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Abstract 16 

The presence of Mn(II) in water exceeding the permitted concentration declared by the World 17 

Health Organization (WHO) influences individuals, animals, and the ecosystem negatively. 18 

Therefore, there is a necessity for an efficient material to eliminate this potentially toxic element 19 

from wastewater. We herein focused on an adsorptive removal of Mn(II) ions from polluted 20 

aqueous media using natural Egyptian glauconite clay (G) and its nanocomposites with a modified 21 

chitosan (CS). The applied chitosan was modified with glutaraldehyde (GL), 22 

ethylenediaminetetraacetic acid (EDTA), sodium dodecyl sulfate (SDS) and cetyltrimethyl 23 
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2 

 

ammonium bromide (CTAB). The utilized nanocomposites were referred to as GL-CS/G, EDTA-24 

GL-CS/G, SDS-CS/G, and CTAB-CS/G, respectively. The points of zero charge values of the as-25 

prepared materials were estimated. The adsorption properties of the G clay and its nanocomposites 26 

toward the removal of Mn(II) ions from polluted aqueous media as well as the adsorption 27 

mechanism were explored using a batch technique. The glauconite (G) and its nanocomposites: 28 

GL-CS/G, CTAB-CS/G, EDTA-GL-CS/G, and SDS-CS/G, exhibited maximum adsorption 29 

capacity values of 3.750, 24.11, 26.25, 27.15, and 27.74mgg-1, respectively. The adsorption results 30 

fitted well the Langmuir isotherm and pseudo-second-order kinetic models. The determined 31 

thermodynamic parameters revealed that the Mn(II) ion adsorption process was endothermic, 32 

spontaneous, and physisorption controlled. Furthermore, the obtained adsorption results are 33 

encouraging and revealing a great potentiality for using the modified adsorbents as accessible 34 

adsorbents for Mn(II) ions removal from polluted aqueous solutions, depending on their 35 

reusability, high stability and good adsorption capacities. 36 

 37 

Keywords: Manganese ions; adsorptive removal; glauconite clay; functionalized chitosan 38 

nanocomposite.  39 

 40 

1- Introduction 41 

Heavy metals are considered one of the main sources of industrial wastewater pollution, 42 

which seriously menace the human health and the biological environment. It is necessary to 43 

remove the inorganic pollutants from wastewater before being discharged into the environment 44 

due to their high stability and non-degradable nature (1, 2). Although some heavy metals such as 45 

manganese, copper, iron, and zinc are essential for human health under particular concentrations, 46 

but above these concentrations they become toxic and cause various health problems (3). Water 47 
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contamination with heavy metals such as manganese is a problematic problem, and it has attracted 48 

significant interest from many research groups (3, 4). Manganese is one of those inorganic 49 

pollutants present in aquatic environment. It has three possible oxidation states, namely Mn(II), 50 

Mn(III) and Mn(IV). The Mn(II) ion is the only form that is stable in soil solution, whereas 51 

Mn(III) and Mn(IV) forms are only stable in the solid phase. The divalent manganese (Mn(II)) is 52 

discharged via the wastewaters of ceramics, battery, electrical coils, glass, leather, and textile 53 

industries (5). As mentioned before, trace amounts of manganese ions are useful for human body, 54 

since they act as an activator for some enzymes (6). However, high concentrations of manganese 55 

ions can cause various health diseases such as cells mutation, damage of central nervous systems, 56 

weakness, lack of fertility, acute intoxication, permanent disabilityand paralysis (7).Therefore, 57 

the recommended levels permitted for manganese concentrations are 0.05 mgL-1 in drinking 58 

water and 5.0 mg/L in surface water according to the drinking water quality standard and the 59 

recommendations of USEPA (8).  Hence, the removal of Mn(II) ions from wastewater is 60 

necessary for human and environmental safety. 61 

To date, different techniques have been developed for manganese ions removal from 62 

aqueous solutions such as ion-exchange, precipitation, membrane filtration, bio- degradation, 63 

solvent extraction, and advanced oxidation, and adsorption (9). However, due to simplicity, high 64 

efficiency, low-cost and wide adaptability of the adsorption process, it still has the superiority 65 

among other techniques (10, 11). In this context, various adsorbent materials, including clay 66 

minerals, natural and prepared polymers, activated carbons, zeolites, and agricultural byproducts 67 

have been used for manganese ions removal from wastewater (12). use of clays as adsorbent to 68 

remove Mn(II) from water has great advantages compared with other commercial adsorbents in 69 

terms of high specific surface area, low-cost, high adsorption properties, availability, non-toxicity 70 
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and large potential for ion exchange (13). In this light,one of  natural clay minerals known as 71 

glauconite clay (G) was selected for Mn(II) ions adsorption. Glauconite like other clay mineral 72 

characterized by chemical and mechanical stability, layered structure, large surface area as well 73 

as high thermal stability and little electrical conductivity due to the existence of metal oxides in 74 

its composition (14). Its structure is classified as 2:1 type with presence of one octahedral sheet 75 

sandwiched by two tetrahedral sheets (15). It has a chemical formula of (K, Na) (Fe, Al, Mg)2 76 

(Si, Al)4 O10(OH)2, with presence of two types of iron (Fe2+ and Fe3+ ) ions. The content of 77 

Fe3+ cations may be accountable for its properties as it is usually found in an amount greater than 78 

Fe2+ (16). Despite, G exhibits strong adsorption property that can be employed as cation 79 

exchanger and as an effective absorber in water and oil products (16), it have poor sedimentation 80 

properties, which can be overcome by using coagulants or applying a relatively long stability 81 

time, which in turn considered an additional cost of the overall operation (17).  Therefore, various 82 

modification process chemical or physical can be undertaken for improving their removal 83 

efficiency (18).  84 

Recently, the modification of clays by natural or synthetic polymers has gained critical 85 

research interest producing new compounds containing both organic and inorganic ingredients 86 

with distinguishable interface and diverse chemical and physical characteristics, such as corrosion 87 

resistance, low density, thermal isolation, high hardiness and flame retardants (19). Among all the 88 

most common polymers, chitosan is the second-most abundant natural biopolymer with distinct 89 

advantages. Chitosan gained interest of scientists not only owing to it's astonishing properties like 90 

local availability, biocompatibility, biodegradability, non-toxicity, low cost, bioactivity, attractive 91 

physical and mechanical properties, besides a presence of large number of amine and hydroxyl 92 

functional groups (20), but also due to its simplicity for development as a multifunctional 93 
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adsorbent depending upon the applied field. Chitosan is a cationic polymer resulting from N-94 

deacetylation of chitin in alkaline medium (21). Due to the solubility of chitosan in dilute mineral 95 

acids, its chemical stability should be enhanced by special modification. Most of these methods 96 

are done using functional crosslinking agents, which unfortunately can reduce the efficiency of 97 

chitosan uptake due to the participation of amino groups in the crosslinking procedure. Therefore, 98 

