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Abstract: The phosphate-embedded calcium alginate beads were successfully synthesized based on sodium alginate, calcium 

dihydrogen phosphate and sodium hydrogen carbonate. Scanning electron microscopy, Fourier transformed infrared (FTIR) 

spectroscopy and X-ray diffraction (XRD) were conducted to characterize the morphology and structure of the phosphate-embedded 

calcium alginate beads. The effects of pH and the initial concentration of the metal ions on Pb(II) and Cd(II) sorption by the beads 

were investigated. The optimal pH values for Pb(II) and Cd(II) sorption are 4.0 and 5.5, respectively. The optimal initial 

concentrations of Pb(II) and Cd(II) are 200 mg/L and 25 mg/L, correspondingly, and the removal efficiencies are 94.2% and 80%, 

respectively. The sorption mechanism is that the heavy metal ions accessed the beads firstly due to the large surface area, combined 

with OH−, and then precipitated with phosphate radical, which was proven by FTIR and XRD. The sorption of Pb(II) and Cd(II) is 

fitted to Langmuir isotherm model with R2 values of 0.9957 and 0.988, respectively. The sorption capacities of Pb(II) and Cd(II) are 

263.16 mg/g and 82.64 mg/g, respectively. The results indicate that the phosphate-embedded calcium alginate beads could be applied 

to treating Pb(II)/Cd(II)-containing wastewater and it could be implied that the synthesized beads also could be used as a kind of soil 

ameliorant for remediation of the heavy metal contaminated paddy soil. 
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1 Introduction 
 

Heavy metal pollutants, mainly derived from human 

activities, such as continuous exploitation of mineral 

resources, metallurgy, metal finishing, electroplating, 

printed circuit manufacture, have readily accumulated in 

the environment and have been frequently detected in 

sediments, rivers, lakes and other environment. Among 

various heavy metals, lead and cadmium are ranked as 

highly toxic and carcinogenic agents. The release of 

large quantities of heavy metals into the natural 

environment, e.g., irrigation of agricultural fields by 

using sewage, has resulted in a number of environmental 

problems. Heavy metals in the environment can 

accumulate in the food chain, and thus may pose a threat 

to human health due to their non-biodegradability and 

persistence [1−3]. 

Various methods have been suggested and applied 

for the removal of toxic metals from aqueous solution, 

such as chemical precipitation, evaporation, ion- 

exchange, adsorption, electrolysis and reverse osmosis. 

Due to the specific nature of industrial effluents, the 

effective removal of metal ions has proven to be a very 

difficult and costly process. Although adsorption is the 

most effective and widely used method, commercial 

chelating resin, one of the mostly utilized sorbents, is 

still an expensive material and mostly is non- 

biodegradable [4]. Hence, research is focused on the 

synthesis or preparation of novel, cheap and more 

effective sorbents [5−8]. 

A very promising material, that offers such 

advantages, is alginate, a natural anionic polymer. 

Alginate is a linear copolymer of α-L-guluronate and 

β-D-mannuronate, which constitutes 10%−40% of the 

dry mass of all species of brown algae [9]. The capability 
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of this copolymer to form stable biodegradable gels in 

the presence of divalent cations has been known and 

studied extensively. These gelation properties can be 

attributed to the simultaneous binding of the divalent 

cations such as Ca2+ to different chains of α-L-guluronate 

blocks. Due to its ability to form stable structures, 

cross-linked alginate has been used for the 

immobilization and removal of heavy metal from 

wastewater. Gel beads of calcium alginate have been 

reported as a sorbent material for heavy metal removal 

from aqueous solutions [10]. 

It has been reported that phosphorus and 

phosphorus compounds could be used to immobilize 

Pb(II) and Cd(II) because of low solubility constants of 

Cd3(PO4)2 (3.6×10−32) and Pb(HPO4)2 (3.457×10−4) [11]. 

However, phosphorus and phosphorus compounds being 

applied to environment remediation extensively would 

cause eutrophication of water body. Phosphate would 

also decrease soil pH, which would activate heavy-metal. 

