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Abstract: In order to remove the harmful metal ions in lead-zinc mineral processing wastewater, two 

natural clay minerals (bentonite and kaolin) were used as adsorbents and Zn(II) ions were the emphasis in 

this work. The adsorption behaviors including kinetics and isotherms were investigated by batch 

experiments. In addition, the adsorption mechanisms were studied by means of zeta potential testing, 

optical microscope and XRD analysis. The results show that the adsorption process can be best described 

as the pseudo-second order kinetic model. The adsorption equilibrium data of bentonite and kaolinite can 

be respectively fitted best by Langmuir and Freundlich models. Thermodynamic studies display that the 

adsorption of Zn(II) onto clays is non-spontaneous and endothermic. The maximum capacity of Zn(II) 

adsorbed on bentonite and kaolinite respectively reaches to 79.2 mg·g-1 and 6.35 mg·g-1 at 25 °C. The 

structural differences of bentonite and kaolinite result in the differences in adsorption behavior and 

mechanism. The interaction mechanisms of Zn(II) with bentonite and kaolinite involve electrostatic 

attraction, cation exchange, surface complex and precipitation. Bentonite as adsorbent has the potential to 

remove Zn2+ better than kaolinite. 
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Introduction 

With the development of mining industry, a large amount of heavy metals such as 

lead, zinc and copper have been released into the environment and have polluted water 

resources, soils and crops. The pollution of lead-zinc mineral processing wastewater 

has been aroused a special concern in China, since China is one of the largest 

producers and consumers of lead and zinc in the world (Zhang et al., 2012). Therefore, 

wastewater treatment and cycle-use have much academic and practical significance for 

the environmental protection and water conservation. 
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Lead-zinc mineral processing wastewater mainly contains lead and zinc ions, 

suspended solid particles and some chemicals (Chen et al., 2009). There are many 

treatment techniques including coagulation precipitation, electrochemical treatment, 

ion flotation, adsorption, membrane technology and so on (Chen et al., 2009; Mavrov 

et al., 2006; Nunez et al., 2011; Polat et al., 2007; Singanan, 2011, Huang et al., 2016). 

Among these techniques, adsorption has been proved to be an effective and economic 

method for heavy metal wastewater treatment in terms of flexible operation, high 

adsorption capacity and easily accessible adsorbents (Fu et al., 2011; Jiang et al., 

2010; Lollino et al., 2015; Melichova et al., 2013; Mohan et al., 2006; Srivastava et 

al., 2005; Wang et al., 2010).  

Clay minerals are one of good adsorbent alternatives because of their large surface 

areas, high ion exchange capacities, layered structure and chemical/mechanical 

stability. Bentonite and kaolinite are two natural and common aluminosilicate clay 

minerals with smectitic structures. These two clays hold a permanent negative charge, 

≡X
-
 on the basal surfaces, and a smaller variable charge, ≡SiOH on the mineral edges 

(Gu et al., 2008; Gu et al., 2010), which could provide plentiful adsorption sites for 

metal ions. There have been some studies using natural clays mainly bentonite and 

kaolinite to remove Zn(II) from aqueous solution (Dukic et al., 2015; Musso et al., 

2014). The adsorption of Zn(II) onto natural bentonite and acid washed-kaolinite at 

acidic and neutral environment was reported (Sen et al., 2011; Arias et al., 2009). The 

results showed that the adsorption process followed pseudo-second-order kinetic 

model and the equilibrium adsorption was fitted better with Langmuir isotherm. 

Srivastava et al. (2005) investigated the adsorption behavior of Zn(II) with very low 

concentration (<8.66 mg·dm
-3

) onto kaolinite. The results showed that ion exchange 

reaction occurred at pH<7.0 and inner-sphere surface complexes were prone to form at 

higher pH. However, similar studies were mainly focused on the influencing factors, 

kinetics and adsorption isotherms, without considering the difference in the clay 

structures and their properties (Mellah et al., 1997; Bereket et al., 1997; Sheta et al., 

2003; Kaya et al., 2005; Veli et al., 2007; Kubilay et al., 2007). Therefore, the effects 

of clay structures and properties on adsorption process need to be further studied.  

In this work, two natural silicate clay minerals, bentonite and kaolinite were used 

as Zn(II) adsorbents to evaluate their adsorption behaviors. The factors influencing the 

adsorption process, kinetics, isotherms and thermodynamics were investigated. What 

is important is that, the difference in adsorption mechanisms between two clays was 

inspected using advanced analysis techniques including optical microscope, scanning 

electron micrographs, X-ray diffraction and microscopic electrophoresis analysis. 