the interpolation of special functional crosslinking agents known for their high performance such 99 

as ethylene-di amine tetra acetic acid (EDTA) (22), and ionic surfactants like cetyltrimethyl-100 

ammonium bromide (CTAB) and sodium dodecyl sulfate (SDS) (23, 24) is an influential 101 

modification method to reinforce their adsorption capacity and selectivity. Accordingly, we have 102 

recently reported a new simple approach for fabrication of some nanocomposites such as cross-103 

linked chitosan/glauconite clay, EDTA-chitosan modified glauconite, CTAB-modified 104 

chitosan/glauconite, and SDS-modified chitosan/glauconite composites. These prepared 105 

nanocomposites showed high efficiency in removing fluoride ions from wastewater. On the other 106 

hand, due to the high toxicity of Mn(II) ions at higher concentrations and the various functional 107 

groups that the as-prepared nanocomposites have, we herein report on the removal of Mn(II) ions 108 

from polluted water utilizing the aforementioned nanocomposites. Various influencing factors on 109 

the adsorption process have been examined such as initial pH, contact time, dosage, etc. The 110 

experimental data were examined using different isotherm models. The kinetics and 111 

thermodynamics of the adsorption process were also estimated. Also, regeneration of the prepared 112 

adsorbents was investigated in this study.  113 

 114 

2. Experimental  115 

2.1 Materials and reagents 116 
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Raw Glauconite clay (G) with chemical content of SiO2: 50.50 %, Fe2O3: 20.88%, Al2O3: 117 

7.88 %, K2O: 5.00%, MgO: 2.81%, CaO: 0.34%, SO3: 1.2% and Na2O: 0.95% was collected from 118 

El-Gideda area, Egypt. Chitosan (CS) (Deacetylation degree >85%), cetyltrimethyl ammonium 119 

bromide (CTAB), and sodium dodecyl sulfate (SDS) were purchased from Sigma Chemical Co., 120 

USA. All other chemicals were of analytical grade e.g. acetic acid; sodium hydroxide, HCl, and 121 

glutaraldehyde (GL) also were used without further purification as received from El-Nasr 122 

Pharmaceutical Chemicals Company (ADWIC)-Company, Egypt. The standard solutions of 123 

manganese ion was prepared by dilutions of stock solution (1000 mgL–1), which were purchased 124 

from Merck. pH value of the adsorption media was adjusted when required using 0.2 N HCl 125 

and/or NaOH solutions. De-ionized water was used for all preparations.  126 

2.2. Adsorbent preparation 127 

The preparation methods of glauconite clay (G), cross-linked chitosan/glauconite clay 128 

(GL-CS/G) composite, EDTA-chitosan modified glauconite (EDTA-GL-CS/G) composite, and 129 

surfactant-modified chitosan/glauconite (CTAB-CS/G and SDS-CS/G) composite preparation 130 

were reported by our research group elsewhere (25). 131 

2.3. Materials characterization 132 

The chemical and mineralogical characterization of the raw glauconite and the as-prepared 133 

composites were reported earlier (25). The manganese ion concentration was determined by atomic 134 

absorption spectrophotometer (Unicam, Solar 929, UK supplied with acetylene and nitrous oxide 135 

burner heads) at 279.5 nm resonance line according to the reported standard method (26). The pH 136 

value was measured using pH-meter model Sension 3 (Huch, USA). The zero point charge of the 137 

adsorbents (pHzpc ) was estimated by the pH drift method (27) using 0.01 M NaCl solutions at 138 

different pH values varied between 2 to 10. 139 
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 140 

2.4. Adsorption studies 141 

The application of raw glauconite clay and its as-prepared composites as adsorbents for 142 

manganese ion removal was explored using batch technique. To study the equilibrium system of 143 

adsorption, adsorbent weight of 0.1 g was taken into intimate contact with manganese solutions 144 

(0.05 L) of different concentrations ranging from 10 to 300 mgL-1. The admixtures were 145 

magnetically stirred (350 rpm stirring speed) at a temperature of 25 ºC, specific pH value adjusted 146 

using 0.2N NaOH or 0.2N HCl solutions and a predetermined time intervals. Then, the adsorbents 147 

were filtered and the residual manganese concentration in the filtrate was analyzed by atomic 148 

absorption spectrophotometer using a pre-constructed calibration curve for the manganese cation.  149 

The removal efficiency percent (%R), capacity (qt, mgg-1), and the equilibrium capacity (qe, 150 

mgg-1) of the adsorbent were estimated using equations (1), (2), and (3), respectively.   151 

                          %R=[(C0-Ct)/C0]×100                                        (1) 152 

                              qt=V(C0-Ct)/m                                                (2) 153 

                             qe=V(C0-Ce)/m                                                 (3) 154 

Where C0 (mgL-1) is the initial manganese concentration, Ct (mgL-1) is the remaining 155 

manganese concentration, and Ce (mgL-1) is the equilibrium manganese concentration at time 0, 156 

t, and equilibrium time, respectively, for the adsorption. While m(g), and V(L) are the weight and 157 

the volume of adsorbent and solution, respectively.  158 

 159 

3. Results and discussion 160 

In our earlier studies, we reported on the preparation of glauconite clay (G), cross-linked 161 

chitosan/glauconite clay (GL-CS/G), EDTA-chitosan modified glauconite (EDTA-GL-CS/G), and 162 

surfactant-modified chitosan/glauconite (CTAB-CS/G and SDS-CS/G) composites (2). We also 163 
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reported previously on the characterization of these materials using different techniques including 164 

Fourier-transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), field emission scanning 165 

electron microscopy (FE-SEM), nitrogen physical adsorption (BET), atomic absorption 166 

spectrophotometry (AA), and thermal gravimetric analysis (TGA). Additionally, these 167 

nanocomposites were used in that previous work for the removal of fluoride ions from aqueous 168 

solutions. In the present study, as a continuation to our research, we have applied the 169 

aforementioned nanocomposites as adsorbents for the removal of manganese(II) ions from 170 

aqueous media due to its high toxicity at higher concentrations than the permissible limits (8). 171 

However, the point of zero charge (pHpzc) values of these adsorbents have not been reported 172 

previously. Due to their importance, we have started our current research by their estimation as 173 

will be shortly mentioned.  174 

 175 

3.1. Determination of point of zero charge (pHpzc) values of the glauconite nanocomposite 176 

adsorbents 177 

The point of zero charge (pHpzc) value of the adsorbent is essential for a better 178 

understanding the adsorption mechanisms; it is well-defined as the pH value where the adsorbent 179 

surface has no charge in specific adsorption. At a pH higher than pHpzc; the surface of adsorbents 180 

carries a negative charge and thus favors absorption of cations. At a pH lower than pHpzc; the 181 

adsorbent carries a positive charge and thus prefers the adsorption of anions (22). Values of pHpzc 182 

were determined by the pH drift method. In this method, adsorbent suspensions in 0.01 M NaCl 183 

solutions with different initial pH values (2-10) were used for this assessment. The final pH 184 

