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Abstract Alginate–calcium carbonate composite material

was prepared in the form of beads and characterized using

Fourier transform infra red (FT-IR) spectroscopy and scan-

ning electron microscope (SEM) techniques. The adsorption

of Cd2? ions was studied through batch experiments. The

adsorption parameters such as contact time (120 min),

adsorbent dose (1.5 g), initial metal ion concentra-

tion(10 mg/L), pH (6) and agitation speed (150 rpm) were

optimized at room temperature. Langmuir and Freundlich

isotherms were applied to the data and it was noted that the

adsorption of Cd2? ions is better explained by Freundlich

model. The kinetic studies showed that the adsorption of

Cd2? ions followed pseudo-first order kinetics. Thermody-

namic parameters like DG0, DH0 and DS0 were calculated

and on the basis of these values it was established that the

adsorption process is feasible and endothermic in nature. It

was concluded from the study that the composite material of

alginate and calcium carbonate can effectively be used to

recover Cd2? ions from wastewater.
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Introduction

The presence of heavy metals in the environment is of

major concern because of their toxicity, bio-accumulating

tendency and threat to human and animal life (Igwe

et al. 2005). A majority of metals are persistent and

toxic especially when accumulated above the level of

permissible limits. Almost 2.3 billion people all over the

world are suffering from waterborne diseases (UNESCO

2003). In developing countries over 2.2 million people

die each year by drinking polluted water (WHO/UNICEF

2000).

Alginate is a family of linear non-branched polysac-

charides and is extracted from brown seaweed. It can

make a gel in the presence of divalent and trivalent

cations. It has many applications in drug delivery sys-

tems, cell encapsulation and food industry (Gombotz and

Wee 2012). In water treatment, it possibly will play an

important role in removing heavy metal ions due to its

advantages such as biodegradability, biocompatibility,

being economical and environmentally friendly. In the

adsorption process, the heavy metal ions appear to

exchange with sodium or calcium ions by ion exchange

process (Negm and Ali 2010). Utilization of alginate

sorbents is limited as its mechanical strength and dura-

bility are relatively low. Mechanical properties of algi-

nates have been improved by combining it with other

materials like activated carbon (Kim et al. 2009), chi-

tosan (Gotoha and Matsushima 2004), polyvinyl alcohol

(Han et al. 2012), cellulose (Tiwari and Dewangana

2008) and humic acid (Pandey et al. 2003). The author

(Mahmood et al. 2015) modified alginate with calcium

carbonate to develop a composite material and used it as

an adsorbent for phosphate ions confiscation. This recent

study was aimed at learning the use of environmentally

friendly cost effective material to recover metallic pol-

lutants from waste water. The adsorption of Cd2? ions

was studied as potential pollutant as it is carcinogenic in

nature.
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Materials and methods

Preparation of the adsorbent

Well grounded calcium carbonate was impregnated on

sodium alginate gel to prepare composite material in the

form of beads in aqueous calcium chloride solution. In

order to develop on laboratory scale dissolved 5 g sodium

alginate in 200 mL distilled water with continuous stirring

at 40 �C until a gel is obtained. Calcium carbonate powder

(20 g) was mixed carefully under constant stirring with

mechanical stirrer until the mixture became homogeneous.

The suspension was injected dropwise into a 1-M solution

of calcium chloride with the help of injection syringe. Fine

complex beads of alginate–calcium carbonate were formed.

The beads were separated from the solution by filtration on

Whatman filter paper No. 41 and dried for overnight in

electrical oven maintained at (70 ± 2) �C. Dried mass of

the beads was used as an adsorbent for cadmium ion

removal. Schematic diagram of the overall process is

shown in Fig. 1.

Characterization of the adsorbent

Characterization of adsorbent material was made by

Fourier transform infra red spectroscopy (FT-IR) and

scanning electron microscope (SEM) techniques.

