
ORIGINAL PAPER

Simultaneous detection and removal of cobalt ions from aqueous
solution by modified chitosan beads

S. T. Zhuang1 • Y. N. Yin1 • J. L. Wang1,2,3

Received: 7 October 2016 / Revised: 28 February 2017 / Accepted: 8 July 2017 / Published online: 19 July 2017

� Islamic Azad University (IAU) 2017

Abstract In this paper, we modified chitosan beads in

order to simultaneously detect and adsorb Co2? from

aqueous solution. Firstly, 4-(5-chloro-2-pyridylazo)-1,3-

phenylenediamine (5-Cl-PADAB) was used as selective

probe for Co2? with color changing from yellow to pink,

and the UV–Vis spectra showed that the kmax changed from

439 to 504 nm. Then a novel biomaterial was synthesized

with 5-Cl-PADAB (metal indicator), chitosan (biosorbent)

and EDTA anhydride (cross-linker and chelating agent).

The analysis of Fourier transform infrared and energy-

dispersive X-ray spectra proved that 5-Cl-PADAB and

EDTA were successfully connected to chitosan. The

modified chitosan bead was selective probe for Co2? with a

remarkable color change from white to pink, and the UV–

Vis spectra showed that the kmax changed from 441 to

459 nm. The adsorption of cobalt ions onto the modified

chitosan beads followed pseudo-second-order (R2 = 0.99)

kinetics and the Langmuir isotherm model (R2 = 0.80).

Comparing with chitosan beads, the qe of the modified one

increased from 2.00 to 7.97 mg/g. The modified chitosan

beads are promising biomaterial for simultaneous detection

and removal of Co2? from aqueous solution.
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Introduction

Among various pollutants, radioisotopes, such as 90Sr,
137Cs, and 60Co, are very dangerous if not taken good care

of. For the safe of whole nature, the concentration of

radioisotopes should be diminished to certain accept-

able level before discharge. To meet the strict environ-

mental regulations, cobalt ions in solution are removed by

various methods, such as adsorption (Chen et al. 2007;

Missana and Garcia-Gutierrez 2007; Zhu et al. 2014; Xing

et al. 2016; Xing and Wang 2016), flocculation precipita-

tion (Wang et al. 2007), biosorption (Suhasini et al. 1999;

Wang and Chen 2006, 2009, 2014; Jo et al. 2015), mem-

brane separation (Cojocaru et al. 2009; Uzal et al. 2011;

Zakrzewska-Trznadel 2013) and the like. Among those

techniques, biosorption is considered to be a good option

because it is cheap, easy to use, and environmentally

friendly.

Chitosan is an N-deacetylated derivative of chitin,

which is the second most abundant natural organic resource

in the earth. It is rich in arthropods, fungi, and yeast. With

abundant amino groups and hydroxyl groups, this natural

polymer can act as sorbent and be modified for certain

purpose (Minamisawa et al. 1999; Mostafa et al. 2005; Zhu

et al. 2012; Kongkaoroptham et al. 2015). Besides, it has a

variety of current and potential applications in many fields,

such as cosmetics (Tombs and Harding 1998), drug-de-

livery materials (Casimiro et al. 2005; Pérez-Calixto et al.

2016), agriculture (El-sawy et al. 2010) and biotechno-

logical materials (Sinch and Ray 1994; Li et al. 2013), etc.

The chromogenic agent, 4-(5-chloro-2-pyridylazo)-1, 3-

phenylenediamine (5-Cl-PADAB), has been widely used in

spectrophotometric determination since Shibata’s study on

it (Shibata et al. 1973; 1974). As a typical azo-compound,

it can undergo a color change when combing to some

certain metal ions and some color changes can even be seen

by naked eyes (Huang et al. 1997; Wu et al. 2013). For

years, the spectrophotometric determination of cobalt ions

with 5-Cl-PADAB has been well established. However, it

is still not convenient to detect the cobalt ions on the spot

for it needs heavy and expensive machine and time and

energy to deal with the solution.

EDTA is known as chelating agent for most metal ions.

Its anhydride product is called EDTA anhydride. With two

anhydride groups, it can react with other two molecules,

which have amino groups or hydroxyl groups, at the same

time (Capretta et al. 1995; Roosen and Binnemans 2014).