(pHfinal) values were then plotted against the initial pH (pHinitial) values for each adsorbent, Fig. 1, 185 

and from these figures the pHpzc values were determined. The pHpzc values of G, GL-CS/G, EDTA-186 
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GL-CS/G, SDS-CS/G, and CTAB-CS/G products were found to be 6.40, 5.72, 5.88, 5.78, and 187 

5.61, respectively. Variation in pHpzc of adsorbents in this study may be due to the structural 188 

changes during the modification process. These results indicate that the performed G clay 189 

modification has a significant effect on its particle charges which may in turn has a positive impact 190 

on the adsorption efficiency toward the manganese cations.  191 

 192 

 193 

< Fig. (1)> 194 

 195 

3.2.  Adsorption studies  196 

Adsorption properties of G, GL-CS/G, EDTA-GL-CS/G, SDS-CS/G and CTAB-CS/G 197 

adsorbents were explored using Mn(II) ions as an adsorbate model. Therefore, several parameters 198 

influencing the adsorption process such as pH, contact time, adsorbent dosage, initial Mn(II)  ion 199 

concentration, and temperature were studied.  200 

   201 

3. 2.1. Effect of pH 202 

The influence of pH on the Mn(II) ion adsorption using G, GL-CS/G, EDTA-GL-CS/G, 203 

SDS-CS/G, and CTAB-CS/G adsorbents was examined in the pH range of 2-7. For this experiment 204 

the adsorption working conditions were: 50 mgL-1 initial Mn(II) ion concentration (C0), 1g for G 205 

adsorbent and 0.1 g for GL-CS/G, EDTA-GL-CS/G, SDS-CS/G, and CTAB-CS/G adsorbents, 206 

separately, 24 h contact time, and 25 oC temperature. The results as displayed in Fig. 2 revealed 207 

that the adsorption amount of Mn(II) ion increased with increasing the initial pH value until it 208 

reached equilibrium at pH 6.5. Afterward, the precipitation of metal ion hydroxides takes place. 209 
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This behavior can be interpreted on the basis of the point of zero charge. Consequently, at acidic 210 

pH values (i.e. pH<6.4), the Mn(II) ion adsorption was low due to the competition between two 211 

positively charged  H+ and Mn(II) ions for the adsorption sites, and thus, the net interaction is an 212 

electrostatic repulsion, which resulting in reduction of Mn(II) ion adsorption (28). With a gradual 213 

rise in pH value until 6.5, linked H+ is released from the active sites leaving more vacant sites for 214 

more Mn(II) ion adsorption. Beside, this pH value extent is close to the pHpzc at which the surface 215 

of clay is surrounded by OH− ions and become negatively charged which in turn attract more 216 

positively charged Mn(II) ion due to the electrostatic attraction (29). With increasing the pH value 217 

toward more basic pH condition, these active sites are gradually de-protonated and the Mn(II) ion 218 

was hydrolyzed resulting in formation and precipitation of a large number of hydroxides such as 219 

Mn(OH)+, Mn2(OH)3, Mn(OH)2, Mn2(OH)+
3 and Mn(OH)4

2- species (30, 31).  220 

On the other hand, the chitosan amino groups in the GL-CS/G, EDTA-GL-CS/G, SDS-CS/G 221 

and CTAB-CS/G composites were protonated at lower pH value and appeared in the form of -222 

NH3+ which in turn increasing the electrostatic repulsion with Mn(II) ions and resulting in a 223 

decline in Mn(II) ions adsorption. On contrary, with a gradual increase in pH value, the amino 224 

groups are deprotonated and abundant OH− ions created a competitive environment for the 225 

adsorption surface sites due to the elctrostatic attraction between positive charged Mn(II) ion and 226 

adsorbents surface sites with negative charge; thus, the increases in removal percent were 227 

observed. At a higher pH value above 6.5, the cumulative effect of Mn(II) ions adsorption as well 228 

as precipitation may be happened. Depending on the above mentioned results, the pH of 6.50 was 229 

selected as the optimum pH value for further adsorption experiments to avoid the interference of 230 

results associated with the precipitation of metal ions at higher pH value. 231 

 232 
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 233 

<Fig. 2> 234 

3.2.2. Effect of adsorbent dosage 235 

The adsorbent dosage is one of the most important factors that affecting the metal ions 236 

adsorption due to its effect on the number of binding sites and the total surface area of adsorbent. 237 

The effect of adsorbent dosage on the Mn(II) ions removal was studied under the prior operating 238 

conditions except the amount of adsorbent. As depicted in Fig. 3(a,b) the removal performance of 239 

Mn(II) ions was firstly enhanced until a specific dose of adsorbent, and then reduced as the amount 240 

of adsorbent increased. This trend can be attributed to the increase in the adsorptive active sites on 241 

the adsorbent surface with the increase in the adsorbent dose up to agiven dose (32), and then the 242 

aggregation of the nanoparticles is occurred. This aggregation brought about a reduction in the 243 

total available adsorbent surface sites for Mn(II) ion adsorption, which led to a decrease in the 244 

adsorption performance of the adsorbent. These results are consistent with the published data for 245 

the adsorption of orange G textile dye on some nano-adsorbents (33). According to the obtained 246 

results, 1g of G and 0.15 g of GL-CS/G, EDTA-GL-CS/G, SDS-CS/G, and CTAB-CS/G 247 

adsorbents were selected as the optimum adsorbent amounts for subsequent studies. The results 248 

also exhibited that the adsorption increased in the order of SDS-CS/G > EDTA-GL-CS/G > 249 

CTAB-CS/G > GL-CS/G > G. The high removal performance of Mn(II) ions on SDS-CS/G 250 

adsorbent can be ascribed to the interlayer spacing produced from intercalation of G clay with 251 

chitosan polymer as well as the presence of anionic SDS surfactant that changing the G surface 252 

from hydrophobic to hydrophilic resulting in a high adsorption of Mn(II) ion onto both inner and 253 

outer adsorbent surface.  254 

 255 
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 256 

<Fig. 3(a,b)> 257 

3.2.3. Effect of contact time 258 

Effect of adsorption time on Mn(II) ions removal was investigated over different time 259 

intervals (0-300 min) under working conditions: 0.05 L of Mn(II) ions solution with 50 mgL-1 260 

initial concentration, 25 oC temperature, pH6.5, 1g of G and 0.15 g of GL-CS/G, EDTA-GL-261 

CS/G, SDS-CS/G and CTAB-CS/G adsorbents. Fig. 4(a,b) illustrated that the removal of Mn(II) 262 

ions was improved by increasing the contact time. The percentage of Mn(II) ions uptake using 263 

the G adsorbent was initially fast, and then gradually slowed down until reached saturation after 264 

