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       ABSTRACT
This paper investigated the adsorption properties of boron nitride materials for La(III), and the 
possible action mechanism was put forward based on experiments. Then the boron nitride 
materials were characterized by SEM, TEM, XRD, and FT-IR before and after adsorption. 
In addition, the effects of pH, the amount of adsorbent, the concentration of La(III) solution, 
and adsorption time on the adsorption efficiency were also investigated. It is found that 
under a certain amount of adsorbent when the pH is 7.0 and the concentration of La(III) is 
40 mg.L-1, the adsorption ability of La(III) is the best. The maximum adsorption capacity is  
201.45 mg.g-1. The adsorption kinetic data are in good agreement with the pseudo-second-
order and intra-particle diffusion models. These results show that boron nitride has a good 
application prospect for removing and recovering La(III) in water and has a certain practical 
application value.

INTRODUCTION

Due to their excellent properties, rare earth elements are 
widely used in metallurgy, petrochemicals, glass, ceramics, 
aerospace, and other fields. Therefore, rare earth elements 
are also known as “industrial vitamins.” In recent years, with 
the continuous development of science and technology, the 
demand for rare earth elements keeps rising. Lanthanum, one 
of the most common rare earth elements (Wu et al. 2011), 
is usually used in synthesizing superalloys and preparing 
catalysts (Sert et al. 2008). As one of the most used rare 
earth elements, lanthanum also causes some pollution to 
the ecological environment. For example, manufacturing 
various industrial materials and using agricultural rare earth 
fertilizers will lead to soil pollution (Shen et al. 2014).

Moreover, studies have shown that rare earth minerals 
will produce various kinds of pollution during processing, 
such as harmful nitrogen and chloride produced by 
hydrometallurgy and harmful gases such as chloroform 
VOCs produced by high temperatures of pyrometallurgy. 
Rare earth elements will induce cardiovascular diseases 
in the human respiratory and nervous systems (Shin et al. 
2019). Lanthanum is also very harmful to the human body. 
Studies have shown that lanthanum may cause nervous 
system disorders and accumulate in bones, kidneys, spleen, 

and other organs (Zarros et al. 2013, Chen & Zhu 2008, Wu 
et al. 2005, Liu et al. 2010) and has potential effects on the 
immune system (Cheng et al. 2014).

To reduce the pollution caused by lanthanum and 
other heavy metal elements to the environment, scientific 
researchers have used various treatment methods. Common 
treatment methods include biological methods, physical-
chemical methods, and so on. For example, Du et al. (2020) 
concluded that planting water hyacinth can effectively 
enrich heavy metal elements through experiments. In this 
case, heavy metal ions are fixed in plant roots through 
the water absorption of plant roots, thus playing a role of 
enrichment. Physical chemistry mainly includes the chemical 
adsorption method. At present, the chemical method is the 
most commonly used chemical fixation method, such as 
the Zhen study group, through the use of inorganic amine 
hydrazine hydrate and sulfur dioxide synthesis of a new 
collector, produced a better removal effect on metal ions 
(Zhen et al. 2012). In recent years, more and more researchers 
have explored the recovery effect of different adsorbents on 
lanthanum due to the high recovery rate and low cost of the 
adsorption method. For example, Kusrini et al. (2018) used 
pectin in durian peel to study the adsorption of lanthanum, 
and the adsorption amount was 41.2 mg.g-1. In recent years, 
boron nitride has been widely used in hydrogen storage (Lale 
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et al. 2018), electrical breakdown (Zhi et al. 2010), and other 
fields because of its special properties. In addition to the 
above applications, some researchers have used boron nitride 
in adsorption. For example, Liu et al. (2018) carried out 
adsorption research on Cu2+, Pb2+, Zn2+, and Cr3+ and found 
that they all had good adsorption effects, and the adsorption 
kinetics were all in line with the pseudo-second-order model.

Based on the above facts and analysis, this paper 
will study the following three aspects: First, the two-step 
synthesis method is used to prepare boron nitride, and the 
prepared material is characterized by SEM-EDS, TEM, and 
XRD analysis; Secondly, the adsorbent of boron nitride was 
used to explore the adsorption performance of boron nitride 
on La(III), and the reaction conditions were optimized to 
explore the adsorption mechanism.