Experimental 

Materials 

The bentonite (montmorillonite content of 95.8%) was obtained from a mineral 

processing plant in India. The kaolinite (analytical grade) was purchased from Tianjin 
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Chemical Reagent Technologies Co., Ltd, China. Both clay samples were further dried 

at 105 °C for 24 h. The specific surface areas of two clay samples were measured 

using a surface area tester (NOVA ST-2000, America) and calculated by the BJH 

method. The specific surface area of bentonite and kaolinite is 17.767 m
2
·g

−1
 and 

10.562 m
2
·g

−1
 respectively. The equilibrium pH method was used to determine and 

calculate CEC values for the two clays (Jackson, 1962; Aprile et al., 2012). The CEC 

of bentonite and kaolinite is respectively 86.4 and 13.5 meq/100 g clay. 

Unless specifically noted, all reagents used in the experiments were analytical 

grade and were used without further purification. A 1000 mg·dm
-3

 stock solution of 

Zn(II) was prepared by dissolving 4.40 g of ZnSO4·7H2O into ultrapure water and then 

diluted to 1000 cm
3
. Working solutions of Zn(II) were prepared from the stock 

solution by dilution with ultrapure water. 

Dithizone (C13H12N4S, Macklin) and Tween-80 (C24H44O6(C2H4O)n, Kermel) were 

used for Zn(II) determination. Nitric acid (HNO3) and sodium hydroxide (NaOH) 

were used as regulators to adjust pH, and both of them were purchased from 

Sinochem, China. Ultrapure water (18.2 MΩ·cm) was generated with a Barnstead 

NANO Pure Diamond Water Purification System. 

Characterization 

Zn(II) concentrations were tested by dithizone water phase spectrophotometry method, 

which was modified according to UDC 614.777:543.42:546.47. The photometric 

measurements were performed at 525 nm with a model TU-1901 double-beam 

ultraviolet and visible spectrophotometer (UV-Vis, PERSEE, China) with ultrapure 

water as the reference solution.  

Zeta potentials of clays were measured with a JS94H2 model microscopic 

electrophoresis apparatus (Powereach.com, China) and each test was repeated four 

times. The pH values of samples were checked by acidometer PHSJ-4A. The particle 

sizes of clay minerals were observed and analyzed by using the optical microscope 

software (ZEISS Axio Scope. A1, Germany), and d90 was defined as the apparent 

particle size relevant to 90% of cumulative distribution. Scanning electron 

micrographs (SEM) were obtained using a scanning electron microscope (JOEL JSM-

7500F, Japan). X-ray diffractions (XRD) were obtained using a D8 Advance (Bruker) 

X-ray diffract meter with Cu Kα radiation (λ = 1.5418 Å). The samples were scanned 

at a scan rate of 0.02 s
-1

 in a 2θ range of 4–80. 

Adsorption experiments 

All the experiments were conducted using a batch equilibration approach at a constant 

temperature (25 °C). The 250 cm
3
 Erlenmeyer flasks containing the clays and metal 

solution were shaken for a certain time in a thermostatic rotary shaker operating at 150 

rpm and then centrifuged (5 min, 8000 rpm) immediately. The concentration of Zn(II) 

in supernatant was determined by UV-Vis. The adsorption percentage (%) Zn(II) ions 
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onto clay minerals and the adsorption capacity qe (mg·g
-1

) after equilibrium was 

calculated by equations as follows:  

 Adsorption percentage =
𝐶0−𝐶e

𝐶0
100  (1) 

 𝑞e =
(𝐶0−𝐶e)𝑉

𝑚   (2) 

where C0 is the initial concentration of Zn(II) ions (mg·dm
-3

), Ce is the final or 

equilibrium concentration (mg·dm
-3

), V is the volume of Zn(II) solution (cm
3
), and m 

is the weight of clay (g). 

