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a b s t r a c t
Ca-bentonite was modified firstly by Na2CO3 and then by octadecyl trimethyl ammonium chloride 
to prepare organically modified bentonite, and Ca-bentonite and organically modified bentonite 
were characterized by infrared spectroscopy and X-ray diffraction, respectively. The factors affect-
ing the absorption of copper ions on organically modified bentonite were investigated by absorption 
experiments, and the absorption mechanism was discussed. The results showed that the absorp-
tion performance of organically modified bentonite for copper ions was improved. The 100 mL 
copper ion solution at a concentration of 10 mg L–1 was absorbed by organically modified bentonite, 
under the condition of initial solution pH of 4.00, absorbent dosage of 3.0 g L–1 and absorption 
time of 30 min, a removal rate of 98.40% was achieved at an absorption capacity of 3.28 mg g–1. 
Quasi-second-order kinetic equation can well describe the reaction process of organically modified 
bentonite absorbing copper ions.
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1. Introduction

Copper is one of the essential trace elements in human 
body, and it plays an important role in human metabolism 
[1]. However, excessive intake of copper can lead to poison-
ing and even threatening life [2]. Copper ions entered into 
the human body through the food chain, but due to the 
discharge of industrial wastewater, such as electroplating 
wastewater, mine wastewater, etc., a large number of cop-
per is discharged into the nature. The transmission of copper 
ions through the food chain poses a great threat to human 
health [3]. The treatment of copper ions in wastewater is 
of great significance [4,5].

In recent years, many processes have been used to treat 
wastewater containing copper, such as precipitation method 
[6], electrochemical method [7], ion exchange method [8], 
and absorption method [9]. Among them, absorption method 
is widely used in wastewater treatment technology because 
of its strong selectivity and low cost [10]. Bentonite has good 

absorption properties because of its special crystal structure, 
while Ca-bentonite has its own properties, which make its 
application effect worse [11,12]. Therefore, in this paper, 
Ca-bentonite was modified and copper ion solution was used 
as simulated wastewater to study the influencing factors and 
absorption mechanism of organically modified bentonite for 
copper ion absorption, so as to provide some experience for 
the treatment of actual wastewater containing copper ions.

2. Materials and methods

2.1. Reagents and instruments

Ca-bentonite was obtained from Jianping, Liaoning 
Province; with cation exchange capacity (CEC) of 82.95 
mmol/100 g. Distilled water was used in the experiment. 
Major reagents included sodium carbonate (chemical for-
mula Na2CO3, Shanghai Hongguang Chemical Plant, China), 
Octadecyl trimethyl ammonium chloride (chemical formula 
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C21H46ClN, China Pharmaceutical Group Chemical Reagents 
Co. Ltd.), HCl (Liaoning Minsheng Chemical Co. Ltd.), NaOH 
(Tianjin Damao Chemical Reagent Factory), CuSO4·5H2O 
(China Pharmaceutical Group Chemical Reagents Co. Ltd.) 
and Ethylene glycol (chemical formula C2H6O2, Tianjin 
Hengxing Chemical Reagent Manufacturing Co. Ltd.). All the 
above reagents are of analytical purity.

Main analytical instruments include TXB622L electronic 
balance, PHS-25 pH meter, JJ-1 agitator, DZKW-C thermo-
stat water bath, QJ5-2 five-axis high speed mixer, ZNN-D6 
six-speed rotary viscometer, RK/ZL-260/200 multifunctional 
vacuum filter, 202 A constant temperature drying box, HY-2 
variable speed multipurpose oscillator and GGX-600 atomic 
absorption spectrophotometer.

2.2. Preparation of organically modified bentonite

2.2.1. Sodification of calcium bentonite

Calcium bentonite was ground, weighed 22.5 g below 
200 mesh, and added into the stirring cup. 6% Na2CO3 was 
added to the cup with 350 mL distilled water. After 30 min 
of stirring, the slurry was aged for 24 h, filtered, dried and 
ground passing 200 meshes to produce sodium bentonite.