MATERIALS AND METHODS

Experimental Reagents and Materials

Lanthanum nitrate, hydrochloric acid, and sodium hydroxide 
were provided by Shanghai Lingfeng Chemical Reagent Co., 
Ltd. Sulfamic acid, hydroxylamine hydrochloride, arsine azo 
III, citric acid, disodium hydrogen phosphate, melamine, and 
boric acid were provided by Shanghai Aladdin Biochemical 
Science and Education Co., Ltd. The purity of the reagents 
was all analytical grade, and the deionized water was self-
made. The components of the prepared reducing agent 
are hydroxylamine hydrochloride and sulfamic acid, and 
the components of the buffer solution are citric acid and 
disodium hydrogen phosphate.

Experimental Equipment

The ultrasonic cleaning machine (KQ5200DA) was produced 
by Kunshan Ultrasonic Instrument Co., Ltd., the UV-Vis 
Spectrophotometer (SP-756P) was produced by Shanghai 
Spectrum Instrument Co., Ltd., and the vacuum drying 
oven (DZF-6020) was produced by Shanghai Jinghong 
Experimental Equipment Co., Ltd., pH meter (Five Easy 
plus) and electronic balance (AL204) are produced by 
METTLER TOLEDO (Shanghai) Co., Ltd., using the muffle 
furnace (KSL-1700) produced by Hefei Kejing Material 
Technology Co., Ltd. The pipette (7010101017) was 
produced by Dalong Xingchuang Experimental Instrument 
(Beijing) Co., Ltd., and the desktop low-temperature constant 
temperature shaking shaker was the IKA KS4000i control 
shaker produced in Germany.

Preparation of Boron Nitride Adsorbent

The research teams (Li et al. 2013, Li et al. 2020a) have 
detailedly explored the preparation method of boron nitride 
(BN). Based on this team, this experiment adopted a two-step 

synthesis method to prepare BN. The specific steps were: 
Melamine and boric acid were evenly mixed uniformly in a 
molar ratio of 1:2, then roasted in a tubular furnace and heated 
to 1100 at a certain speed, held for 1h, and then cooled to 
room temperature naturally to prepare BN material.

Static Adsorption Experiment

The analytical balance was used to measure 2.3392 g La 
(NO3)3 dissolved in deionized water and transferred to a 
1000 mL volumetric bottle. Water was added for constant 
volume to obtain 1000 ppm La(III) solution. Several 150 mL 
reaction bottles were selected, and La(III) was quantitatively 
removed by pipetting gun. The solution was put into the 
reaction bottle, and deionized water was added to adjust 
the total volume of the solution to 100 mL. Before the 
adsorption experiment, 0.1 mol·L-1 HCl and 0.1 mol.L-1 
NaOH were used, respectively, to adjust the initial pH value 
of the solution. In the static adsorption experiment, 100 mL 
of La(III) with different initial concentrations was adjusted 
to explore the influence of La(III) solution with different 
concentrations on the adsorption performance of BN. The 
initial pH of the solution was 6.0. After the quantitative BN 
was added, the reaction bottle was placed in the ultrasonic 
cleaning machine for 30min ultrasonic treatments. After the 
ultrasound, the reaction bottle was transferred to the bench 
low-temperature constant temperature oscillating shaking 
bed for 24h to ensure the adsorption balance. To explore the 
influence of different amounts of adsorbent on adsorption 
properties, the La(III) solution was set at 50 mg·L-1, and the 
BN adsorbent dosage was set at 10, 15, 20, 25, 30, and 35 
mg. Experimental studies were carried out for adsorption 
kinetics using 20 mg BN and La(III) solutions of 30 and 
40 mg·L-1 at an initial pH of 7.0. The equilibrium solution 
was filtered through a 0.22-μm polyether sulfone membrane 
filter, and the solid and aqueous solutions were separated 
for 1 mL. The clear liquid was placed in the colorimetric 
tube, and 1mL reducing agent, 5 mL buffer solution, and 
1 mL color developing agent were added. The absorbance 
was measured by SP-756P UV-visible spectrophotometer 
at constant volume.