Preparation of synthetic wastewater

Stock solution of cadmium ions (1000 ppm) was prepared

by dissolving calculated amount of cadmium chloride in

distilled water and working standards of required strength

were prepared by diluting the reserve solution.

Batch experiments

In order to optimize the operational parameters such as

adsorbent dose, time of contact, pH of the medium and

initial concentration, agitation speed batch mode experi-

ments were conducted. The effects of batch parameters

were investigated by changing adsorbent dosage (0.2, 0.5,

1, 1.5, 2 g), contact time (30, 60, 90, 120, 150,

180 min),pH (2–10),initial concentration (5, 10, 15, 20,

25 mg/L) and agitation speed (50, 100, 150, 200, 250 rpm).

In each experiment weighed quantity of adsorbent was

added to a specific volume of standard solution and after

adjusting the desired pH, the mixture was agitated at room

temperature for specific time. The solution thus obtained

was filtered through Whatman filter paper No. 41. Residual

concentrations of the analyte ions were measured by

Hitachi, Z-8000 Atomic Absorption Spectrometer on air-

acetylene flame.

Removal efficiency calculations

The percentage removal efficiency and was calculated after

each batch experiment using following relation:

Rð%Þ ¼ Ci � Cf=Ci � 100

where R is the removal efficiency, Ci is the initial and Cf is

the final concentration in mg/L.

The metal uptake Q was calculated for each experiment

in mg/g according to the following formula:

Q ¼ ðCi � CfÞ V=M;

where V is the volume of the solution and M is dry mass of

the adsorbent.

Results and discussion

Characterization of the adsorbent

FT-IR spectra of alginate–calcium carbonate composite

was recorded at 4000–400 cm-1 (Fig. 2). Diversity of

peaks merged together in the range between 3200 and

3600 cm-1 are associated with the presence of free or

bonded hydroxyl groups of alginate species along with the

presence of inter and intra molecular hydrogen bonding

within hydroxyl groups (Bojic et al. 2013). The distorted

Fig. 1 Flow sheet for the preparation of alginate–calcium carbonates

composite beads
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peaks of medium intensity correspond to asymmetric

stretching vibrations of alkyl chains. The indistinct peaks at

1634, 1465, 1109 and 874 cm-1 are linked to stretching

vibrations of C=O–COOH and –RCH groups (Kirova et al.

2012). It can be inferred from FT-IR spectra that strong

bonding has occurred between alginate and host material,

i.e. calcium carbonate.

The morphology of the adsorbent was noted by SEM

images. The images were taken at different spots with

15 kV resolutions. The results showed the formation of

composite material with some specific sites which may be

responsible for adsorption of analyte ions at the adsorbate-

adsorbent interface (Fig. 3).

Parameter optimization

Factors affecting adsorption of Cd2? on alginate–calcium

carbonate complex beads were optimized through batch

experiments at room temperature (298.15 K).

Effect of contact time

Figure 4a indicates the graphical representation of contact

time studies. Each experiment was conducted with increase

of 30-min increment while keeping other parameters

unchanged. The equilibrium point for cadmium ion

adsorption was established after 120 min and it was noted

that the rate of metal ion uptake was high during the initial

phases of experiments and became almost constant after

the equilibrium point was reached.

Effect of adsorbent dose

Different doses of the adsorbent (0.2, 0.5, 1, 1.5 and 2 g)

were used to find the optimum dose required to adsorb

maximum adsorbate ions. The results of effect of adsorbent

dosage have been presented in Fig. 4b. It was observed that

sorption process speeds up with increase in adsorbent dose

and become uniform after attaining optimum dose, i.e.

1.5 g.

Effect of pH

The effects of pH change on adsorption of Cd2? ions

were investigated in the range 2–10 and presented in the

Fig. 4c. The study showed that the maximum adsorption

occurred at pH 6. The plot of pH vs. removal efficiency

showed a decreasing trend towards adsorption of Cd2?

ions after pH 6. At low pH the surface has stronger

positive charge similar to those of adsorbate ions; there-

fore, repulsion may occur between adsorbent surface and

incoming metal ions, thus lowering the rate of adsorption

(Ahmed et al. 1998).