The concentration of clay was 8 g·dm
-3

 for bentonite and 100 g·dm
-3

 for kaolinite, 

and the initial concentration of Zn(II) ions was set as 100 mg·dm
-3

 with pH 6.0, unless 

other stated. Figure 1 shows the mole fraction of hydrolyzed Zn(II) species relative to 

total soluble metal concentration at 25 °C. It is clearly that the main species is Zn
2+

 at 

pH=6. The effect of solution pH on adsorption was studied by adjusting the initial 

solution pH from 1 to 9. 
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Fig. 1. Mole fraction of hydrolyzed Zn(II) species relative 

 to total soluble metal concentration at 25 °C 

The adsorption kinetics were performed by collecting samples at definite intervals 

time in the range of 5–90 min. The adsorption isotherms were obtained by varying the 

initial concentrations of Zn(II) from 100 to 600 mg·dm
-3

 at 25 °C, 35 °C and 45 °C. 

The thermodynamics were calculated from the temperature dependent adsorption 

isotherms. All the experiments were conducted in triplicate to get more accurate 

results. Statistical analysis was conducted with Origin pro 8.5 software. 
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Results and discussion 

Effect of initial pH 

The solution pH is an important factor, which affects the surface charge of clays and 

the degree of ionization and specification of Zn(II) (Gu et al., 2007; Srivastava et al., 

2005). The effect of initial pH on adsorption of Zn(II) is shown in Fig. 2(a). In the 

lower pH range, the absorption increases rapidly with the increasing pH. However, the 

solution pH has a slight impact on the adsorption at the pH range of 8-9. This result 

lies in the formation of a Zn(II) oxyhydroxide layer coating on the clay surface 

decreasing Zn(II) adsorption. Therefore, the adsorption at higher pH values also 

involve the formation of metal complexes (Zn(OH)
+
, Zn(OH)3

-
 etc.) and hydroxide 

precipitation (Zn(OH)2).         
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Fig. 2. Effect of pH on Zn(II) adsorption (a) and zeta potential of two clays (b) 

The surface charge of clays is a function of pH and can be indicated by zeta 

potential, which has a great influence on the adsorption capacity of clays (Chakir et 

al., 2002; Niriella et al., 2006). The zeta potentials of bentonite and kaolinite are 

shown in Fig. 7(b). It can be seen that the zeta potential of bentonite is strongly 

negative and the iso-electric point (IEP) cannot be seen. In contrast, the zeta potential 

of kaolinite decreases with the increasing pH, and the IEP of kaolinite can be tested as 

pH=2.28. At lower pH (<4), the zeta potential of clays is less negative, which results 

in the weak electrostatic attraction between Zn(II) ions and the clay surface and 

ultimately leads to the poor Zn(II) adsorption at lower pH. The low adsorption is also 

due to the competition adsorption between hydrogen ions in solution and Zn(II) ions 

for the active sites on clay surfaces (Zhang et al., 2010). In addition, the more negative 

charge of bentonite is the reason that bentonite has a higher adsorption capacity than 

kaolinite over the whole pH range from 2 to 9.  
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Effect of contact time and adsorption kinetics 

Figure 3 shows the adsorption capacity of two clays as a function of contact time. 

Apparently the adsorption of Zn(II) increases with time and the equilibrium is reached 

within 30 min for bentonite and 60 min for kaolinite. The adsorption of Zn(II) is rapid 

during the first 5 min and then it gradually increases slowly. The reason for this is that 

at the start there are abundant adsorption sites on clay minerals available for 

combining and Zn(II) concentration in the solution is high. As it closes to equilibrium, 

the adsorption sites are almost occupied by Zn(II) ions, and the surface and interlays 

of clay become difficult to be combined and filled in. The two stage adsorption with 

the first stage rapid and the second stage slow has also been reported in other 

literatures (El-Ashtoukhy et al., 2008; Zhang et al., 2011). It is obvious that bentonite 

has a higher capacity than kaolinite, and the maximum Zn(II) adsorption capacity of 

bentonite and kaolinite is 11.88 mg·g
-1

 and 0.87 mg·g
-1

 respectively. 
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Fig. 3. Effect of contact time on Zn(II) adsorption 

To inspect the rate processes of Zn(II) transporting from solution to clay-Zn(II) 

interface, the adsorption kinetics were tested with the following well known models: 

pseudo-first order and pseudo-second order were utilized. The pseudo-first order 

equation is: 

 𝑞t = 𝑞e[1 − exp (−𝑘1𝑡)]  (3) 

where k1 (min
-1

) is the pseudo-first order kinetic constant, qt (mg·g
-1

) is the adsorption 

capacity at time t (Futalan et al., 2011; Gerente et al., 2007). The pseudo-second order 

kinetic equation is given by the linear form: 