Data Processing of Adsorption Experiments

The adsorption capacity of BN can be expressed by the 
adsorption capacity (qe). The adsorption capacity is the 
amount of La(III) adsorbed per unit weight of BN. The 
relevant parameters are calculated by the formula (1-2):

 𝑞𝑞𝑡𝑡 =
𝐶𝐶0−𝐶𝐶𝑡𝑡
𝑚𝑚 𝑉𝑉                     …(1)

 𝑞𝑞𝑒𝑒 =
𝐶𝐶0−𝐶𝐶𝑒𝑒
𝑚𝑚 𝑉𝑉                     …(2)
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The adsorption capacity at equilibrium and at any 
time t is expressed as q

e
 and q

t
 (mg·g-1). C

0
 is the initial 

concentration of La(III) solution before adsorption (mg·L-1); 
C

e
 is the concentration of La(III) solution after adsorption 

equilibrium, V is the volume of the solution, and m is the 
mass of the adsorbent.

In this study, the pseudo-first-order model, pseudo-
second-order model (Wang et al. 2021), Elovich model 
(Wu et al. 2009), and intra-particle diffusion model (Li et 
al. 2020b) were used to fit the kinetic data. The calculation 
formulas of the relevant parameters are as follows.

Pseudo-first-order model:

 𝑙𝑙𝑙𝑙(𝑞𝑞𝑒𝑒 − 𝑞𝑞𝑡𝑡) = 𝑙𝑙𝑙𝑙𝑞𝑞𝑒𝑒 − 𝑘𝑘1𝑡𝑡    …(3)

pseudo-second-order model:

 
𝑡𝑡
𝑞𝑞𝑡𝑡
= 1

𝑘𝑘2𝑞𝑞𝑒𝑒2
+ 𝑡𝑡

𝑞𝑞𝑒𝑒
                         …(4)

Elovich model:

 𝑞𝑞𝑡𝑡 =
1
𝛽𝛽 ∙ 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 + 1

𝛽𝛽 ∙ 𝑙𝑙𝑙𝑙𝑙𝑙                  …(5)

intra-particle diffusion model:

 𝑞𝑞𝑡𝑡 = 𝐾𝐾𝑑𝑑 × 𝑡𝑡1 2⁄ + 𝐼𝐼                     …(6)

k
1
(min-1) is the pseudo-first-order kinetic adsorption rate 

constant. The pseudo-second-order kinetic adsorption rate 
constant is k

2
 (g·mg-1 min-1), α(mg·g-1 min) and β(g·mg-1) 

represent the initial adsorption rate constant and desorption 
rate constant, respectively, K

d
 (g·mg-1min-1/2) is the rate 

constant of intraparticle diffusion, and I is a parameter related 
to the thickness of the boundary layer.

To further analyze the adsorption mechanism of BN, 
Freundlich and Langmuir fit the thermodynamic data. The 

linearization formulas of the two fits are as follows:

Freundlich model:

 𝑙𝑙𝑙𝑙𝑙𝑙𝑒𝑒 = 𝑙𝑙𝑙𝑙𝐾𝐾𝐹𝐹 + 𝑙𝑙𝑙𝑙𝑙𝑙𝐶𝐶𝑒𝑒               …(7) 

Langmuir model:

 
1
𝑞𝑞𝑒𝑒
= 1

𝑞𝑞𝑚𝑚
+ 1

𝐾𝐾𝐿𝐿×𝑞𝑞𝑚𝑚
∙ 1𝐶𝐶𝑒𝑒                …(8)

Characterization Methods

In this study, the JEM-1011 transmission electron 
microscope of Japan Electronics Company was used for 
TEM characterization to analyze the fine internal structure 
of materials, and the scanning electron microscope (SEM) 
of Japan Electronics (JEOL) and JSM-6360LV was used 
to analyze the surface topography of materials. This team 
used the Fourier infrared spectrometer (NICOLET6700) 
of the United States Thermoelectric Technology Company 
to determine BN samples’ molecular structure and 
chemical composition, ranging from 400 to 4000 cm-1. 
The resolution is better than 4 cm-1. At the same time, 
an X-ray energy spectrometer (XRD), manufactured in 
Panalytical, Netherlands, model Empyrean, uses a Cu target 
as the radiation source. XRD is mainly used in this paper to 
determine the crystal shape of BN material.

