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Abstract: With the rapid development of textile industry, a large amount of dye-
contaminated effluents was produced and caused serious environmental problem. 
To remove the dye from effluents, adsorption materials have been applied because 
of their relatively cheap, high efficiency, and easy handling. In this study, a novel 
composite hydrogel bead with unique multilayer flake structure was fabricated by 
alginate, acrylamide and attapulgite for dye adsorption. Acrylamide was grafted 
polymerization onto alginate to obtain alginate-g-poly(acrylamide). Then alginate-g-
poly(acrylamide) was cross-linked by Ca2+ ions in present of attapulgite to form 
composite hydrogel bead. Scanning electron microscopy (SEM) results show that 
the freeze dried composite hydrogel bead has multilayer flake structure 
incorporating attapulgite. Fourier transform infrared spectroscopy (FTIR) and 
Thermo-gravimetric analysis (TGA) results indicate that acrylamide has been 
successfully grafted polymerization on sodium alginate. Grafting polymerization of 
acrylamide onto sodium alginate obviously enhances the swelling of hydrogel bead. 
Incorporating of attapulgite into hydrogel bead effectively enhances the adsorption 
capacity to methylene blue and the maximum adsorption capacity is 155.7 mg g-1. 
Multilayer flake structure increases the adsorption area for methylene blue, but 
hinders the diffusion of methylene blue into the inner of composite hydrogel bead. 
High pH solution is beneficial to the adsorption. Pseudo-second order model and 
Fraundlinch model best describe the adsorption kinetic and isotherm, respectively. 
These results indicate that composite hydrogel bead is a promising adsorption 
material for dye-contaminated water treatment. 

Keywords: Composite hydrogel; attapulgite; alginate; acrylamide; methylene 
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1 Introduction 
Alginate is a water-soluble linear polysaccharide extracted from brown seaweed [1]. Alginate is 

biodegradable, inexpensive and non-toxic [2,3] and has been use for dye adsorption to treat dye-
contaminated effluents [4-7]. Alginate is composed of (1-4)-β-D-mannuronic acid (M) and (1-4)-α-L-
guluronic acid (G) units [1]. (G) units of alginate can be easily cross-linked by divalent ions such as Ca2+, 
Ba2+ to form hydrogel [1].  

Hydrogel can absorb and retain large amount of water without dissolution due to its hydrophilic 
groups and cross-linked polymer chains in structure [7]. Immersing into dye solution, dry hydrogels swell 
by absorbing dye solution. In this process, dye molecules diffused into the hydrogel and been adsorbed by 
the adsorption sites within the hydrogel [8]. High swelling and more adsorption sites in the hydrogel are 
beneficial for the adsorption of dye.  

Increasing the number of hydrophilic groups in hydrogel is beneficial for swelling. Grafting 
polymerization can introduce extra chains with hydrophilic groups such as polyacrylic acid, polyamide to 
increase the swelling degree and further increase the adsorption capacity [9-11]. According to the reports, 
acrylic acid has been grafted polymerization onto alginate to prepared hydrogel. This grafting polymerization 
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enhanced swelling ability and adsorption ability to methylene blue [7]. Rashidzadeh [12] prepared sodium 
alginate-g-poly(acrylic acid-co-acrylamide)/clinoptilolite nanocomposite hydrogel and found that carboxylic 
and amide groups of poly(acrylic acid-co-acrylamide) were important for methylene blue adsorption. 

Besides increasing the number of hydrophilic groups, increasing adsorption sites of hydrogel is also 
helpful to enhance the adsorption property. Incorporating clay into hydrogel to prepare composite 
hydrogel is an efficient method to increase the adsorption sites [12-15]. Montmorillonite [6,16], laponite 
[17], vermiculite [14], sepiolite [15], and attapulgite [18] have been used to prepare composites hydrogels. 
Attapulgite is a needle-like magnesium aluminum silicate with diameter of 20nm and length of several 
hundred nanometers to several micrometers [19]. Attapulgite has high specific surface area and negative 
charge in structure, which is beneficial to adsorb dye with positive charge [16]. Chitosan-g-poly(acrylic 
acid)/attapulgite composite hydrogel [20], cross-linked poly (acrylic acid-co-acrylamide)/attapulgite 
composite hydrogel [21] and N-succinyl-chitosan-g-polyacrylamide/attapulgite composite hydrogel [22] 
have been prepared to remove dye from solution. 