Thus, it can be used to modify other material for the

purpose of creating amphoteric compound or increasing the

absorption capability (Shen et al. 2007; Tan et al. 2015;

Fujita and Sakairi 2016).

The objective of this work was to synthesize a novel

biomaterial by the reaction of 5-Cl-PADAB (metal indi-

cator), chitosan (biosorbent) and EDTA anhydride (cross-

linker and chelating agent) in order to simultaneously

detect and adsorb radioisotope Co2?. After adsorption of

Co2?, the color of modified chitosan beads changed from

white to pink, which could be observed by naked eyes. This

work was conducted in 2015–2016, in the Laboratory of

Environmental Technology, Tsinghua University, Beijing,

China.

Materials and methods

Chemicals

Chitosan (molecular weight: 130 kDa, degree of deacety-

lation: 90%), methyl alcohol, cobalt chloride and acetic

acid were purchased from Sinopharm Chemical Reagent

Co., Ltd. 4-(5-chloro-2-pyridylazo)-1,3-phenylenediamine

(5-Cl-PADAB) was purchased from Aladdin. EDTA

anhydride and dialysis bag (MW: 3500) were purchased

from Aladdin. All chemicals were used as received without

further purification.

Modification of chitosan with 5-Cl-PADAB

and EDTA

Chitosan (0.175 g) was dissolved in 5 mL aqueous acetic

acid solution (10%, v/v), and methyl alcohol (30 mL) was

added to the solution above and stirred for 20 min. Then, 5-

Cl-PADAB (20 mg) and EDTA anhydride (20 mg) were

dissolved in the solution above in order. The reaction

mixture was stirred for 48 h at room temperature. Later the

reaction mixture was dialyzed for 2 d and the distilled

water was changed every 2 h. The solution in the dialysis

bag was put into the laboratory oven at 50 �C to concen-

trate (to about 10 mL). Then the pure solution of modified

chitosan was achieved.

Preparation of chitosan beads

Chitosan (0.15 g) was dissolved in 5 mL aqueous acetic

acid solution (4%, v/v) and stirred for 3 h. When the

bubbles in the solution disappeared, the mixed solution was

injected into NaOH solution (15%, w/v). The chitosan

beads were then washed with distilled water to eliminate

any remaining sodium hydroxide. Finally, the chitosan

beads were kept in distilled water for later use.

386 Int. J. Environ. Sci. Technol. (2018) 15:385–394

123



Preparation of modified chitosan beads

Chitosan (0.3 g) and acetic acid solution (0.2 mL) were

added to the pure solution of modified chitosan and stirred

for 3 h. When the bubbles in the solution disappeared, the

mixed solution was injected into NaOH solution (15%, w/

v). The modified chitosan beads were then washed with

distilled water to eliminate any remaining sodium

hydroxide. Finally, the modified chitosan beads (about 95%

moisture) were kept in distilled water for later use.

Adsorption experiments

Co2?-containing stock solution was prepared using CoCl2
to achieve the final concentration of 200 mg/L. Then it was

diluted to various concentrations before use without pH

adjustment. Biosorbents were added to the solutions with

different concentrations of cobalt ions at room temperature

(about 26 �C). Then, the samples were shaken at 150 rpm.

The concentration of cobalt ions was measured at different

time until equilibrium was reached.

The adsorption capacity (qt) and equilibrium adsorption

capacity (qe) can be calculated by the following equation:

qt ¼ ðC0�CtÞV=m ð1Þ
qe ¼ ðC0�CeÞV=m ð2Þ

where C0, Ce and Ct are the initial concentration, equilib-

rium concentration and at time t’s concentration of cobalt

ions, respectively; V is the volume of the solution; and m is

the mass of the dry adsorbents (calculated).

Analytical methods

IR spectra were obtained on a VERTEX 70 FT-IR (Bru-

ker). The data were received from 400 to 4000 cm-1 with

resolution of 2 cm-1 and 16 scans. UV–Vis absorption

spectra were obtained on a Lambda 25 spectrometer

(PerkinElmer, USA). The concentrations of cobalt ions

were determined using a ZA3000 Polarized Zeeman

Atomic Absorption Spectrophotometer (HITACHI, Japan).

