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Abstract  

 

In order to remove the residual harmful lead ion(Pb
2+

) in water, modified multi-walled carbon nanotubes (O-MWNTs), as 

a adsorbent, was used to enrich and remove Pb
2+

 in water samples. O-MWNTs was obtained by mixed acid oxidation. It 

was analyzed and confirmed that O-MWNTs had been obtained successfully by FITR and TEM. The adsorption property 

of O-MWNTs to Pb
2+

 in water was investigated. The adsorption efficiency of adsorbent dosage, adsorption time, 

adsorption pH and adsorption temperature was investigated, and conclusions are as follows: when pH is 5, the 

temperature is 20℃, adsorption time is 40 min, and adsorbent dosage is 40 mg/L, the adsorption efficiency was the 

highest. Adsorption rate of can reach 81.7% under optimal conditions.  
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INTRODUCTION 
Water environment security is a major issue 

concerning human health and national economy and 

people's livelihood. As one of the most widely 

distributed heavy metals in the earth's crust, Pb
2+

 is 

highly toxic and harmful, and which is harm to systems 

and organs of human, especially to the central nervous 

system and digestive system. Many natural and human 

behaviors will release Pb
2+

 in water bodies, and the Pb
2+

 

content in water bodies will gradually increase, which 

seriously threatening the growth of animals and plants 

and the health of human. Therefore, it is of great 

practical significance to effectively remove and detect 

heavy metal Pb
2+

 in different water bodies. 

 

Among many methods to control heavy metal 

pollution, adsorption method has been widely used 

because of its advantages of convenient operation and 

low cost. Therefore, it is of great significance to study 

new and efficient adsorption materials. The high 

specific surface area and pore structure of modified 

MWNTs determine its good adsorption capacity and 

desorption capacity, it is a superior adsorbent, and can 

be used in recycling desorption, so there is a big 

potential in heavy metal wastewater treatment. 

However, the adsorption properties and mechanism of 

modified MWNTs have to be further studied, and its 

application potential has not been fully explored.  

 

The surface properties of modified MWNTs 

will affect their adsorption efficiency. The adsorption 

effect of MWNTs before and after modification was 

investigated, the results show that compared with the 

unmodified MWNTs, the MWNTs modified adsorption 

quantity were ascending [1]. Yang studied the active 

sites for adsorption of nickel ions on MWNTs through 

theoretical calculation, and confirmed that the defects of 

ston-Wales on the surface of MWNTs enhanced their 

adsorption to nickel, which also indicated that the 

enhanced defects of MWNTs after modification was 

one of the important factors for the improvement of its 

adsorption rate [2]. CVD-MWNTs, due to its surface 

has a great deal of defects, which will enhance the 

adsorption ability to small molecules in water [3]. 

Temperature and acidity are also important factors 

affecting the adsorption efficiency of modified 

MWNTs. The increase of temperature will cause 

aggregation of MWNTs and affect its adsorption effect, 

which requires the temperature of the adsorption system 

[4]. Kandah studied the adsorption of nickel ions by 

modified MWNTs in water, and found that the modified 

MWNTs has large adsorption capacity, the electrical 

force between nickel ions and MWNTs was deemed to 

the adsorption mechanism [5]. Chen also studied the 

adsorption of nickel ion by MWNTs which treated by 

nitric acid, and the adsorbent dosage, time, solution pH, 

temperature and ionic strength were inspected 

respectively, the desorption likely to occur when pH is 

less than 2.00, it shows that the pH of exploration has 
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important significance to improve the adsorption 

efficiency of adsorbent [6]. In order to further 

determine the degree of influence of pH to adsorption 

efficiency, Chen also used MWNTs to adsorb Zn
2+

, and 

found that adsorption equilibrium could be achieved 

within a short period of time, and adsorption was also 

greatly affected by pH, and the adsorption effect was 

better than activated carbon [7]. The concentration of 

the pollutants is also one of the important factors 

affecting the adsorption efficiency of MWNTs. Zhang 

studied the adsorption performance of MWNTs to Pb
2+

, 

and analyzed the initial concentration of Pb
2+

 to the 

effect on the equilibrium adsorption [8]. Yin prepared 

S-FE/MWNTs, which could remove 78.6% Pb
2+

 in 

water, and analyzed its removal mechanism [9]. Ji 

prepared MWNTs, which was modified by 

mercaptosilane, and applied it to the removal of Pb
2+

 in 

water, and the adsorption mechanism was preliminarily 

studied [10]. Zhang prepared a series of modified 

MWNTs composite, which was used to modify 

electrodes to detect Pb
2+

 in water, and investigated the 

factors such as the concentration of bottom solution on 

the detection of Pb
2+ 

[11]. Wang used MWNTs to react 

with CS2 to improve the adsorption efficiency of Pb
2+ 

[12]. Liused NH2-MWNTs to detect Pb
2+

 in water, the 

results showed that it can enrich more Pb
2+

 in water 

[13]. Liinvestigated the thermodynamic and kinetic 

properties of Pb
2+

 adsorption on MWNTs and its 

desorption behavior, and found that MWNTs adsorption 

of Pb
2+

 conforms to the Langmuir equation in a certain 

concentration range [14]. 