And microelements which were necessary for growing of 

plants would be decreased by phosphate too [12].  

Sodium alginate is a kind of nature macromolecule 

organic matter, which possesses a large number of free 

carboxyl groups and whose sodium would be replaced by 

calcium when be cross-linked by calcium chloride. 

Sodium alginate has also been widely used to adsorb 

Pb(II) and Cd(II), for its amounts of carboxyl groups and 

its large specific surface area. Nanogel and 

superparamagnetic nanocomposite based on sodium 

alginate for sorption of heavy metal ions, biosorption of 

Pb(II) by Pleurotus ostreatus immobilized in calcium 

alginate gel and novel composite biopolymers of sodium 

alginate for adsorption of Pb(II) ions has been 

investigated [13−15]. However, sodium alginate was too 

fragile to be used alone. 

Polyvinyl alcohol (PVA) is a water-soluble material 

containing large amounts of hydroxide groups which has 

been developed for biomedical applications since it is 

biocompatible [16]. As a kind of hydrophilic 

macromolecule organic matter, PVA is a polymer that is 

commonly used to remove heavy metals from waste 

water because it is non-toxic, safe and cheap. But PVA 

has tendency to agglomerate, therefore PVA is usually 

combined with alginate to remove Pb and Cd [17]. It has 

been reported that PVA gel has a higher mechanical 

strength and larger durability in high acid solutions than 

alginate gel, which could be used to overcome the 

frangibility of pure calcium alginate [18]. 

Combination of Ca(H2PO4)2 with sodium alginate 

would prevent phosphorous pollution in the environment. 

And 3
4PO , 2

4HPO , 
42POH  would also increase the 

electronegativity of material, increasing the sorption 

capacity.  In this research, sorption and immobilization 

of heavy metals by the phosphate-embedded calcium 

alginate beads synthesized by the dripping method was 

proposed to remove Pb(II) and Cd(II) ions from the 

aqueous solution. The effects of the initial pH of  

solution, initial ion concentration on Pb(II) or Cd(II)  

sorption were discussed. More importantly, the sorption 

isotherm was also studied by different models. 

 

2 Experimental 
 

2.1 Materials 

Calcium chloride dihydrate was used to prepare 

calcium alginate beads. PVA solution was prepared by 

dissolving PVA powder in deionized water at 80 °C. 

Pb(II) and Cd(II) solutions were prepared by dissolving 

required amount of cadmium chloride or lead nitrate in 

deionized water. Sodium hydroxide solution was used to 

adjust the pH of the solutions. All chemicals used are of 

analytical reagent (AR) grade. 

 

2.2 Synthesis of beads 

Phosphate-embedded calcium alginate beads were 

synthesized by the following procedure: PVA solution 

was prepared by dissolving PVA powder in the deionized 

water at 80 °C. Calcium dihydrogen phosphate and 

sodium hydrogen carbonate were added into the PVA 

solution in sequence and fully dissolved with deionized 

water, and then sodium alginate powder was dispersed 

into the above solution and a homogeneous blend 

solution was formed. The whole process was performed 

under the conditions of continuous magnetic stirring, and 

the stirring was kept for an additional 10 min after the 

last addition of sodium alginate dispersion. The obtained 

homogeneous solution with the concentration of 60 g/L 

PVA, 10 g/L Ca(H2PO4)2, 25 g/L sodium alginate and   

6 g/L NaHCO3 was slowly cooled to room temperature. 

1% (w/v) calcium chloride powder was added into the 

saturated boric acid solution, and then pH of the solution 

was adjusted to 6.5−7.0 by dilute NaOH solution to 

prepare the crosslinking medium. The obtained aqueous 

dispersion was dripped into the crosslinking medium 

using a syringe. The spherical, smooth and homogenous 

beads were obtained, washed with distilled water two 

times and dried. The beads were stored at 4 °C before 

use. 

