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a b s t r a c t
A novel adsorbent was prepared from sugar beet pulp (SBP). SBP was saponified first, then loaded with 
FeCl3 and hydrolyzed. The adsorption properties of Ca2+, Cu2+, and Pb2+ by ferric hydroxide-loaded 
sugar beet pulp (SBPSFH) were studied. The effect of pH, adsorption time, initial concentration of 
ions, temperature and adsorbent dosage were studied on the adsorption process. In addition, the SBP 
and SBPSFH were characterized by SEM, XRD and FTIR. The results show that the SBPSFH has sig-
nificantly improved the uptake of metal ions. At 40°C and pH 4.5–5.0, the adsorption of Ca2+, Cu2+ and 
Pb2+ by SBPSFH reached the equilibrium within 30 min. The optimal dosage was 10, 10, 5 g L–1, and the 
maximum adsorption capacity was 21.57, 38.25, 108.18 mg g–1, respectively. The adsorption data fitted 
well with the pseudo-second-order model and the adsorption isotherm conformed to the Langmuir 
equation, indicated that the adsorption process is dominated by monomolecular chemical adsorption. 
The thermodynamic parameters (ΔG°, ΔS° and ΔH°) showed that the adsorption is feasible, sponta-
neous and endothermic.
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1. Introduction

Heavy metals have become a major contaminant of water 
pollution because they exhibit significant biotoxicity at low 
doses and are easily enriched in the food chain. Metals such 
as lead, cadmium and copper from mining, metal process-
ing and textile industry have been recognized as hazardous 
heavy metals. Therefore, the comprehensive treatment of 
heavy metals wastewater is imminent.

These wastewaters are usually treated with conventional 
methods such as precipitation [1], ion-exchange technique 
[2], membrane filtration and electrolysis [3,4]. However, most 
of the methods have some disadvantages such as sensitive 
to operational conditions, employment of environmentally 

unsafe and expensive chemicals. Compared with the above 
methods, adsorption is an efficient and simple method for 
the removal of heavy metals from water. Activated carbon 
has good adsorption properties, but high cost limits its use in 
practice. In recent years, a variety of low-cost biomass materi-
als have been used to remove heavy metals and exhibit good 
adsorption properties.

Beet sugar accounts for about one-third of global sugar. 
The annual processing of sugar beet produces a large amount 
of waste pulp. SBP as a feed, no consumption or dry pres-
ervation in time will cause waste of resources and environ-
mental pollution. SBP contains about 80% carbohydrates, 
including pectin, cellulose, hemicellulose and lignin. So SBP 
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is rich in hydroxyl and carboxyl groups. As a dead cell bio-
sorbent, SBP has good ability of coordinating with metal ions 
and can be used to treat heavy metals in water, such as Cu2+, 
Pb2+ and Cr2+ [5–7].

SBP can also be used as adsorbent after structural mod-
ification to enhance its adsorption capacity, such as alkali 
treatment or saponification of SBP [8,9], high temperature 
carbonization after phosphoric acid activation [10], mixed 
treatment of aldehyde and acid [11], direct preparation of 
activated carbon [12,13], quaternary ammonium modifica-
tion [14], pectin deacylation [12], etc. It is reported that the 
SBP structure modified using ferric oxides or other metal 
oxides has the advantages of larger capacity, faster adsorp-
tion and stronger selectivity for removing heavy metal ions 
than raw SBP [15]. Little attention has been paid to the sepa-
ration of heavy metal ions by ferric hydroxide modified SBP. 
In summary, the structural modification of SBP as adsorbent 
has problems including little attention to the introduction of 
high price functional groups or the multiple modification of 
SBP, special modification of a specific adsorbate; few reports 
are about the physical stability of modified SBP.

The purpose of this study was to modify the SBP through 
saponification, ferric chloride impregnation and hydrolyzing, 
to enhance the adsorption capacity of SBP by introducing the 
ferric hydroxide into SBP. Then the structure of SBPSFH was 
characterized. The effects of pH value, dosage, temperature 
and time on the adsorption of Ca2+, Cu2+ and Pb2+ on SBPSFH 
were studied. The adsorption equilibrium, kinetics and ther-
modynamics of isothermal adsorption were studied, and the 
theoretical adsorption capacity and adsorption mechanism 
were revealed, which provided a reference and theoretical 
basis for the utilization of SBPSFH as adsorbent.

2. Materials and methods

2.1. Materials

The chemicals used in this study are listed in Table 1. 
The sodium hydroxide (NaOH), ferric chloride (FeCl3·6H2O), 
sodium chloride (NaCl), hydrochloric acid (HCl), copper sul-
fate (CuSO4·5H2O), lead nitrate (PbNO3), calcium chloride 
(CaCl2), and ethylenediaminetetraacetic acid disodium salt 
(EDTA-2Na) were of analytical grade and purchased com-
mercially. All the chemicals were used directly without fur-
ther purifications.

