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	       ABSTRACT

This paper mainly studies the adsorption of C3N4 on a series of heavy metals and focuses 
on the adsorption performance of C3N4 on Nd and Th. The main conclusions are as follows: 
Through the use of the thermal stripping method and melamine as the raw material, C3N4 
was obtained at a lower cost, with superior adsorption performance. Through SEM-EDS, 
TEM, and other characterization analyses, the results show that C3N4 has a clear multilayer 
sheet structure, and the surface of the material is more uniformly dispersed. The maximum 
adsorption capacity of C3N4 for Th is 86.6 mg.g-1, and the maximum adsorption capacity for 
Nd is 60.1 mg.g-1. The kinetic model is also used for fitting, and the results showed that the 
kinetic of the adsorption was in line with the pseudo-second-order model, indicating that 
the adsorption was chemical interaction. After C3N4 adsorbed heavy metal elements, it was 
characterized by SEM-EDS, TEM, UHRTEM, and AFM. The results showed that a variety of 
heavy metal ions can be adsorbed by C3N4, which proved that C3N4 has good adsorption 
performance. Due to factors such as metal particle size, the adsorption of C3N4 on heavy 
metal elements is different.

INTRODUCTION

With the rapid development of economic globalization, 
the use of heavy metals by humans is increasing, which 
has led to an increasingly serious problem of heavy metal 
pollution. At present, the problem of heavy metal ions 
pollution is widespread in all regions of our country (Li 
et al. 2015), which has already caused a serious impact on 
the environment. In addition, heavy metal ions have the 
characteristics of concealment, long-term, and irreversibil-
ity (Li et al. 2014). There will be serious enrichment in the 
human body (Xu et al. 2016), so it can still cause huge health 
risks at low concentrations. Moreover, different heavy metal 
ions have different hazards to the human body. Excessive 
lead (Pb) content can easily lead to neurological disorders, 
induced anemia, and other diseases (Islam et al. 2014). 
Neodymium (Nd) and thorium (Th) two rare earth elements 
are low for a long time Dose exposure and intake will have 
adverse consequences for human health or metabolism in 
the body, and even cause lung and liver diseases (Ahmad 
et al. 2019, Talip et al. 2009). Moreover, the unreasonable 
exploitation of neodymium (Nd) and thorium (Th) will 
also lead to the destruction of the ecological environment, 
and cause problems such as the greenhouse effect and the 
acidification effect.

Therefore, finding a convenient, economical, and effective 
method to deal with heavy metal pollution has become one of 
the key areas of research by scientists in the world. To date, 
various technologies have been proposed and practiced, such 
as ion exchange, membrane filtration, chemical precipitation, 
adsorption, etc. Considering the removal efficiency of heavy 
metal ions and the convenience of operation, the adsorption 
method is favored by many researchers (Zheng et al. 2007). 
Its main mechanism is that when the fluid passes through the 
adsorbent, the molecules and ions in the fluid will accumulate 
on the adsorbent. Moreover, the adsorption method has the 
characteristics of green and environmental protection, which 
is simpler and more efficient than other methods. In recent 
years, new adsorbents have been continuously developed 
and applied, and the choice of adsorbents has increased 
year by year. Carbon nanomaterials are the most common 
type among them. Common carbon nanomaterials include 
activated carbon (Bali & Tlili 2019), fullerene (Alekseeva 
et al. 2016), and carbon nanomaterials. Nanotubes (Tian et 
al. 2012), graphene materials (Zhao et al. 2011), etc. The 
above-mentioned adsorbents have been widely reported as 
effective adsorbents (Liao et al. 2018), and because of its 
special properties, C3N4 is widely used in photocatalysis, 
electrocatalysis, bioimaging, heavy metal adsorption, and 
other fields, and it is often used as a precursor to synthetic 
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composite materials. For example, Zheng et al. (2011) 
used a composite of C3N4 and porous graphite to prepare 
high-efficiency electrocatalysts, which have better methanol 
tolerance and higher catalytic efficiency than current com-
mercial products. Hu et al. (2020) also found that g- C3N4 
nanosheets have higher catalytic efficiency in the field of 
photoelectric catalysis.  Compared with ordinary graphene 
materials, the ultra-thin g- C3N4 nanosheets prepared by 
Zhang et al. (2013) enhanced the light responsiveness of 
the material in aqueous solutions, which makes g- C3N4 also 
have greater application prospects in the field of bioimaging. 
Furthermore, Wang et al. (2017) found that g- C3N4 under 
the synergistic effect of photocatalysis and adsorption can 
remove Cr(VI) more efficiently, with a degradation rate of 
100% at low concentrations. Similarly, Shen et al. (2015) 
found that g- C3N4 has a good adsorption effect on heavy 
metal elements such as Pb(II), Cu(II), Cd(II), Ni(II), and the 
adsorption kinetics all follow the pseudo-secondary model.