 

2.3 Sorption experiments 

50 mL of Pb(II) or Cd(II) solution and 0.05 g of 

phosphate-embedded calcium alginate beads were used 

in batch sorption experiments. The sorption experiments 

were performed at the temperature of 25 °C for 24 h by 

shaking the sorption mixture at 120 r/min in a 

thermostabilized warm bath. Samples were then filtered 

in quality paper to determine the final concentrations of 

metals. The initial concentration of the solutions 
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prepared was in the range of 100−1000 mg/L Pb(II)  

and 20−200 mg/L Cd(II), respectively. The optimal 

concentration was determined according to the maximum 

Pb(II) or Cd(II) removal efficiency. 

As pH is an important factor affecting the sorption 

process, the effects of pH on metal ions sorption by 

phosphate-embedded calcium alginate beads were 

conducted. The Pb(II) solutions were adjusted to pH 

values of 3.0, 3.5, 4.0, 4.5, 5.0 and 5.5 and Cd(II) 

solutions were adjusted to pH values of 3.0, 3.5, 4.0, 4.5, 

5.0, 5.5 and 6.0 by adding required amount of diluted 

NaOH solution. In order to prevent Pb(II) and Cd(II) 

from forming the sedimentation, the maximum pH value 

was controlled at 6.0. The pH was measured using a pH 

meter. 50 mL of pH-adjusted solution with the Pb(II) 

concentration of 500 mg/L, Cd(II) concentration of   

200 mg/L and 0.05 g phosphate-embedded calcium 

alginate beads were used in batch experiments. The pH 

value at the maximum Pb(II) or Cd(II) removal 

efficiency was determined.  

The removal efficiency of metal ions was calculated 

by  
 

%100
I

EI 



C

CC
R                           (1) 

 
where R is the removal efficiency of heavy metal ion by 

the beads, CI and CE (mg/L) are the initial and final metal 

concentrations in the solution. 

All experiments were performed in duplicate and 

mean values were used in the data analysis. 

 

2.4 Adsorption isotherm 

The adsorption isotherm of Pb(II) or Cd(II) solution 

by phosphate-embedded calcium alginate beads at the 

optimal conditions was conducted to evaluate the 

saturated sorption capacity. In the pre-experiment, Pb(II) 

or Cd(II) sorption onto phosphate-embedded calcium 

alginate beads reached an equilibrium within 24 h. 

Therefore, 0.05 g beads were fully dispersed in 50 mL of 

Pb(II) or Cd(II) solution with different concentrations, 

and then vigorously stirring for 24 h at 25 °C followed 

by filtration. After filtration, the concentrations of Pb(II) 

or Cd(II) in filtrate were determined and used to 

calculate the maximal sorption capacity according to 
 

m

VCC
Q

)( eqI
eq


                           (2) 

 

where sorption capacity Qeq is the amount of ions per 

unit of bead in equilibrium, Ceq  is the equilibrium metal 

concentration in the solution, V  is the volume of the 

solution used, and m is the mass of beads used. 

Several isotherm equations have been used for the 

equilibrium modeling of the sorption processes. The 

most commonly used equations are Langmiur and 

Freundlich equations, which are widely used to analyze 

the sorption process in wastewater treatment. The 

Langmuir equation assumed a monolayer sorption of a 

solution from a liquid solution. The linearized 

mathematical description of the model is given by 
 

)/( eqdeqmeq CKCQQ                        (3) 
 

The main characteristics of the Langmuir equation, 

contants Kd and Qm can be determined from a linearized 

form of the Langmuir equation, as follows: 
 

m
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Q
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Therefore, a plot of Ceq/Qeq versus Ceq, gives a 

straight line of slope 1/Qm and intercept 1/(KdQm). Ceq  

and Qeq show the residue metal concentration and the 

amount of metal adsorbed on the beads at equilibrium. 

While Qm and Kd are the Langmuir constants, which 

relate to the maximum sorption capacity and sorption 

energy, respectively. 

In addition, a molecule attached to a surface may 

affect another molecule attaching to neighbouring sites. 

