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Abstract: The adsorption of bacteria onto the Na-montmorillonite (Na-MMT) was studied as a 

function of time, bacterial concentration, temperature and pH with the introduction of the organic and 

inorganic calcium sources. The results indicated that albeit revealing the same adsorption mechanism, 

the organic calcium (i.e., Ca(CH3COO)2) proposed in this study is more beneficial and 

environmentally friendly than the inorganic calcium (i.e., CaCl2) in terms of the adsorption of bacteria 

onto the Na-MMT surface, which can be ascribed to the formation of the denser aggregates in the 

Na-MMT with Ca(CH3COO)2. Meanwhile, the adsorption kinetics and isotherms followed the 

pseudo-second-order kinetic model and Langmuir Equation for both two calcium sources. Meanwhile, 

the adsorption bands of the water molecules on the minerals were observed to shift significantly after 

the bacterial adsorption, showing that the hydrogen bonding on the Na-MMT surface played an 

important role during this process. A value of ΔH
0
 > 0 indicated that the bacterial adsorption was 

affected by van der Waals force and hydrophobic interaction. Finally, the negative zeta potentials of 

the Na-MMT increased with the addition of Ca
2+

 ions, and the experimental data also showed that the 

adsorption of bacteria onto the Na-MMT was mainly determined by the electrostatic and 

non-electrostatic forces.  
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Compared with previous studies, Ca(CH3COO)2 was proposed for bacterial adsorption and adsorption 

mechanism of bacteria was clarified in the presence of Ca
2+

. Denser aggregates formed in the 
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Ca(CH3COO)2 group explained its better adsorption capacity. Meanwhile, compared with CaCl2, 

Ca(CH3COO)2 was more environmentally friendly and eliminated the secondary pollution of Cl
-
 ions. 

Further, a new method to remove the bacteria from the aqueous solution was found. 

1. Introduction 

Bacterial pollution in drinking water is the main pollution. Contamination of bacteria can lead to 

food poisoning and disease. More than 1 million people die every year from water related diseases. At 

present, the size-exclusion mechanism is used as mainly way to remove contaminated bacteria in 

water sterilization and purification (1-4). The pore sizes of the cartilage or membranes need to be 

comparable to the bacterial size to remove bacteria in water. Despite all this，the membranes are easily 

clogged. Therefore, efficient methods and novel materials for water purification are highly needed. 

The complex material made of silver nanofibers, carbon nanotubes, and cotton have been widely 

studied as efficiency and fast purification speed (5-8).In this paper, we report a new principle 

demonstration of bacteria removal using Na-MMT based on a novel adsorption mechanism. 

Sporosarcina pasteurii, which is a type of gram-negative and aerobic bacteria, has widely been 

applied in soil improvement by microbially induced calcium carbonate precipitation (MICP) (9-13), 

and some specific applications were found in practice such as the strengthening of soft-coal reservoirs 

(14), the improvement of the liquefaction resistance of sands (15, 16), the prevention and control of 

sandstorm (17-19) and the improvement of the environment as a dust suppressant (20). However, the 

porosity of soil could be blocked in the presence of bacteria, indicating the importance of the uniform 

distribution of bacteria within soil, which also leads to the extensive investigations of the adsorption 

of bacteria onto the mineral surface. 

As aforementioned, numerous studies have focused on the adsorption of bacteria onto the mineral 

surface of the soil with various components such as Montmorillonite and Kaolinite (21, 22) as well as 

organic and inorganic mineral (23). Previous literature reported that the adsorption of bacteria onto the 

mineral surface played an important role in the bio-mineralization, bacterial distribution, bacterial 

activity and biodegradation (24). Meanwhile, the transport of bacteria controlled the migration of 

various pollutants including inorganic and organic pollutants as well as heavy metals. Thus, it is of 
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great significance to understand the adsorption mechanism of bacteria onto the mineral surface, and 

several factors were identified to contribute to the sorption of bacteria (e.g., salt concentrations, pH, 

ionic strength and temperature) (24, 25). For instance, it is reported that also the adsorption capacity of 

bacteria onto the corundum was weakened with the growth of ionic strength and pH (23). Meanwhile, 

A. L. Mills et al. (26) found that the high salt concentrations led to more adsorption of bacteria onto 

the quartz surface, whereas D. Jiang et al. (27) demonstrated that the best attraction between bacteria 

and clay occurred when the temperature ranged from 15 to 35 ℃. 