2.2.2. Organic modification

10 g sodium bentonite in 500 mL distilled water was agi-
tated in a thermostat water bath. 3.48 g octadecyl trimethyl 
ammonium chloride was weighed and dissolved with a 
certain amount of ethylene glycol, then added into the 
sodium bentonite slurry. The temperature was set at 60°C, the 
mixture was stirred for 2 h, and left idle for 24 h after stop-
ping stirring. Then, the slurry was filtered and washed with 
1% AgNO3 solution, dried and ground passing 200 meshes.

2.3. Characterization of bentonite

2.3.1. Infrared spectrum analysis

Fig. 1 shows the infrared spectra of Ca-bentonite (a) and 
organically modified bentonite (b). As indicated in Fig. 1a, 

the Ca-bentonite exhibits the absorption peak at 514.93 cm–1 

is bending vibration of Si–O. The absorption peak at 
792.64 cm–1 is stretching vibration of Si–O and weaker 
vibration of Si–O–Si. The absorption peak at 1,095.42 cm–1 
is stretching vibration of Si–O and peak at 1,635.42 cm–1 is 
bending vibration of OH and interlayer water. At 3,427.05 
and 3,623.77 cm–1, the stretching vibration peaks of OH and 
interlayer water are observed. Compared with Figs. 1a and 
b, organically modified bentonite has more obvious char-
acteristic peaks than Ca-bentonite. The absorption peak at 
721.28 cm–1 is medium intensity vibration of –(CH2)n– and 
Peak at 1,469.56 cm–1 is vibration of CH2 that in side chain, 
namely CH3CH2–. At 2,850.42 and 2,921.77 cm–1, the stretch-
ing vibration peaks of –CH2– are observed [13,14]. The above 
analysis shows that octadecyl trimethyl ammonium chloride 
has successfully entered the interlayer of Ca-bentonite to 
render Ca-bentonite organic.

2.3.2. X-ray diffraction analysis

Fig. 2 shows the X-ray diffraction patterns of Ca-bentonite 
(a) and organically modified bentonite (b). From Fig. 2 
it can be seen that the interlayer spacing and 2θ of organ-
ically modified bentonite change with 2θ decreasing, 
Ca-bentonite d001 = 12.52 nm and organically modified ben-
tonite d001 = 24.12 nm. This indicates that ion exchange occurs 
between long chain alkyl in octadecyl trimethyl ammo-
nium chloride and Na+ in sodium-treated bentonite layer, 
increasing the interlayer spacing of bentonite [15].

3. Experimental results and discussion

Parameters of solution pH, absorbent dosage and 
absorption time were investigated. 100 mL CuSO4 solution 
(the concentration of copper ion is 10 mg L–1) prepared with 
distilled water was added to a conical bottle of 250 mL. 
HCl or NaOH were used to adjust the pH value of solution. 
A certain amount of organically modified bentonite was 
added into the conical bottle and oscillated on an oscillator 
for a certain time. The concentration of copper ion in the 
filtrate was determined after conical funnel filtration with 
a filter paper. The removal rate and absorption capacity of 
organically modified bentonite for copper ions in simu-
lated wastewater were calculated.

3.1. pH value experiment

The effect of pH value on the removal rate and absorp-
tion capacity of copper ion by organically modified bentonite 
was investigated at an organically modified bentonite dos-
age of 2.0 g L–1 and absorption time of 30 min. The results are  
shown in Fig. 3.

Fig. 3 shows that at pH = 1.65, the removal rate of copper 
ion by organically modified bentonite is low. This is due to 
the existence of H+ in the solution at low pH, which causes 
a large number of positive charges on the surface of benton-
ite and produces electrostatic repulsion force with copper 
ion. With the increase of pH, the concentration of H+ in the 
solution decreases, the electrostatic repulsion force weakens 
gradually, and the removal rate of copper ion by organi-
cally modified bentonite increases gradually. When the pH 

Fig. 1. (a) Infrared spectra of Ca-bentonite and (b) organically 
modified bentonite.



249S.J. Liu et al. / Desalination and Water Treatment 168 (2019) 247–251

is about 4.00, the removal rate reaches 98.75%. The removal 
rate decreases at pH 5.08, and copper ions will precipitate 
with hydroxide radicals with a further increase of pH. 
The trend of absorption is consistent with the removal 
rate. Therefore, the optimum pH of organically modified 
bentonite for copper ion absorption is 4.00.

