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Abstract 

The sorption capacity of glauconite, glauconite immobilised on 

chitosan hydrogel beads and unmodified chitosan hydrogel beads against 

Reactive Black 5 and Basic Violet 10 was compared in this article. The 

effect of pH on the sorption effectiveness of dyes on the tested sorbents 

was investigated and the sorption capacity of sorbents after 24 and 72 h 

was determined. Langmuir sorption, double Langmuir and Freundlich 

isotherms were used to describe the experimental data. 

The adsorption efficiency of the dyes on sorbents containing chitosan 

was highest at pH 4. In the case of glauconite, Reactive Black 5 removal 

efficiency was the highest at pH 3, and Basic Violet 10 removal efficiency 

was highest at pH 2. 

The sorption capacity of glauconite immobilised on chitosan hydrogel 

spheres obtained after 72 h was -656.73 mg/g and -32.77 mg/g for 

Reactive Black 5 and Basic Violet 10, respectively. 
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1. Introduction 

Coloured wastewater from the textile, leather or paper industries are particularly 

onerous. The discolouration of post-production water by conventional biological 

treatment systems is not effective because of the low susceptibility of dyes to 

biodegradation. Efficient methods for removing dyes from wastewater include 

precipitation methods (coagulation [1], electrocoagulation [2]), advanced oxidation 

methods (ozonation [3], the Fenton reaction [4], the reaction of NaOCl [5]) and 

membrane processes (ultrafiltration [6], nanofiltration, reverse osmosis) [7]. The 

disadvantage of precipitated methods is the salination of wastewater and the formation of 

significant amounts of sediment [1], whereas the imperfection of the oxidation method is 

a high risk of formation of toxic by-products such as aromatic amino groups [8]. The 

weaknesses of membrane methods are the considerable loss of water during the process, 

the high cost of membranes and the problem of their disposal after use [9]. 

Sorption is a promising wastewater discolouration method. Technologies based on 

the adsorption of dyes from wastewater are considered safe for the environment. In 

addition, the cost of sorption is mainly related to the price of the sorbent.  

In recent years, chitosan has been gaining popularity as a sorbent. Chitosan is a 

polysaccharide, which is a deacylated form of chitin. It may take the form of a powder, 

flakes or granules of hydrogel. The advantage of the chitosan hydrogel is its efficient use 

of active sites during sorption [10, 11]. In addition, the chitosan hydrogel has the ability 

to immobilise other materials, which could assist the process of sorption [12, 13]. 

Absorbents in the form of chitosan hydrogel pellets may have a very high affinity for 

anionic dyes, where the sorption capacity can be more than 1000 mg/g [11, 14, 15]. 

These sorbents have low sorption capacity of cationic dyes, due to the basic nature of 

chitosan [12]. The solution to this problem could be to incorporate into the structure of 

the hydrogel a material that has strong affinity for cationic dyes. 

Glauconite is a cheap and widely available material, exhibiting high affinity for 

cationic dyes. It is a mineral from the group of aluminosilicates characterised by high 

porosity and permeability. It is a common ion exchange material used for softening 

water. Due to the high content of silicate anions, glauconite is able to sorb most of the 

substances with a positive charge [16]. 

The present study has examined the effectiveness of the sorption of the anionic dye 

Reactive Black 5 and the cationic dye Basic Violet 10 on glauconite immobilised on 

chitosan hydrogel granules. 

 

 

2. Materials and Methods 

2.1. Materials 

Chitosan used in the study was purchased from the company Heppe Medical 

Chitosan GmbH (Halle, Germany). Specifications provided by the manufacturer of 

chitosan is presented in Table 1. 

Glauconite came from a quartz-glauconite sand mine in Nowogród (Poland). 

Glauconite with a grain fraction of 0.125–0.500 mm has been applied in the study. 

Dyes used in the study came from the Production Plant Dyes "Boruta" SA. The 

characteristics specified by the manufacturer of dyes has been compiled in Table 2. 
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Table 1. Specification of chitosan used in the study 

Appearance and form 

of chitosan 

 

 

Deacetylation 

degree 
85% 

Viscosity 
100 

mPas 

Ash content <1% 

Dry mass content 86.8% 

Structural formula 

 

Heavy metals 

content 

<40 

ppm 

The source of raw 

material 

Crab 

shells 

 
 

Table 2. Characteristics of dyes used in the study 

 Reactive Black 5 (RB5) Basic Violet 10 (BV10) 

Chemical  

structure 

  