Several studies confirmed that the calcium source is of great importance. CaCl2 was widely 

investigated and mainly used to change the ionic strength during the adsorption process (28-31). 

However, other calcium sources are also investigated by the researchers. J. Xu et al. (32) discovered 

that the biochemical properties of bacteria were strongly influenced by different calcium sources, and 

higher bacterial activity was found when the calcium lactate introduced in the MICP process. 

Meanwhile, the result also showed that the size and morphology of crystal were different in the 

presence of different calcium sources. Besides, the main component of the CaCO3 precipitates was 

identified as calcite when different calcium sources were used, and the results were also in line with 

another study (28). P. Li and W. Qu (31) demonstrated that the calcium acetate and calcium chloride 

presented the same effect on the repairing of the cracks and the strength boost of concrete in the MICP 

process, however, Y. Zhang et al. (33) reported that the higher compressive strength of samples was 

obtained with the addition of calcium acetate source in porous media. Similarly, K. V. Tittelboom et al. 

(34) used calcium acetate, calcium chloride and calcium nitrate to repair the cracked concrete, and the 

results presented that these three calcium sources revealed almost the same performance in view of the 

water permeability reduction. 

It is well recognized that the durability of reinforced concrete was affected by the formation of 

cracks in concrete structures, which can be attributed to the degassed and electrochemistry corrosion 

caused by the chloride ions penetration through the cracks (35). Therefore, it is necessary to apply 

other organic calcium sources (e.g., Ca(CH3COO)2) instead of CaCl2, which will reduce the adverse 

effects owing to the Cl
-
 ions penetration within the samples, albeit CaCl2 has been widely studied for 
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the adsorption of bacteria on the minerals. However, the effect of different calcium sources was rarely 

studied, and the detailed processes in terms of the adsorption of bacteria onto the mineral surface 

involving the Ca
2+

 ions was still unknown.    

Given the foregoing, with different calcium sources introduced, the adsorption of bacteria onto 

the Na-montmorillonite (Na-MMT) surface was studied with several parameters investigated 

including the time, bacterial concentration, temperature and pH by batch experiments. At the same 

time, the desorption of bacteria on the Na-MMT was also investigated. Further, the adsorption 

mechanism of bacteria onto the Na-MMT surface containing different calcium sources was clarified 

by means of Brunner−Emmet−Teller (BET), Fourier Transform infrared spectroscopy (FTIR) and the 

Zeta potential measurement. Finally, the morphology of bacteria adsorbed on the Na-MMT surface 

was also facilitated by the use of Cryo-SEM. 

2. Materials, preparation of bacteria and Methodologies 

2.1 Materials 

2.1.1 Bacterium and Culturing 

The bacteria used was purchased from Shanghai Fusheng industrial Reagent Co., Ltd, and was 

characterized as a strain of Sporosarcina pasteurii. The colonies of the bacteria were inoculated into 

1000 mL of CASO+20 g/L urea medium and were shaken (120 rev minutes
−1

) at 301.15 K for 24 

hours. The culture medium was centrifuged at 8000 rev minutes
−1

 at 277.15 K for 10 min to obtain the 

bacteria. Then, the bacteria were washed for three times by the sterilized distilled-deionized (DDI) 

water and were resuspended in DDI. Then 8.101 mol L
-1

 CaCl2 and Ca(CH3COO)2 solution was 

prepared to obtain a known concentration of bacterial suspension. The concentration of Ca
2+

 ion was 

optimized through experiments. The optical density (OD) of bacteria at 600 nm wavelength was 

analyzed by a UV–vis spectrophotometer (UV-752, China), and the bacterial concentration followed 

an optical density at 600 nm (OD600). 