Energy-dispersive X-ray (EDX) data were obtained on

scanning electron microscopy QUANTA 200 FEG (EDAX,

USA).

Results and discussion

Color change of 5-Cl-PADAB and variation of UV–

Vis spectra

Figure 1 shows the color variation of Co2?-containing

solution and 5-Cl-PADAB solution. 5-Cl-PADAB (0.01 g)

was dissolved in anhydrous alcohol (100 mL) and then

diluted with pure water for analysis. Figure 1a shows the

color of 5-Cl-PADAB solution, CoCl2 solution and dis-

tilled water, respectively (from left to right); Fig. 1b shows

the color of 5-Cl-PADAB solution, 5-Cl-PADAB solu-

tion ? Co2? and distilled water ? 5-Cl-PADAB, respec-

tively (from left to right); Fig. 1c shows the reaction of

5-Cl-PADAB with Co2?.

It was proved that 5-Cl-PADAB had high selectivity for

Co2? and could indicate the presence of Co2? with color

change, which could be observed by naked eyes. The color

of the low concentration of 5-Cl-PADAB dissolved in

water was slight yellow (Fig. 1b, right). It changed into

pink color when Co2? was added (Fig. 1b, middle).

Moreover, it kept almost the same color in the presence of

different metal ions (e.g., Sn2?, Ag? Pb2?, Sr2?, Al3?,

Ce3?, Cs2?, Fe3?, and Mg2?). Besides, it is obvious that

Co2? is slightly pink (Fig. 1a, middle). When Co2? com-

bined with 5-Cl-PADAB, the color changed from slight

pink to pink (Fig. 1b, middle), and the color of pink was

strengthened, indicating that the colorization reaction

between Co2? and 5-Cl-PADAB was taken place, as shown

in Fig. 1c.

Figure 2 shows a variation in the UV–Vis spectra of

5-Cl-PADAB before and after the addition of Co2?.

Because 5-Cl-PADAB is very slightly soluble in water

(without pH adjustment and other materials), the super-

natant was diluted for the experiment. After adding Co2?,

the previous pure 5-Cl-PADAB solution showed a uni-

versal redshift with its maximum absorption wavelength

changing from 439 to 504 nm, so the color was changed

from white to pink, which can be obviously observed by

the naked eye.

Modification of chitosan with 5-Cl-PADAB

and EDTA anhydride

As shown in Scheme 1, three main reactions were con-

ducted during the procedure of preparing modified chi-

tosan. From the reaction mechanism, it could be seen that

EDTA anhydride had several important roles in the

preparation process. Firstly, EDTA anhydride could react

with the amino groups of chitosan and connect different

chitosan through amide bonds; secondly, EDTA anhydride

could modify the amino groups of chitosan with EDTA

chelating groups, which may enhance adsorbing capacity;

thirdly, EDTA anhydride could connect 5-Cl-PADAB and

chitosan via amide bonds. Other side reactions may occur

at the same time, while the side products were taken out of

the system during the dialyzing.

The evidence of the existence of modified chitosan

could be further achieved by Fourier transform infrared

(FT-IR) analysis. From the FT-IR spectrum of the chitosan,
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we can see the characteristic bands at 3365, 2877 and

1598 cm-1, which are assigned to be O–H stretching

vibration, polymer backbone’s C–H stretching vibration

and N–H bending vibration, respectively. As shown in

Fig. 3, modified chitosan has other special characteristic

bands added at 1737, 1634 and 827 cm-1 besides chi-

tosan’s characteristic bands. The band at 1737 cm-1 is

assigned to be the C=O stretch vibration of –COOH

groups. The band at 1634 cm-1 is assigned to be C=O

stretching vibrations of –CONH- generated from the

reaction of –NH2 with EDTA anhydride. In addition, the

band at 827 cm-1 is assigned to be out of plane bending

vibration of 1,2,4-substituted phenyl ring’s adjacent C–H,

which indicates that 5-Cl-PADAB is successfully grafted

into the chitosan. At least, the third reaction of Scheme 1 is

well proved by FT-IR analysis. Besides, after dialyzing for

2 days, the small molecules, such as 5-Cl-PADAB, were

removed from the solution, while the yellow color of the

modified chitosan solution can easily be seen by naked

eyes. This can add evidence to this conclusion to some

degree.