Based on the above facts and analysis, this thesis will 
study the following three aspects: First, use the thermal 
stripping method to prepare melamine into C3N4, and per-
form SEM-EDS and TEM characterization analysis on the 
prepared C3N4; secondly, use the prepared C3N4 Adsorbent, 
to study the adsorption effect and mechanism between 
C3N4 and heavy metal ions, and determine its adsorption 
performance, optimize the experimental conditions; finally, 
the C3N4 after adsorbing different heavy metal elements is 
characterized by SEM-EDS, TEM, UHRTEM and AFM, and 
other methods Process and analyze the adsorption of C3N4 
on different types of metals.

MATERIALS AND METHODS

Experimental Materials and Apparatus

Hydroxylamine hydrochloride, sulfamic acid, citric acid, 
disodium hydrogen phosphate, arsenazo III, and melamine 
were provided by Shanghai Aladdin Biochemical Science 
and Education Co., Ltd. Neodymium nitrate hexahydrate, 
thorium oxide, sodium hydroxide, and hydrochloric acid 
were provided by Shanghai Ling Feng Chemical Reagent 
Co., Ltd. The purity of the reagents is analytically pure, 
and the deionized water is self-made. The components of 
the buffer solution obtained are citric acid and disodium 
hydrogen phosphate, and the components of the reducing 
agent are hydroxylamine hydrochloride and sulfamic acid.

Electronic balance (AL204) and pH meter (Five Easy 
plus) are produced by Mettler-Toledo (Shanghai) Co., Ltd. 
The ultrasonic cleaner (KQ5200DA) is produced by Kunshan 
Ultrasonic Instrument Co., Ltd. UV-Vis spectrophotometer 
(SP-756P) is produced by Shanghai Spectrometer Co., Ltd. 

And the vacuum drying oven (DZF-6020) is produced by 
Shanghai Jinghong Experimental Equipment Co., Ltd. The 
desktop low-temperature constant-temperature shaking 
shaker adopts the German IKA KS4000i control shaker. Use 
the muffle furnace (KSL-1700) produced by Hefei Kejing 
Material Technology Co., Ltd., And the micro-continuous 
adjustable pipette (7010101017) produced by Dalong 
Xingchuang Experimental Instrument (Beijing) Co., Ltd., 
experimental method

Preparation of C3N4 Adsorbent

Prepare a dry and impurity-free alumina crucible, weigh 
20g of melamine raw material into it with an electronic bal-
ance, spread the powder evenly in the crucible, and raise it 
to 520°C at a heating rate of 3°C.min-1 in a muffle furnace. 
After baking for 3 hours, the temperature is reduced from 
520°C to room temperature at a cooling rate of 3°C.min-1 
to complete the first thermal stripping treatment. Then put 
it into the muffle furnace, and repeat the above-mentioned 
roasting process, after the treatment is completed, take out 
the block-like light yellow powder C3N4. Transfer C3N4 to an 
agate mortar and grind into a fine powder, bag it for later use.