Molar mass 991 g/mol 479 g/mol 

λmax 600 [nm] 554 [nm] 

Type anionic/reactive cationic/basic 

Application 
dyeing of cotton, viscose, wool, polyamide 

fibers 

dyeing of cotton, paper, leather 

preparation of printing/painting inks 

Other 

commercial 

names 

Begazol Black B, Celmazol Black B, Diamira 

Black B, Primazin Black BN, Remazol Black 

B 

Rhodamine B, Futramine D, Peltol D, 

Basic Red RB, Basazol Red 71 L, Violet B 

 

2.2.  Methodology 

2.2.1. Preparation of hydrogel beads of chitosan (CHs) 

Chitosan in the form of flakes (25 g s.m.) was dissolved in 975 g of 5% acetic acid 

solution. The resulting chitosan solution (2.5%) was added dropwise through a needle of 

0.9 mm to 2 M NaOH in order to form hydrogel beads. After 24 h, the gelated hydrogel 

beads formed were filtered and washed with distilled water to remove the hydroxide 

from the sorbent. Chitosan hydrogel beads prepared for research (CHs) (Fig. 1.A) were 

kept in distilled water at 4°C. 

2.2.2. Preparation of glauconite immobilised on chitosan hydrogel beads (CHs-GLAU) 

A quantity of 25 g of chitosan in the form of flakes was dissolved in 950 g of 5% 

solution of CH3COOH. To this solution, 25 g of d.m. glauconite (GLAU) was added, 

then the solution was mixed. The resulting heterogeneous mixture containing 2.5% 

chitosan and 2.5% glauconite was added dropwise through a needle of 0.9 mm to 2 M 

sodium hydroxide solution. The formed beads containing immobilised glauconite were 

kept in a solution of NaOH for 24 h. The sorbent was filtered off and washed with 
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distilled water. The obtained glauconite immobilised on hydrogel beads (CHs-GLAU) 

had a glauconite:chitosan mass ratio of 1:1 (Fig. 1.C). The sorbent was kept in distilled 

water at 4°C. 

 

Figure 1. Sorbents used in the study: A) CHs, B) GLAU, C) CHs-GLAU 

2.2.3. Determination of the pH effect on the sorption efficiency of dye 

The sorbent (1 g d.m.) was weighed to conical flasks (250 mL) after which the dye 

solutions at pH 2–11 were added. The flasks were then placed on a shaker. Samples were 

taken after sorption of the solution (10 mL) in order to analyse the concentration of the 

dye remaining in solution. The test parameters are summarised in Table 3. 

Table 3. Parameters of analyses of pH value effect on the effectiveness of dye 

sorption on tested sorbents  

 

 
2.2.4. Determination of sorption capacity relative to dyes 

Sorbent (1 g d.m.) was weighed into Erlenmeyer flasks (250 mL); the dyes solution 

at a concentration of 10–2000 mg/L (RB5) or 1–200 mg/L (BV10), with optimum pH 

(obtained in section 2.2.3), were added to the flask. The flasks were placed on a shaker. 

After 24 and 72 h, flask samples were taken to determine quantity of the dye remaining 

in solution. The most important parameters of this study are summarised in Table 4.  

Table 4. Parameters of determination of sorption capacity of tested sorbents against 

dyes 

Sorbent 

Sorbent 

conc. 

[g/L] 

Type 

of 

dyes 

Conc. of dyes 

[mg/L] 

Sorption pH 

[pH] 

Sorption 

time 

[min] 

Stirring 

speed 

[r.p.m.] 

Temp 

[oC] 

CHs, 

GLAU, 

CHs-

GLAU 

1 

RB5 

10, 25, 50, 100, 200, 

300, 500, 750, 1000, 

1500, 2000 
Optimal, 

determined in 

point 2.2.3 

1440, 

4320 

 

(24 and 

72 h) 

150 22 

BV10 
1, 2, 5, 10, 25, 50, 75, 

100, 150, 200 

 

1.1. 

 

    

 

               

Sorbent 

Sorbent 

conc. 

[g/L] 

Type of 

dye 

Conc. of 

dyes 

[mg/L] 

Sorption pH 

[pH] 

Sorption 

time 

[min] 

Stirring 

speed 

[r.p.m.] 

Temp. 

[oC] 

CHs, GLAU 

CHs-GLAU 
5 

RB5 100 2, 3, 4, 5, 6, 7, 

8, 9, 10, 11 
60 150 22 

BV10 10 
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2.2.5. Calculation methods 

The amount of dye adsorbed on chitosan sorbent calculated from equation (1): 

𝐐𝐬 =
(𝐂𝐨−𝐂𝐬)∙𝐕

𝐦
             (1)  

 

where: 

Qs –  mass of sorbed dye (static conditions) [mg/g d.m.] 