60 minutes. Hence, for further experiments, 60 minutes was fixed as an optimum contact time for 265 

the G adsorbent. On the other hand, GL-CS/G, EDTA-GL-CS/G, SDS-CS/G and CTAB-CS/G 266 

composites showed higher adsorption capacities and reached equilibrium after 240 minutes. This 267 

contact time was also fixed as the optimum contact time for further experiments, for these 268 

composite adsorbents. During the initial stage of adsorption, the rapid uptake is probably due to 269 

the availability of the large number of vacant active sites on the adsorbents surface. However, the 270 

slow uptake in the later stages are probably generated by less available adsorption active sites, 271 

followed by Mn(II) ions saturation on the surface of adsorbents (34).  272 

 273 

 274 

<Fig. 4.> 275 

 276 

 277 

3.2.4. Effect of initial metal ion concentration 278 
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The effect of initial concentration of the Mn(II) ions on the aforementioned adsorbents 279 

efficiency was examined at different initial Mn(II) concentrations in the range of 10-300 mg/L at 280 

pH 6.5, 25 oC, using 1g of G and 0.15 g of GL-CS/G, EDTA-GL-CS/G, SDS-CS/G and CTAB-281 

CS/G adsorbents. Fig. 5(a,b) demonstrates that by increasing the initial Mn (II) concentration, the 282 

equilibrium adsorption capacity of Mn(II) was enhanced up to an initial concentration of 200 283 

mg/L after which a plateau behavior was attained. This behavior can be explained on the basis 284 

that increasing the initial Mn(II) concentration leads to an increased availability of a greater 285 

number of Mn(II) ions at the solid–solution interface, which in turn brings about a higher 286 

concentration gradient. Whereas, the constant adsorption capacity observed at an initial metal 287 

concentration exceeding 200 mgg-1 indicates that all surface active sites having a higher affinity 288 

towards Mn(II) ions were saturated. These results are consistent with the published data for the 289 

adsorption of manganese on kaolinite clay particles (35). 290 

<Fig. 5.> 291 

3.3. Adsorption kinetics 292 

To explore the adsorption mechanism and the efficacy of the adsorption process, some 293 

kinetic models such aspseudo-first-order, pseudo-second-order, and intra-particle diffusion 294 

models. Pseudo-first-order (Eqn. 4) and pseudo-second-order (Eqn. 5) kinetic models are 295 

expressed according to the following equations (36-38):  296 log(qe − qt) =  log qe − k12.303  t                   (4) 297 

 298 tqt =  1k2qe2 +  1qe  t                                             (5) 299 

Where, qt and qe (mgg-1) are the amounts of metal ions adsorbed at time t (min) and at 300 

equilibrium, respectively. k1 (min−1) is the first-order rate constant. Values of qe and k1 constants 301 
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were determined from the intercept and slope of the plot of log(qe- qt) versus t (results not shown). 302 

The kinetic parameters; k1 and correlation coefficients (r2), were listed in Table 1. Additionally, 303 

values of k2 and qe constants of the pseudo-second-order model can be estimated from the intercept 304 

and slope of the linear plot of t/qt versus t (Fig. 6(a)). The parameters; correlation coefficients (r2) 305 

and k2, of the pseudo-second-order model were tabulated in Table 1. By comparison between 306 

experimental and calculated pseudo-first-order and pseudo-second-order model values, the results 307 

exhibited good fitness of the pseudo-second-order model for the adsorption process of Mn(II) ions. 308 

This is due to that the experimentally obtained qe(exp) values from this model are more compatible 309 

with the calculated qe(cal) ones. Besides, the r2 values from this model were closer to 1. 310 

The data of adsorption was also analyzed using the Weber’s intra-particle diffusion model 311 

to elucidate the diffusion mechanism. The intra-particle diffusion model (Eqn. (6)) is given as 312 

(39): 313 qt = kidt0.5 + c                    (6) 314 

Where kid ((mgg-1) min-1/2) is rate constant and C (mgg-1) is the intercept. The larger 315 

intercept value, the larger is the surface adsorption contribution in the rate-controlling step. kid 316 

constant is obtained from the slope of qt versus t1/2 plot.  As displayed in Fig. 6(b), the linear part 317 

along the curves of qt versus t1/2 did not pass through the origin and all of them are multi-linear 318 

plots. Therefore, it was concluded that the of Mn(II) ions adsorption on the G clay and the as-319 

prepared composites was complex and controlled not only by the intra-particle diffusion 320 

mechanism, but also by various mechanisms such as bulk diffusion and film diffusion mechanisms 321 

(40). 322 

<Fig. 6.> 323 

 324 
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      <Table 1> 325 

3.4. Adsorption isotherm studies 326 

To verify how the metal ions are partitioned between the adsorbents and liquid phases at 327 

equilibrium, the adsorption results were examined using some isotherm models such as Langmuir, 328 

Freundlich, and Dubinin-Radushkevich models. The linear forms of Langmuir and Freundlich 329 

isotherm equations can be expressed as in Eqns. (7) and (8), respectively (41, 42). 330 

Ceqe = 1qmb +  Ceqm                                         (7) 331 

ln 𝑞𝑒 = ln 𝐾𝐹 +  1𝑛 ln 𝐶𝑒                            (8) 332 

 333 

Where qe is the monolayer adsorption capacity of the adsorbent (mgg-1), qm is the maximum 334 

adsorption capacity (mgg-1), and b is Langmuir constant (Lmg-1) which reflects the affinity 335 

between the adsorbate and the adsorbent. KF ((mgg-1) (Lmg-1)1/n) and n are Freundlich constants 336 

which related to the adsorption capacity and intensity of the adsorbents, respectively. Langmuir 337 

isotherm supposes a monolayer adsorption on homogenous surfaces without interactions between 338 

the adsorbed molecules whereas; Freundlich isotherm presumes a multilayer adsorption of the 339 

adsorbate species on heterogeneous surfaces. According to Langmuir isotherm, qm and b values 340 

were computed from the linear regression analysis of Ce/qe vs Ce plot as represented in Fig. 7(a). 341 

Additionally, depending on the Freundlich adsorption isotherm, the Freundlich constants (n and 342 

KF) are determined from the intercept and slope of lnqe vs lnCe plot as represented in (Fig. 7(b)). 343 

The Langmuir and Freundlich isotherm constants are listed in Table (2). Furthermore, qm can be 344 

computed from the Freundlich isotherm model according to Eqn. (9) (43): 345 

                                  KF = qm/C0
(1/n)                                      (9) 346 
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Obviously, from the data listed in Table (2), the adsorption process can be described well 347 

using Langmuir isotherm model compared to the Freundlich isotherm model. This is based on 348 

the higher correlation coefficient (R2) values and the high compatibility between the calculated 349 

qm (qm(cal)) and the experimental qm (qm(exp)) values. The qmax values obtained from Langmuir 350 

model were found to be in the order of SDS-CS/G > EDTA-GL-CS/G > CTAB-CS/G > GL-351 