Composite hydrogel bead prepared by alginate-g-ploy(acrylamide) and attapulgite has never been 
reported. In this study, acrylamide was grafted polymerization on the alginate to enhance the swelling 
ability of alginate and then alginate-g-ploy(acrylamide) was cross-linked by Ca2+ to form hydrogel bead. 
Meanwhile, attapulgite was incorporated into the hydrogel bead to enhance the adsorption capacity. 
Adsorption capacity, kinetic, and isotherm of the composite hydrogel bead for methylene blue, a well-
known textile dye, was investigated.  

2 Experiment Section 
2.1 Materials 

HCl, CaCl2, Methylene blue (methylthioninium chloride C16H18N3SCl) were all A.R. grade. Attapulgite 
was provided by Jiangsu dianjinshi Au soil Mining Industry Co., Ltd. Distilled water was used in all 
experiments. Sodium alginate was provided by Shanghai Qingxi Chemical Technology Co., Ltd.  

2.2 Preparation of Composite Hydrogel Bead 
Sodium alginate (1.4 g) and acrylamide (3.0 g) were dissolved in 70 g distilled water and then 0.06 g 

K2S2O4 and 30 μL N,N,N',N'-Tetraethylethylenediamine were added into above solution. The solution 
was agitated for 3 hours under 25oC. Then certain amount attapulgite were dispersed in above gel like 
solution to form mixture. The mixture was dropped into 5% CaCl2 solution. Hydrogel beads were formed 
instantaneously and were kept in CaCl2 solution for 24 h in order to complete the cross-linking. In this 
processing, unreacted acrylamide in hydrogel beads was dissolved into CaCl2 solution and be removed. 
Finally, hydrogel beads were rinsed with distilled water and freeze dried. Composite hydrogel beads with 
alginate-g-poly(acrylamide)/attapulgite mass ratios of 1:0.5, 1:1, 1:1.5, 1:1.2, 1:2.5 and 1:3 were labeled 
as SAA1, SAA2, SAA3, SAA4, SAA5, and SAA6, respectively. Neat alginate bead and alginate-g-
ploy(acrylamide) bead were coded as SA and SAA0, respectively. 

2.3 Characterization  
Surface morphology of composite hydrogel bead was observed by scanning electron microscopy 

(SEM, SU8010, Hitachi). Structure of hydrogel was detected by smart iTR accessory of Fourier transform 
infrared spectroscopy (FTIR) spectrometer (Thermo Fisher Nicolet iS10). Thermo-stability was detected 
by TGA which was performed by heating samples to 700℃ at 5 oC/min under a nitrogen flow by 
thermogravimetric Analyzer (STA 409 PC Luxx NETZSCH).  

2.4 Swelling Measurement  
Freeze dried beads were immersed in distill water. At specific time intervals, beads were taken out 

from water and were weighted. The swelling degree, S(t), at time t was calculated using Eq. (1), where Wt 
and Wd are the sample weights at time t and at the initial time, respectively.  
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2.5 Dye Adsorption Capacity Measurement 
Freeze dried beads (0.2 g) were immersed in 50 mL methylene blue (MB) solution of 87.4 mg L-1 at 

25oC for 72 h. the absorbence at 664 nm of final solution was measured with UV-Vis spectrophotometer 
(VARIAN Cary 50). Absorbence was converted to concentration by standard curve of MB. The 
adsorption capacity, Q, was calculate by Eq. (2).  
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−
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where C0 (mg L-1) is the initial dye concentration of the solution, Ce (mg L-1) is the equilibrium dye 
concentration of the solution, V (L) is the volume of the solution, and m (g) is the origin weight of the beads.  

2.6 Adsorption Capacity at Different pH of Solution 
SAA2 (0.1 g) was immersed into 50 mL MB solution (90.12 mg L-1) with pH variation between 4 

and 10 for 72 h at 25℃. The initial pH of MB solution was adjusted with 0.1 mol L-1 HCl aqueous 
solution or 0.1 mol L-1 NaOH aqueous solution. Adsorption capacity was calculated by Eq. (2).  

2.7 Adsorption Capacity at Different Initial Concentration of MB  
SAA2 (0.1 g) was immersed into 50 mL MB solution at 25oC for 72 h at initial concentration of 200, 

300, 400, 500, 600, 700, 800 mg L-1, respectively. Adsorption capacity was calculated by Eq. (2).  