Co  –  initial dye concentration [mg/L] 

Cs   –  dye concentration after sorption [mg/L]  

V –  solution volume [L]  

m     –  sorbent mass [g d.m.] 

 

Three popular adsorption isotherms – Langmuir (2), Langmuir 2 (double 

Langmuir isotherm) (3) and Freundlich (4) – have been used to determine the sorption 

capacity of the tested sorbents: 

 

𝐐𝐬 =
𝐪𝐦𝐚𝐱∙𝐊𝐜∙𝐂

𝟏+𝐊𝐜∙𝐂
              (2) 

 

𝐐𝐬 =
𝐛𝟏∙𝐤𝟏∙𝐂

𝟏+𝐤𝟏∙𝐂
+

𝐛𝟐∙𝐤𝟐∙𝐂

𝟏+𝐤𝟐∙𝐂
    (3) 

 

𝐐𝐬 = 𝐊 ∙ 𝐂𝐧                    (4)     

 

where: 

Qs –  mass of sorbent dye (static conditions) [mg/g d.m.] 

C    –  the concentration of the dye remaining in solution [mg/L] 

qmax  –  maximum sorption capacity in the Langmuir equation [mg/g d.m.], 

Kc  –  constants in Langmuir 2 equation [L/mg] 

b1  –  the maximum sorption capacity of the sorbent (active sites of the first type)   

      [mg/g s.m] 

b2   –  the maximum sorption capacity of the sorbent (active sites of the second  

       type) [mg/g s.m] 

k1; k2  –  constant in Langmuir 2 equation [L/mg]  

K  –  sorption equilibrium constant in the Freundlich model 

n  –  Freundlich equation constant 

 

3. Results and Discussion 
3.1.  Effect of pH on the efficiency of dye sorption 

Hydrogel chitosan sorbents underwent dissolution at pH <4 and lost their sorption 

properties. Therefore, the dye sorption efficiencies on CHs and CHs-GLAU at pH 2 and 

3 are not shown on Figure 2. 

The RB5 sorption effectiveness on CHs and CHs-GLAU was the highest at pH 4, 

and decreased with increasing initial pH in the range of 4–7 and 9–11. Sorption of RB5 

on GLAU occurred most intensively at a pH of 3. As in the case of CHs and CHs-

GLAU, the effectiveness of RB5 sorption on GLAU decreased with increasing initial pH 
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in the range of pH 3–8 and 9–11. In every case, an increase in the intensity of RB5 

sorption at pH 9 (Fig. 2.A) was observed.  
The higher efficiency of RB5 sorption on chitosan sorbents at low pH was due to the 

protonation of the amine functional groups of chitosan. The positively charged chitosan 

chains are electrostatically attracted to an anionic dye and significantly assisted sorption. 

The positive impact of low pH on the sorption of anionic dyes has also been observed in 

studies of discolouration of aqueous solutions with the use of crosslinked chitosan [14, 

17] and chitosan in the form of flakes [11]. 

 

 

Figure 2. Effect of pH on the efficiency of dye sorption A) RB5, B) BV10 of the 

tested sorbents 

Increasing the efficiency of RB5 sorption at pH 9 was most likely due to amino 

group possession by the dye. Presumably, all the absorbents tested at pH >8 gained a 

negative charge, while the amino group of RB5 at pH 9 still had a positive charge, which 

assisted the sorption of the dye. At pH >9, the amino group of RB5 lost its positive 

charge. Consequently, at a pH of 10–11, the electrostatic repulsion between the 

negatively charged sorbent and anionic dye resulted in low efficiency of RB5 sorption. 

Low effectiveness of binding RB5 at pH >10 could also result from the competition with 

OH- ions of the active sites of sorbents. 

The relatively low RB5 sorption efficiency on glauconite was most likely caused by 

a high content of silicates. Silicates, having a negative charge, electrostatically repel 

anionic dyes, thus preventing its sorption. 

BV10 sorption efficiency on the sorbents tested, despite the cationic character of the 

dye decreased with increasing initial pH of the solution (Fig. 2.B). The obtained results 

could be a result of BV10 having a carboxyl group. The local negative charge generated 

by a carboxyl group (-COOH  -COO- + H+) may be supported by sorption of BV10 at 

a low pH. At high pH, both dye and sorbents could gain a negative charge, resulting in 

electrostatic repulsion and limiting the effectiveness of BV10 sorption. 