2.2. Modification of SBP

SBP was obtained from the Lvxiang beet sugar Co. Ltd, 
Xinjiang. SBP was washed using distilled water, filtered and 
then dried at 55°C for 24 h. SBP was crushed and screened to 
prepare 150–850 µm size particles. The selected pulp (50 g L–1) 
was saponified by adding 0.2 mol/L NaOH for 4 h. The sapon-
ified SBP (SBPS) was washed using distilled water until the 
pH of the wastewater did not change again and was dried at 
55°C to constant weight. The ferric saponified pulp (SBPSF) 
was obtained by stirring 50 g/L of saponified pulp in 0.3 mol/L 
FeCl3 for 12 h at 30°C. The SBPSF was washed using distilled 
water until the distilled water was colorless, and then was 
dried in an oven at 55°C to constant weight. The final prod-
uct, ferric hydroxide-loaded sugar beet pulp (SBPSFH), was 
obtained by hydrolysis of 50 g SBPSF in 1 L of 0.2 mol/L NaOH 
and 12% NaCl for 12 h. After hydrolysis, SBPSFH was washed 
using distilled water until the effluent acidity did not change 
again, and dried in an oven at 55°C to constant weight. 

2.3. Characterization and analysis

The FT-IR spectra of SBP and SBPSFH were obtained on 
an FT-IR spectrophotometer (Vector 33-MIR, Germany) to 
identify the functional groups in the range 4,000–400 cm–1. 
The X-ray diffraction (XRD) of SBP and SBPSFH was 
recorded on an automatic X-diffractometer (D/max-IIIA, 
Japan) with Cu Kα radiation (λ = 0.154 nm) at room tempera-
ture. The morphology of the adsorbent was studied using the 
scanning electron microscope (EVO 18, Germany).

2.3. Batch adsorption tests

A certain amount of SBPSFH was added into a certain ini-
tial concentration of CaCl2, Pb(NO3)2 or CuSO4·5H2O solution. 
The solution volume of 100 mL was taken for each adsorption 
test at a given temperature. The pH was not adjusted unless 
otherwise stated. The bottles were continuously shaked at 
125 rpm for 90 min to make sure equilibrium was reached. 
The effect of the pH was studied by adjusting the pH from 3 
to 11 with HCl and NaOH. The influences of adsorbent dose 
were investigated by adding 0.5 to 3 g of SBPSFH into 100 mL 
of certain metal ion concentration at 40°C. The kinetic experi-
ments were conducted by mixing a certain adsorbent of given 
dose and 100 mL of metal ion solution of given concentration 

Table 1
Physical properties and purities of chemicals used in this study

Chemical name CAS number Formula Source Purity (%)
Sodium hydroxide 1310-73-2 NaOH Tianjin Damao 

Chemical Industry 
Co. Ltd.

>96.0 a

Ferric chloride 7705-08-0 FeCl3·6H2O 99.0 a

Sodium chloride 7647-14-5 NaCl 99.5 a

Hydrochloric acid 7647-01-0 HCl 36.0 a

Copper sulfate 7758-98-7 CuSO4·5H2O 99.0 a

Lead nitrate 10099-74-8 PbNO3 99.0 a

Calcium chloride 10043-52-4 CaCl2 >96.0 a

Ethylenediaminetetraacetic acid disodium salt 139-33-3 EDTA-2Na >99.0 a

aPurities were provided by suppliers. All the chemicals were used directly without further purifications.
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for appropriate intervals at 30°C and 40°C. The adsorption iso-
therm tests were carried out for 90 min at 30°C and 40°C, the 
initial concentration of the metal ion solutions was adjusted 
from 200 to 1,400 mg/L, and the usage of adsorbent was 1.0, 
1.0, and 0.5 g for Ca2+, Cu2+ and Pb2+, respectively. The batch 
adsorption tests were carried out in duplicates to observe the 
reproducibility and the average results were used for analysis.

3. Results and discussion

3.1. Characterization of SBP and SBPSFH

3.1.1. SEM analysis

The surface morphology of the SBP and SBPSFH was 
characterized by SEM (Fig. 1). On the untreated SBP, a smooth 
surface was observed with many scraps found on the surface. 
After modification, there were many folds on the surface of 
SBPSFH and the scraps disappeared completely. These folds 
increased the surface area of SBP, and were attributed to 
improve the adsorption capacity of metal ions.

3.1.2. XRD analysis

The XRD patterns of the SBP and SBPSFH are shown in 
Fig. 2. The weak peaks at 26.48 and 34.76 are the characteris-
tic peaks of ferric hydroxide. The reason for it could be that 
the impregnated iron is mostly in a coordinated form with 
various functional groups on SBPSFH, other than in poly-
meric ferric hydroxide form [16]. The peak value of SBPSFH 
decreased at 2θ = 14°–22°, indicating that FeCl3 and NaOH 
solutions make the crystal structure changed. At 2θ = 16°, the 
low-crystallinity polysaccharide structure has a weak peak, 
while at 22° it has a highly crystalline cellulose peak. The 
decrease in the peak value after the modification indicates 
that the modification causes the crystal structure of the beet 
pulp to be destroyed, leaving more reactive groups exposed, 
facilitating the combination with metal ions and improving 
the adsorption performance of SBP.