2.8 Adsorption Kinetic 
SAA2 (0.4 g) was immersed into 100 mL MB solution of 87.4 mg L-1 at 25oC. At desired time 

intervals, 0.5 mL solution was taken out to detect the absorbance via UV-Vis spectrometer until the 
absorbance of residual solution is constant. Adsorption capacity was calculated by Eq. (2).  

2.9 Adsorption Isotherm 
SAA2 (0.1 g) was immersed into 80 mL MB solution at concentration of 67.18 mg L-1, 84.99 mg L-1, 

96.49 mg L-1, 105.84 mg L-1, and 113.42 mg L-1 at 30oC for 72 h. The same procedure was conducted at 
35oC and 40oC. Then 0.3 mL MB solution was taken out from the solution to detect the absorbance via 
UV-Vis spectrometer. Adsorption capacity was calculated by Eq. (2).  

3 Results and Discussion 
3.1 Preparation 

Preparation process is described by Fig. 1. Acrylamide was grafted polymerization onto alginate to 
prepare alginate-g-ploy(acrylamide) by radical initiation at 25oC. Then alginate-g-ploy(acrylamide) 
solution was mixed with attapulgite and dropped into the Ca2+ solution. Alginate-g-poly(acrylamide) 
molecules in droplet was cross-linked by the Ca2+ in present of attapulgite. Using this facile method, 
composite hydrogel beads were prepared. 

Grafting polymerization of acrylamide onto alginate introduces hydrophilic -NH2 groups on 
molecular chain of alginate. -NH2 groups are beneficial to the swelling and adsorption of hydrogel beads. 
We use K2S2O4 and N,N,N',N'-Tetraethylethylenediamine as oxidation-reduction initiator to initiate 
radical grafting polymerization. K2S2O4 is a kind of persulfate initiator which decomposes under heating 
to form radicals. But using K2S2O4 and N,N,N',N'-Tetraethylethylenediamine together, K2S2O4 

decomposed at 25oC to form radicals and initiated grafting polymerization. Acrylamide monomer grafted 
onto alginate through produced radicals. This oxidation-reduction initiator decreased the temperature of 



 
986                                                                                                                                              JRM, 2019, vol.7, no.10  

grafting polymerization compared to single K2S2O4, which decreased the cost of preparation. This 
oxidation-reduction initiator is also easy handing. 

 
Figure 1: Schematic depiction of preparation of composite hydrogel bead 

Using Ca2+ to cross-link alginate to form hydrogel is a simple and rapid method and has been widely 
investigated [2,6,23,24]. Alginate is composed of 1,4-linked β-D-mannuronic acid (M-block) and α-L-
guluronic acid (G-block). G-blocks of different molecular chain of alginate can be stacked together by 
divalent cations such as Ca2+  to form “egg-box” structure [25]. These stacked G-blocks behave as cross-
linking point to cross-link molecular chain of alginate to form hydrogel. 

Attapulgite was incorporated into the hydrogel bead to enhance the adsorption capacity. Solely using 
attapulgite will cause second pollution due to the dispersion of small sized attapulgite in water. But 
incorporation of attapulgite into hydrogel bead can avoid this second pollution. Prepared composite hydrogel 
beads (SAA2) were shown in Fig. 2. Beads have smooth surface and have a diameter of about 3 mm. 

 
Figure 2: Photo of prepared composite hydrogel beads (SAA2) 

3.2 Morphology and Structure  
The surface of freeze dried hydrogel bead exist undulations (Figs. 3(A)-3(C), 3(E), 3(G), and 3(H)). 

These undulations maybe due to the shrink of hydrogel bead during freeze drying and increased the 
surface area for MB adsorption. We can see multilayer flake structure exist in composite hydrogel bead 
(Figs. 3(D) and 3(E) (cross-section of SAA2)). Fig. 3(F) shows that attapulgite is located in multilayer 
flake. This multilayer flake structure is different to reported porous structure of nature polymer adsorption 
materials [24,26]. Multilayer flake is formed by the cross-linked alginate molecular chain. Multilayer 
flake structure increased area of adsorption, which leads to high adsorption capacity to MB.  