2.1.2 Mineral 

The Na-MMT was purchased from Zhejiang Fenghong new materials Co., Ltd. The physical and 

chemical properties of the Na-MMT were characterized by XRD, FTIR and XRF, as listed in Fig. S1 
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(A), Fig. S1 (B), Table S1and Table S2, respectively. 

2.2 Preparation of Bacteria in the Adsorption and Desorption Experiments 

A series of sorption experiments was performed to investigate the adsorption of bacteria on the 

Na-MMT surface with CaCl2 and Ca(CH3COO)2 introduced as a function of time, bacterial 

concentration, temperature and pH. The bacteria were centrifuged and resuspended (OD600=1.5) by 

8.101 mol L
-1

 CaCl2 and Ca(CH3COO)2 solution, respectively. The mixture of 0.4 grams of Na-MMT 

and 100 grams of suspension solution (OD600=1.5) was stirred at 240 rev minutes
−1

 for 20 min to 

investigate the effect of the time change (i.e., 0 min to 120 min), temperature (i.e., 293 K - 333 K) and 

pH (i.e., 7-11) on the bacterial adsorption onto the mineral. To study the influence of the initial 

bacterial concentrations on the adsorption of the bacteria, the mixture of 0.4 grams of Na-MMT and 

100 grams of suspension solution (OD600=0.5, 1.0, 1.5 and 2.0) was stirred at 240 rev minutes
−1

 for 20 

minutes. The amount of bacterial adsorbed onto the mineral was calculated by subtracting the current 

bacterial concentration from the initial amount of bacteria added (without any bacterial adsorption). 

The mixture of 0.4 grams of Na-MMT and 100 grams of suspension solution prepared by DDI 

(OD600=0.5, 1.0 and 1.5) was stirred at 240 rev minutes
−1

 for 20 minutes. The concentration of 

bacteria (D1) was measured until the values were stable. The desorption experiments of bacteria were 

conducted by shaking the suspension solution at 120 rev minutes
−1

 for 2 hours. The concentration of 

bacteria (D2) was then measured again until no significant changes occurred in the values. The 

percentage of bacterial desorption (W) was calculated by Eq. (1). 

                                                   (1) 

2.3 Methodologies 

2.3.1 Fourier Transform Infrared Spectra (FTIR) 

FTIR (Thermo Scientific Nicolet iS5) was employed to characterize the adsorption mechanism of 

bacteria onto the Na-MMT surface. The mixture of 2 mg of powder sample and 200 mg of pure KBr 

was ground evenly and was then placed into the mold. The mixture was pressed into a transparent 

sheet by the hydraulic press and was put into the infrared spectrometer for the test with a wavenumber 

range of 4000-400cm
-1

, scanning times of 32 and a resolution of 4cm
-1

. 
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2.3.2 Cryo-Scanning Electron Microscope (SEM) 

Cryo-scanning electron microscope (Cryo-SEM, FEI Quanta 450) was used to observe the image 

of the Na-MMT surface with the introduction of calcium sources. The powder samples were frozen for 

30 seconds in liquid nitrogen snow mud, and then was sputtered with 10 mA current for 60 seconds, 

after sublimation at 363 K for 10 minutes. Then, the platinum was sprayed on the surface of the 

sample. Finally, the sample was involved in SEM for observation with a 5 kV of accelerating voltage. 

2.3.3 Electrokinetic and Surface Characterization of Mineral  

The minerals (i.e., Na-MMT, Na-MMT with Ca(CH3COO)2 and CaCl2) were diluted in the 

deionized water to ensure the final concentration between 5-10 mg mL
-1

. Then, the Zeta-potential 

values of minerals were measured at 298 K by a zeta potential analyzer (Malvern Zetasizer Nano 

ZS90). All experiments were repeated for 3 times at a pH of 8. The specific surface area and the 

adsorption cumulative volume of pores within the minerals were obtained by N2 adsorption (Mike 

2020). 