The Freundlich model can describe ion sorption on a 

heterogeneous surface with an empirical equation: 
 

nCKQ /1
eqFeq )(                             (5) 

 
and can be expressed in the linearized form as Eq. (6), 

which is also used to confirm the applicability of the 

model: 
 

eqFeq ln
1

lnln C
n

KQ                         (6) 

 
where KF and n are the Freundlich constant and  

indicator of sorption capacity and sorption intensity, 

respectively.  

Selection of the best fitting model among the 

candidate models was done by using the Akaike’s 

information criterion corrected for small sample sizes 

(AICc) [19]: AICc=Nlg(RSS/N)+2k+2k(k+1)/(N−k−1), 

where N is the sample size, RSS is the residual sum of 

squares, k is the number of estimated parameters. The 

model with the smallest AICc was considered to be the 

best fitting model among the candidate models.  

 

2.5 Analysis and characterization 

The concentration of Pb(II) or Cd(II) in the filtrates 

obtained from both kinetic and isotherm experiments was 

determined by ICP-OES (iCAP6300). The synthesized 

phosphate-embedded alginate bead was ground into fine 

powders for the measurements of their physical and 

mechanical properties. The crystal structure of beads was 

characterized by an X-ray diffraction (XRD, D/max 2550 

VB+X). The morphology of the beads before and after 

sorption of Cd(II) ion or Pb(II) was examined using a 
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scanning electron microscope (SEM, Nova NanoSEM 

230). Fourier transform infrared (FTIR NICOLET IS10) 

spectral measurements were carried out to identify the 

potential molecules of the beads. The sample was 

scanned under 400 to 4000 cm−1 at 4 cm−1 resolution.  

 

3 Results and discussion 
 

3.1 Characterization of phosphate-embedded calcium 

alginate beads 

Generally, the wet beads are spherical (about 5 mm 

in diameter) and have a smooth surface. After drying, the 

diameter of the beads shrinks to about 2 mm and keeps a 

satisfactory spherical shape. SEM images directly 

demonstrate the microstructure of the beads surface. 

Figure 1(a) clearly shows that a lot of pleats exist on the 

bead surface, which enlarges the surface area. There are 

many grains on the surface (Fig. 1(b)) with the estimated 

diameter of 0.2 μm (Fig. 1(c)). The micro-porous 

structure of the beads is shown in Fig. 1(d), in which the 

bead surface consists of small and uniform spheres 

which favors the adsorption of metal ions in the aqueous 

solution and this property is different from other alginate 

and PVA beads [20,21]. 

FTIR could be used to detect the molecular 

structure of chemical compounds and it is useful for the 

characterization of biopolymers. Figure 2 shows FTIR 

spectra in the interval 500−4000 cm−1 of the beads before 

and after sorption the metal ions Pb(II), Cd(II) was 

adsorbed by phosphate-embedded calcium alginate 

beads.  

Figure 2(a) reveals that anion functional groups 

(hydroxyl, amine) exist on the beads’ surface. It had been 

reported that 3000−3400 cm−1 is band of —OH or    

—NH. Bands at 2946, 1635, 1495, 1112 cm−1 refer to  

the vibration stretching of —CH, O—H stretch of       

—COOH, symmetric —CO2 stretch and C—O in the 

six-membered ring of sodium alginate [16], the band at 

1028 cm−1 attributes to 3
4PO , and the band at      

822 cm−1may be due to 2
3CO  [17]. Therefore, a wide 

strong band about 3400 cm−1 may be due to the vibration 

stretching of the O—H bond and suggests that the 

presence of the hydroxyl (OH−) groups or amine (NH2) 

groups in the beads. But there is no N element in the 

beads. The band at 3000−3400 cm−1 represents —OH. 

And the bands at 2925, 1630, 1440 and 1100 cm−1 in the 

FTIR spectra refer to the bands of —CH, —COOH,   

C—O and P—O, respectively. 