FTIR spectra of SA, SAA0, attapulgite, and composite hydrogel bead (SAA2) are shown in Fig. 4. In 
the peaks of spectrum of SA, 1596 cm-1 and 1427 cm-1 belongs to the anti-symmetric stretch vibration and 
symmetric stretch vibration of COO- of alginate, respectively. In the peaks of spectrum of SAA0, 1668 cm-1 

belongs to the C=O stretch vibration of -CONH2 of grafted polyacrylamide. 1460 cm-1 belongs to the 
deformation vibration of -CH2-. Peak of 1609 cm-1 is the combination of N-H bending vibration of -CONH2 

and anti-symmetric stretch vibration of COO- of alginate. 1418 cm-1 belongs to the symmetric stretch 
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vibration of COO- of alginate. These results indicate that acrylamide was successfully grafted 
polymerization onto alginate. Besides the peaks of SAA0, peaks of attapulgite were appeared in the 
spectrum of SAA2. 3615 cm-1 belong to the stretching modes of hydroxyls coordinated with the magnesium 
in attapulgite. 3586 cm-1 and 3550 cm-1 are attributed to the symmetric and anti-symmetric stretching mode 
of molecular water coordinated with the magnesium at the edges of the channels of attapulgite [27]. 1028 
cm-1 belongs to Si-O-Si stretching vibration of attapulgite [28]. These peaks reveal that attapulgite was 
successfully incorporated into the hydrogel bead. 

 
Figure 3: SEM micrographs: (A) SAA0; (B) SAA1; (C) SAA2; (D, E) cross-section of SAA2; (F) 
attapulgite in SAA2; (G) SAA3; (H) SAA6 

 
Figure 4: FTIR spectra of SA, SAA0, attapulgite, and SAA2 

TGA curves for attapulgite, SAA2, SAA0, and SA are presented in Fig. 5. For attapulgite, below 
100oC, the weight loss was ascribed to the removal of water which including surface water and zeolitic 
water of attapulgite. Above 400oC, the weight loss corresponds to the loss of coordinated water and 
structural hydroxyl water in attapulgite. The TGA curve of SA has a rapid weight loss between 220-
270oC, which can be attributed to the decomposition of molecular chain of alginate. This rapid weight 
loss is accord with the reported TGA of alginate [29]. The TGA curve of SAA0 has two rapid stages of 
weight loss in the range of 250-310oC and 310-400oC, respectively. The first stage can be attributed to the 
decomposition of alginate. The second stage can be attributed to the decomposition of grafted 
poly(acrylamide), which is accord with the reported TGA of polyacrylamide grafted xanthan gum [30]. 
The two stages indicate that acrylamide has been grafted polymerization on alginate. The TGA curve of 
SAA2 also has two stages of weight loss which are similar to SAA0. The high residue mass of SAA2 
indicate the existence of attapulgite in SAA2.  
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Figure 5: TGA curves of attapulgite, SAA2, SAA0, and SA 

3.3 Swelling Behavior 
Influence of attapulgite content on swelling degree of composite hydrogel beads are showed in Fig. 6. 

For the beads without attapulgite, SAA0 (alginate-g-ploy(acrylamide) hydrogel bead) has larger swelling 
degree than SA (neat alginated hydrogel bead), which indicate that introducing hydrophilic amine groups on 
sodium alginate by grafting polymerization greatly enhanced the swelling degree [31]. Introduced 
hydrophilic amine groups interact with water molecular to retain water in hydrogel, which increase the 
swelling degree. For the beads with attapulgite, swelling degree decreases with the increasing of attapulgite 
content. Attapulgite is located on the multilayer flake and physically filled in the network formed by sodium 
alginate molecular. Multilayer flakes create structural barrier which impedes the diffusion of water 
molecules into the inner of composite hdyrogel bead, leading to a decrease in swelling degree. 

 
Figure 6: Swelling degree of composite hydrogel beads with different attapulgite content 

3.4 Dye Adsorption Capacity 
Adsorption capacities of composite hydrogel beads are shown in Fig. 7. With the increasing of content 

of attapulgite, the adsorption capacity first increases and then keeps nearly constant about 21 mg g-1. All 
the composite beads have larger adsorption capacities than beads without attapulgite (SAA0). Immersed 
in MB solution, dry composite hydrogel swell by absorbing dye solution. In this process, MB molecules 
diffused into the hydrogel. Cationic MB molecules can be adsorbed by attapulgite with negative surface 
charge in multilayer flake structure of composite bead via electrostatic attraction. So incorporating 
attapulgite into hydrogel bead to form composite hydrogel bead effectively enhances the adsorption 
capacity to methylene blue.  