3. Results 

3.1 Adsorption and Desorption of Bacteria onto the Na-MMT Surface 

The amount of bacterial adsorption onto the Na-MMT surface at a pH of 8.5 was almost the same 

when different calcium sources (i.e., CaCl2 and Ca(CH3COO)2) were introduced (Fig.1 (a)). The 

adsorption of bacteria proceeded rapidly in the first 30 minutes but the process slowed down after 30 

minutes. Eventually, the bacteria were completely adsorbed onto the Na-MMT surface. It may be due 

to a change in the adsorption process between the surfaces with bacteria and mineral. Because the 

adsorption of bacteria is driven by the release of counterions to the charges on the bacteria and the 

surface (36) 

The amount of bacterial sorption on the Na-MMT surface increased with the growth of bacteria 

concentration (Fig.1 (b)). When the OD600 of bacteria were 0.5, 1.0 and 1.5, the bacteria were almost 

completely absorbed under different calcium sources, whereas when the OD600 of bacteria was 2.0, the 

percentage of bacteria adsorbed by Na-MMT was only 86.5 % and 83.5 % with the introduction of 

Ca(CH3COO)2 and CaCl2, respectively. The reason could be that adsorption capacity of bacteria onto 
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Na-MMT surface has reached the saturation value. 

Fig.1 (c) shows that the adsorption of bacteria on the Na-MMT surface with different calcium 

sources were dependent on the temperature. A significant change was observed with the increment of 

the temperature. However, instead of an increase, the number of bacterial sorption decreased at 313 K, 

and further investigations should be performed with respect to this trend. 

The adsorption of bacteria on the Na-MMT surface was significantly affected by the pH under 

different calcium sources, as shown in Fig.1 (d)). With CaCl2 and Ca(CH3COO)2 introduced, when the 

pH increased from 7 to 11, a gradual reduction in the bacterial adsorption onto the Na-MMT surface 

was seen. Meanwhile, compared to CaCl2, a larger volume of bacteria were adsorbed onto the mineral 

surface with the introduction of Ca(CH3COO)2, as shown in Fig. 1, which could be attributed to the 

fact that the growth of pH led to the increase of electrostatic repulsion both on the surface of minerals 

and the bacteria (24). 

The mixture of bacteria and Na-MMT was shaken at 120 rpm for 2 hours to determine the 

percentage of sorption for bacteria. Then, the percentage of desorption for bacteria has been calculated. 

When the OD600 was 0.5, 1.0 and 1.5, nearly no bacteria were released from the Na-MMT surface 

with different calcium sources introduced (the data was shown in Fig.2S), thus suggesting that the 

bacteria were strongly retained by the Na-MMT surface in the presence of Ca
2+

 ions. This 

phenomenon is attributed to strong adsorption of bacteria on mineral by chemical interaction. 

3.2 Kinetic and Isotherm of Bacteria Adsorption  

The pseudo-second-order kinetic model was applied in terms of the adsorption of bacteria onto 

the Na-MMT surface with different calcium sources introduced (Fig.2 (a)). The experimental data 

were in line with a pseudo-second-order kinetic model (Table. S3). The correlation coefficients (R
2
 > 

0.99) indicate that the sorption process of bacteria onto the Na-MMT surface may be ascribed to 

chemisorption (37, 38). Meanwhile, the results also suggest that when different calcium sources were 

introduced, the overall rate of the adsorption process was controlled by the chemical adsorption when 

the bacteria were present (39, 40).  