A significant decrease in the efficiency of BV10 sorption with increasing pH was 

also observed in studies on the purification of wastewater from colourful synthetic 

zeolites [18], as well as in the study of sorption of dyes on BiFeO3 (ceramics) [19]. 

Higher efficiency of BV10 sorption on GLAU than CHs and CHs-GLAU resulted 

from an excess of negative charge in the crystal lattice of glauconite (aluminosilicate). 
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The negative charge generated by silicates guarantee a good exchange capacity for 

cations and other compounds with a positive charge. In the case of CH-GLAU, the 

exchange capacity of glauconite immobilised in the hydrogel was limited by the content 

of chitosan. Chitosan, having a basic character, electrostatically repelled the cationic 

BV10, which inhibited its sorption. 

The tested sorbents affected the dye to induce a change in the pH of the solution (Fig. 

3). In the case of chitosan sorbents at the initial pH range of 4–9, the pH after 60 min 

sorption was in the range 7.2–8.2.  

 

 

Figure 3. Effect of the sorbents on the change of pH after dye sorption: A) RB5,  

B) BV10 

The change of pH during the sorption on glauconite depended to some extent on the 

type of sorbed dye. The reason for the observed differences in the change in pH of the 

solution during the sorption of the dye on GLAU (Fig. 3.A, B) can vary relative to the 

ion-exchange capacity of RB5 and BV10. 

The pH of the solution during sorption always endeavored to obtain a similar pHZPC 

of the tested sorbent (ZPC – point of zero charge). Figure 4 shows the method of 

determining the point of pHZPC. The point values of pHZPC obtained for CHs, GLAU and 

the CH-GLAU were 7.98; 7.67 and 7.87, respectively. The highest value of pHZPC for 

CHs resulted from the largest number of functional groups (-NH2) of a basic nature. 

 

 

Figure 4. Difference between solution pH at the beginning and at the end of sorption 

as affected by the initial pH of the solution (determination of pHZPC of sorbents) 

     

  Figure 3. Wpływ sorbentów na zmiany pH po sorpcji barwników: A) RB5 , B) BV10 
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Due to the scope of the pH of the effluent colour, which is usually pH 4–7 [20, 21], 

experiments on the sorption capacity of the tested sorbent were performed at pH 4. 

3.2. Sorption capacity in relation to dyes 

The obtained research results were described by three isotherms of sorption 

(Langmuir, Langmuir 2 and Freundlich) (Fig. 5, Tables 5 and 6). In each case, the best 

fit to experimental data was shown by the double Langmuir isotherm. This might 

indicate the existence of at least two sorption centres in the structure of tested sorbents.  

The sorption capacity of CHs obtained after 72 h in relation to RB5 was 875.66 mg/g 

and was multiple times higher than the capacity of GLAU (10.21 mg RB5/g) (Table 5, 

Fig. 5). In case of CHs-GLAU, the capacity of 656.73 mg RB5/g was reached (Table 5).  

 

 
Figure 5. Dye sorption isotherms on the tested sorbents A) RB5 sorption on CHs,  

B) BV10 sorption on CHs, C) RB5 sorption on GLAU, D) BV10 sorption on GLAU, 

E) RB5 sorption on CHs-GLAU, F) BV10 sorption on CHs-GLAU 

 

 

       

    

    
 

       
 

Figure 5. Izotermy sorpcji barwników na testowanych sorbentach:  A) sorpcja RB5 na CHs,  

B) sorpcja BV10 na CHs, C) sorpcja RB5 na GLAU, D) sorpcja BV10 na GLAU,  

E) sorpcja RB5 na CHs-GLAU,  F) sorpcja BV10 na CHs-GLAU 
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High values of k1 constants, determined from the double Langmuir isotherm for the 

RB5 sorption on CHs as well as CHs-GLAU indicate that there is a high degree of 

affinity of first kind of the sorption centre to the dye. Much lower values of k2 constants 

indicate a lower affinity of second kind of the active sites to RB5 (Table 5). Presumably, 

the described sorption centres are amino chitosan groups (b1,k1) as well as acetamide 

chitosan groups (b2, k2). 

The sorption capacity of CHs in relation to BV10 was small and after 72 h of 

sorption, it was 5.95 mg/g. A much higher sorption capability of BV10 was 

demonstrated by GLAU (44.79 mg/g). The sorption capacity of CHs-GLAU was 26.8% 

lower and was 32.77 mg/g.  