But in Fig. 7, high content of attapulgite do not lead to high adsorption capacity. SAA2, SAA3, 
SAA4, SAA5, and SAA6 have similar adsorption capacity although the content of attapulgite is 
increasing. Adsorption capacities keep nearly constant about 21 mg g-1. This phenomenon is correlated to 
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the swelling degree of SAA2, SAA3, SAA4, SAA5, and SAA6. As we mentioned above, high swelling 
and more adsorption sites in the hydrogel are beneficial for the adsorption of dye. With the increasing of 
content of attapulgite, adsorption sites are increase, which is beneficial to adsorb more MB molecules. 
But increasing content of attapulgite decreased the swelling degree of composite hydrogel. This has been 
discussed in Section 3.3. Low swelling degree decreases number of MB molecules diffused into the 
composite hydrogel bead, which leads to the decrease of adsorption capacity.  

This can be confirmed by Fig. 8 which shows the diffusion of MB in the hydrogel bead after adsorption 
of 72 hours in MB solution. Cross-sections of SAA0, SAA1 and SAA2 are all blue (Figs. 8(A)-8(C)), which 
indicates that MB has diffused into the inner of beads. Cross-sections of SAA3, SAA4, SAA5, and SAA6 
have white core (Figs. 8(D)-8(G)), which indicates that MB cannot diffuse into the inner of beads. 
Attapulgite in the inner of these beads cannot contact with MB and cannot further adsorb MB. 

So with the increasing of content of attapulgite, adsorption capacity finally keeps nearly constant as 
shown in Fig. 7.  

 
Figure 7: Adsorption capacities of composite beads with different content of attapulgite in 87.4 mg g-1 
methylene blue solution 

 
Figure 8: Cross-sections of beads with different content of attapulgite in methylene blue solution after 
adsorption of 72 hours. A: SAA0, B: SAA1, C: SAA2, D: SAA3, E: SAA4, F: SAA5, G: SAA6, H: 
SAA6 (surface) 

3.5 Effects of pH on Adsorption Capacity 
Fig. 9 shows the adsorption capacities of composite hydrogel bead (SAA2) in the pH range of 4-10. 

SAA2 has a high adsorption capacity in the pH range of 4-10 and adsorption capacity increase with the 
increasing of pH. The increasing of adsorption capacity could be attributed to the change of charge of 
attapulgite in the bead. At medium or high pH, attapulgite has negatively charged sorption sites which favor 
the adsorption of cationic dye such as MB via electrostatic attraction. Some isomorphic substitutions in the 
tetrahedral layer of attapulgite, such as Al3+ for Si4+, develop negatively charged sorption sites (Si-O-) on the 
surface of attapulgite [32]. But At low pH, negative charge of attapulgite decrease. There are large H+ ions 
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in solution at low pH. Some negatively charged sorption sites are protonated by H+ to form Si-OH2
+, which 

decrease the negative charge sites to attract MB. Meanwhile, -NH2 of grafted polyacrylamide in hydrogel 
bead are protonated by H+ to form NH3

+ which lead to the electrostatic repulsion with MB and further 
decrease the adsorption capacity. 

 
Figure 9: Effect of pH of solution on the adsorption capacity of SAA2 

3.6 Effects of Initial MB Concentration on Adsorption Capacity 
Adsorption capacity at different initial concentration of MB is shown in Fig. 10. Adsorption capacity 

increases with the increasing of initial concentration of MB. The maximum adsorption capacity is 155.74 
mg L-1 at concentration of 700 mg L-1. Maximum adsorption capacities of reported adsorption material 
fabricated by nature polymers are summarized in Tab. 1 (Theoretical data and experimental data). 
Composite hydrogel bead in this work has moderate adsorption capacity.  

Table 1: Comparision of maximum adsorption capacities of different adsorbents for methylene blue 
Adsorbents Qm(mg g-1) References 

Cal./Exp. 