CS/G > G. This trend can be ascribed to the following reasons. (1) The presence of negatively 352 

charged surface of the G clay with a huge number of exchangeable ions can result in coating its 353 

surface with a water molecule layer; therefore, it showed strong hydrophilicity and high 354 

adsorption capacity towards Mn(II) ions. (2) Addition of large amounts of –OH and –NH2 355 

functional groups, due to the combination of G and chitosan polymer, can result in enhancement 356 

in the adsorption capacity towards Mn(II) ions. (3) Further addition of functional groups such as 357 

carboxylic groups (–COOH) in EDTA-GL-CS/G composite can bring about increasing the 358 

negative charge surface which in turn resulting in more electrostatic attraction of Mn(II) ions 359 

(44). (4) Furthermore, functionalization of the composite with organic anions such as anionic 360 

surfactants (SDS) can show more enhancements in their adsorption capacity towards Mn(II) ions. 361 

Besides, the negatively charged hydrophilic heads (sulfonate groups (-OSO3-)) of the anionic 362 

SDS surfactant might increase the negative surface potentially when they pointed towards the 363 

bulk of the solution; and consequently resulting in a strong electrostatic attraction of Mn(II) ions. 364 

Hence, the removal would be enhanced. However, with the reference to CTAB-CS/G adsorbent, 365 

its adsorption capacity was noticeable although it includes hydrophobic head with a positive 366 

charge surface. This is probably returning to electrostatic interaction between the functional 367 

groups of the chitosan itself and the ordinary adsorption of the ions inside the pores of the G clay 368 

as well (45).  369 
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 In addition, the essential features of the Langmuir isotherm can be demonstrated regarding 370 

to dimensionless separation factor constant (RL) as follows: 371 RL = 11+𝑏C0                            (10) 372 

Where C0 (mg/L) and b (L/mg) are the initial metal ion concentration and the Langmuir 373 

equilibrium constant, respectively. The separation factor values afford essential information about 374 

the adsorption process nature, which it may be linear (RL= 1), irreversible (RL= 0), favorable (0 < 375 

RL< 1) or unfavorable (RL> 1) (46). RL values were estimated at different initial concentrations 376 

ranged from 10 to 300 mg L-1 and tabulated in Table 3. For all the experimental data, values of RL 377 

were found to be lying between 0 and 1, indicating favorable adsorption of Mn(II) ions on all 378 

adsorbents at all concentrations. Further, the adsorption of Mn(II) ions was considered as favorable 379 

because the Freundlich exponent (n) values were found to be >1  and in the range of 3.27-5.18 380 

(47).  381 

<Fig. 7.> 382 

 383 

<Table 3.> 384 

 385 

Furthermore, the equilibrium data was examined using Dubinin-Radushkevich isotherm 386 

model (D-R model). The linearity of D-R model (Eqn. (11)) can be defined as (48):  387 ln𝑞𝑒 = lnqm − 𝛽ε2                           (11) 388 

 389 

Where qe and qm (mg/g) are the equilibrium and the maximum adsorption capacity of the 390 

adsorbent, respectively. ε (Polanyi potential) = RT ln(1+(1/Ce), R (8.314 J mol-1 K-1) is the 391 

universal gas constant and T (K) is the absolute temperature. β (mol2/kJ2)) is the Dubinin-392 
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Radushkevich constant associated with the adsorption energy. The D–R constants qm and β values 393 

can be detected from the slope and intercept of the plot of lnqe against ε2 as presented in Fig. 394 

7(c). The adsorption energy (E) can be determined from the following equation (Eqn. (12)).  395 

 396 

𝐸 = √ 12𝛽                                      (12) 397 

Notably, the E values obtained from the present study were found to be < 8 kJ mol-1 as 398 

presented in Table 3, indicating the physisorption of Mn(II) ions on the adsorbents under 399 

investigation because the values are in the range of 5–40 kJ mol-1 declared for the physisorption 400 

(49). However, the results did not follow well the D-R model, based on the obtained lower 401 

correlation coefficient (r2) values. According to the above discussion, it could be concluded that 402 

Mn(II)  ions adsorption on the aforementioned adsorbents was a monolayer coverage since the 403 

estimated experimental data complied well with the Langmuir isotherm model compared to other 404 

applied isothermal models where, the estimated qm values were closer to the qm(exp) values and the 405 

r2 values were closer to unity.  406 

 407 

<Table.3> 408 

3.5. Thermodynamic study 409 

Thermodynamics parameters associated with the adsorption process such as Gibbs free 410 

energy change (ΔGº), entropy change (ΔSº), and enthalpy change (ΔHº) were examined to check 411 

the influence of  temperature on Mn(II) ion adsorption under different temperature values (298-412 

318 K) by applying Eqns (13) and (14) (50, 51).  413 

                         lnKc = ∆Sº/R – ∆Hº/RT                                 (13) 414 

                         ∆Gº = ∆Hº – T∆Sº                                         (14) 415 
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Where Kc is a thermodynamic equilibrium constant. T and R are absolute temperature (K) 416 

and universal gas constant (8.314 J·mol−1·K−1), respectively. Regarding to Eqn. (15), Kc is a 417 

constant with a dimensionless unit (51-53).  418 

                                             ΔGº = -RTlnKc                         (15) 419 

Hence, the dimensionless thermodynamic equilibrium constant (Kc) was examined using the 420 

distribution coefficient constant (Kd) approach (52). In this respect, the distribution coefficient 421 

constant (Kd=qe/Ce) was first estimated by graphing ln(qe/Ce) against qe and extrapolating qe to 422 

zero. Then Kd was corrected owing to the method proposed by Milonjić to derive the 423 

thermodynamic equilibrium constant Kc (Kc =Kd×1000) (53). According Eqns. (13-14), ln Kc vs. 424 

1/T was plotted (Fig. 8) and from the intercept and slope the ΔHº and ΔSº values were calculated, 425 

then ΔGº values were estimated. The thermodynamic constants were tabulated in Table (4). The 426 

ΔGº values were found to be in the ranges of (-14.5 to -15.8), (-15.50 to -16.60), (-17.10to -18.60), 427 

(-17.50 to -18.80), and (-16.0 to -17.2 kJmol-1) for G, GL-CS/G, EDTA-GL-CS/G, SDS-CS/G and 428 

CTAB-CS/G adsorbents, respectively. Moreover, the results also indicated the spontaneous nature 429 

of Mn(II) ions sorption on the aforementioned adsorbents because it was found that the values of 430 

ΔGº increase in the negative direction with increasing the temperature. Additionally, the positive 431 

enthalpy (ΔHº) indicates the endothermic nature of the adsorption process. The positive ΔSº values 432 

for all aforementioned adsorbents revealed an increase in the randomness at the solid-solution 433 

interface during the adsorption process which in turn indicated an accumulation of Mn(II) ions 434 

(54). In general, based on the calculated ΔH° and ΔGº values, it can be concluded that the 435 

adsorption of Mn(II) ions on the aforementioned adsorbents is a physisorption as ΔHº values is 436 

smaller than 40 kJ mol-1, and ΔG° values lies in the range of -20 to 0 kJ mol-1 which is characteristic 437 

to the physisorption process (55).  438 



20 

 

