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a b s t r a c t
Biochar-based nanomaterials are an efficient and economical adsorption material, often used to 
adsorb and remove heavy metals in sewage. In this study, eucalyptus biochar nanomaterials were 
produced by pyrolysis as a carbon precursor and modified with potassium penetrant (KBC) to 
improve its adsorption performance for Cd removal. Various characterization techniques have been 
used to fully characterize and analyze the physical and chemical properties of KBC. The adsorp-
tion kinetics, thermodynamics and adsorption isotherms of KBC on Cd(II) ions and the effects of 
various reaction parameters (pH, adsorbent dosage, adsorption time, temperature and initial con-
centration) on the adsorption capacity and removal rate were evaluated. The results show that 
the best adsorption capacity of KBC for Cd(II) is 31.050 mg/g, under the best conditions (pH = 5, 
dosage = 0.08 g, time = 6 h, temperature 25°C and initial concentration = 50 mg/g·L). The adsorp-
tion process follows the pseudo-second-order kinetic model and the isothermal Langmuir adsorp-
tion model. This model is based on a single layer adsorbed on a uniform surface and absorbs heat 
spontaneously under physical and chemical action. The adsorption mechanism of Cd(II) is mainly 
through complexation, oxidation and cation-π-electron interaction to adsorb oxygen-containing 
and manganese-containing KBC groups. Potassium permanganate surface-modified eucalyptus 
biochar proved to be an effective method to deal with heavy metal pollution.
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1. Introduction

With the continuous exploitation of energy resources 
by social development, more and more industries such as 
mining, beneficiation, electroplating plants are emerging, 
resulting in groundwater and surface water pollution often 
containing a variety of heavy metal pollutants. As a typ-
ical heavy metal, cadmium has strong corrosion resistance 
and is widely used in electroplated steel, iron, copper and 
other metals. The cadmium emissions of different industries 
vary greatly.

Cadmium cannot be degraded naturally after entering 
water bodies, it is easy to accumulate and gradually trans-
fer and accumulate in organisms through the food chain 

[1]. Therefore, after cadmium enters the human body, it is 
very harmful to the kidneys and affects renal tubular func-
tion. When cadmium reaches a certain level, renal tubular 
disease will occur. Long-term intake of cadmium-contain-
ing rice and other foods can also cause severe bleeding 
and renal failure [2].

The most important treatment methods for wastewater 
containing cadmium are currently electro-flocculation [3], 
chemical precipitation [4], adsorption [5] and ion exchange 
[4,6] and membrane separation processes [7]. In recent years, 
however, due to its better mechanical properties, func-
tional groups and high surface area, biochar has become 
more and more popular as an adsorbent for the adsorption 
of heavy metals.
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As the raw material of biochar, agricultural and for-
estry waste has the advantages of large source and low cost. 
Converting agricultural and forestry wastes into biochar 
is an environmentally friendly waste treatment method. 
Eucalyptus has a short growth cycle and a fast growth rate. 
It is widely used in papermaking and wood processing 
and has good economic value.

Eucalyptus is like a tall tree, rich in cellulose, hemicel-
lulose and lignin [8]. The biochar obtained by pyrolysis 
has a good pore structure and abundant functional sur-
face groups. Eucalyptus is planted in large quantities in 
Guangxi, with diverse sources, and has a huge potential for 
biochar production.

Due to the different materials and methods of biochar 
production, biochar has the disadvantages of low adsorp-
tion capacity, poor selective adsorption capacity, and poor 
treatment of high-concentration heavy metal wastewater 
[9], and it is difficult to directly use biochar large-scale. 
In order to improve the adsorption performance of bio-
char, researchers used various methods to modify biochar 
to improve the pore structure and surface area [10] and 
increase the number of functional groups on the surface of 
biochar [11].

Manganese oxide has a high specific surface area, a rich 
microporous structure, many adsorption sites, and low 
toxicity. Although manganese oxide as an adsorbent has 
a good adsorption effect on heavy metals, it also has prob-
lems such as weak mechanical strength, easy polymeriza-
tion in solution, complex dispersion, and low adsorption 
efficiency [12]. Therefore, to solve these problems, it is nec-
essary to find a substrate suitable for loading and attaching 
manganese oxide particles [13].