With different calcium sources introduced, the adsorption of bacteria onto the Na-MMT surface 
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followed a Langmuir isotherm model (Fig.2 (b)). The experiment data fitted well with the Langmuir 

isotherm model (Table. S3). In the Na-MMT-Ca(CH3COO)2 group, the Langmuir constant KL was 

12.2 % smaller than that of Na-MMT-CaCl2 group, indicating that more energy was released with 

respect to the adsorption of bacteria where Ca(CH3COO)2 was added, in comparison with CaCl2. In 

view of the above findings, it can be inferred that the sorption capacity of the Na-MMT involving 

Ca(CH3COO)2 was greater than that with CaCl2. The detailed explanation will be presented in section 

result. 

3.3 FTIR Analysis of Adsorption 

The FTIR analysis of selected samples was exhibited in Fig. 3. The adsorption bands of the 

mineral were analyzed as follows. The peak 1040 cm
−1

 in the curves can be assigned to the Si-O 

stretching vibrations, whereas the peaks, 469, 523 and 917 cm
−1

 were due to the Si-O-Si bending 

vibration. For the bacteria, CH2 asymmetric stretching vibration was observed at 2936 cm
-1

, and the 

presence of C=O contributed to the peak 1655 cm
-1

. The peak 1403 cm
-1

 and 1059 cm
-1

 can be 

ascribed to the presence of C-O bending and polysaccharide. The experimental data indicated that the 

Si-O stretching vibrations and the Si-O-Si bending vibration of the Na-MMT were almost the same 

with the introduction of CaCl2 or Ca(CH3COO)2. Besides, the peaks 3410 cm
-1

 (3449 cm
-1

) and 1641 

cm
-1

 (1642 cm
-1

) were due to the symmetric stretching and bending vibrations of the water molecules 

on the Na-MMT-Ca(CH3COO)2 group (Na-MMT-CaCl2 group). Meanwhile, the FTIR curve also 

shows that after the sorption of bacteria, the functional group position of the water molecules on the 

Na-MMT-Ca(CH3COO)2 group (Na-MMT- CaCl2 group) shifted from 3420 to 3424 cm
-1

 (3440 to 

3422 cm
-1

) and from 1641 to 1645 cm
-1 

(1642 to 1654 cm
-1

), respectively. In view of the 

aforementioned findings, it is suggested that the water molecules on the Na-MMT surface played an 

important role in the sorption process. Moreover, the CH2 asymmetric stretching vibration and the 

C=O were observed on the mineral-Ca(CH3COO)2-bacteria and mineral-CaCl2-bacteria, confirming 

the adsorption of bacteria onto the Na-MMT surface, and Ca(CH3COO)2 and CaCl2 show a similar 

mechanism with regard to the adsorption of bacteria onto the Na-MMT surface. The wavelength 

number of mineral and bacteria was shown in Table. S4. 
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3.4 SEM Analysis of Bacterial Adsorption 

The images of bacterial adsorption on the Na-MMT surface were observed by the use of 

Cryo-SEM (Fig. 4). Compared to CaCl2 (Fig. 4(c) and 4(d)), the images suggested that Ca(CH3COO)2 

presented a tendency to aggregate the Na-MMT and led to the formation of larger particles during the 

bacterial adsorption process (Fig. 4(a) and 4(b)). The bacteria were mainly attached onto the Na-MMT 

surface in the presence of Ca(CH3COO)2 and CaCl2. The images (Fig. 4(b) and (c)) indicate that 

although different calcium sources were introduced, the adsorption mechanism of bacteria onto the 

Na-MMT surface was similar. 

3.5 BET Analysis of Bacterial Adsorption 

The specific surface area of the Na-MMT increased in the presence of CaCl2 and Ca(CH3COO)2 

(Fig. 5 (a)). The results showed that the specific surface area affects the adsorption of bacteria onto the 