Figures 2(b) and (c) indicate no modification     

in FTIR spectra after sorption of metal ions Pb(II) and 

Cd(II). There is only a decrease in the intensity of    

the vibration due to the sorption process. The wider and  

 

 

Fig. 1 SEM images of beads 
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Fig. 2 FTIR spectra before (a) and after sorption of Pb(II) (b) 

and Cd(II) (c) by beads 

 

weaker bands at 3000−3400 cm−1 after the bead sorption 

of Pb(II) or Cd(II) illustrate that the metal ions 

combining with groups of those beds affect the band 

length of —OH. Carboxyl may also be present in the 

beads because 800 cm−1 band attributes to the 

combination of heavy metal ions and 2
3CO  or 

2
3HCO . The fact suggests that metal ions are combined 

with the functional hydroxyl, phenolic and carboxyl 

groups in the phosphate-embedded calcium alginate 

beads. 

The phosphate-embedded calcium alginate beads 

were burned at 800 °C to remove the organic matter, 

increasing the concentration of phosphate. The residues 

were determined by XRD. Figures 3(a)−(c) show XRD 

patterns of the residues of the original beads, the beads 

sorbed Pb(II) and Cd(II), respectively. Compounds 

existed in the residues are listed in Table 1. 

Figure 3 and Table 1 demonstrate that compounds 

of lead and phosphorus (Pb4P2O9 and Pb2O3) exist in the 

residue of the beads after Pb(II) sorption. Cadmium 

phosphate occurs in the residue of the beads after Cd(II) 

sorption. Cadmium phosphate and compounds of lead 

and phosphorus might be produced via two ways: the 

sorption process was followed by precipitation or 

formation in the beads burning process. Therefore, the 

sorption mechanism of Pb(II) and Cd(II) is that heavy 

metal ions are sorbed on the surface of beads, combined 

with the functional hydroxyl, phenolic and carboxyl 

groups, and finally precipitated with phosphate based on 

the SEM image and spectra of FTIR and XRD. 

 

3.2 Effect of pH 

Sorption process of heavy metal cations onto beads 

can be affected by pH because there is a competitive 

mechanism with the negative carboxylate and phosphate 

groups between H+ and metal ions. On the other    

hand, the pH value of the solution affects the degree of 

 

 

Fig. 3 XRD patterns of residuals of original beads (a), beads 

adsorbed Pb(II) (b) and Cd(II) (c) 

 

Table 1 Compounds existed in different residuals 

Sample Compound 

Original bead Ca10(OH)2(PO4)6, Ca5(PO4)3Cl, Ca(BO2)2 

Bead 

adsorbed Pb 

Ca2P2O7, CaB2O4,  

Ca3(PO4)2, Pb4P2O9, Pb2O3 

Bead 

adsorbed Cd 

Cd5(PO4)3(OH), Cd3(PO4)2, 

Ca(BO2)2, Ca5(PO4)3(OH) 

 

ionization, the surface charge and the speciation of 

metals, and the ionization state of the functional groups 

can affect the sorption mechanism and the uptake 

capacity [22,23]. 
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Effects of pH on removal efficiency of Pb(II) and 

Cd(II) are shown in Fig. 4. When the pH value is lower 

than 3.0, there is no heavy metal removal in the presence 

of plenty of H+ ion because of reversal of the sorption 

process. It is obvious that the removal efficiency 

increases abruptly with the increasing initial pH from 3.0 

to 4.0 and the maximum sorption capacity is at pH 4.0. 

For the competition between Cd(II) ions and H+ for the 

protonated active sites, the sorption capacity is 

significantly low when the pH is below 4.0. When the 

pH exceeds 4.0, the removal efficiency decreases  

slightly, while slumps after the pH high than 5.0. This 

phenomenon could be explained by those two reasons: 

firstly, the species of Pb(II) in solution would affect the 

sorption process. As pH increases, metal ions could 

transform into MOH+ through hydrolysis [24−26]. For 

Pb(II) cation, when pH increases to 4.0, it exists in the 

form of PbOH+. However, this form is not easier to 

transfer into beads comparing to Pb2+ [18]. Secondly, H+ 

would promote dissolution of Ca(H2PO4)2, and 
42POH  

would precipitate Pb2+ in liquor. The concentration of 

42POH  and sorption rate of Pb(II) decreases with H+ 

decreasing.  