Effect of agitation speed

The agitation speed was varied from 50 rpm to 250 rpm to

monitor the effect of shaking speed on adsorption of cad-

mium ions. The results of the experiment are shown in

Fig. 4d. It was noted that at 150 rpm shaking speed 94.9 %

Cd2? ions are removed.

Effect of initial concentration of metal ion

The effect of metal ion concentration was studied at varying

initial concentration (5–25 mg/L) while keeping all the other

parameters unchanged. Figure 4e indicates the effect of

initial concentration on adsorption of Cd2? ions. It can be

noted that adsorption was higher at lower concentrations and

vice versa. Maximum adsorption was noted at 5 mg/L with

gradual decrease in sorption capacity up to 25 mg/L. Opti-

mized conditions derived through batch mode experiments

are summarized in Table 1.

Adsorption models

Adsorption models play an important role in understanding

the nature of an adsorption process as a unit operation

(Sawyer et al. 2003). For modelling of cadmium ion

adsorption from wastewater commonly used Langmuir and

Freundlich models were applied to the data.

Langmuir model

Ce=qe ¼ 1=qmaxbþ Ce=qmax Langmuir equationð Þ

The Langmuir isotherm (Fig. 5) was constructed by plot-

ting the data between functions Ce (equilibrium concen-

tration in mg/L) and q (metal uptake in mg/g). A straight

line having correlation coefficient (0.956) is obtained
Fig. 2 FT-IR spectra of alginate–calcium carbonate composite

material
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which is an indicator of the favorability of the adsorption

process (Ho 2003). The Langmuir constants, i.e. qmax

(maximum sorption capacity) and b (affinity of adsorption)

were calculated from slope and intercept of the isotherm.

The values are shown in Table 2.

Freundlich model

Logqe ¼ logKf þ 1=nlogCe Freundlich equationð Þ

The adsorption both physisorption and chemisorption is

better explained by the Freundlich model (Ho and Wang

Fig. 3 SEM images of alginate–calcium carbonate composite material

Fig. 4 Optimization of parameters a Effect of contact time. b Effect of adsorbent dose. c Effect of pH. d Effect of agitation speed. e Effect of

initial metal ion concentration
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2008). The required isotherm was constructed by plotting

logq vs. logCf (Fig. 6). The coefficient of linearity

(R2 = 0.985) almost approaches to unity which is an

indicator of favourable adsorption. Table 3 gives values of

Kf (sorption capacity) and n (sorption intensity) calculated

from slope and intercept of the isotherm. Values of the

constants ‘‘n (4.274)’’ and ‘‘Kf (0.698)’’ indicate that the

sorption process is complimentary and type of sorption is

physico-chemical in nature (Song et al. 1994; Schwarzen-

bach et al. 2003). Freundlich isotherm for cadmium ion

removal can be represented by the equation described

below.

log qe ¼ log ð0:698Þ þ ð0:234Þ logCe

Adsorption kinetics

Kinetics of the process was determined using data of the

contact time and change in concentration of the analyte

ions (Table 4).

Kinetic equations for pseudo-first order and second

order are described as under:

log qe � qtð Þ ¼ logqe � K1t=2:303

(Pseudo-first order equation);

t=q ¼ 1=K2q
2
e þ t=qe

(Pseudo-second order equation), where qe and q are the

analytes adsorbed in mg/g at equilibrium and at time t,

respectively, and K1 and K2 are the rate constants

(g mg-1 min-1). Pseudo-first order rate kinetics was

determined by plotting log (qe - qt) against time t and the

values of K1 and qe were calculated from the slope and

intercepts of the plot. Figure 7 shows the plot of pseudo-

first order rate kinetics for Cd2? ions and the rate constant

parameters are shown in Table 5. From the table the

experimental as well as calculated qe values seem to be

quite closer to each other thus indicating that the adsorption

processes follow pseudo-first order reaction kinetics.