RESULTS AND DISCUSSION

Adsorption Results

pH has a significant effect on the adsorption of La(III) by 
BN, and it can be seen from Fig. 1(A) that the adsorption 
effect of BN on La(III) increases significantly with the 
increase of pH. However, it can be found from Fig. 1(B) that 
after the pH value exceeds 6.0, the residual concentration of 

 

Fig. 1: (A) Effect of Initial pH on La(Ⅲ) Adsorption by BN (qe), (B) Under different 

pH conditions, the residual concentration of La(III) solution after sufficient reaction 

(Ce). Experimental conditions, C=50 mg·L-1, m=20 mg, V=100 mL 

To explore the influence of the amount of adsorbent on the adsorption performance, 

different qualities of adsorbent were added into the lanthanum solution of 100 mL and 

50 mg·L-1, showing that the amount of adsorbent is closely related to the adsorption 

performance. Increasing the amount of adsorbent will lead to a gradual decrease in the 

adsorption amount of adsorbent, but the removal rate of La(III) will gradually increase. 

 

 

Fig. 1: (A) Effect of Initial pH on La(Ⅲ) Adsorption by BN (qe), (B) Under different pH conditions, the residual concentration of La(III) solution after 
sufficient reaction (Ce). Experimental conditions, C = 50 mg·L-1, m = 20 mg, V = 100 mL
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La(III) solution will gradually decrease even if no adsorbent 
is added. This is because La(III) will precipitate at a higher 
pH, thus affecting the experimental results. Therefore, 
considering both, pH 6.0 or 7.0 is selected for the subsequent 
experiments.

To explore the influence of the amount of adsorbent on 
the adsorption performance, different qualities of adsorbent 

were added into the lanthanum solution of 100 mL and  
50 mg·L-1, showing that the amount of adsorbent is closely related 
to the adsorption performance. Increasing the amount of adsorbent 
will lead to a gradual decrease in the adsorption amount of 
adsorbent, but the removal rate of La(III) will gradually increase.

As can be seen from Fig. 3 (A), the concentration also 
significantly impacts the performance of the adsorbent. With 

 

Fig. 1: (A) Effect of Initial pH on La(Ⅲ) Adsorption by BN (qe), (B) Under different 

pH conditions, the residual concentration of La(III) solution after sufficient reaction 

(Ce). Experimental conditions, C=50 mg·L-1, m=20 mg, V=100 mL 

To explore the influence of the amount of adsorbent on the adsorption performance, 

different qualities of adsorbent were added into the lanthanum solution of 100 mL and 

50 mg·L-1, showing that the amount of adsorbent is closely related to the adsorption 

performance. Increasing the amount of adsorbent will lead to a gradual decrease in the 

adsorption amount of adsorbent, but the removal rate of La(III) will gradually increase. 

 

 
Fig. 2: Effects of different adsorbent concentrations on BN adsorption capacity (qe) and removal rate.

Fig. 2: Effects of different adsorbent concentrations on BN adsorption capacity (qe) 

and removal rate. 

 

 

Fig. 3: (A) Isotherm of La(Ⅲ) Adsorption on BN, (B) Freundlich model, (C) 

Langmuir model. 

As can be seen from Fig. 3 (A), the concentration also significantly impacts the 

performance of the adsorbent. With the increase of the concentration, the adsorption 

capacity of the adsorbent also increases. To explore its adsorption mechanism, we 

performed Freundlich and Langmuir fitting on the curve. The results in Fig. 3 (B-C) 

show that the experimental data are not in line with the Langmuir fitting model and the 

Freundlich fitting model, indicating that the adsorption mechanism is relatively 

complex, with both single-layer adsorption and multi-layer adsorption. 

Fig. 3: (A) Isotherm of La(Ⅲ) Adsorption on BN, (B) Freundlich model, (C) Langmuir model.
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adsorption (Li et al. 2020a). Although the adsorption of 
BN can be obtained by fitting the pseudo-first-order and 
pseudo-second-order models, the adsorption mechanism 
cannot be further speculated. Therefore, using the particle 
internal diffusion model, as shown in Fig. 5 (D), the 
adsorption process is divided into two stages. The first stage 
La(III), diffuses to the surface of the material to complete 
the adsorption, and the second stage adsorption reaches the 
adsorption equilibrium (Shan et al. 2020).