 

 

Fig. 4 Effect of pH on removal efficiency of metal cations 

 

A similar tendency is observed for the effect of pH 

on Cd(II) adsorption. The efficiency was increased with 

the pH ascending to 5.5. This results may attribute to that 

amounts of protons(H+) would be available to the 

carboxyl groups at the lower pH, in which the available 

binding sites in the alginate molecule would be reduced. 

The high level hydrogen ions in acidic media occupy the 

negative binding sites, which is not favorable for metal 

sorption [21]. However, a striking decrease of the uptake 

capacity was observed at pH values higher than 5.5. The 

maximun sorption capacity at pH 4.0 and 5.5 for Pb(II) 

and Cd(II) were 58.05% (230.1 mg/g) and 62.17% 

(61.92 mg/g), respectively. When the pH was 3.0, the 

removal efficiencies of Pb(II) and Cd(II) were 43.5% 

(176.3 mg/g) and 45.03% (42.6 mg/g), respectively. 

However, in the previous literature, Cd reached the 

maximum sorption (40 mg/g) onto Ca−alginate beads at 

pH 4.0, while no Cd was adsorbed at pH 3.0 [19]. The 

result in this study implies that the phosphate-embedded 

calcium alginate beads can be used under the acidic 

condition. 

 

3.3 Effects of initial concentration 

Figure 5 shows the effect of the initial concentration 

on sorption capacity and removal efficiency of Pb(II) and 

Cd(II) from the solution. The results illustrate that the 

increase of the sorption capacity of metal ions on the 

beads is due to the initial concentration increase of 

cation. 

The behavior of Pb(II) removal was affected by the 

initial concentration of Pb(II) in the solution. The 

removal efficiency increases with the initial 

concentration increasing from 100 mg/L to 200 mg/L 

with the maximum removal efficiency of 94.2%, and 

then it decreases as the initial concentration increases 

further. Sorption capacity of Pb(II) becomes almost 

constant at 250 mg/g when initial Pb(II) concentration 

exceeds 800 mg/L; however, the removal efficiency of 

62.5% is too low. Consequently, the optimal initial 

concentration of Pb(II) is 200 mg/L. Sorption capacity of 

 

 
Fig. 5 Effect of initial concentration on sorption capacity and 

removal efficiency of Pb(II)(a) and Cd(II)(b) 
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Table 2 Parameters of Langmuir and Freundlich mathematic models related to sorption process of Pb(II) and Cd(II) on beads 

Ion 
Langmuir’s constant  Freundlich’s constant 

Qm/(mg·g−1) Kd/(L·mg−1) R2 AICc  KF/(mg·g−1) n R2 AICc 

Pb(II) 263.16 25.71 0.9957 −3.08  36.075 2.973 0.7084 5.54 

Cd(II) 82.64 35.85 0.9880 −5.28  4.077 1.589 0.9683 −2.54 

 

Cd(II) increases gradually with increasing initial 

concentration. The removal efficiency of Cd(II) 

decreases with the increases in ion dipole force. So, the 

optimal initial Cd(II) concentration is 25 mg/L, 

meanwhile the removal efficiency of 80% is maximum. 

 

3.4 Sorption isotherms 

Sorption isotherms of Pb(II) and Cd(II) ions on the 

beads are shown in Table 2. Parameters of Langmuir and 

Freundlich mathematic models are linearized by data 

obtained from the equilibrium of the sorption isotherms 

of the Pb(II) and Cd(II) ions onto the beads. Langmuir 

model employed to describe the sorption of Cd(II) by the 

beads is more satisfactory than Freundlich model 

because Langmuir model shows a lower AICc value and 

high R2 than Freundlich model, which suggests that the 

adsorption of Pb(II) and Cd(II) is mono-layer sorption 

occurred in its sorption process [19]. 