3.2. Absorbent dosage experiment

The effect of absorbent dosage on the removal rate and 
absorption capacity of copper ion by organically modified 
bentonite was investigated at an initial solution pH of 4.0 and 
absorption time of 30 min. The results are shown in Fig. 4.

From Fig. 4, it can be seen that the removal rate of copper 
ion by organically modified bentonite increases gradually 
with the increasing dosage of organically modified ben-
tonite, but the absorption capacity decreases gradually. 

This is because with the increase of the dosage of benton-
ite, the absorption sites of copper ion on bentonite increase, 
and the removal rate of copper ion on organically modified 
bentonite increases gradually. Because the initial concen-
tration of the solution is the same, with the increase of the 
dosage of bentonite, the concentration of copper ion in the 
solution decreases gradually, and the amount of copper ion 
on the unit absorbent decreases gradually, so the absorption 
amount per unit of bentonite decreases with the increase of 
the dosage of bentonite. The optimum dosage of organically 
modified bentonite is 3.0 g L–1, and the removal rate is 98.70%.

3.3. Absorption time experiment

The effect of absorption time on the removal rate and 
absorption capacity of copper ion by organically modified 
bentonite was investigated at an initial solution pH of 4.0 

 
Fig. 2. (a) X-ray diffraction patterns of Ca-bentonite and (b) organically modified bentonite.
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Fig. 3. Effect of pH on absorption of copper ions on organically 
modified bentonite.
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Fig. 4. Effect of absorbent dosage on absorption of copper ions 
on organically modified bentonite.
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and an organically modified bentonite dosage of 3.0 g L–1. 
The results are shown in Fig. 5.

Fig. 5 shows that, with the increase of absorption 
time, the removal rate and absorption capacity of organi-
cally modified bentonite to copper ion gradually increase. 
At 30 min, the absorption capacity of organically modi-
fied bentonite to copper ion basically reaches saturation, 
the absorption rate is 98.40%, and the absorption capacity 
is 3.28 mg g–1. Therefore, the optimum absorption time of 
organically modified bentonite for copper ion is 30 min.

3.4. Study on absorption kinetics

Quasi-first-order kinetic model [16] and quasi-second- 
order kinetic model [17] were used to fit the absorption 
process of organically modified bentonite for copper ions.

The expression of the quasi-first-order dynamic equation 
is as follows:
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where qt is amount of solute sorbed on the surface of the 
sorbent at any time t (mg g–1) and qe is the amount of solute 
sorbed at equilibrium (mg g–1), k1 is the rate constant of first 
order sorption (1 min–1).

The expression of the quasi-second-order dynamic 
equation is as follows:
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where qt is amount of solute sorbed on the surface of the 
sorbent at any time t (mg g–1) and qe is the amount of sol-
ute sorbed at equilibrium (mg g–1), k2 is the rate constant of 
second order sorption (1 min–1).

By fitting the quasi-first-order kinetic equation, it is 
found that the value of qe is quite different from the actual 
value, which indicates that, the quasi-first-order kinetic 

model is not suitable for describing the absorption kinet-
ics of this experiment [18–20]. Quasi-second-order kinetic 
equation was used to fit the absorption of copper ions on 
organically modified bentonite as shown in Fig. 6.

Fig. 6 shows that the quasi-second-order kinetic equa-
tion fits well the absorption effect of organically modified 
bentonite on copper ions, and the correlation coefficient 
R2 is 0.99998. The equilibrium absorption amount calcu-
lated by quasi-second-order kinetic equation is 3.33 mg g–1, 
which is close to the actual value of 3.28 mg g–1 [21–24]. 
It shows that the quasi-second-order kinetic equation can 
well simulate the kinetic mechanism of organically modi-
fied bentonite absorbing copper ions. The second-order 
kinetic equation is divided into external liquid membrane 
diffusion, surface absorption, and ion internal diffusion. 
It shows that the absorption of copper ion by organically 
modified bentonite is mainly chemical absorption. Copper 
ions pass through the liquid membrane on the surface of 
organically modified bentonite and enter the interlayer of 
bentonite [25,26]. Under the action of static electricity, ion 
exchange occurs, which makes copper ions absorb on organi-
cally modified bentonite, and achieves the effect of removing 
copper ions [27,28].