 
𝑡

𝑞t
=

1

𝑘2𝑞e
2 +

1

𝑞e
∙ 𝑡 =

1

v0
+

1

𝑞e
∙ 𝑡  (4) 

where k2 (g·mg
-1

·min
-1

) is the pseudo-second order kinetic constant, v0 (mg·g
-1

·min
-1

) 

is the initial adsorption rate (Gerente et al., 2007). 
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The kinetic data were fitted by the two kinetic models and the plots (qe vs t) are 

given in Fig. 4 and the kinetic parameters are listed in Table 1. Based on the 

correlation coefficients (R
2
), the kinetics of Zn(II) adsorption on two clays can be 

described well by pseudo-second order kinetic equation (R
2
 > 0.999). The initial 

adsorption rate of bentonite (v0, 252.53 mg·g
-1

·min
-1

) is much higher than that of 

kaolinite (1.78 mg·g
-1

·min
-1

), which can be attributed to the expanded lattice of 

bentonite (Chakir et al., 2002).  However, the rate constant of bentonite (k2, 1.80 g·mg
-

1
·min

-1
) is lower than that of kaolinite (2.37 mg·g

-1
·min

-1
). This should be owing to the 

lower bentonite concentration, which means more competition between Zn(II) ions in 

binding to the fewer adsorption sites. The qe values of bentonite (11.85 mg·g
-1

) and 

kaolinite (0.87 mg·g
-1

) show a better agreement with experimental values (11.88 and 

0.87 mg·g
-1

 respectively).  
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Fig. 4. Pseudo-first order plots (a) and pseudo-second order plots (b) for Zn(II) adsorption 

Table 1. Kinetic parameters for adsorption of Zn(II) on two clays 

Clay 

minerals 

Pseudo-first order 
 

Pseudo-second order 
 

k1 qe R2 k2 qe v0 R2 

Bentonite 0.81 11.82 0.99993  1.80 11.85 252.53 0.99998  

Kaolinite 0.95 0.85 0.99743  2.37 0.87 1.78 0.99976  

Adsorption isotherms 

To investigate the maximum adsorption capacity of clays for Zn(II) ions, the 

equilibrium concentrations of Zn(II) ions in the solid phase and in the liquid phase 

were modeled by common isotherms namely Langmuir isotherm and Freundlich 

isotherm. The Langmuir isotherm describes the monolayer adsorption and is 

represented as follows: 

 𝑞𝑒 =
𝑞m𝑏𝐶e

1+𝑏𝐶e
  (5) 
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where qm (mg·g
-1

) is the maximum adsorption capacity, and b (dm
3
·mg

-1
) is the 

Langmuir constant connected with the free energy of adsorption and represents the 

affinity of metal ions to the binding sites on the adsorbent (Wang et al., 2008). 

The Freundlich isotherm can be applied to non-ideal adsorption on heterogeneous 

surfaces and multilayer adsorption and it  is expressed by the following equation: 

 𝑞e = 𝐾f𝐶e
1 𝑛⁄

  (6) 

where Kf (mol
1-(1/n)

·dm
3(1/n)

·g
-1

) and n are the Freundlich constants, which respectively 

indicate the relative adsorption capacity and the adsorption intensity (Blanes et al., 

2011). The magnitude 1/n ranging between 0 and 1 represents the favorability of 

adsorption and the surface heterogeneity. If 1/n is less than unity, it indicates favorable 

adsorption and when its value gets closer to zero, it indicates more heterogeneous 

adsorbent surface. 
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Fig. 5. Adsorption isotherms of Zn(II) on (a) bentonite and on (b) kaolinite.  

Lines represent the Langmuir model simulations 
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Fig. 6. Adsorption isotherms of Zn(II) on (a) bentonite and on (b) kaolinite.  

Lines represent the Freundlich model simulations 
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The experimental data for Zn(II) equilibrium adsorption on two clays at 25, 35 and 

45 
o
C are simulated with the Langmuir and Freundlich models. The fitting plots are 

illustrated in Fig. 5 and Fig. 6, and the isotherm parameters are shown in Table 2.  