As a particular adsorbent, biochar is inexpensive and 
readily available, has a large surface area and good pore 
structure, promotes loading of manganese oxides, and can 
dissolve traces of polymerized manganese oxides in water 
[14]. In addition, the combination of manganese oxide and 
biochar also helps to improve the adsorption efficiency 
of biochar [15,16].

In this paper, a new eucalyptus biochar adsorbent 
nanomaterials (KBC) was synthesized. This study will pro-
vide a theoretical basis and reference to cadmium waste-
water treatment and will open up new uses for land and 
forestry waste.

2. Materials and methods

2.1. Preparation of modified eucalyptus biochar nanomaterials

Eucalyptus green material was purchased from euca-
lyptus forest, China, and the main reagents were cadmium 
nitrate and potassium permanganate. The eucalyptus wood 
was chopped and washed, dried in an oven at 60°C for 
12 h, then taken out, chopped, filtered through a 60-mesh 
screen to obtain a sample, and sealed. Place 10 g of the 
sample in a 50 mL crucible, put it in a muffle furnace, and 
raise the temperature to 600°C at a heating rate of 5°C/
min, and keep it at a constant temperature for 2 h. Place 
the washed carbon sample in a 50 mL polyvinyl chloride 
centrifuge tube to separate the solid and liquid. The result-
ing biochar was labeled (BC) and dried in an oven at 
60°C for 12 h, then sealed and stored.

BC is modified with potassium permanganate, and its 
preparation method is similar to that of Sun et al. [17]. In 
short, take 50 mL of 0.1 mol/L potassium permanganate 
solution and pour it into a 100 mL beaker containing 2.0 g 
BC, mix thoroughly, and then put it in a magnetic stirrer and 
stir at 500 rpm for 12 h. 50°C, rinse with deionized water, 
repeat the above steps 3 times, put the washed labeled 
KBC nanomaterials into an oven at 60°C for 12 h, dry and 
seal for storage.

2.2. Characterization of nanomaterials

The structural analysis of the nanomaterials is based on 
the analysis of the specific analysis and the specific anal-
ysis of the Brunauer–Emmett–Teller (BET). Engineer Zort 
Thermesch Scanning Electron Microscope SU5000 SEM 
and energy-dispersive X-ray spectroscopy (EDS; Hitachi, 
Japan) have good results in terms of analysis and EDS firm 
analysis and Uewerflächelementer. The X’PertPRO XRD 
diffractometer (Panaco, The Netherlands) is used to deter-
mine the size of the crystal structure. Analytical informa-
tion on the elemental determination of the X-ray photo-
electron spectroscopy of the ESCALAB 250Xi (American 
Thermoelectric Company).

2.3. Adsorption experiments

Cd(II) adsorption is affected by the adsorbent by various 
factors such as the dose and pH of the adsorbent. 50 mL of 
50 mg/L Cd(II) solution was taken into a centrifuge tube at 
25°C and the adsorbent dose and pH factors were applied. 
pH effect experiment: 80.0 mg of adsorbent was injected and 
the pH was adjusted to 2–7. The adsorbent dosing amount 
affected the experiment: pH was adjusted to 5 and the dos-
ing amounts were set to 0.02–0.14 g. The dosing of the adsor-
bent affected the experiment: the pH was adjusted to 5 and 
the dosing amounts were set to 20.0, 40.0, 60.0, 80.0, 100.0, 
120.0 and 140.0 mg. The centrifuge tubes were kept in a con-
stant temperature water bath shaker and shaken for 24 h. 
The mass concentration of Cd(II) in the filtrate was deter-
mined. The amount of Cd(II) adsorption and removal rate 
in solution were calculated according to Eqs. (1) and (2).
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where c0 and ct are the concentrations (mg/L) of the Cd(II) 
solution at the initial moment and at time t, respectively; 
m is the mass of the adsorbent and V (L) correspond to the 
volume of the solution.