Static Adsorption Experiment

Take several 150 mL reaction flasks, use a pipette to ac-
curately pipette the quantitative heavy metal ion standard 
solution into the reaction flask, add deionized water to make 
the total volume of the solution 100 mL, and adjust with 
0.1 mol.L-1 HCl and 0.1 mol.L-1 NaOH respectively the pH 
of the solution is such that it has a pH gradient. After add-
ing quantitative C3N4, use an ultrasonic cleaning machine 
for 30min ultrasonic treatment, and place it in a desktop 
low-temperature constant temperature shaking shaker for 
24h after ultrasonication. Detect the influence of different 
pH on the adsorption of heavy metal ions. Choose several 
150 mL reaction flasks. Accurately pipette the quantitative 
heavy metal ion standard solution into the reaction flask, add 
deionized water to make the solution volume 100 mL, and 
adjust the pH with 0.1 mol.L-1 HCl and 0.1 mol.L-1 NaOH 
respectively to make the pH value the same. Finally, C3N4 
adsorbents of different qualities were added respectively, 
and ultrasonic treatment was carried out with an ultrasonic 
cleaning machine for 30 min. After ultrasonication, they were 
placed in a desktop low-temperature constant-temperature 
shaking shaker for 24 h to detect the influence of different 
adsorbent qualities on the adsorption of heavy metal ions. 
Select several 150 mL reaction flasks, respectively pipette 
different heavy metal ion standard solutions into the reaction 
flasks, add deionized water to make the reaction system 100 
mL, and adjust the pH with 0.1 mol.L-1 HCl and 0.1 mol.L-1 



1651ADSORPTION OF HEAVY METAL ON C3N4 NANOSHEETS

Nature Environment and Pollution Technology • Vol. 21, No. 4, 2022

NaOH, Make the pH the same. Add quantitative C3N4, use an 
ultrasonic cleaning machine for 30min ultrasonic treatment, 
and place it in a desktop low-temperature constant-tempera-
ture shaking shaker for 24 h after ultrasonication. After the 
oscillation is complete, take 1 mL of the above solution in a 
25 mL colorimetric tube. The volume is adjusted to 25 mL, 
and the absorbance is measured with an SP-756P UV-visible 
spectrophotometer.

Adsorption Experiment Data Processing

Calculate the adsorption capacity (qe) of different sets of 
data. The adsorption capacity refers to the concentration of 
heavy metal ions adsorbed per gram of adsorbent. Adsorp-
tion capacity: qe=me/M where me(mg) represents the mass 
of heavy metal ions adsorbed, and M (mg) represents the 
mass of adsorbent.

In kinetic equation research, the three kinetic fitting 
models used in this experiment are fitted (pseudo-first-level 
model fitting, pseudo-second-level model fitting, and Elovich 
model fitting). The kinetic model is fitted to the experimental 
data according to the following formula (Chen et al. 2021, 
Wu et al. 2021):

Pseudo first-level model fitting: In(qe-qt)=Inqe-k1t	

Pseudo secondary model fitting: t / qt = 1 / (k2qe2) + t / qe

Elovich model fitting: qt=1/β·lnαβ+1/β·lnt

Where qe refers to the adsorption capacity (mg.g-1) of 
the adsorbent after reaching the adsorption equilibrium, and 
qt refers to the adsorption capacity of the adsorbate on the 
adsorbent at time t (mg.g-1);

The pseudo first-order kinetic adsorption rate constant 
is k1 (1.min-1), k2 (g.m-1.min-1) is the pseudo-second-order 
kinetic adsorption rate constant, α (g.m-1.min-1) and β (g.mg-

1) represent respectively Initial adsorption rate constant and 
desorption rate constant.

Characterization Method

In this study, JEOL, JSM-6360LV Scanning electron 
microscope-energy spectrum (SEM-EDS) was used for SEM 
characterization to analyze the morphological characteristics 
of the solid surface. The transmission electron microscope 
(TEM) can observe the finer structure of the sample, as 
well as the microstructure inside the material. After the 
team dispersed the samples evenly, they used the JEM-
101 transmission electron microscope of JEOL for TEM 
characterization. The high-resolution transmission electron 
microscope (UHRTEM) can analyze the morphology, 
interface, and crystal defects of the material, and combine 
the morphology information with the structure information 
to analyze the material's particle size, growth orientation, 

and other properties. The instrument model used to test 
UHRTEM: JEM-2100F high-resolution transmission 
electron microscope produced by JEOL. To analyze the 
surface roughness measurement, surface size, and statistical 
processing of pits and protrusions, this study used the Atomic 
force microscope (AFM) of the Brooker dimension icon for 
characterization.