4. Conclusion

Na2CO3 was used as a sodium modifier and octade-
cyl trimethyl ammonium chloride as an organic modifier, 
organically modified bentonite was prepared by organic 
modification of Ca-bentonite, which increased the interlayer 
spacing of bentonite.

Adsorption experiments were conducted in 100 mL 
copper ion solution at a concentration of 10 mg L–1 with 
organically modified bentonite. At an initial solution pH 
of 4.00, an absorbent dosage of 3.0 g L–1, and an absorption 
time of 30 min, a removal rate was obtained at 98.40% with 
an absorption capacity of 3.28 mg g–1.

The absorption process of organically modified benton-
ite for copper ion was studied by kinetic equation, indicating 
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Fig. 5. Effect of absorption time on absorption of copper ions on 
organically modified bentonite.
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Fig. 6. Quasi-second-order kinetic fitting curve for the 
absorption of copper ions onto organically modified bentonite.
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that the absorption process is mainly chemical absorption 
which is easy to occur under experimental conditions.

References
[1] R.L. Liu, L.S. Song, X.J. Yu, H.Y. Yan, Z. Zhong, T. Hu, Y. Wang, 

R.P. Qiao, H. Tian, Q.H. Cai, Optimizing the characteristics of 
removing copper ion in wastewater containing copper using 
response surface method, Electroplating Pollut. Control, 
38 (2018) 61–65.

[2] J. Khan, M. Siddiq, B. Akram, M.A. Ashraf, In-situ synthesis of 
CuO nanoparticles in P(NIPAM-co-AAA) microgel, structural 
characterization, catalytic and biological applications, Arabian 
J. Chem., 11 (2018) 897–909.

[3] S. Zheng, W. Du, L. Zhao, J. Zhang, X. Li, M.A. Ashraf, 
Experimental study on the influence of footstep motion on 
resuspension of particles in small box, J. Intell. Fuzzy Syst., 
35 (2018) 4097–4105.

[4] W.Q. Wu, Study on the adsorption behavior of heavy metal 
copper ions on graphene oxide and its composites, Master’s 
Degree Thesis of Hunan University, Hunan, China, 2013, 
pp. 1–40.

[5] Y. Qiu, Advances of copper-contained wastewater treatment, 
Pollut. Control Technol., 28 (2015) 22–24.

[6] K. Pazand, A. Hezarkhani, Predictive Cu porphyry potential 
mapping using fuzzy modelling in Ahar–Arasbaran zone, Iran, 
Geol. Ecol. Landscapes, 2 (2018) 229–239.

[7] X.Y. Li, R.I. Francis, Q.Y. Chen, Treatment of copper-containing 
wastewater by precipitation and characterization of precipitate, 
Environ. Prot. Chem. Ind., 31 (2011) 298–303.

[8] C.B. Godiya, X. Cheng, D.W. Li, Z. Chen, X.L. Lu, Carboxymethyl 
cellulose/polyacrylamide composite hydrogel for cascaded 
treatment/reuse of heavy metal ions in wastewater, J. Hazard. 
Mater., 364 (2018) 28–38.

[9] Z. Zainuddin, A.M. Kamil, In-vitro regeneration of Orthosiphon 
stamineus (Misai Kucing) using axillary bud, Sci. Heritage J., 
3 (2019) 8–10.

[10] K. Yang, G. Wang, X.M. Chen, X. Wang, F.L. Liu, Treatment 
of wastewater containing Cu2+ using a novel macromolecular 
heavy metal chelating flocculant xanthated chitosan, Colloids 
Surf., A, 558 (2018) 384–391.

[11] X. Feng, Y.Z. Liu, X.F. Chen, Z.C. Wu, Treatment of electroplating 
wastewater containing copper ions by EDI process, Technol. 
Water Treat., 37 (2011) 96–98 + 122.