2.4. Dynamics and isotherm experiments

For the adsorption kinetics experiment, 50 mL of 50 mg/L 
Cd(II) solution was taken and 80.0 mg of KBC was added. 
A time gradient from 5 to 1,440 min was determined, and 
the mass concentration of Cd(II) after adsorption was 
measured. Experimental adsorption data were presented 
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using a pseudo-expression model, a pseudo-second-order 
kinetic model, a single-particle inner membrane diffusion 
model [Eqs. (3)–(5)].
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where t: adsorption time (min), qe and qt is the absorption 
capacity (mg/g) at t and equilibrium, respectively, k1 (min–1) 
is the pseudo-first-order rate constant, k2 is the pseudo-sec-
ond-order (g/mg·min), child is the rate of internal diffusion 
of particles (mg/g·min0.5), ci is the constant with respect to 
the boundary layer thickness (mg/g).

Nettle adsorption isothermal experimenters were 
given 50.0 mL of Cd(II) solutions from 50.0 to 400.0 mg/L, 
50.0 mL, 80.0 mg of KBC and the reaction was run for 
24 h. Experimental isothermal data were analyzed using 
the Langmuir model [Eq. (6)]. The Friendly model [Eq. (7)]:
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where ce is the concentration of the solution at adsorp-
tion equilibrium, mg/L, qe is the equilibrium adsorption 
amount, (mg/g), qm is the maximum adsorption content 
(mg/g), KL; Langmuir-Constant (L/mg); further describ-
ing the absorption characteristics of the Langmuir model, 
KF was the friendly adsorption constant [(mg/g)(mg/L)1/n] 
and the absorption intensity (dimension) of the n-friendly 
isothermal model.

3. Results and discussions

3.1. Characterization of biochar nanomaterials

The specific surface area of biochar nanomaterials, its 
pore volume, and pore size were greatly altered after mod-
ification by potassium permanganate (Table 1). The spe-
cific surface area and the total pore volume of the biochar 

decreased, and the average pore size increased. Changes in 
the pore structure are associated with the loading of man-
ganese oxides and their strong oxidation with potassium 
permanganate, which blocks the pore structure on the 
biochar surface and reduces the biochar surface and pore 
capacity [18], and due to strong oxidation, some nanopore 
structures disappear, converting nanopores into meso-
pores of larger pore size [17].

The scanning electron microscopy (SEM) and EDS maps 
of BC and KBC are shown in Fig. 1, it is concluded that the 
surface of the BC is smooth and the pore capacity is obvi-
ous. After the change, the KBC surface becomes rough and 
the particle cleaners and pore structures are filled with 
manganese oxides. Fig. 1e–f shows that BC consists mainly 
of elemental carbon and oxygen. After the change, man-
ganese and potassium elements form in the KBC, while 
the amount of carbon elements decreases and the oxygen 
elements increase.

Fig. 2 shows the biochar X-ray diffraction (XRD) model. 
BC has several diffraction peaks at 2°, 22.8°, 29.4°, and 39.50°, 
respectively. The biochar consists mainly of uncharacteris-
tic carbon [19]. The intensity of the large band correspond-
ing to amorphous carbon BC was significantly attenuated 
after the change [19]. This indicates that there is a chemical 
interaction between the biostone and potassium perman-
ganate in the modification process. KBC produces man-
ganese oxides in the form of MnO2 at 13.52°, 24.01°, 36.79°, 
and 67.22°, respectively [20]. This indicates that the BC sur-
face is successfully charged with manganese oxides after 
modification with potassium permanganate, which has a 
good modifying effect on the eucalyptus biochar [21].