Table 2. Adsorption isotherm data for adsorption of Zn(II) on two clays 

Clay minerals T/oC 
Langmuir model 

 
Freundlich model 

qm b R2 Kf n R2 

Bentonite 

25 79.20 0.39 0.9932  26.38 2.99 0.8880 

35 80.76 0.42 0.9853  27.59 2.93 0.8814 

45 79.07 0.53 0.9956  29.34 3.01 0.9050 

Kaolinite 

25 6.35 0.17 0.9411  1.62 2.74 0.9868 

35 5.36 0.72 0.9078  2.13 3.13 0.9687 

45 5.40 0.82 0.9150  2.31 3.35 0.9760 

 

Comparing the correlation coefficients (R
2
), the Langmuir model can best fit the 

adsorption data of bentonite at the given concentration range, and the Freundlich 

model can best fit the adsorption data of kaolinite. The parameter n for bentonite and 

kaolinite respectively varied from 2.93 to 3.01, 2.74 to 3.35, and 1/n < 1 confirms that 

the adsorptions of two clays for Zn(II) ions are favorable adsorption. The affinity 

index b demonstrates that the affinity between two clays and Zn(II) decreased with 

temperature, and bentonite has a better affinity with Zn(II) than kaolinite at 25
 o

C. 

Based on the Langmuir isotherm, the maximum adsorption of bentonite and kaolinite 

can be attained, ranging from 79.07 to 80.76 mg·g
-1

 and from 5.36 to 6.35 mg·g
-1

, 

respectively. The Freundlich adsorption maxima of bentonite are 282-288% of the 

initial CEC of bentonite and 122-145% of the initial CEC of kaolinite. Metal 

hydroxide precipitation formed in the Zn-clay system because the adsorption capacity 

of Zn
2+

 surpasses the CEC of clays (Bingham et al., 1964; Udo et al., 1970). The 

higher qm values of bentonite than kaolinite could be related to the more negative 

potential, large specific surface area and higher CEC value of bentonite than kaolinite 

(Alvarez-Ayuso et al., 2003). 

Effect of temperature and adsorption thermodynamics 

The effect of temperature on the adsorption capacity is displayed in Fig. 7.  

Obviously shown in Fig.7, the adsorption capacities of bentonite and kaolinite 

slightly increase with the increasing temperature. This result is owing to the faster 

mobility and diffusion of Zn(II) ions from solution to clay-Zn(II) interface at a higher 

temperature. This seemingly indicates that the adsorptions of two clays for Zn(II) are 

endothermic processes. Actually, this needs the support of thermodynamic data. 

The thermodynamic parameters for Zn(II) adsorption process, free Gibbs energy 

(△G, kJ·mol
-1

), enthalpy (△H, kJ·mol
-1

) and entropy (△S, kJ·K
-1

·mol
-1

) can be 
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calculated from the temperature dependent adsorption isotherms using the following 

equations (Bhattacharyya et al., 2011; Futalan et al., 2011): 

 ∆𝐺 = −𝑅𝑇 ln𝐾  (7) 

 ln𝐾 =
∆𝑆

𝑅
−

∆𝐻

𝑅𝑇
   (8) 

where K is from the Langmuir and Freundlich equations (Humpola et al., 2013), R is 

the universal gas constant (J·mol
-1

 K
-1

), and T is the solution temperature (K). The plot 

of lnK vs 1/T is linear with the slope and the intercept giving values of △H and △S. 

The results can be found in Table 3.  
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Fig. 7. Effect of system temperature on Zn(II) adsorption 

Table 3. Thermodynamic data for adsorption of Zn(II) on two clays 

Clay minerals △H △S 
△G 

25 oC 35 oC 45 oC 

Bentonite 12.02 0.03 2.33 2.22 1.68 

Kaolinite 14.13 0.05 -1.19 -1.94 -2.22 

 

The values of △G for bentonite are positive, indicating that the adsorption of Zn(II) 

ions on bentonite is non-spontaneous at 25–45 °C and △G decreases from 2.33 to 1.68 

kJ·mol
-1

 with the increasing temperature, demonstrating that the adsorption becomes 

less non-spontaneous. This is supported by the fact that bentonite has positive △H 

value (12.02 kJ·mol
-1

). It signifies that the adsorption process is endothermic and 

causes an increase in the entropy (△S = 0.03 kJ·K
-1

·mol
-1

). Hence increasing the 

temperature resulted to an increase in the Zn(II) adsorption capacity of bentonite. On 

the contrast, the negative △G for kaolinite indicates the spontaneous adsorption 

process, and the adsorption process of kaolinite for Zn(II) becomes more spontaneous 

with the temperature increasing. The adsorption process of kaolinite is also 
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endothermic (△H = 14.13 kJ·mol
-1

) and causes an increase in the entropy (△S = 0.05 

kJ·K
-1

·mol
-1

). These results demonstrate that increasing temperature is beneficial to 

adsorption of the two clays. 