RESULTS AND DISCUSSION

In this study, the kinetic experimental conditions for Th(IV) 
were pH=3.0, adsorbent 40 mg, 200 mL 80 ppm Th solution, 
and Nd(III) kinetic experiment conditions were pH=5.5, 
adsorbent 80 mg, 200 mL 80 ppm Nd solution. Kinetic dis-
cussion, Fig. 1A shows the adsorption time curve of C3N4 
on Th(IV) and Nd(III). It can be seen from the figure that the 
adsorption effect of C3N4 on Th(IV) and Nd(III) is obvious. 
As time increases, the amount of adsorption gradually in-
creases. The adsorption rate is faster from 0 to 50 minutes, 
and the adsorption amount does not change much after 50 
minutes, which tends to reach the adsorption equilibrium. 
The maximum adsorption capacity of C3N4 for Th(IV) is 
86mg.g-1, the maximum adsorption capacity for Nd(III) is 
60 mg.g-1, and the adsorption equilibrium time is 50min. Fig. 
1B shows the fitting of the pseudo-first-order model of C3N4 
adsorption of Th(IV) and Nd(III); Fig. 1C shows the fitting of 
the pseudo-second-order model of C3N4 adsorption of Th(IV) 
and Nd(III); Fig. 1D shows the Elovich model fitting of C3N4 
adsorption of Th(IV) and Nd(III). It can be seen from the 
figure that the adsorption of Th(IV) and Nd(III) by C3N4 is 
in line with the pseudo-second-order model fitting, indicating 
that the adsorption experiment is chemical adsorption.

Scanning Electron Microscope Band Energy Spectrum 
(SEM-EDS) Analysis

Fig. 2 and Fig. 3A, B, C, and D respectively represent C3N4 
and its SEM-EDS images after adsorption of Nd, Th, Cd, 
and Co. It can be seen from the figure that the C3N4 before 
the adsorption of heavy metal ions has an obvious multi-
layer flake structure and a large number of defects, and the 
dispersion is relatively uniform. After the heavy metal ions 
are adsorbed, it can be seen that part of the defects on the 
C3N4 surface is filled, and from the EDS spectrum, it can be 
seen that the four heavy metal elements are enriched in the 
defects on the C3N4 surface. It can be inferred that the heavy 
metal ions are successfully adsorbed on the C3N4 surface.

Transmission Electron Microscopy (TEM) Analysis

Fig. 4A, B, C, and D are TEM images of C3N4 under the 
transmission electron microscope and its adsorption of Cu, 
Pb, and Zn. It can be seen from the figure that there are a large 
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from 0 to 50 minutes, and the adsorption amount does not change much after 50 minutes, 

which tends to reach the adsorption equilibrium. The maximum adsorption capacity of 

C3N4 for Th(Ⅳ) is 86mg.g-1, the maximum adsorption capacity for Nd(Ⅲ) is 60 mg.g-1, 

and the adsorption equilibrium time is 50min. Fig. 1B shows the fitting of the pseudo-

first-order model of C3N4 adsorption of Th(Ⅳ) and Nd(Ⅲ); Fig. 1C shows the fitting of 

the pseudo-second-order model of C3N4 adsorption of Th(Ⅳ) and Nd(Ⅲ); Fig. 1D shows 

the Elovich model fitting of C3N4 adsorption of Th(Ⅳ) and Nd(Ⅲ). It can be seen from 

the figure that the adsorption of Th(IV) and Nd(Ⅲ) by C3N4 is in line with the pseudo-

second-order model fitting, indicating that the adsorption experiment is chemical 

adsorption. 

 
Fig. 1: C3N4 adsorption time curve for Th(Ⅳ) and Nd(Ⅲ) (A), pseudo-first-order 
model fitting (B), pseudo-second-order model fitting (C), Elovich model fitting (D). 