Fig. 3a shows the full spectrum of biochar is shown, 
indicating the major BC elements C, and the presence of O. 
Mn elements on the KBC surface indicates that manganese 
oxides were well attached to the biochar surface. After the 
adsorption of Cd(II) on KBC, elemental cadmium appears 
on the surface. This shows that Cd(II) was successfully 
adsorbed on the biostone during the adsorption process. 
After the change, the O1s peaks increased significantly and 
the quantity of oxygen elements increased significantly. 
However, the maximum intensity of the manganese ele-
ment did not change significantly, proving that the adsorp-
tion process did not affect the manganese oxides loaded 
into the biochar. and was able to maintain a stable structure 
during the adsorption process, which was profitable for a 
long time with a modified biochar that was consistent with 
the results of the XRD analysis (Fig. 3b) a narrow spectrum 
of manganese elements is shown. The diffraction peaks at 
653.83 and 642.32 eV for the manganese element charged 
on the BC surface correspond to Mn2p1/2 and Mn2p3/2, indi-
cating that both tetravalent and trivalent manganese oxides 
are charged on the KBC surface and manganese oxides are 
tetravalent dominant [22]. Narrow O1s spectra before and 
after modification and adsorption are shown in Fig. 3c and 
d. And the surface peaks at the BC surface can be attached 
to the four peaks, and the corresponding peaks correspond 
to the functional group Mn–O, Mn–OH, C–OH, and H2O, 
which can provide more adsorption sites for absorption. 
from Cd(II). After Cd(II) adsorption, the peak areas of C–OH 
and Mn–OH decrease and Mn–O increases. This indicates 
that C–OH is involved in the adsorption of Cd(II) during 

Table 1
Pore structure and surface area of biochar and KBC nano-
materials

Material 
types

BET surface 
area (m2/g)

Total hole 
volume (cm3/g)

Average pore 
size /nm

Biochar 401.8 0.26 2.5
KBC 27.3 0.06 8.3
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the adsorption process. The increased Mn–O and biochar 
content is associated with an increase in Cd–O on the KBC 
surface, suggesting that –O–Cd–O-bidentate complexes 
are formed on the biochar surface during the adsorption 
process [6]. However, the reduced H2O content indicates 
that this molecule is adsorbed on the KBC surface and is 
also involved in the adsorption process of the Cd(II) pro-
cess. Water molecules also influence the adsorption pro-
cess to some extent [6]. From the narrow spectrum of Cd3d 
Fig. 3e, the binding energy values of the two Cd3d peaks after 
adsorption were 417.77 eV at Cd3/2 and 415.16 eV at Cd5/2 (II).

Interactions with oxygen-containing functional groups. 
Fig. 3 reflects the change in C1 during the adsorption pro-
cess. The C1 peaks at 284.8 and 292.78 eV correspond to the 
functional groups C–C and O=C–O. The intensity of the 
C1 peak at 292.78 eV decreased significantly after Cd(II) 
adsorption, which proves that the interaction of O=C–O with 
Cd(II) also exists during the adsorption process.

Fig. 1. Scanning electron microscopy-energy-dispersive X-ray spectroscopy images of biochar and KBC: (a) biochar-scanning elec-
tron microscopy, (b) KBC-scanning electron microscopy, (c) biochar-scanning electron microscopy, (d) KBC-scanning electron 
microscopy, (e) biochar-energy-dispersive X-ray spectroscopy, and (f) KBC-energy-dispersive X-ray spectroscopy.

Fig. 2. Nanomaterials X-ray diffraction graph.
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Biochar is converted to carbon by pyrolysis at high 
temperatures, characterized by irregular graphene micro-
crystals. Especially in biomarkers, it contains many polar 
π electrons [23]. In this study, the eucalyptus tree, which 
is rich in cellulose and hemicellulose, as well as the bios-
tone obtained by polymerization at 600°C for 2 h, is rich in 
polarized π electrons [15], that is, metal and die π-electronic 
communication takes place with the adsorption of Cd(II).