[12] X.O. Ma, G.M. Yin, Optimization of ion exchange process for 
treatment of copper-containing wastewater from PCB plant, 
Ind. Water Treat., 26 (2006) 81–83.

[13] S. Nan, Research on arbitrary virtual view image synthesis 
method of two views, Sci. Heritage J., 3 (2019) 24–31.

[14] H.T. Hao, F.H. Wang, F. Zhang, W. Lei, M.Z. Xia, F.Y. Wang, 
Synthesis of heavy metal trapping agent, tetrathiobicarbamic 
acid and its trapping capacity for Cu-containing wastewater, 
Ind. Water Treat., 33 (2013) 45–48.

[15] M.A. MartínLara, G. Blázquez, M.C. Trujillo, New treatment of 
realelectroplating wastewater containing heavy metal ions by 
adsorption onto olive stone, J. Cleaner Prod., 81 (2014) 120–129.

[16] A. Salem, M. Saghapour, Relationship between acidification 
factors and methylene blue uptake by Ca-bentonite: optimisation 
and kinetic study, Chem. Papers, 70 (2016) 153–163.

[17] M. Kamal, R. Younas, M. Zaheer, M. Shahid, Treatment of 
municipal waste water through adsorption using different 
waste biomass as activated carbon, J. CleanWas, 3 (2019) 21–27.

[18] V.V. Krupskaya, S.V. Zakusin, E.A. Tyupina, O.V. Dorzhieva,  
A.P. Zhukhlistov, P.E. Belousov, M.N. Timofeeva, Experi mental 
study of montmorillonite structure and transformation of 
its properties under treatment with inorganic acid solutions, 
Minerals, 7 (2017) 49.

[19] G.G. Mahmood, H. Rashid, S. Anwar, A. Nasir, Evaluation of 
climate change impacts on rainfall patterns in Pothohar Region 
of Pakistan, Water Conserv. Manage., 3 (2019) 1–6.

[20] L. Wen, Mineral infrared spectroscopy, Chongqing Univer-
sity Press, Chongqing, China, 1988, pp. 105–119.

[21] A.J. Ali, N.J. Akbar, M.S.A. Kumar, S. Vijayakumar, B.A. John, 
Effect of cadmium chloride on the haematological profiles of 
the freshwater ornamental fish, Cyprinus Carpio Koi (Linnaeus, 
1758), J. CleanWas, 2 (2018) 10–15.

[22] S.X. Zha, Y. Zhou, X.Y. Jin, Z.L. Chen, The removal of amoxicillin 
from wastewater using organobentonite, J. Environ. Manage., 
129 (2013) 569–576.

[23] S.H.A. El-Aziz, Application of traditional method and water 
quality index to assess suitability of groundwater quality for 
drinking and irrigation purposes in south-western region of 
Libya, Water Conserv. Manage., 2 (2018) 20–30.

[24] Z.H. Huang, Y.Z. Li, W.J. Chen, J.H. Shi, N. Zhang, X.J. Wang, L. 
Zhen, L.Z. Gao, Y.X. Zhang, Modified bentonite adsorption of 
organic pollutants of dye wastewater, Mater. Chem. Phys., 202 
(2017) 266–276.

[25] D. Baharuddin, M.D.M. Samsudin, Effect of pH and moisture 
content on current density of impressed current cathodic 
protection: response surface methodology study, Environ. 
Ecosyst. Sci., 2 (2018) 15–19.

[26] K. Anzo, M. Harada, T. Okada, Enhanced kinetics of pseudo-
first-order hydrolysis in liquid phase coexistent with ice, 
J. Phys. Chem. A, 117 (2013) 10619–10625.

[27] Y.S. Ho, G. Mckay, Pseudo-second-order model for sorption 
processes, Process Biochem., 34 (1999) 451–465.

[28] S.A. Hab, F.N. Talpur, J.A. Baig, H.I. Afridi, M.A. Surhio, 
M.K. Talpur, Leaching and exposure of phthalates from medical 
devices; health impacts and regulations, Environ. Contam. Rev., 
1 (2018) 13–21.