   

Fig. 1: C3N4 adsorption time curve for Th(IV) and Nd(III) (A), pseudo-first-order model fitting (B), pseudo-second-order model fitting  
(C), Elovich model fitting (D).

number of defects in the adsorbent. After the heavy metal 
ions are adsorbed, a large amount of material accumulation 
can be seen on the surface defects of C3N4, and it can be 
inferred that the heavy metal elements have been adsorbed.

High-Resolution Transmission Electron Microscope 
(UHRTEM) Analysis

Fig. 5 is the UHRTEM image of Cu(II) adsorbed by C3N4. 
According to the image obtained by high-resolution trans-
mission electron microscope and energy spectrum analysis, 
it can be clearly observed from the characterization image 
that Cu(II) fills part of the defects, and it can be seen from 
the energy spectrum, Cu(II) is enriched in the defects of 
C3N4 surface. so it can be inferred that Cu(II) is successfully 
adsorbed on the C3N4 surface.

Atomic Force Microscopy (AFM) Analysis

Fig. 6 A, B, C, and D are the AFM images of C3N4 after 
adsorbing Nd, Th, Cd, and Co, respectively. It can be seen 
from the 3D diagram in Fig. 4-6 that C3N4 has an obvious 
three-dimensional structure. In addition, in the 2D image, the 

color depth can represent the height of the area, the darker 
area has a larger height, and the darker area has a smaller 
height. According to the above method, the three-dimensional 
structure of C3N4 can also be observed. As shown in Fig. 4-6 
A2 and C2, the height of C3N4 is about 3.3nm, while Fig. 
4-6 B2 and D2 show that the height of C3N4 is about 1.6nm. 
This may be due to the partial overlap of C3N4 in the A2 and 
C2 pictures, resulting in a large difference in local thickness.

CONCLUSION 

Based on the above analysis, this paper describes the prepa-
ration and characterization process of C3N4, and explores the 
adsorption performance of C3N4 on heavy metals such as Nd, 
Th, Co, Cu, and focuses on the optimal pH, the amount of 
adsorbent, and reaction kinetics experiment was carried out. 
Finally, the adsorption effect of C3N4 on a variety of heavy 
metals was analyzed through the characterization image. 
conclusion as below:

	(1)	 The adsorbent C3N4 was prepared by thermally peeling 
melamine, and it was characterized by SEM-EDS, TEM, 
and other methods. The results showed that the material 
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Scanning Electron Microscope Band Energy Spectrum (SEM-EDS) Analysis 

Fig. 2 and Fig. 3A, B, C, and D respectively represent C3N4 and its SEM-EDS images 

after adsorption of Nd, Th, Cd, and Co. It can be seen from the figure that the C3N4 

before the adsorption of heavy metal ions has an obvious multilayer flake structure and 

a large number of defects, and the dispersion is relatively uniform. After the heavy 

metal ions are adsorbed, it can be seen that part of the defects on the C3N4 surface is 

filled, and from the EDS spectrum, it can be seen that the four heavy metal elements 

are enriched in the defects on the C3N4 surface. It can be inferred that the heavy metal 

ions are successfully adsorbed on the C3N4 surface. 

 
Fig. 2: SEM-EDS image of C3N4. 

 

 

Fig. 2: SEM-EDS image of C3N4.

 
Fig. 3: SEM-EDS image of Nd adsorbed by C3N4 (A), SEM-EDS image of Th 
adsorbed by C3N4 (B), SEM-EDS image of Cd adsorbed by C3N4 (C), SEM-EDS 
image of Co adsorbed by C3N4 (D). 

Transmission Electron Microscopy (TEM) Analysis 

Fig. 4A, B, C, and D are TEM images of C3N4 under the transmission electron 

microscope and its adsorption of Cu, Pb, and Zn. It can be seen from the figure that 

there are a large number of defects in the adsorbent. After the heavy metal ions are 

adsorbed, a large amount of material accumulation can be seen on the surface defects 

of C3N4, and it can be inferred that the heavy metal elements have been adsorbed. 