Cellulose nanocrystal/alginate 256.4/-- [2] 
Alginate/polyaspartate hydrogel gel beads --/600-700 [24] 
G-Fe3O4/alginate --/37.05 [33] 
Superabsorbent cellulose-clay 
nanocomposite hydrogel 

1065/782.9 [34] 

Attapulgite Nanofiber-Cellulose 
nanocomposite 

--/11.07 [23] 

PAMPS/chitosan hydrogel --/74 [35] 
Magnetic β-cyclodextrin-chitosan/ 
grapheme oxide 

--/84.32 [36] 

Macroporous composite IPN hydrogels 
based on poly(acrylamide) and chitosan 

--/749.7 [37] 

xylan/poly(acrylic acid) magnetic 
nanocomposite hydrogel 

438.60/--  [38] 

Starch-humic acid composite hydrogel --/110 [39] 
Modified cyclodextrin --/56.5 [40] 
Superabsorbent hydrogel --/48 [41] 
Attapulgite --/51 [42] 
Sodium alginate-g-poly(acrylamide)/ 
attapulgite composite hydrogel bead 

--/155.7 This work 
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Figure 10: Effect of initial concentration of methylene blue on the adsorption capacity of SAA2 

3.7 Adsorption Kinetic 
Adsorption capacity of composite bead at different adsorption time ranging from 0 to 72 h at 25oC is 

presented in Fig. 11. Adsorption capacity increased rapidly in the initial 10 h. After 30 h, adsorption 
capacity was constant. Three kinetic models were used to fit these data, namely pseudo-first order (Eq. (3)) 
[43], pseudo-second order (Eq. (4)) [44], and intra-particle model.  

tkQQQ eqteq 1log)log( −=−                                                             (3) 
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Qt = Kidt1/2 + C                                                                              (5) 
 In these models: k1 is the rate constant first-order adsorption (min-1) [43]; Qeq (mg g-1) is the amount 

of MB adsorbed at equilibrium; Qt (mg g-1) is the amount of dye adsorbed at any time t (min); k2 (g·mg-1 
min-1) is the second-order rate constant [44]; Kid (mg g-1 min-1/2) is the intra-particle diffusion rate constant 
which describe the diffusion rates of different stages of the adsorption process; C is a constant.  

Non-linear fitting of pseudo-first order and pseudo-second order models are shown in Fig. 11. 
Kinetic parameters are listed in Tab. 2. The low values of χ2 and the high values of the correlation 
coefficient (R2) also demonstrate a high degree of fitness for pseudo-second order model on the 
experimental data (Tab. 2). The pseudo second-order model assumes that the rate limiting step is 
chemical sorption [45]. This indicates that the adsorption of MB into composite hydrogel bead is mostly 
controlled by the chemisorption by exchanging or sharing of electrons between cationic dye and anion 
groups of composite beads [46]. The fitted curves of linear form of two kinetic models are shown in Fig. 
12. Rate constants are shown in Tab. 2. The R2 of three models also suggests that the pseudo-second order 
model is more suitable to describe the adsorption kinetic behavior.  

 
Figure 11: Effect of contact time on the adsorption capacity of SAA2 
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Figure 12: Fitting curves of kinetic models of SAA2: (A) pseudo-first-order model; (B) pseudo-second-
order mode 

Table 2: Adsorption kinetic parameters of SAA2 for methylene blue 
Model Parameters Value 

Pseudo-first 
order model  

Linear 
fitting 

k1 (min-1) 0.04712 
R2 0.91636 

Nonlinear 
fitting 

k1 (min-1) 0.10648 
R2 0.91742 
χ2 0.91416 

Pseudo-second 
order model 

Linear 
fitting 

k2 (g mg-1 min-1) 0.01689 
R2 0.9995 

Nonlinear 
fitting 

k2 (g mg-1 min-1) 0.01898 
R2 0.99058 
χ2 0.10431 

 
Intra-particle model 

Kid1( mg g-1 min-1/2) 4.44208 

Kid2 ( mg g-1 min-1/2) 0.98862 
Kid2 ( mg g-1 min-1/2) 0.15941 

Adsorption involves the diffusion of MB molecules from solution into the interior of the composite 
hydrogel bead, so intra-particle diffusion model was used to analyze the experimental data. The intra-particle 
diffusion model presents multi-linearity in Fig. 13, indicating that three steps take place: a rapid first stage, a 
slower second and a much slower third stage until adsorption reached equilibrium. The diffusion rate constant 
Kid1, Kid2 and Kid3 were determined from the three slopes, respectively.  

