivity performance were determined. It was observed that 
the Cu(II) removal capacity and kinetics were dependent 
on the applied potentials, showing an optimum adsorp-
tion potential of 0.6 V with a chitosan:PVA:ACP composi-
tion of 1:1:3 (C113). Recovery of adsorbed Cu(II) from the 
chitosan electrode was investigated with varying pH and 
reverse electrical potential. The adsorbed Cu(II) was effec-

tively removed from the chitosan electrode at pH 3.0 in an 
1 M NaCl + HCl solution. Interestingly, it was also success-
fully removed under a reverse electrical potential of 2.5 
V flowing deionized water without acidic or basic chem-
icals. This indicates that electrical potential can achieve but 
adsorption and desorption processes. Moreover, the chi-
tosan composite electrode can preferentially adsorb Cu(II) 
from a multi-cation mixture, indicating a selective adsorp-
tion property. Hence, the chitosan composite electrode 
is expected to have great application in selective Cu(II) 
removal and recovery, due to its high adsorption perfor-
mance, selectivity, and efficiency.
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