 439 

 440 

<Fig. 8> 441 

 442 

<Table 4.> 443 

 444 

 445 

3.6. Mechanism of Mn(II) ions adsorption on the G clay and its nanocomposites 446 

The current study revealed that the mechanism of Mn(II) ions adsorption not only depends 447 

on the number of functional sites in the applied adsorbent but also on the changing in the pH value 448 

as illustrated in Scheme (1). The removal of Mn(II) ions was small at low pH values (pH < 5) then 449 

it increased slowly until it reached maximum at higher pH values (ca. pH 6.5). Based on the results, 450 

the mechanism of the manganese ion removal depended on the pH value and the structure of the 451 

utilized adsorbents. There are various adsorption/exchange sites present in the G clay since it 452 

contains various hydrous oxides such as SiO2, Fe2O3, Al2O3, and others (56). Accordingly, the 453 

adsorption mechanisms of Mn2+ ions on G clay and its nanocomposites are summarized in Scheme 454 

1. Where, -G represents the intrinsic sites the glauconite clay. The glauconite clay has on its surface 455 

hydroxyl functional groups (-GOH) at which adsorption of the contaminants is frequently 456 

occurring. The surface hydroxyl groups are amphoteric; therefore, they are turned into positively 457 

charged hydroxylated sites (GOH2
+) at pH values lower than the pHpzc values of the prepared 458 

compounds (Eqn 1, Scheme 1). The amino groups of the modified chitosan nanocomposites are 459 

also protonated in the acidic media, according to Eqns 2 and 3 (Scheme 1), and converted into 460 

positively charged functional groups. Similar results are published for other chitosan composites 461 

(57). Consequently, in acidic media, the adsorption efficiency will be low due to the electrostatic 462 
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repulsion between the Mn2+ ions and the aforementioned positively charged functional groups. 463 

The removal of Mn2+ ions can also proceed by the ion exchange mechanism, according to Eqn 4 464 

(Scheme 1). As such, every one Mn2+ ion can exchange two K+ cations of that clay. Furthermore, 465 

the removal of  Mn2+ ions  by utilizing the chitosan composites is probably due to some adsorption 466 

processes through the porous structure of the G clay and some complexation interactions between 467 

the manganese ions and oxygen and/or nitrogen atoms of functional groups of those composites 468 

as well, as presented in Eqns (5) and (6) in Scheme 1. These results are compatible with some 469 

reported mechanisms (56, 58). On the contrary, the removal efficiency enhanced by increasing the 470 

pH value above pHpzc values of the G clay (pHpzc = 6.4) and its nanocomposites (pHpzc= 5.61-5.88). 471 

This is attributing to the electrostatic attraction between Mn2+ cations and the negatively charged 472 

particles of G clay and its nanocomposites at those higher pH values (Eqns 5 and 7; Scheme 1). 473 

Where, at those pH values, the hydroxylated sites of the G clay, amino groups of the chitosan 474 

composites, and carboxylic groups of the EDTA modified composites may undergo deprotonation, 475 

as outlined in Eqns (7), (9), and (11). This resulted in an enhancement of the electrostatic attraction 476 

and/or complexation between Mn2+ cations and the negatively charged groups such as –GO-, –NH- 477 

and –COO- of the G clay, chitosan, and EDTA components of the nanocomposites, respectively, 478 

as presented in Eqns (8), (10), and (12). These adsorption mechanisms are compatible with the 479 

reported ones for similar EDTA-modified molecules (59). The CTAB component of the CTAB 480 

modified nanocomposite may also played a role in the manganese removal in addition to the 481 

aforementioned significant roles.  The contribution of CTAB in the removal process is probably 482 

through a weak complexation between the manganese cations and the nitrogen atoms of its tertiary 483 

amino groups ((CH3)3N-) and its bromide ions in the presence of some hydroxide anions, at 484 

alkaline pH values (Eqn 16, Scheme 1). The suggested mechanism for the adsorption by using 485 
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CTAB-modified composite is in accordance with those reported for similar composites modified 486 

with some cationic surfactants (60). It is worth noting that the SDS-CS/G composite brought about 487 

the highest manganese removal percentage. This is probably attributing to the contribution of the 488 

sulfonate headgroups of the SDS surfactant in the adsorption process for this composite, as 489 

represented in Eqns 13 and 14 in Scheme 1, along with the aforementioned roles of the G clay and 490 

chitosan components of this composite. Where, the sulfonate groups (-OSO3-) may undergo 491 

ionization at higher pH values (Eqn 13 in Scheme 1). Then, there will be an electrostatic attraction 492 

and/or complexation between these negatively charged sulfonate groups and Mn2+ cations, which 493 

resulted in the highest removal efficiency compared to the other studied adsorbents. Besides, the 494 

removal by using the SDS-CS/G nanocomposite may also proceed through an additional cation 495 

exchange mechanism between Na+ ions of the SDS component and Mn2+ ions in the solution (Eqn. 496 

15; Scheme 1). The suggested mechanism for SDS-modified nanocomposite is consistent with 497 

those reported for similar modified anionic surfactant composites (61). Additionally, it is reported 498 

that generally the adsorption of metal ions can include surface precipitation, physical and chemical 499 

adsorption, and ion exchange (56). Similar behavior has been reported for adsorption of Cu ions 500 

(62).  501 

 <Scheme 1> 502 

 503 

3.7. Regeneration studies 504 

Regeneration and reuse of any used adsorbent is an important factor to make the sorption 505 

process economic. Therefore, we studied the reusability and regeneration of the used raw gluconite 506 

clay and its as-prepared nanocomposites. The adsorption of Mn(II) ions was achieved under 507 

optimal adsorption conditions for 4 h contact time, pH 6.5 at room temperature ca. 25 ºC±1. 508 
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Subsequently, the loaded adsorbents were recovered in 1M HCl as an eluent, then washed with 509 

distilled water, and finally drying in oven at 60 ºC. The regenerated adsorbents were reused for 510 

Mn(II) ions adsorption and the spent adsorbents were recovered again and subjected to another 511 

adsorption cycle. All adsorbents were reused for 4 times after their first regeneration. The results 512 

were illustrated in Fig.9. The maximum adsorption capacities (qm) for the sorption/desorption 513 

cycles were found to be 3.59, 3.40, 3.1 and 2.65 mgg-1for G; 23.90, 23.01, 22.54 and 21.11 mgg-514 

1for GL-CS/G; 25.78, 25.60, 24.78 and 23.01 mgg-1for EDTA-GL-CS/G; 26.12, 26.00, 25.76 and 515 