3.2. Effect of reaction conditions on the adsorption effect

Using BC and KBC, Cd(II) was adsorbed under the 
same conditions under experimental conditions (adsor-
bent dose 0.08 g, pH 5, initial Cd(II) concentration 50 mg/L, 
solution volume 50). The concentration of Cd(II) in mL 
(mL, temperature 25°C and adsorption time 24 h) and the 
concentration of Cd(II) in the solution were checked by ICP 
after the reaction, and the amount of adsorbed Cd(II) was 
calculated using the Eq. (1). The amount of adsorption of 
Cd(II) was calculated. The adsorption of Cd(II) BC under 
the same conditions was 26.438 mg/g, but the adsorption 
of Cd(II) KBC (31.050 mg/g) was higher than that of BC. 
This indicates that the adsorption of Cd(II) KBC increased 
after modification.

In Fig. 4a, the effect of adsorbent dose on the adsorp-
tion of Cd(II) is shown. When the dose of KBC was increased 
from 20.5 to 40.5 mg, the amount of Cd(II) adsorbed by 
KBC decreased sharply from 83.67 to 46.38 mg/g. When 

the dose exceeded 40.5 mg, the adsorption amount slowly 
decreased to 18.75 mg/g. The decrease in Cd(II) adsorption 
by KBC was due to the limited amount of Cd(II) in solu-
tion and the difficulty in obtaining it. Increase the adsorbent 
dose to saturate the adsorption sites of KBC [24]. Increasing 
the KBC dose from 20.0 to 80.0 mg increased the percentage 
of Cd(II) clearance with KBC from 34.86% to 99.45%. The 
Cd(II) KBC clearance rate increases from 99.45% to 99.96% 
when the dose exceeds 80.0 mg and the clearance rate is 
stable. The removal rate is due to the adsorption sites pro-
vided by the adsorbent, which is used to adsorb Cd(II) in 
the solution when the amount of KBC administered to the 
Cd(II) solution increases from 20.5 to 80.5 mg. The num-
ber of effective active adsorption sites has increased and 
the removal rate has increased. Above the dose of 80.5 mg, 
no increase in Cd(II) removal was seen, providing a more 
efficient adsorption site associated with large amounts of 
adsorbent in solution and partial aggregation of KBC in 
solution. It became difficult. For Cd(II), considering the 
effect of KBC removal on Cd(II) and the complete use of 
the adsorbent, 80.5 mg KBC and 50.50 mL Cd(II) solution 
were selected as the adsorbent dose for the experiment.

The pH affects both the surface chemistry of the bio-
char and the form of Cd(II) present in solution. The effect of 
pH on Cd(II) KBC adsorption in Fig. 4b shows that Cd(II) 
KBC removal and adsorption increased from 18.20% and 
5.78 mg/g to 97.55%. And 31.80 mg/g, if the pH of the solu-
tion increased from 2.0 0.1 to 5.0 0.1. Removal of Cd(II) with 

Fig. 3. X-ray photoelectron spectrum of biochar: (a) shows the full spectrum of biochar, (b) shows the narrow spectrum of manganese 
element, (c) shows the narrow spectrum of O1s before and after modification, and (d) shows the narrow spectrum of O1s before 
and after adsorption.
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KBC achieves stability when the pH of the solution exceeds 
5.0 ± 0.1. Fig. 4c shows the distribution of Cd(II) analyzed 
using a model built with Visual MINTEQ software. The pre-
dominant form of Cd(II) present in solution is Cd2+ which 
is present in more than 96% solution in the pH range 2.1 to 
7.2. The adsorption of Cd(II) by KBC in solution depends on 
the interaction between KBC and Cd2+. The removal effect 
at low pH 2.1 is due to the high amount of H+ in the low 
pH solution. The main form of Cd(II) is Cd2+, with compe-
tition between H+ and Cd2+ during adsorption of KBC and 
charge repulsion between KBC and Cd2+ [25]. As the pH of 
the solution increased, protonation on the biochar surface 
decreased, competitive adsorption with H+ decreased, and 
the KBC removal efficiency for Cd(II) increased. As shown 
in the pH diagram after adsorption of Cd(II) in Fig. 4d, the 
pH of the solution increased after adsorption. This may 
be due to ion exchange between biochar and Cd(II) pres-
ent in the adsorption process [26].