Detection of Co21 with modified chitosan beads

Considering that the adsorbent can concentrate metal ions,

small portion of indicator in chitosan beads is able to result

in great color change. Besides, the indicator is much more

expensive than chitosan. Thus, more chitosan was added to

form the modified chitosan beads.

With diameter ranging from 3 mm to 4 mm, the modi-

fied chitosan beads were added to the Co2?-containing

Fig. 1 Variation of color of 5-Cl-PADAB (from left to right) (a 5-Cl-PADAB, CoCl2, distilled water; b 5-Cl-PADAB, Co2? ? 5-Cl-PADAB,

distilled water ? 5-Cl-PADAB; c reaction of 5-Cl-PADAB with Co2?)

Fig. 2 Variation of UV–Vis spectra of 5-Cl-PADAB (c(5-Cl-

PADAB) = 0.0002% (w/v), c(CoCl2) = 0.002 mol/L, pH = 6)
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solution. As repeated every time in the laboratory, the color

of the beads changed from white to pink very quickly and

the diameter changed little, which can be seen in Fig. 4.

Considering that cobalt (II) has pale pink color, there

would be a coloration of cobalt (II)-chitosan complex

(Guan and Cheng 2004; Shaabani et al. 2015). However,

the coloration is rather slow and after a long contact time in

the same Co2?-containing solution, the pure chitosan beads

can turn into pink color, suggesting that it was the complex

formation with cobalt (II) and 5-Cl-PADAB that con-

tributes to the color change at the beginning, while the

coloration of cobalt (II)-chitosan complex strengthen the

pink color as time goes by.

Figure 5 shows the EDX analysis results of modified chi-

tosan beads before and after adsorption Co2?. Figure 5a

shows the presence of chlorine (0.52 wt % or 0.2 at %),

indicating the successful connection of 5-Cl-PADAB into

chitosan. As discussed above, the proportion of 5-Cl-PADAB

was not high. Besides, the presence of cobalt in Fig. 5b shows

the adsorption of cobalt ions (9.51 wt % or 2.47 at %) into

modified chitosan beads. Because the Co2?-containing solu-

tion was prepared from CoCl2, there is an increase in Cl

content after adsorption, as shown in Fig. 5b. Although

EDTA, 5-Cl-PADAB and chitosan are all composed of the

elements carbon, hydrogen, oxygen and nitrogen with

Scheme 1 Reaction mechanism between EDTA anhydride, 5-Cl-PADAB and chitosan

Fig. 3 FT-IR spectra of chitosan (black line) and modified chitosan

(blue line)
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different elemental proportion, there are still some difference

among them. The accurate elemental proportion of EDTA,

5-Cl-PADAB can be obtained. However, chitosan is a poly-

merwhich has not accurate elemental proportion (Varma et al.

2004). Besides, comparing to chitosan, there are only small

amount of EDTA and 5-Cl-PADAB in the modified chitosan

beads. Thus, the change of the elemental proportion is not

obvious and the data could not be used to calculate the grafting

degree of EDTA and 5-Cl-PADAB in the modified chitosan

beads. Even so, according to their dosage added in the

preparation process, it can be calculated that the maximum

substitution degree of EDTA group on the modified chitosan

beads was less than 4% (w/w), i.e., 20 mg (EDTA)/

515 mg(chitosan beads).

In addition, Fig. 6 shows that after adding Co2?

(0.002 mol/L), the modified chitosan showed a universal

redshift with its maximum absorption wavelength changing

from 441 to 459 nm. Considering the pale pink color of

Co2?, there would be a coloration of cobalt (II)-chitosan

complex (Guan and Cheng 2004; Shaabani et al. 2015).

However, according to Fig. 6, the maximum absorption

wavelength of Co2? is 513 nm, which is quite different

from that of the modified chitosan after adsorption of Co2?.