According to the Langmuir isotherm model, the 

sorption capacities of Pb(II) (263.16 mg/g) and Cd(II) 

(82.64 mg/g) by phosphate-embedded calcium alginate 

beads are higher than those by double network gel    

(100 mg/g for Pb) [13], PVA/gelatin hydrogel beads  

(203 mg/g for Pb) [27] and Alginate-Moringa oleifera 

beads (60 mg/g for Cd) [28]. 

The maximum sorption capacity (Qm) within 

Langmuir’s model is supposed to coincide with the 

saturation of a fixed number of active sites on the beads’ 

surface, which is affected by several factors, such as the 

number of sites in the beads, accessibility of sites, 

chemical state of the sites and affinity between the site 

and the metal ions. It may also be associated with the 

functional groups on the surface. Langmuir’s parameter 

(Kd) is a constant that represents the interaction force 

between the sorbent and the sorbed and is highly relevant 

in sorption studies. According to Table 2, high Kd shows 

high bonding energy between metals and sorbents. 

Among Freundlich’s parameters, n indicates the 

reactivity of the sorbent’s active sites, which is entirely 

related to the solid’s heterogeneity. Table 2 shows that n 

rates were higher than 1, indicating that strong evidence 

exists on the presence of highly energetic sites. The 

higher the difference between n and 1, the greater the 

distribution of the bonding energy on the beads’ surface. 

The results may also imply the occurrence of cooperative 

sorption in which strong interaction between molecules 

of the sorbate is involved. 

 

4 Conclusions 
 

Phosphate-embedded calcium alginate beads were 

successfully synthesized based on sodium alginate 

Ca(H2PO4)2 and NaHCO3. This phosphate-embedded 

calcium alginate beads can be used as absorbent to 

remove Pb(II) and Cd(II), and the sorption capacities of 

Pb(II) and Cd(II) are 263.16 mg/g and 82.64 mg/g, 

respectively. The sorption mechanism is that the heavy 

metal ions access to the beads firstly due to the large 

surface area, combined with OH−, and then precipitated 

with phosphate radical. The optimal pH values for Pb(II) 

and Cd(II) sorption are 4.0 and 5.5, respectively. 

Langmuir mathematical model employed to describe the 

sorption of Cd(II) by the beads is satisfactory, which 

suggests that mono-layer sorption is predominant in the 

sorption process. A further study will focus on the metal 

species competition in multi-metal solutions, and issues 

of the performance in remediation of the heavy metal 

contaminated soil will also be addressed in later work. 
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包埋磷酸盐小球的合成及其对溶液中铅镉的吸附与固定 
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摘  要：采用海藻酸钠、磷酸二氢钙和碳酸氢钠成功合成了包埋磷酸盐的海藻酸钙小球。通过扫描电镜、傅里叶

变换红外光谱、X 射线衍射等分析表征了该小球的形貌与结构。研究 pH 值和初始金属离子浓度对铅镉去除率的

影响，发现吸附铅镉的最佳 pH 值分别为 4.0 和 5.5；铅镉的最适初始浓度分别为 200 mg/L 和 25 mg/L，对应的去

除率分别达 94.2%和 80%。XRD 和 FTIR 的分析结果证实了该小球对铅镉的去除机理为：铅镉离子吸附到小球的

表面，与小球的羧基发生反应，进而与磷酸根反应生成稳定的磷酸盐沉淀。铅镉的吸附符合 Langmuir 等温线方

程，拟合系数 R2分别为 0.9957 和 0.988。根据 Langmuir 等温线方程计算得到铅镉的理论饱和吸附量分别为 263.16 

mg/g 和 82.64 mg/g。研究结果表明该小球对溶液中的铅镉离子有良好的处理效果，同时由于生成稳定的沉淀物，

也能应用于处理被铅镉污染的水稻土。 

关键词：吸附；固定；铅；镉；包埋磷酸盐海藻酸钙 
(Edited by Xiang-qun LI) 
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