24.11mgg-1for SDS-CS/G; and 25.47, 25.32, 24.31 and 22.66mg/g for CTAB-CS/G. The results 516 

obtained indicated that the prepared adsorbents had excellent regeneration ability and good 517 

performance for the frequent use up to at least four cycles. These results also confirmed that 518 

gluconite clay and its modified forms could be regenerated and reused to treat wastewater 519 

contaminated with Mn(II) ions. 520 

<Fig. 9> 521 

 522 

 523 

3.8. Comparison with other adsorbents 524 

 Finally, a comparative evaluation of qm (maximum adsorption capacity) of the Mn(II) 525 

ions adsorption on the aforementioned adsorbents in the current study with those previously 526 

reported data. According to Table 5, the as-prepared G nanocomposites have relatively higher qm 527 

values compared to most of the tabulated adsorbents for Mn(II) ions removal. Despite, the 528 

adsorption capacity of G was relatively low compared to that of the as-prepared nanocomposites 529 

in the current study; it was higher than well-known adsorbents such as activated kaolinites, 530 

activated carbon, and zeolite. This indicates that the modified G clay nanocomposites are 531 
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promising and relevant candidates as well as have long-term applicability for the removal of 532 

Mn(II) ions from aqueous media.  533 

  534 

<Table 5 > 535 

 536 

3.9. Application to real wastewater samples 537 

To highlight the performance of the examined adsorbents to remove Mn(II) ions and how 538 

they are applied to the wastewater, water samples were collected from wastewater pools before 539 

being treated at the treatment unit at Abu Zaabal for Fertilizers and Chemicals Company (AZFC), 540 

Egypt. The chemical composition of the collected water samples as well as the batch adsorption 541 

conditions of the experiments were conducted according to the Standard Methods for the 542 

Examination of Water and Wastewater (63) as reported previously (25). The chemical composition 543 

of wastewater was analyzed and summarized in Table (6). The concentration of Mn(II) ions in the 544 

filtrate was estimated using an atomic absorption spectrophotometer. It is noteworthy that the 545 

adsorption experiments were conducted as reported before at pH 6. Results expressed that the 546 

maximum adsorption rate of Mn(II) ions removal on the G, GL-CS/G, EDTA-GL-CS/G, SDS-547 

CS/G, and CTAB-CS/G adsorbents were determined to be 94.10%, 81.85%, 83.90%, 86.18% and 548 

82.42%, respectively. Indicating high efficiency and chemical stability of the aforementioned 549 

adsorbents for removing the Mn(II) ions from wastewater even though the presence of foreign ions 550 

(cations and anions), which can well interfere and compete through the adsorption process. 551 

 552 

Conclusions   553 

In summary, this study explored the Mn(II) ions adsorption from polluted aqueous 554 

solutions onto raw gluconite clay and its prepared modified chitosan nanocomposites. The used 555 
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chitosan was modified with glutaraldehyde (GL), ethylenediaminetetraacetic acid (EDTA), 556 

sodium dodecyl sulfate (SDS) and cetyltrimethyl ammonium bromide (CTAB), for producing 557 

nanocomposites: GL-CS/G, EDTA-GL-CS/G, SDS-CS/G, and CTAB-CS/G, respectively.  558 

Various experimental conditions influencing the adsorption process such as pH, adsorbent amount, 559 

and contact time were examined. The adsorption results showed that SDS-CS/G nanocomposite 560 

has the highest adsorption capacity (27.74 mgg-1) toward the removal of Mn(II) ions from polluted 561 

aqueous media. Moreover, the Langmuir isotherm and the pseudo-second-order kinetic model 562 

fitted well the adsorption process. The positive ΔH° values and the negative ΔG° values 563 

demonstrated that the process of Mn(II) ions adsorption was endothermic and spontaneous. 564 

Eventually, overall these aspects, including high adsorbents capacity, low cost and the possibility 565 

of regeneration make the as-prepared nanocomposites as a promising candidate adsorbents for 566 

removing Mn(II) ions from polluted aqueous solutions.  567 
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 Adsorptive removal of manganese ions from polluted aqueous media. 763 

 Natural low-cost Egyptian glauconite clay (G) and its modified-chitosan nanocomposites were 764 

applied as adsorbents.  765 

 Equilibrium, kinetics, and thermodynamics of manganese adsorption process were studied. 766 

 SDS -CS/G nanocomposite showed the most efficient adsorbents in this study. 767 

 The raw glauconite and its nanocomposites are promising candidates for manganese ions 768 

removal from polluted water. 769 
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Table 1. Kinetic models calculated parameters for Mn(II) adsorption on G, GL-CS/G, EDTA-GL-780 

CS/G, SDS-CS/G and CTAB-CS/G adsorbents. 781 
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Adsorbent C0 

(mg/L) 
 

qe,(exp) 

(mg/g) 

Pseudo-first-order  Pseudo-second-order  Intra-particle diffusion 

r2 k1 

(1/min) 

qe,(cal) 

(mg/g) 

 r2 k2 

(g/ (mg min)) 

qe,(cal) 

(mg/g) 

 r2 ki 

(mg/(g min0.5) 

C 

(mg/g) 

G 50 2.18 0.943 0.008 2.25  1.00 0.15 2.25  0.824 0.011 2.05 

GL-CS/G 50 12.67 0.842 0.006 13.30  0.999 0.006 13.35  0.743 0.29 7.79 

EDTA-GL-CS 50 16.50 0.900 0.007 17.29  0.999 0.005 17.32  0.736 0.28 12.10 

SDS-CS/G 50 17.53 0.906 0.008 17.98  0.999 0.004 18.20  0.831 0.32 12.16 

CTAB-CS/G 50 14.18 0.825 0.006 14.82  0.999 0.005 14.80  0.720 0.29 9.43 

782 
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Table 2. Isothermal parameters for Mn(II) ions adsorption onto G, GL-CS/G, EDTA-GL-CS/G, SDS-CS/G, and CTAB-CS/G 

adsorbents. 

Adsorbent 

 
Langmuir  isotherm 

parameters 
 

Freundlich isotherm  

parameters 
 

D.-R. isotherm 

 parameters 

qm(exp) 

 (mgg-1) 

qm(cal) 

 (mgg-1) 

b 

 (Lmg-1) 
r2  

qm(cal) 

 (mgg-1) 

(for C0= 10-300 mgL-1) 

 KF  

((mgg-1)(Lmg-1)1/n) 
n r2  

qm 

(mgg-1) 

β 

(mgg-1)2 

E 

(kJmol-1) 

r2 

 

G 3.75 3.74 0.21 0.999  1.77-4.81 0.896 3.39 0.93  2.94 0.15 1.84 0.800 

GL-CS/G 24.11 24.60 0.091 0.995  9.98-28.17 5.02 3.23 0.985  18.13 0.36 1.19 0.650 

EDTA-GL-CS/G 27.15 28.1 0.125 0.998  14.04-30.49 8.31 4.37 0.984  20.77 0.03 3.79 0.640 

SDS-CS/G 27.74 28.46 0.188 0.998  16.24-31.14 10.41 5.18 0.994  22.06 0.02 5.58 0.702 

CTAB-CS/G 26.25 27.09 0.082 0.996  10.89-30.83 5.42 3.27 0.987  19.61 0.28 1.32 0.650 
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 Table 3. Dimensionless separation factor (RL) determined from Langmuir constant (b) for Mn(II) ion adsorption on G, GL-CS/G, 

EDTA-GL-CS/G, SDS-CS/G and CTAB-CS/G adsorbents. 