 

Fig. 3: SEM-EDS image of Nd adsorbed by C3N4 (A), SEM-EDS image of Th adsorbed by C3N4 (B), SEM-EDS image of Cd adsorbed by C3N4 (C), 
SEM-EDS image of Co adsorbed by C3N4 (D).
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Fig. 4: TEM image of C3N4 (A), TEM image of C3N4 after adsorption of Cu (B), Pb 
(C), and Zn (D), respectively. 

High-Resolution Transmission Electron Microscope (UHRTEM) Analysis 

Fig. 5 is the UHRTEM image of Cu(Ⅱ) adsorbed by C3N4. According to the image 

obtained by high-resolution transmission electron microscope and energy spectrum 

analysis, it can be clearly observed from the characterization image that Cu(Ⅱ) fills part 

Fig. 4: TEM image of C3N4 (A), TEM image of C3N4 after adsorption of Cu (B), Pb (C), and Zn (D), respectively.

has a clear lamellar structure, the dispersion is relatively 
uniform, and the state of layered accumulation is not 
obvious.

	(2)	 Using C3N4 as the adsorbent, it adsorbed heavy metal 

elements such as Nd, Th, Co, Cu, etc. And through 
SEM, TEM, UHRTEM, AFM, and other characteriza-
tion methods. It is proven that C3N4 has relatively good 
adsorption performance for heavy metal elements.
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of the defects, and it can be seen from the energy spectrum, Cu(Ⅱ) is enriched in the 

defects of C3N4 surface. so it can be inferred that Cu(Ⅱ) is successfully adsorbed on the 

C3N4 surface. 

 
Fig. 5: UHRTEM image of Cu adsorbed by C3N4. 

Atomic Force Microscopy (AFM) Analysis 

Fig. 6 A, B, C, and D are the AFM images of C3N4 after adsorbing Nd, Th, Cd, and Co, 

respectively. It can be seen from the 3D diagram in Fig. 4-6 that C3N4 has an obvious 

three-dimensional structure. In addition, in the 2D image, the color depth can represent 

the height of the area, the darker area has a larger height, and the darker area has a 

smaller height. According to the above method, the three-dimensional structure of C3N4 

can also be observed. As shown in Fig. 4-6 A2 and C2, the height of C3N4 is about 

3.3nm, while Fig. 4-6 B2 and D2 show that the height of C3N4 is about 1.6nm. This 

may be due to the partial overlap of C3N4 in the A2 and C2 pictures, resulting in a large 

Fig. 5: UHRTEM image of Cu adsorbed by C3N4.difference in local thickness. 

 

 

 

 
Fig. 6: AFM image after C3N4 adsorbed Nd (A), AFM image after C3N4 adsorbed Th 
(B), AFM image after C3N4 adsorbed Cd (C), AFM image after C3N4 adsorbed Co 
(D). 

CONCLUSION  

Based on the above analysis, this paper describes the preparation and characterization 

 

difference in local thickness. 

 

 

 

 
Fig. 6: AFM image after C3N4 adsorbed Nd (A), AFM image after C3N4 adsorbed Th 
(B), AFM image after C3N4 adsorbed Cd (C), AFM image after C3N4 adsorbed Co 
(D). 

CONCLUSION  

Based on the above analysis, this paper describes the preparation and characterization 

Fig. 6: AFM image after C3N4 adsorbed Nd (A), AFM image after C3N4 adsorbed Th (B), AFM image after C3N4 adsorbed Cd (C), AFM image after 
C3N4 adsorbed Co (D).

	(3)	 Based on the C3N4 adsorbent, the influencing factors 
such as pH, adsorbent dosage, and heavy metal ion 
concentration for the adsorption of Nd and Th are 
explored. Finally, combined with pH=5.5, adsorbent 
mass of 80 mg, and Nd solution concentration of 80 

ppm, the adsorption experimental kinetics of the Nd 
element is explored. Similarly, under the conditions of 
pH=3, adsorbent mass equal to 40mg, and Th solution 
concentration of 40 ppm, Exploring the dynamics of Th 
element. The investigation results show that the kinetic 
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fitting of the adsorption experiment is in accordance 
with the pseudo-second-order model fitting, indicating 
that the adsorption experiment is chemical adsorption.
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