In addition, the coloration reaction of cobalt (II)-chitosan

complex is rather slow. After a long exposure time in the

same Co2?-containing solution, the pure chitosan beads

can turn into pink, indicating that the complex formation

with cobalt (II) and 5-Cl-PADAB contributed to the color

change at the beginning, while the coloration of cobalt (II)-

chitosan complex strengthen the pink color as time goes

by.

Fig. 4 Fabrication and the picture of different chitosan beads

Fig. 5 EDX results of modified chitosan beads (a before adsorption

of CoCl2; b after adsorption of CoCl2)
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As expected, after addition of other metal ions (e.g.,

Sn2?, Ag?, Pb2?, Sr2?, Al3?, Ce3?, Cs2?, Fe3? and

Mg2?), the color of modified chitosan beads kept almost

unchanged, indicating that modified chitosan beads had

high selectivity for Co2? and could probe Co2? in aqueous

solution by naked eyes quickly.

Adsorption capacity

The adsorption experiments were carried out by mixing

modified chitosan beads and chitosan beads with 50 mL of

100 mg/L Co2?-containing solution, respectively. The

mixture was agitated at 150 rpm in a temperature-con-

trolled shaker to reach the equilibrium.

Figure 7 gives the typical results for the adsorption of

Co2? onto modified chitosan beads and chitosan beads,

respectively. Both for the modified chitosan beads and

chitosan beads, the plots were characterized by a

monotonous increasing trend with a gradual rise, then

reaching equilibrium at 90 min (modified chitosan beads)

or 20 min (chitosan beads).

Pseudo-second-order kinetic model was used to simulate

the equilibrium adsorption capacity (qe) by chitosan beads

and the modified chitosan beads. It is derived assuming

second-order dependence of the sorption rate on available

sites and described by following equation:

dq=dt ¼ k2 qe � qð Þ2 ð3Þ

Its linearized form is given as:

t=q ¼ 1=k2q
2
e þ t=qe ð4Þ

where k2 is the kinetic rate constant for pseudo-second-

order and t is time.

As listed in Table 1, the experimental data fitted well

with the pseudo-second-order model with R2 up to 0.99

(the modified chitosan beads) or 0.97 (chitosan beads). It

was obvious that qe of the modified chitosan beads

(7.97 mg/g) was much higher than that of chitosan beads

(2.00 mg/g). The increasing equilibrium adsorption

capacity of Co2? by the modified chitosan beads might

contribute to the introduction of EDTA in the modified

beads, which is chelating agent for most metal ions (Fujita

and Sakairi 2016; Tan et al. 2015; Roosen and Binnemans

2014). It was calculated that the maximum substitution

degree of EDTA group on modified chitosan beads was less

than 4% (w/w).

To investigate isotherm models for modified chitosan

beads, a series of adsorption experiments were performed.

The most common equilibrium adsorption isotherm models,

i.e., the Langmuir and the Freundlichmodels, were used to fit

the experimental data. The Freundlich isotherm model is an

experimental model and it is linearized form as follows:

ln qe ¼
1

n
lnCe þ lnKF ð5Þ

where KF is the Freundlich constant describing the sorption

capacity; and n is the Freundlich constant, which is indi-

cator of heterogeneity of the sorbent surface;

The Langmuir isotherm model is a theoretical model for

monolayer adsorption, whose linearized form is given as

follows:

Ce

qe
¼ 1

qmKL

þ Ce

qm
ð6Þ

where qm (mg/g) and KL (L/mg) are the maximum mono-

layer capacity of the gel beads and the affinity constant,

respectively.

The modeling results of cobalt ions adsorption by

modified chitosan beads are listed in Table 2. It was found

that the data fitted the Langmuir model (R2 = 0.80) better

than Freundlich’s (R2 = 0.56), indicating that monolayer

Fig. 6 Variation of UV–Vis spectra of the modified chitosan (the pH

of all solutions is about 6.0)

Fig. 7 Effect of contact time on adsorption of Co2? by chitosan
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adsorption can better explain this adsorption procedure.

From Langmuir model’s adsorption constants, the qm was

about 7.61 mg/g, which was much closer to the pseudo-

second-order model’s result (qe = 7.97 mg/g).