Fig. 4e shows the influence of the adsorption time on 
the adsorption of Cd(II) KBC nanomaterials. The adsorp-
tion of KBC on Cd(II) was divided into three stages. The 
adsorption proceeds rapidly during the first 61 min, and the 
Cd(II) removal rate was 96.42% with an adsorbed amount 
of 31.43 mg/g of a Cd(II) solution, and the adsorption pro-
cess was a rapid adsorption stage. During 60–242 min, the 
adsorption of Cd(II) KBC slowed and the adsorption amount 
of Cd(II) KBC increased to 31.80 mg/g at a removal rate of 

97.19%. After the rapid adsorption, the adsorption sites on 
the surface of the adsorbent were occupied by a large amount 
of Cd(II), the binding rate of KBC and the Cd(II) solution 
decreased, and the adsorption process gradually tends to 
be saturated. When the adsorption time reaches 361 min, 
the adsorption becomes saturated, and the adsorption 
amount and the removal rate become maximum.

The experimental data were adapted and analyzed 
with models of intraparticle diffusion, the kinetics of 
pseudo-first-order and pseudo-second-order [26]. As in 
Table 2 and Fig. 5a & b, the theoretical equilibrium adsorp-
tion amount of 30.98 mg/g for adsorption of Cd(II) by KBC, 
calculated with a pseudo-second-order kinetic model, is the 
experimental result of 30.87 mg almost similar /g for Cd(II). 
Therefore, the pseudo-second-order kinetic model can bet-
ter reflect the adsorption of Cd(II) KBC. From the results 
of the adaptation of the diffusion model to the inner parti-
cle membrane in Fig. 5e it can be seen that the adsorption 
of Cd(II) by KBC comprises three steps. In the initial stage, 
Cd(II) diffuses from solution to the KBC surface, and qt 
changes rapidly with time, the stage of rapid adsorption. 
The second stage is the intraporal diffusion of Cd(II) into 
the KBC. The third stage is the equilibrium stage caused by 
the saturation of the KBC adsorption center. The ci values 
for the three stages of Cd(II) adsorption by KBC are not zero 
and the kdi values for the three stages gradually decrease, 
suggesting that adsorption of Cd(II) by KBC is not only 

Fig. 4. Effect of reaction conditions on the adsorption effect: (a) effect of KBC dosing on Cd(II), (b) effect of pH on the adsorption 
of Cd(II) by KBC, (c) distribution of Cd(II) at different pH, and (d) pH diagram after adsorption of Cd(II).
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Table 2
Kinetic model of Cd(II) adsorption by KBC and diffusion model of the inner membrane of the particles

Adsorbent Experimental 
values

Pseudo-level 
dynamics

Pseudo-secondary 
dynamics

Granular spreading model

Cd(II)
qe,exp = 30.970 
(mg/g)

qe = 1.330 (mg/g) qe = 30.980 (mg/g) Kid1 = 0.45 Kid2 = 0.03 Kid3 = 0.00
k1 = 0.003 (min–1) k2 = 0.028 (g/mg·min) C1 = 27.26 C2 = 30.30 C3 = 30.69
R2 = 0.825 R2 = 1.000 R1

2 = 0.92 R22 = 0.93 R32 = 0.98

Fig. 5. Model fitting diagram of adsorption effect: (a) pseudo primary kinetic model fit, (b) pseudo secondary kinetic model fit, 
(c) Langmuir, (d) Freundlich, and (e) particle inner film diffusion model fitting.
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internal dissemination is limited. Particles, but other effects 
collectively affect the adsorption process [27].

Fig. 4f shows the effect of the initial concentration on 
Cd(II) adsorption of KBC nanomaterials. The increase in 
Cd(II) for KBC increased with increasing initial concentra-
tion of Cd(II) up to 126 mg/L. In contrast, the Cd(II) uptake 
of KBC reached saturation when the initial concentration 
of Cd(II) 126 was above mg/L. Under different tempera-
ture conditions, when the initial concentration of Cd(II) 
exceeds 126 mg/L, the higher the temperature, the greater 
the uptake of Cd(II) by KBC. The maximum adsorption val-
ues were 51.67, 56.80 and 66.07 mg/g for the three tempera-
ture conditions, indicating that the increase in temperature 
was beneficial for adsorption.