Characterization Results

SEM and TEM characterize the BN material to analyze its 
surface morphology and internal structure. The results are 
shown in Fig. 6. According to SEM images (A), (B), and 
TEM images (C), BN material presents a circular or elliptical 
sheet structure with an average diameter ranging from one 
micron to several microns. The sheet structure can increase 
the contact area and increase adsorption efficiency.

The material’s microstructure will have a greater impact 
on the macro performance, and the functional group will 
significantly impact the adsorption process. Therefore, we 
conducted the infrared spectroscopic measurement and 
characterization of the prepared BN material. It can be seen 
from Fig. 7 (A) that there are two characteristic absorption 
peaks at ~1380cm-1 and ~810cm-1, which are caused by the 
bending vibration of B-N-B and B-N combined by the sp2 
bond. In contrast, a wide peak appeared at ~3420cm-1, which 
was attributed to the fact that BN material may contain more 
-OH groups and have a strong vibration peak here (Zhang 
et al. 2021, Hou et al. 2019). The absorption peak at ~1592 

the increase of the concentration, the adsorption capacity 
of the adsorbent also increases. To explore its adsorption 
mechanism, we performed Freundlich and Langmuir fitting 
on the curve. The results in Fig. 3 (B-C) show that the 
experimental data are not in line with the Langmuir fitting 
model and the Freundlich fitting model, indicating that the 
adsorption mechanism is relatively complex, with both 
single-layer adsorption and multi-layer adsorption.

Next, the kinetic curve of BN adsorption of La(III) 
solution is discussed. Fig. 4 shows that no matter La(III), 
the initial concentration of solution is 30.0 mg·L-1 or  
40.0 mg·L-1, the growth trend of BN adsorption capacity is 
roughly similar. With the increase of time, the adsorption 
capacity increases gradually. The adsorption capacity 
increased rapidly, the growth was relatively slow in 60~180 
min, and the adsorption equilibrium was reached around 180 
min. When the initial concentration of La(III) solution is 30.0 
mg·L-1, the maximum adsorption capacity of BN on La(III) 
is 150.05 mg·g-1. When the concentration is 40.0 mg·L-1, 
the maximum adsorption capacity reaches 201.46 mg·g-1. 
The results are consistent with the previous results of the 
effect of concentration on the adsorbent, indicating that the 
experimental results have good reproducibility.

Fig. 5 (A) is a pseudo-first-order model fitting of the 
kinetic curve of BN adsorption La(III) solution, Fig. 5 (B) 
is a pseudo-second-order fitting model, and Fig. 5 (C) is an 
Elovich model fitting combined. After fitting and analysis, 
it is found that the kinetic curve of BN to La(III) solution 
is more in line with the pseudo-second-order fitting model, 
indicating that the adsorption process is mainly chemical 

 

Fig. 4: The adsorption time curve of BN to 30 mg·L-1 and 40 mg·L-1 La(Ⅲ) 

Experimental solution conditions, V=100 mL, m=20 mg, pH=7.0 

Next, the kinetic curve of BN adsorption of La(III) solution is discussed. Fig. 4 shows 

that no matter La(III), the initial concentration of solution is 30.0 mg·L-1 or 40.0 mg·L-

1, the growth trend of BN adsorption capacity is roughly similar. With the increase of 

time, the adsorption capacity increases gradually. The adsorption capacity increased 

rapidly, the growth was relatively slow in 60~180 min, and the adsorption equilibrium 

was reached around 180 min. When the initial concentration of La(III) solution is 30.0 

mg·L-1, the maximum adsorption capacity of BN on La(III) is 150.05 mg·g-1. When the 

concentration is 40.0 mg·L-1, the maximum adsorption capacity reaches 201.46 mg·g-

1. The results are consistent with the previous results of the effect of concentration on 

the adsorbent, indicating that the experimental results have good reproducibility. 