Minamisawa et al. (1999) investigated the effect of pH

on the adsorption of cobalt(II) onto chitosan. They found

that cobalt(II) was quantitatively adsorbed onto chitosan

over a wide pH range from 5.0 to 10.0. The adsorption of

cobalt(II) decreased with a decrease of pH in the lower pH

range because the adsorption of cobalt(II) was incomplete

due to the dissolution of chitosan in the lower pH range. In

this study, we performed the adsorption of cobalt(II) onto

the modified chitosan beads in the neutral region (without

pH adjustment).

The adsorption of cobalt ions has been studied by means

of diverse adsorbent materials. To evaluate different

adsorbent material’s sorption performance, Langmuir qm
values were used for the comparison. As shown in Table 3,

the CSIS possesses highest qm (53.51 mg/g) and shortest

equilibrium time (70 min) for cobalt ions owing to isatin’s

modification for chitosan and the resin type. However,

comparing with other modified chitosan beads (XMCS and

MCS) and particles (CTS-MMT), this article’s modified

chitosan beads have shortest equilibrium time (90 min) and

a higher qm (7.61 mg/g) than MCS’s (2.98 mg/g) and CTS-

MMT’s qm (0.5098 mg/g) while lower than XMCS’s qm
(18.5 mg/g). Above all, in terms of maximum adsorption

capacity, the modified chitosan beads synthesized is a

potential adsorbent for Co2?-containing wastewater

treatment.

Conclusion

The novel biosorbent was synthesized and analyzed by FT-

IR spectra and EDX. The analysis of FT-IR spectra proved

that EDTA anhydride and 5-Cl-PADAB were successfully

connected with chitosan. The EDX analysis results showed

the presence of chlorine, indicating the successful con-

nection of 5-Cl-PADAB to the modified chitosan. When

combing with Co2?, the color of the modified chitosan

beads was remarkably changed from white to pink, which

can be observed by naked eyes, and the maximum

absorption wavelength changed from 441 to 459 nm. The

adsorption of Co2? by the modified chitosan beads fitted

well with pseudo-second-order kinetic model (R2 = 0.99).

After modification, the adsorption capacity of modified

chitosan beads increased from 2.00 to 7.97 mg/g. The

Table 1 Adsorption kinetic parameters for Co2? adsorption by modified chitosan

Model Linearized forms Parameters Modified chitosan beads Chitosan beads

Pseudo-second-order model t/q = 1/k2qe
2 ? t/qe k2

qe (mg/g)

R2

0.02

7.97

0.99

0.13

2.00

0.97

Table 2 Adsorption isotherm parameters for Co2? adsorption by

modified chitosan

Models Linearized forms Parameters Values

Freundlich ln qe ¼ 1
n
lnCe þ lnKF KF

n

R2

0.41

3.61

0.56

Langmuir Ce

qe
¼ 1

qmKL
þ Ce

qm
KL

qm (mg/g)

R2

0.03

7.61

0.80

Table 3 Comparison of adsorption capacity for Co2? by different adsorbents

Adsorbent Adsorbent type Equilibrium time qm (mg/g) T (�C) References

Anaerobic granular sludge Sludge 50 min 12.34 – van Hullebusch et al. (2005)

Cross-linked PEI Membrane *300 min 36 40 Shentu et al. (2007)

Kaolinite Particles \2 h 0.92 25 Yavuz et al. (2003)

EP Particles 150 min 1.05 20 Ghassabzadeh et al. (2010)

CTS–MMT Particles 12 h 0.51 30 Wang et al. (2014)

XMCS Beads 6 h 18.5 30 Chen and Wang (2012)

MCS Beads 8 h 2.98 30 Chen and Wang (2012)

Modified chitosan beads Beads 90 min 7.61 26 This study

CSIS Resin 70 min 53.51 28 Monier et al. (2010)
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adsorption data fitted better with Langmuir isotherm model

(R2 = 0.80) than Freundlich isotherm model (R2 = 0.56).

The maximum adsorption capacity was 7.61 mg/g from

Langmuir isotherm model for Co2?. The modified chitosan

beads are promising biomaterial for simultaneous detection

and removal of Co2? from aqueous solution.
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