 

In this paper, the O-MWNTs was used to 

adsorb Pb
2+

, and the dosage of adsorbent, the 

concentration of Pb
2+

, pH of solution and adsorption 

time were invested. The optimum adsorption conditions 

were obtained, which provides the theory basis in water 

treatment. 

 

MATERIALS AND METHODS 
Materials and Reagents 

MWNTs (Suiheng Technology Co., LTD of 

China Shenzhen, 97%). concentrated sulfuric acid, 

concentrated nitric acid, Ethanol are analytical pure. 

 

Instruments and equipment 

Supercentrifuge (CP100WX, HITACHI of 

Japan), vacuum drying oven (DGF-6030, the company 

of Shanghai yiheng scientific instrument), electronic 

analytical balance (ALC-310.2, LTD. co. Beijing taike 

instrument), circulating water multi-purpose vacuum 

pump(SHB-IIIA, LTD. co. zhengzhou Great Wall 

science and trade), constant temperature magnetic 

stirring water bath (HJ-A2, LTD. co. changzhou 

maikonuo instrument), Uv-visible spectrophotometer 

(Uv-3600, HITACHI, Japan), transmission electron 

microscope(TEM, JEM2100Plus, Japan electron). 

 

METHODS 
The Preparation of O-MWNTs 

The MWNTs was acidified by mixed acid. The 

specific process was as follows: an appropriate amount 

of MWNTs was weighed into a round-bottom flask, and 

the prepared sulfuric acid and nitric acid were added 

into the round-bottom flask according to the volume 

ratio of 3:1. The reaction conditions were as follows: 

water bath temperature 50 ℃, time of reaction was 1 

hours. O-MWNTs was obtained after acidification. 

 

The Adsorption of Pb
2+

 by O-MWNTs 

50 mg O-MWNTs were put in conical flask 

(150 mL), the solution of Pb
2+

(40 mg/L, 100 mL) was 

added, oscillating adsorption was proceed at 25 ℃. The 

solution was filtered by membrane (0.45 µm), and the 

absorbance of the filtrate was determined by 

spectrophotometry. The concentration of Pb
2+

 was 

compared with the standard working curve, and the 

adsorption rate of Pb
2+

 was obtained. 

 

The Calculation of adsorption rate 

Equation 1 is the adsorption efficiency formula 

of O-MWNTs to Pb
2+

, C0 is the initial concentration of 

Pb
2+

 (mg/L), Ct is the concentration of Pb
2+ 

at time T. 

η= (C0-Ct)/C0×100% ........... (1) 

 

RESULTS AND ANALYSIS 
The analysis of O-MWNTs 

As shown in Figure-1, curve (a) is FTIR of R-

MWNTs (raw-MWNTs) and curve (b) is FTIR of O-

MWNTs. The characteristic peak of -OH appears at 

3380cm
-1

 in curve b, and a superposition peak of the 

bending vibration of double bond -OH and C=O appear 

at 1620cm
-1

. There is only one peak at 1600cm
-1

 in 

curve a, which is the bending vibration of C-C single 

bond. These results indicate that a large number of -OH 

and C=O are introduced into the surface of MWNTs 

treated with mixed acid, therefore, mixed acid oxidation 

treatment is an important step to enable MWNTs to 

disperse in water. 
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Fig-1: FTIR of (a) R-MWNTs and (b) O-MWNTs 

 

Images of R-MWNTs and O-MWNTs 

As is shown in Figure-2, the images of R-MWNTs and O-MWNTs were observed by transmission electron 

microscopy. 

 

 
Fig-2: Images of (a) R-MWNTs and (b) O-MWNTs 

 

It can be seen from Figure-2, (a) is the image 

of R-MWNTs and (b) is the image of O-MWNTs. 