The rapid first stage is attributed to the rapid diffusion of MB from the solution to the external 
surface of composite hydrogel bead [46]. The second stage describes the gradual adsorption stage which 
MB molecules diffusion into the inner side of bead through multilayer flakes formed by alginate-g-
poly(acrylamide) and attapulgite. The diffusion resistance increases which leading to a reduction in the 
diffusion rate. In the third stage, MB molecules diffuse into the interior of the composite hydrogel bead 
and the rate of diffusion slowly decreases until the adsorption reaches equilibrium.  

http://dict.cnki.net/dict_result.aspx?searchword=%e6%8b%9f%e5%90%88%e6%9b%b2%e7%ba%bf&tjType=sentence&style=&t=fitting+curve
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Figure 13: Fitting curves of intra-particle model of SAA2 for adsorption of methylene blue 

3.8 Adsorption Isotherm  
To analyze the adsorption isotherm, Langmuir model [47] and Freundlich model [48] were applied 

to fit the experimental data. Langmuir isotherm model assumes the adsorption is monolayer adsorption. 
Freundlich model is applied to describe that adsorption occurs on a heterogeneous surface.  

Langmuir model can be expressed by Eq. (6) 

max max

1 1 1 1

eq eQ Q Q b C
= +                                                                      (6) 

Freundlich model can be expressed by Eq. (7) 
1ln ln lneq e FQ C K
n

= +                                                                 (7) 

where Qeq (mg g-1) is the sorption capacity at equilibrium; Qmax (mg g-1) is the maximum adsorption 
capacity; Ce (mg L-1) is the equilibrium concentration in the solution; b (L mg-1) is the Langmuir 
adsorption equilibrium constant (or binding constant). KF is the Freundlich adsorption capacity parameter, 
and 1/n (dimensionless) is the Freundlich adsorption intensity parameter. Higher value of K indicates higher 
affinity for methylene blue. 1/n is between 0.1 < 1/n < 1, indicating favorable adsorption. Langmuir and 
Freundlich isotherm plots are shown in Figs. 14(A) and 14(B), respectively. Parameters are exhibited in Tab. 
3. The adsorption data is well fitted by Freundlich model. Values of 1/n which calculated by the Freundlich 
model equation are smaller than 1, which represented the favorable removal conditions. 

 
Figure 14: Fitting curves of isotherm models of SAA2: (A) Langmuir model; (B) Freundlich model 

 

http://dict.cnki.net/dict_result.aspx?searchword=%e6%8b%9f%e5%90%88%e6%9b%b2%e7%ba%bf&tjType=sentence&style=&t=fitting+curve
http://dict.cnki.net/dict_result.aspx?searchword=%e6%8b%9f%e5%90%88%e6%9b%b2%e7%ba%bf&tjType=sentence&style=&t=fitting+curve
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Table 3: Isotherm parameters for methylene blue adsorbed onto SAA2 

T (oC) 
Langmuir model Freundlich model 

Qmax (mg g-1) b (L mg-1) R2 1/n KF (mg g-1) R2 
30 2137.3595 1.744 × 10-4 0.01688 0.9817 0.3986 0.9864 
35 -263.8522 -1.164 × 10-3 0.4550 1.1072 0.2122 0.9857 
40 185.8736 2.0853 × 10-4 0.5657 0.8317 0.6947 0.9780 

4 Conclusions 
Composite hydrogel bead based on alginate-g-poly(acrylamide) and attapulgite was fabricated. 

Multilayer flake structure was observed in the composite hydrogel bead. Grafting polymerization of 
acrylamide onto alginate significantly enhanced the swelling degree of hydrogel bead compared to neat 
sodium alginate bead. Incorporating of attapulgite into hydrogel bead effectively improved the adsorption 
capacity of hydrogel bead which reach 155.7 mg g-1 for methylene blue. High pH solution is beneficial to 
the adsorption. Adsorption kinetic and isotherm can be described by pseudo-second order equation and 
Fraundlinch equation, respectively. Due to the low cost of alginate, attapulgite and the facile preparation 
method, alginate-g-poly(acrylamide)/attapulgite composite hydrogel bead is a promising material using 
for removal of the methylene blue from water.  
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