Pseudo-second order rate curve was plotted between t/q

and t (Fig. 7). The correlation coefficient is 0.652 which is

far away from unity (Table 5). These results suggest that

the adsorption process does not follow pseudo-second

order kinetics since the values of correlation coefficients

are significantly less than 1 and also the experimental and

Table 1 Optimized parameters of cadmium ion adsorption

Parameter Contact time (min) Adsorbent dose (g) pH Agitation speed (rpm) Initial concentration (mg/L) Temperature (K)

Cd2? 120 1.5 6 150 10 298.15

Table 3 Freundlich constants calculated from Freundlich isotherm

Adsorbate Intercept log Kf Slope 1/n Kf n R2

Cd2? -0.156 0.234 0.698 4.274 0.985

Table 2 Langmuir constants calculated from Langmuir isotherm

Adsorbate Slope Intercept (slope/

intercept)

Q max
(1/slope)

(mg/g)

B R2

Cd2? 0.098 1.08 10.2 0.106 0.956

Fig. 5 Langmuir isotherm

showing adsorption behaviour

of cadmium ions

Fig. 6 Freundlich isotherm showing adsorption behaviour of cad-

mium ions

Appl Water Sci (2017) 7:915–921 919

123



calculated qe values are not in good agreement with each

other (Abdel-Ghani and El-Chaghaby 2014).

Thermodynamic parameters

Thermodynamic parameters, the standard enthalpy

change (DH0), standard entropy change (DS0) and stan-

dard Gibbs free energy (DG0) of adsorption, were

determined at room temperature (298.15 K). The values

of thermodynamic constants are listed in Table 6. The

values of DS0 (kj/mol K) and DH0 (kj/mol) were calcu-

lated from the slope and intercept of the graph (Fig. 8).

Values of thermodynamic parameters show that the

adsorption process is feasible and endothermic innature

with minor randomness at the adsorbent-adsorbate inter-

face (Vadivelan and Kumar 2005).

Table 4 Change in concentration of Cd2? with respect to contact time

Contact time

(t) min

Initial concentration (Ci)

mg/L

Final concentration (Cf)

mg/L

Volume of solution

(V) L

Metal uptake (q) mg/

g

Log (qe - q)

30 10 7.77 0.1 0.15 -0.228167639

60 10 4.94 0.1 0.34 -0.39505432

90 10 2.52 0.1 0.50 -0.617382689

120 10 1.08 0.1 0.59 -0.837634765

150 10 0.76 0.1 0.62 -0.906578315

180 10 0.56 0.1 0.63 -0.955983171

Table 5 Pseudo-first- and -second order kinetic parameters

Metal ion Pseudo-first order model Pseudo-second order model

qe A.log (intercept) (mg/g) K1 2.303 (slope) (1/min) R2 qe 1/slope (mg/g) K2 1/(intercept)(qe)
2 (mg/g/min) R2

Cd2? 0.76 -0.0115 0.948 1.74 0.0021 0.652

Table 6 Thermodynamic constants of the adsorption of Cd2? at various temperatures

Temperature (K) DG0 (kJ/mol) Slope (DH0/R) Intercept (DS0/R) Ds0 (kJ/mol K) DH0 (kJ/mol)

293 -0.33

298 -0.42 -7544.46 26.89 0.223 62.54

303 -0.51

308 -0.70

313 -0.78

318 -0.87

Fig. 7 Pseudo-first- and pseudo-second order rate kinetic isotherms of Cd2? adsorption
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Conclusions

The adsorption of cadmium ions from aqueous solution on

to alginate–calcium carbonate composite material was

investigated in batch mode. The results showed that sorp-

tion of Cd2? ions is a viable process with very encouraging

recovery of the pollutant under study. It can be inferred

from the study that the alginates modified with calcium

carbonate may be a cost-effective alternative for waste

water treatment.
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