Obviously. The R-MWNTs in image are thick, the end 

of the tubes are mostly closed, and the tubes are mixed 

with black particles. There are flocculent on the wall, 

that is, impurities such as catalyst particles and 

amorphous carbon exist. O-MWNTs in image b, which 

was modified by mixed acid oxidation, were thin, with 

few impurities, and the end of the tube body has 

obvious fracture marks, which is due to the non-

treatment of mixed acid oxidation. Only impurities were 

removed from the nanotubes, and the defective parts 

were eroded away. 

 

The Comparison of adsorption properties of R-

MWNTs and O-MWNTs 

Table-1 are the adsorption effects of R-

MWNTs and O-MWNTs to Pb
2+

, respectively. 

 

Table-1: Comparison of adsorption effects of R-MWNTs and O-MWNTs to Pb
2+

 

Adsorbent Initial concentration(mg/L) Concentration after adsorption(mg/L) ŋ/Adsorption rate(%) 

R-MWNTs 40 23.2 42.0 

O-MWNTs 40 9.7 75.8 

 

As can be seen from Table-1, the adsorption 

rate of Pb
2+

 increased by 180% after MWNTs were 

oxidized with mixed acid. It was also observed that the 

filtrate was colorless and transparent when O-MWNTs 

were used as adsorbents, while R-MWNTs were used as 

adsorbents, the resulting filtrate was slightly brown. 
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The adsorption of Pb
2+

 by O-MWNTs 

Effect of dosage on adsorption efficiency 

 

 
Fig-3: Effect of adsorbent dosage on adsorption efficiency 

 

As is shown in Figure-3, with the increase of 

adsorbent dosage, the adsorption rate of O-MWNTs to 

Pb
2+

is increased. As the amount of adsorbent increases, 

the equilibrium concentration of Pb
2+

 in the solution 

decreases, leading to a decrease in the adsorption 

impetus. Although the adsorption rate is still increasing, 

the unit adsorption capacity of O-MWNTs is 

decreasing. Considering the economic convenience and 

the difficulty of solid-liquid separation caused by the 

increase in the dosage of adsorbent, the dosage of O-

MWNTs was selected to be 40 mg/L. 

 

Effect of temperature on adsorption efficiency 

In the process of wastewater treatment, 

temperature is also one of the main conditions in 

practice. The effect of temperature on the adsorption 

performance of O-MWNTs is shown in Figure-4. 

 

 
Fig-4: Effect of temperature on adsorption efficiency 

 

 

It can be seen from Figure-4 that the 

adsorption capacity of O-MWNTs to Pb
2+

 in water 

decreases with the increase of temperature. The results 

show that the adsorption process is exothermic, and 

lower temperature is favorable for adsorption. 

Therefore, in practical application, the appropriate 

adsorption temperature should be around 20 ℃. 

 

Effect of pH on adsorption efficiency 

As an important medium factor, pH not only 

affects the dissociation of adsorption, but also affects 

the chemical state of heavy metal ions in solution, such 

as hydrolysis and precipitation. Therefore, pH has a 

great influence on the adsorption of heavy metal ions by 

the adsorbent [15]. The effect of initial pH of solution 

on the adsorption effect of Pb
2+

 was studied, and the 

results were shown in Figure 5. 

 

 
Fig-5: Effect of pH on adsorption efficiency 

 

As can be seen from Figure 5, with the 

increase of pH in solution, the removal rate of Pb
2+

 by 

O-MWNTs presents an increasing trend. When the pH 

of the solution increased, the surface of solution was 

negatively charged, and the electrostatic repulsion on 

the surface of the metal cation and O-MWNTs 

decreased, so the adsorption rate increased. At the same 

time, as the functional groups on the surface of O-

MWNTs are weakly acidic, when the pH of the solution 

increases, the acidic functional groups are deprotonated, 

thus increasing the adsorption rate. However, high pH 

will lead to the formation of metal hydroxide 

precipitation. Therefore, PH should be strictly 

controlled during the adsorption process. In this 

experiment, the adjustment of PH was 5.0. 

 

Effect of time on adsorption efficiency 

The initial concentration of Pb
2+

 solution was 

40 mg/L, and the adsorption was oscillated at room 

temperature. The effect of adsorption time on the 

adsorption rate was investigated, and the results were 

shown in Figure-5. 
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Fig-6: Effect of time on adsorption efficiency 

 

As can be seen from Figure 6, the adsorption 

rate of O-MWNTs to Pb
2+

 is very high. Within the 50 

min, the adsorption and removal rate increases rapidly, 

reaching 80%. But after 40 min, the adsorption rate 

changed smaller, so it can be considered to have 

reached equilibrium. 

 

CONCLUSION 
With the development of the society, water 

safety has attracted wide attention of the whole society. 