The isothermal Langmuir and Freundlich model was 
used to fit the experimental data on Cd(II) adsorption by 
KBC nanomaterials. As can be seen from Table 3 and Fig. 5c 
& d, the theoretical adsorption values (R2 > 0.999) calcu-
lated using the Langmuir isothermal model are close to 
the maximum experimental adsorption values under the 
range of different temperature conditions compared to the 
Freundlich isothermal model. This shows that the isother-
mal Langmuir model can better reflect the adsorption of 
KBC on Cd(II) and that the adsorption occurs on a homo-
geneous surface [27]. In addition, the maximum amount 
of adsorption increases with the increase of temperature 
for the three temperature conditions, which indicates that 
the adsorption process is a thermal adsorption reaction. 
When the kinetic and isotropic results are combined, it 
is clear that the Cd(II) adsorption of KBC is a process in 
which the chemical adsorption is increased by physical 
adsorption and spontaneous heat desorption and tempera-
ture increase are beneficial for adsorption.

3.3. Analysis of adsorption mechanism

Decreasing the specific surface area of BET and increas-
ing the pore size of adsorbents after modification with 
potassium permanganate. SEM showed that the KBC sur-
face became rough with significant particle binding. EDS 
refers to the introduction of manganese and potassium ele-
ments on the surface of KBC, together with the decrease 
of carbon and high oxygen elements. XRD showed that the 
KBC surface was charged with manganese oxides, which 
confirmed the SEM results and that the manganese oxide 
peaks in the XRD model were attenuated after Cd(II) 
adsorption. X-ray photoelectron spectroscopy showed 
that the manganese groups were introduced on the KBC 
surface, the Mn–O content increased after adsorption, 

the –O–Cd–O-bidentate complex was formed during the 
adsorption process and the peak corresponding to the 
functional group O=CO a missing.

In short, the mechanism of Cd(II) adsorption by KBC 
is that increasing the pore size of potassium perman-
ganate-modified biochar is beneficial for the physical 
adsorption of Cd(II). The modification facilitates the intro-
duction of functional groups (–OH and Mn–O) on the 
surface of the biochar to the complex with Cd(II), and the 
modified biochar has a large number of polarized electrons. 
Thus, during the adsorption process, there is also a cat-
ion-π-electron reaction from biochar to Cd(II). The Cd(II) 
adsorption by KBC corresponds to the Langmuir isother-
mal equation and the quasi-secondary kinetic equation, 
and the adsorption process is a single molecule adsorp-
tion layer dominated by physical adsorption and comple-
mented by chemical adsorption. The investigation of the 
diffusion model of the inner particle membrane showed 
that the diffusion of the particles influences the adsorp-
tion process. Thermodynamics showed that adsorption 
was a spontaneous process of thermal adsorption and that 
heating was beneficial for adsorption to continue.

4. Conclusion

The production of modified biochar nanomaterials from 
eucalyptus wood waste not only solves the problem of the 
disposal and recycling of agricultural and forestry waste, 
but also successfully prepares efficient heavy metal adsorp-
tion materials. Treatment with potassium permanganate 
increased the pore size of the biochar, introduced many 
polar functional groups, and generated manganese oxides 
in the form of MnO2 on the surface of biochar, which was 
beneficial for improving the adsorption performance of bio-
char. Characterization analyzes and experimental studies 
on influencing factors showed that the mechanism of HM 
adsorption on biochar includes the formation of biden-
tate –O–Cd–O complexes on the biochar surface through 
oxygen- and manganese-containing groups through com-
plexation, oxidation and cation-π-electron interactions also 
during the adsorption process. Thus, it is shown that the 
modification of the loading with potassium permanganate 
offers an efficient way to produce cheap biochar adsorbents 
for the treatment of wastewater from heavy metals.
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