Na-MMT surface to some degree. The Na-MMT with Ca(CH3COO)2 adsorbed a greater amount of 

bacteria than that with CaCl2, although the Na-MMT with Ca(CH3COO)2 presents a smaller SSA than 

that with CaCl2. Therefore, considering this, it is implied that the specific surface area may not be the 

major contributor to the bacterial adsorption onto the Na-MMT surface, which could be related to the 

non-electrostatic force dominating the bacteria adsorption onto the Na-MMT surface. Meanwhile, the 

hysteresis loop of the isotherm adsorption line of mineral followed H3 type. Besides, the results also 

indicated that the adsorption characteristics of the Na-MMT failed to change significantly with 

different calcium sources introduced (i.e., CaCl2 and Ca(CH3COO)2). Further, it is demonstrated that a 

large number of pores were seen in these minerals (Fig. 5 (b)), and the cumulative volume of the pores 

within the Na-MMT increased with the introduction of Ca(CH3COO)2, while a reduction was seen in 

the pore volume within the mineral with CaCl2. Therefore, the cumulative volume of pores within the 

Na-MMT might not be a major factor as well in the determination of the bacteria adsorption onto the 

mineral.  

4. Discussions 

Absorption refers to the process by which one material occupies another one through the small 

pores or spaces between them, which involves the whole volume of materials, whereas adsorption is 
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defined as the process where the atoms, ions or molecules from a gas, liquid or dissolved solid adhere 

to the surface, and only the surface area of material is involved. Due to the small interlayer spacing of 

Na-MMT (i.e., 0-10 nm) (41, 42) and the larger size of bacteria (3-5 um), the bacteria were only 

thought to be adsorbed on the Na-MMT surface instead of throughout the whole mineral. Moreover, 

the experimental data show the amount of bacteria adsorbed on the Na-MMT surface increase with 

increasing temperature, which is a typical adsorption phenomenon. Langmuir Equation was well fitted 

by the experimental data, which confirms that the adsorption of bacteria onto the Na-MMT surface 

was single molecular layer adsorption. The results of FTIR spectra showed that the vibration peak of 

water molecules was significantly different during the adsorption process, proving that the hydrogen 

bonds played an important role. 

The Fig 6 shows that the zeta potential shifted from -26.3 mv to -13 mv in the presence of 

Ca(CH3COO)2, whereas a similar shift was also observed in the presence of CaCl2 (i.e., from -26.3 mv 

to -14.2 mv), accounting for the volume increase of bacteria adsorbed onto the Na-MMT surface due 

to the introduction of Ca
2+

 ions. The absolute value of zeta potential on the Na-MMT surface in the 

presence of Ca(CH3COO)2 (-13 mv) was smaller than that CaCl2 (-14.2 mv), explaining the superior 

performance of Ca(CH3COO)2 than CaCl2 regarding the adsorption of bacteria onto the Na-MMT 

surface. The adsorption of bacteria on the minerals is mainly affected by the electrostatic and 

non-electrostatic forces. The electrostatic force is generated by the Coulomb force interaction between 

two charged substances, while the non-electrostatic force is generated by the Van der Waals force, 

Hydrophobic interaction and Hydrogen bond. Due to the negative charge of Na-MMT surface and 

bacteria, we considered that electrostatic force is not conducive to bacterial adsorption on the 

Na-MMT surface. The experimental data showed that the addition of Ca
2+

 ions significantly increased 

the number of bacteria adsorbed on the Na-MMT surface. With the introduction of Ca
2+

 ions, the 

negative charges of the Na-MMT surface decreased significantly (Fig. 6). Therefore, the above 

findings also imply that the non-electrostatic force may dominate in the bacterial adsorption onto the 

Na-MMT surface compared with the electrostatic interaction. K. S. Zerda et al. (43) and S. 

Chattopadhyay and R. W. Puls (44) also found that virus adsorption on silica and the adsorption of 
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bacteriophages on and kaolinite were mainly govern by the non-electrostatic forces. The experimental 

data of FTIR showed an obvious change was observed in the functional groups of the water molecules 

on the mineral after the bacterial adsorption. As reported, the hydrogen bonds between two interacting 

bodies were formed by these shifts (45, 46). 