Fig. 4: The adsorption time curve of BN to 30 mg·L-1 and 40 mg·L-1 La(Ⅲ) Experimental solution conditions, V = 100 mL, m = 20 mg, pH = 7.0
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cm-1 can be attributed to the uneven surface of BN material, 
which changes the position of the acromion of the B-N bond 
(Tang et al. 2008). 

To determine the crystal plane of the material, we 
conducted XRD characterization of the material. Fig. 7 

(B) is the XRD characterization image of BN. The front 
appearing at 26.7°, 41.5°, and 55° corresponds to the crystal 
planes (002), (100), and (004) of BN, respectively, which 
is similar to the results of Li et al. (2015) and Fu et al.  
(2023).

 

Fig. 5: (A) pseudo-first-order model;(B) pseudo-second-order model; (C) Elovich 

model;(D) intra-particle diffusion model. 

Fig. 5 (A) is a pseudo-first-order model fitting of the kinetic curve of BN adsorption 

La(III) solution, Fig. 5 (B) is a pseudo-second-order fitting model, and Fig. 5 (C) is an 

Elovich model fitting combined. After fitting and analysis, it is found that the kinetic 

curve of BN to La(III) solution is more in line with the pseudo-second-order fitting 

model, indicating that the adsorption process is mainly chemical adsorption (Li et al. 

2020a). Although the adsorption of BN can be obtained by fitting the pseudo-first-order 

and pseudo-second-order models, the adsorption mechanism cannot be further 

speculated. Therefore, using the particle internal diffusion model, as shown in Fig. 5 

(D), the adsorption process is divided into two stages. The first stage La(III), diffuses 

to the surface of the material to complete the adsorption, and the second stage 

Fig. 5: (A) pseudo-first-order model; (B) pseudo-second-order model; (C) Elovich model; (D) intra-particle diffusion model.

adsorption reaches the adsorption equilibrium (Shan et al. 2020). 

Characterization Results 

SEM and TEM characterize the BN material to analyze its surface morphology and 

internal structure. The results are shown in Fig. 6. According to SEM images (A), (B), 

and TEM images (C), BN material presents a circular or elliptical sheet structure with 

an average diameter ranging from one micron to several microns. The sheet structure 

can increase the contact area and increase adsorption efficiency. 

 

 

Fig. 6: (A, B) SEM image of the BN, (C) a TEM image of the BN. 

The material's microstructure will have a greater impact on the macro performance, and 

the functional group will significantly impact the adsorption process. Therefore, we 

conducted the infrared spectroscopic measurement and characterization of the prepared 

BN material. It can be seen from Fig. 7 (A) that there are two characteristic absorption 

peaks at ~1380cm-1 and ~810cm-1, which are caused by the bending vibration of B-N-

B and B-N combined by the sp2 bond. In contrast, a wide peak appeared at ~3420cm-1, 

which was attributed to the fact that BN material may contain more -OH groups and 

have a strong vibration peak here (Zhang et al. 2021, Hou et al. 2019). The absorption 

peak at ~1592 cm-1 can be attributed to the uneven surface of BN material, which 

Fig. 6: (A, B) SEM image of the BN, (C) a TEM image of the BN.
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CONCLUSION

Based on the above experiments and analysis, this paper 
describes a preparation method of BN material and explores 
the adsorption performance and mechanism of BN for La(III) 
solution. The results show that BN has a good adsorption 
effect on La(III) in water, and the adsorption property 
of the material is closely related to the concentration of 
a solution with the amount of adsorbent, pH value, and  
contact time.

Under 303K and pH = 7.0, the maximum adsorption 
capacity of BN can reach 201.45mg·g-1. The results show 
that the kinetic fitting of the adsorption experiment conforms 
to the pseudo-second-order model fitting, indicating that the 
adsorption experiment is chemical adsorption. The in-particle 
diffusion model shows that the adsorption process is mainly 
divided into two stages: La(III) diffusion to BN surface 
stage, and the adsorption reaches the adsorption equilibrium  
stage.

Through SEM, TEM, FT-IR, and XRD characterization, 
it is found that the BN prepared by this method is very similar 
to the common BN materials in the structure, which proves 
that the preparation of BN by this method is feasible. The 
preparation method has a low cost, simple process, and good 
adsorption effect on La(III), which has a good application 
prospect in water pollution control.
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