   Initial Mn(II) ion 

concentration (mgL-1) 

Dimensionless separation factor (RL)   

G GL-CS/G EDTA-GL-CS/G SDS-CS/G CTAB-CS/G 

10 0.322 0.523 0.444 0.347 0.549 

20 0.192 0.354 0.285 0.210 0.378 

50 0.086 0.180 0.137 0.096 0.196 

100 0.045 0.099 0.074 0.050 0.108 

150 0.031 0.068 0.051 0.034 0.075 

200 0.023 0.052 0.038 0.025 0.057 

300 0.018 0.042 0.031 0.021 0.046 
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  Table 4. Thermodynamic parameters for the adsorption of Mn(II) ions on G, GL-CS/G, EDTA-GL-CS/G, SDS-CS/G, and CTAB-

CS/G adsorbents. 

Adsorbent 

 
Kc at different K temperatures   

ΔGº (kJmol-1) at different K 
temperatures  

 
ΔHº 

(kJ/mol) 

 
ΔSº 

(kJ/(mol k) 

T(K) 298 303 308 313 318  298 303 308 313 318   

G  
340.6 352.6 353.2 381 391 

 
-14.5 -14.8 -15.03 -15.47 -15.8 5.55 0.07 

GL-CS/G  
513.8 514 519.6 524.2 527 

 
-15.5 -15.7 -16.0 -16.3 -16.6 1.40 0.06 

EDTA-GL-CS/G  
970.6 982 1001 1062 1112 

 
-17.1 -17.4 -17.7 -18.1 -18.6 5.50 0.075 

SDS-CS/G  
1173.3 1185 1196 1222 1236 

 
-17.5 -17.8 -18.1 -18.5 -18.8 2.13 0.07 

CTAB-CS/G  
654.7 655.3 659.5 667.1 670.4 

 
-16.0 -16.3 -16.6 -17.0 -17.2 1.03 0.057 
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Table 5.  The comparison of maximum adsorption capacities of various materials toward 

the adsorption of Mn(II) ions.  

Adsorbent 
qmax 

(mg/g) 
Reference 

kaolinite clay 0.45 (35) 

Activated zeolite with NaCl 0.78 (64) 

Activated carbon immobilized by tannic acid 1.73 (65) 

Granular Activated carbon 2.54 (66) 

Rice husk 3.21 (67) 

Glauconite (G) 3.75 Present study 

Zeolite 6.96 (68) 

Montmorillonite chitosan biocomposite (MMT) 10.11 (69) 

Chitosan/polyethylene glycol blend membrane 21.70 (70) 

Modified Chitosan-glauconite composite (GL-CS/G) 24.11 Present study 

CTAB-modified glauconite (CTAB-CS/G) 26.25 Present study 

EDTA-modified glauconite (EDTA-GL-CS/G) 27.15 Present study 

SDS-modified glauconite (SDS-CS/G) 27.74 Present study 

CTAB-treated mesoporous carbon adsorbent 43.0 (45) 

SDS- treated mesoporous carbon adsorbent 47.0 (45) 
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Table 6.  Physico-chemical parameters of real wastewater sample after its treatment using 

the as-prepared adsorbents. 

Water quality parameters 

                Content (mg/L) 

 Before 
treatment 

After treatment 

(The obtained range for applying G clay and 
its composites) 

pH  3.12 6-6.5 

Electrical Conductivity (µm/cm)  9060 71.25-85.77 

Turbidity (NTU)  51.00 90.00-98.00% 

Total Hardness (mg/L)  3100 90.00-93.84.00% 

COD  180 80.00-84.00% 

P (mg/L)  1800 88.00-90.10% 

T.S (mg/L)  16500 61.15-70.20% 

T.D.S (mg/L)  13300 51.00-55.80% 

T.S.S (mg/L)  3200 72.11-66.22% 

CL (mg/L)  369.2 66.41-72.33 % 

Fe (mg/L)  518 96.12-97.87% 

Na (mg/L)  610 83.20-86.10% 

K (mg/L)  150 68.80-74.80% 

S (mg/L)  3500 88.84-92.11% 

Mg (mg/L)  190.10 87.10-90% 

Mn (mg/L)  18.06 94.10-82.42% 
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Fig.1. Determination of the point zero charge values of G, GL-CS/G, EDTA-GL-CS/G, 

SDS-CS/G, and CTAB-CS/G adsorbents. 

 

 

Fig.2. Effect of pH values on Mn(II) adsorption onto G, GL-CS/G, EDTA-GL-CS/G, 

SDS-CS/G, and CTAB-CS/G adsorbents. 
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Fig. 3. Influence of adsorbent dosage on Mn(II) ions removal using G (a); GL-CS/G, 
EDTA-GL-CS/G, SDS-CS/G, and CTAB-CS/G (b) adsorbents. 
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Fig. 4. Influence of contact time on Mn(II) ions adsorption capacity using G (a); GL-
CS/G, EDTA-GL-CS/G, SDS-CS/G, and CTAB-CS/G (b) adsorbents. 
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Fig. 5. Influence of initial Mn(II) ions concentration on adsorption capacity of G (a); 
GL-CS/G, EDTA-GL-CS/G, SDS-CS/G, and CTAB-CS/G (b) adsorbents. 
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Fig. 6. Pseudo-second-order kinetic model (a), and validation of intra-particle-diffusion 
model (b) for Mn(II) ions adsorption onto G, GL-CS/G, EDTA-GL-CS/G, SDS-CS/G, 
and CTAB-CS/G adsorbents. 
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Fig. 7. Adsorption isotherms of Mn(II) ions onto G, GL-CS/G, EDTA-GL-CS/G, SDS-

CS/G, and CTAB-CS/G adsorbents: Langmuir (a), Freundlich (b), and Dubinin-

Radushkevich (c).  
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Fig. 8. The plots of lnKC versus 1/T for Mn(II) ions removal using G, GL-CS/G, 

EDTA-GL-CS/G, SDS-CS/G, and CTAB-CS/G adsorbents 

 

 

  

Fig. 9. Regeneration efficiency of G, GL-CS/G, EDTA-GL-CS/G, SDS-CS/G, and 

CTAB-CS/G adsorbents for Mn(II) ion adsorption from aqueous media.  
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Scheme 1. Suggested adsorption mechanism of Mn(II) ions onto G, GL-CS/G, EDTA-
GL-CS/G, SDS-CS/G, and CTAB-CS/G adsorbents. Where R1, R2, R3, R4, and R5 
represent the aliphatic groups in the modified chitosan nanocomposites.  
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