Effect of clays structural properties 

In order to explore the differences of the adsorption behavior between two clays, 

morphological and microstructural characterizations of the samples were performed.  

 

Fig. 8. The microphotographs of two clays before (a and c) and after (b and d) adsorption 
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Fig. 9. Cumulative distribution of clay particle sizes before ■ and after▲ adsorption 

The microphotographs of two clays and the particle sizes before and after 

adsorption are shown in Figs. 8 and 9. It is obvious that the apparent particle sizes of 

two clays turn larger after adsorption, and d90 of bentonite increased from 2.79 to 5.38 

μm, and kaolinite from 8.63 to 9.54 μm. The aggregation of clay particles should be 

attributed to the adsorption of positively charged Zn(II) ions onto the surfaces of clays 
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through electrostatic attraction and the negative surface of clays was partially 

neutralized, which reduced the repulsion of clay particles. The smaller change of 

kaolinite particle sizes is owing to the lower adsorption capacity. 

The SEM micrographs of two clays are shown in Fig. 10.  
      

 

Fig. 10. SEM images of (a) bentonite and (b) kaolinite 

It is obvious from Fig. 10a that, the surface of bentonite is consistent with schistose 

structures, which are favorable for Zn(II) adsorption. Contrastively, the kaolinite 

presents a relatively different surface morphology (Fig. 10b). The kaolinite particles 

are relatively smoother, with small fragmented and block particles adhering on the 

surface. These may be the reason that kaolinite has a smaller specific surface area than 

bentonite, which further result in the lower adsorption capacity of kaolinite. 

The XRD analysis of two clays before and after adsorption of 600 mg·dm
-3

 Zn(II) 

are shown in Fig. 11. After adsorption, the basal spacing of bentonite increased from 

1.4471 nm to 1.48661 nm, while that of kaolinite increased from 0.6992 to 0.71268 

nm. These results indicate that Zn(II) ions were adsorbed into the interlayer by the 

electronic attraction (eq. 9) and aroused the increase of layer spacing. Obviously, the 

spacing change of bentonite is less than that of kaolinite, though bentonite has the 

larger layer spacing and higher adsorption capacities. These should attribute to the 

cation exchange reaction of Zn(II) ions with interstratified Na
+
 ions of bentonite (eq. 

10), and Zn(II) ions have smaller diameters (0.074 nm) than interstratified Na
+
 (0.095 

nm) (Nightingale Jr., 1959). Therefore, regarding to the mechanism of Zn(II) ions 

entering into the interlays, it can be concluded that the electronic attraction is the main 

adsorption mechanism for two clays, and interlayer cation exchange is another 

adsorption mechanism for bentonite.  

 ≡ X− + Zn2+ ↔ ≡ X3
− ∙ Zn2+  (9) 

 2 ≡ X− ∙ Na+ + Zn2+ ↔ ≡ X2
− ∙ Zn2+ + 2Na+ .   (10) 
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Fig. 11. The XRD patterns of bentonite (a) and kaolinite (b) 

Conclusions 

The adsorption behaviors of Zn(II) onto bentonite and kaolinite were investigated 

under various conditions. The adsorption capacities of two clays increase with the 

increase of contact time, solution pH and system temperature. The adsorption process 

that can be best described by pseudo-second order kinetic model, is governed by both 

electrostatic attraction and ion exchange mechanisms. The adsorption rate of two clays 

is much higher at the first 5 min and then turns slow afterward. Equilibrium is 

achieved practically in 30 min and 60 min respectively for bentonite and kaolinite. 

The equilibrium adsorption data of bentonite and kaolinite are fitted well by Langmuir 

model and Freundlich model, respectively. The adsorptions of two clays for Zn(II) are 

both favorable adsorption, and bentonite has a better affinity with Zn(II) than kaolinite 

at 25
 o

C. Adsorption thermodynamics indicate that the adsorptions of two clays for 

Zn(II) ions are both endothermic processes. The adsorption of bentonite is non-

spontaneous, while that of kaolinite is spontaneous. Bentonite and kaolinite are 

effective adsorbents for Zn(II) ions. The adsorption percentage can reach more than 

95% for 100-600 mg·dm
-3

 Zn(II) solution. Bentonite and kaolinite has potential for 

application in the treatment of high Zn(II)-containing lead-zinc mineral processing 

wastewater.  
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