The adsorption of bacteria onto the mineral surface across a range of temperatures (303 to 333 K) 

with addition of 8.1  Ca
2+

 ions is shown in Fig 7. The parameter values of ΔS
0
 and ΔH

0
 can 

be calculated through the slope and intercept, respectively. The thermodynamics parameter values of 

Na-MMT are listed in Table S5. As ΔG
0
 < 0, the adsorption of bacteria onto the Na-MMT surface was 

spontaneous. P. D. Ross and S. Subramanian (47) reported that the hydrogen bond may cause negative 

enthalpy, while ion interaction and hydrophobic interaction may result in positive enthalpy. A value of 

ΔH
0
 > 0 indicated that the bacterial adsorption was affected by van der Waals force and hydrophobic 

interaction. Thus, confirming that the non-electrostatic forces presented an important effect on the 

adsorption of bacteria onto the Na-MMT surface. The adsorption process of bacteria onto Na-MMT 

surface is schematically illustrated in Fig 8. 

The growth of pH increased the negative charge both on the surface of minerals and the bacteria 

(24). Due to the increment of the repulsive electrostatic force, a reduction was seen in the bacteria 

adsorption onto the mineral surface as pH increased. The images of SEM showed that the aggregates 

of the Na-MMT involving Ca(CH3COO)2 were much denser than that with CaCl2, indicating that in 

comparison with CaCl2, a larger volume of bacteria were adsorbed onto the mineral with 

Ca(CH3COO)2, which can be assigned to the smaller value of the Langmuir parameter KL in this 

group, indicating a stronger affinity of bacteria for the Na-MMT containing Ca(CH3COO)2. Almost no 

bacteria were desorbed, which could be assigned to the chemical interaction that could result in strong 

adsorption of bacteria onto the mineral surfaces and low mobility of those adsorbed bacteria. 

5. Conclusions 

As the Na-MMT with Ca(CH3COO)2 presented a higher affinity for the bacteria than CaCl2, 

Ca(CH3COO)2 outperformed CaCl2 in terms of the bacterial adsorption onto the Na-MMT surface. 

The adsorption of bacteria onto the Na-MMT surface was identified as chemical adsorption, and it is 
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mainly governed by the non-electrostatic forces (i.e., the van der Waals force, hydrophobic interaction 

and hydrogen bonding) and electrostatic forces with addition of Ca
2+

. The specific surface area of 

Na-MMT increased with the addition of Ca
2+

 ions, and the adsorption of bacteria was also affected by 

the specific surface area of minerals, but it is not a main contributor.  
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Figure 1. Effect of the contact time (a), bacterial concentration (b), temperature (c) and pH (d) on the 

adsorption of bacteria onto a Na-MMT surface with 8.1 mmol/L of Ca
2+
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Figure 2. Pseudo-second-order kinetic models (a) and Langmuir isotherm models (b) for the 

adsorption of the bacteria onto the Na-MMT surface with 8.1 mmol/L of 

Ca
2+



 

Figure 3. FTIR spectra of Na-MMT, Na-MMT-Ca(CH3COO)2, Na-MMT-CaCl2, bacteria, 

Na-MMT-Ca(CH3COO)2-bacteria and Na-MMT -CaCl2-bacteria (M, Na-MMT; B, bacteria) 
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Figure 4. Images of the bacterial adsorption onto the Na-MMT surface with the addition of 

Ca(CH3COO)2 (a and b) and CaCl2 (c and d) 

 

Figure 5. Specific surface area and cumulative volume of pores of minerals (Na-MMT, 

Na-Ca(CH3COO)2 and Na-MMT-CaCl2) 
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Figure 6. Zeta-potential values of minerals (Na-MMT, Na-MMT-Ca(CH3COO)2 and Na-MMT-CaCl2) 

 

Figure 7. Thermodynamics of the adsorption of the bacteria on the Na-MMT surface with the addition 

of 8.1 mol L
-1

 Ca(CH3COO)2 and CaCl2. 
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Figure 8. Schematic illustration of the bacterial adsorption process onto the Na-MMT in the presence 

of Ca
2+
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