In order to remove the residual harmful Pb
2+

 in water 

accurately, rapidly and efficiently. In this paper, O-

MWNTs was used to enrich and remove Pb
2+

 in water 

samples. The π-π interaction, electrostatic interaction 

and hydrogen bonding between O-MWNTs and Pb
2+

 is 

the essence. The content of Pb
2+

 in water samples 

treated with adsorbent was obtained by 

spectrophotometry, and a kind of efficient adsorbent 

was selected to be applied to the removal of Pb
2+

 in 

environmental water. This will provide a new idea for 

the removal and detection of harmful residues in 

environmental water. 

 

ACKNOWLEDGMENTS 
This work was supported by the project of 

National Innovation and Entrepreneurship for College 

Students (202010223016). 

 

REFERENCES 
1. Hao, H., Wang, K., Yibo, M., Jing, Z., Jianxin, X., 

Xuan, X., & Ting, W. (2019). Oxidation 

modification of multi-wall carbon nanotubes and 

its adsorption properties for phenols. Journal of 

Beijing University (Natural Science edition). 

55(5):961-967. 

2. Yang, S. H., Shin, W. H., & Kang, J. K. (2006). Ni 

adsorption on Stone-Wales defect sites in single-

wall carbon nanotubes. The Journal of chemical 

physics, 125(8), 084705. 

3. ALOthman, Z. A., Badjah, A. Y., & Ali, I. (2019). 

Facile synthesis and characterization of multi 

walled carbon nanotubes for fast and effective 

removal of 4-tert-octylphenol endocrine disruptor 

in water. Journal of Molecular Liquids, 275, 41-

48. 

4. Jakubus, A., Gromelski, M., Jagiello, K., Puzyn, 

T., Stepnowski, P., & Paszkiewicz, M. (2019). 

Dispersive solid-phase extraction using multi-

walled carbon nanotubes combined with liquid 

chromatography–mass spectrometry for the 

analysis of β-blockers: Experimental and 

theoretical studies. Microchemical Journal, 146, 

258-269. 

5. Kandah, M. I., & Meunier, J. L. (2007). Removal 

of nickel ions from water by multi-walled carbon 

nanotubes. Journal of hazardous materials, 146(1-

2), 283-288. 

6. Chen, C., & Wang, X. (2006). Adsorption of Ni 

(II) from aqueous solution using oxidized 

multiwall carbon nanotubes. Industrial & 

Engineering Chemistry Research, 45(26), 9144-

9149. 

7. Chen, Y. C., & Lu, C. (2014). Kinetics, 

thermodynamics and regeneration of molybdenum 

adsorption in aqueous solutions with NaOCl-

oxidized multiwalled carbon nanotubes. Journal of 

Industrial and Engineering Chemistry, 20(4), 

2521-2527. 

8. Cong, Z. H. A. N. G., & Zhihui, Y. U. (2019). 

Adsorption properties of heavy metal ions for 

carbon nanotube reinforced porous 

concrete. Journal of Functional 

Materials/Gongneng Cailiao, 50(7):7111-7114. 

9. Zhi-Kang, Y. (2019). Green nanometer Carbon 

nanotubes composite materials to remove the 

water U (Ⅵ), Pb (Ⅱ) research. The performance of 

Nanhua University. 

10. Guangyun, J. (2017). Synthesis of mercaptosilane 

modified multi-wall carbon nanotubes and its 

adsorption properties for cadmium and lead. 

Zhejiang A&F University. 

11. Hao, Z. (2017). Preparation of carbon composite 

and its application in heavy metal detection. 

University of Beijing Chemical Technology. 

12. Nan, W. (2017). Functional modification of carbon 

materials with different dimensions and its 

adsorption of Pb2+. Tianjin University. 

13. Li, R., Chang, X., Li, Z., Zang, Z., Hu, Z., Li, D., 

& Tu, Z. (2011). Multiwalled carbon nanotubes 

modified with 2-aminobenzothiazole modified for 

uniquely selective solid-phase extraction and 

determination of Pb (II) ion in water 

samples. Microchimica acta, 172(3-4), 269-276. 

14. Li, Y. H., Ding, J., Luan, Z., Di, Z., Zhu, Y., Xu, 

C., ... & Wei, B. (2003). Competitive adsorption of 

Pb2+, Cu2+ and Cd2+ ions from aqueous 

solutions by multiwalled carbon 

nanotubes. Carbon, 41(14), 2787-2792. 

15. Boliang, L. (2011). Adsorption of heavy metal 

ions on modified multi-walled carbon nanotubes in 

water [D]. University of Henan Technology. 

 