In the case of BV10 sorption on sorbents including glauconite (GLAU, CHs-GLAU), 

the main sorption centres are presumably silane groups from silicates (-Si-O-). They are 

located in the tetrahedral layer of glauconite (1. type active sites) and in the octahedral 

layer (2. type sorption centers). 

 

 

Table 5. Constants determined from Langmuir 1 and Langmuir 2 isotherms 

 

 

 

 

 

 

 

D
Y

E
 

T
IM

E
 O

F
 

S
O

R
P

T
IO

N
 

S
O

R
B

E
N

T
 

Langmuir (constants) Langmuir 2 (constants) 

Qmax Kc R2 Qmax b1 k1 b2 k2 R2 

[mg/g] [L/mg] - [mg/g] [mg/g] [L/mg] [mg/g] [L/mg] - 

R
B

5
 

2
4

 h
 

CHs 566.8 0.0056 0.962 688.6 574.17 1.0037 114.44 0.0019 0.999 

GLAU 7.6 0.0007 0.972 9.8 1.09 0.0158 8.75 0.0003 0.991 

CHs-

GLAU 
428.4 0.0027 0.975 483.9 425.95 1.8780 57.94 0.0014 0.998 

7
2

 h
 

CHs 851.2 0.0216 0.978 875.7 771.19 2.4278 104.47 0.0145 0.991 

GLAU 6.6 0.0013 0.986 10.2 3.52 0.0034 6.69 0.0002 0.996 

CHs-

GLAU 
605.7 0.0145 0.964 656.7 521.09 2.2941 135.64 0.0057 0.998 

B
V

1
0

 2
4

 h
 

CHs 5.8 0.0101 0.997 5.8 2.92 0.0101 2.87 0.0101 0.997 

GLAU 37.0 1.8896 0.928 43.3 25.53 3.9841 17.73 0.0260 0.962 

CHs-

GLAU 
16.34 0.0236 0.997 17.7 8.82 0.0172 8.87 0.0172 0.997 

7
2

 h
 

CHs 6.0 0.0099 0.993 6.0 2.95 0.0099 3.00 0.0099 0.993 

GLAU 39.9 5.2951 0.949 44.8 36.06 6.2856 8.73 0.0082 0.956 

CHs-

GLAU 
17.7 0.0172 0.997 32.8 19.50 0.0008 13.27 0.0302 0.997 
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Table 6. Constants determined from the Freundlich isotherm 

DYE 

TIME  

OF 

SORPTION 

SORBENT 

Freundlich (constants) 

k n R2 
- - - 

RB5 

24 h 

CHs 44.126 0.3468 0.996 

GLAU 0.099 0.4930 0.989 

CHs-GLAU 22.102 0.3737 0.993 

72 h 

CHs 140.124 0.2665 0.935 

GLAU 0.198 0.4117 0.981 

CHs-GLAU 93.752 0.2624 0.984 

BV10 

24 h 

CHs 0.165 0.6113 0.978 

GLAU 13.906 0.2046 0.885 

CHs-GLAU 0.810 0.5667 0.975 

72 h 

CHs 0.170 0.6080 0.981 

GLAU 17.326 0.1719 0.812 

CHs-GLAU 1.043 0.5195 0.978 

 

4. Summary 
The immobilisation of glauconite on chitosan hydrogel provided beneficial results 

and these are outlined as follows. Chitosan and glauconite in the CHs-GLAU form (1:1) 

had higher bonding efficiency than CHs and GLAU used separately, calculated per unit 

of sorbent dry mass. Specifically, 2 g CHs-GLAU can bind more dye than 1 g CHs + 1 g 

GLAU. 

The condition of obtaining satisfactory results of dye sorption on chitosan sorbents 

and glauconite is the correction of pH. The sorption of RB5 and BV10 on CHs and CHs-

GLAU is the most effective at pH 4. In theh case of GLAU, the effectiveness of RB5 

sorption is the highest at pH 3 and BV10 at pH 2. 

Glauconite may be used as a good filler for the production of hydrogel sorbents 

intended for anionic dye bonding. The main advantage of the use of CHs-GLAU for 

catonic dye removal in comparison with GLAU is the possibility of easy separation of 

the sorbent from the solution after the purification process.  

CHs-GLAU is a good example of a universal sorbent, capable of effective removal of 

anionic as well as cationic dyes. For this reason, CHs-GLAU might be used for the 

decolourisation of mixed wastewater containing various dye types.   
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