3.1.3. FTIR spectral analysis

From the FTIR spectra (Fig. 3) of SBP and SBPSFH, 
some changes have taken place between them. The band 

at 894.46 cm–1 was assigned to the Fe-OH bending vibra-
tion. This band is the characteristic peaks of ferric hydrox-
ide of SBPSFH. A band at 1,047.45 cm–1 corresponds to C–O 

Fig. 1. SEM of SBP (a) and SBPSFH (b).

Fig. 2. XRD of SBP (a) and SBPSFH (b).

Fig. 3. FTIR of SBP (a) and SBPSFH (b).
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bond in hemicellulose and cellulose [17]. The weak band at 
1,249.13 cm–1 indicates the presence of C=O bond of a carbox-
ylate group. The bands detected at 1,646.23 and 1,744.12 cm–1 
correspond to the C=O bond of the carboxylic group [18]. 
The peak at 1,744.12 cm–1 was disappeared in the FTIR spec-
trum of SBPSFH, indicating that ester bonds were destroyed 
during the modification. The absorption at 3,422.64 cm–1 is 
due to the O–H stretching and that at 2,927.94 cm–1 is due to 
the C–H stretching [19]. Thus, the effect of the modification 
is to destroy the glycosidic bonds in the sugar beet pulp cel-
lulose, to obtain more hydroxyl groups, and to load the iron 
onto more hydroxyl and carboxylate groups. The adsorption 
of metal ions by SBP has been greatly improved after the 
modification.

3.2. Effect of solution pH

Fig. 4 shows the metal ions adsorption capacity of the 
SBPSFH as a function of pH. In a certain pH range, the adsorp-
tion capacity of three ions increases as the pH increases. 
The effect of pH on the adsorption of Pb2+ is significantly 
greater than that of Cu2+ and Ca2+. The metal cations removal 
increased significantly from pH 3.0 to 5.0. The surface of the 
adsorbent carries a large amount of negative charges from 
the carboxyl and hydroxyl groups. At low pH, the surface 
of SBPSFH would be surrounded by hydronium ions. The 
existing H+ reduces the metal ion interaction with binding 
sites of the adsorbent by greater repulsive forces [20]. The 
solution contains a large amount of H+, because of its smaller 
diameter, it is easier to combine with the oxygen- containing 
functional group adsorption site of the adsorbent, and has a 
strong competitive relationship with metal ions, weakening 
the adsorption capacity of metal ions. In addition, accord-
ing to the theory of chemical reaction, H+ has more supe-
riority to combine with the adsorption site under low pH. 
The pH value not only affects the charge on the surface of 
SBPSFH but also influences the degree of ionization and the 
presence of ions in the solution. The dominant species of 
lead in the pH range 3–5 are Pb2+ and PbOH+, while the lead 
above pH 6.0 occurs as insoluble Pb(OH)2. Within the range 
of pH 3–5, as the pH value increases, the negative charge 
on the surface of the adsorbent and the dissociation degree 

of the oxygen-containing functional group such as –COOH 
increase, and further deprotonation benefits to further com-
bine with the metal ions onto SBPSFH. Thus, the adsorption 
increases under high solution pH. The similar phenomenon 
occurs for the solution of Cu2+ or Ca2+. The dramatic decrease 
in Pb2+ adsorption above pH 6.0 was probably due to the 
precipitation of Pb2+ as insoluble Pb(OH)2.

3.3. Effect of adsorbent dose

Effect of adsorbent dose on the removal of Ca2+, Cu2+ and 
Pb2+ is shown in Fig. 5. With the increase of adsorption dose, 
the removal of metal ions has a significant increase, but the 
equilibrium adsorption capacity (qe) has been decreasing. The 
reason for it is that increasing the amount of adsorbent can 
effectively increase the total number of functional groups 
and adsorption sites benefit to the adsorption reaction, so 
the adsorption of metal ions increases. As for the trend of a 
decrease in equilibrium adsorption capacity, it may be due to 
electrostatic repulsion effect between the binding sites of the 
adsorbent. The system reaches the adsorption equilibrium at 
lower values of relative adsorption indicating the adsorption 
sites remain unsaturated [21].

3.4. Effect of the contact time and the initial concentration of 
metal ions

Fig. 6 depicts the effect of contact time (a) and the initial 
concentration (b) on metal ions adsorption onto SBPSFH. 
The adsorption process can be roughly divided into three 
stages, rapid, slow and equilibrium. In the fast adsorp-
tion phase, the adsorption of Ca2+, Cu2+ and Pb2+ by the 
adsorbent was 96.94%, 96.50% and 87.65% of the saturated 
adsorption capacity within 5 min, respectively. The adsorp-
tion of metal ions onto SBPSFH reached equilibrium within 
30 min. At the beginning of adsorption, there are many 
adsorption sites existing on the surface of the adsorbent, 
and the competition of the metal ions on the adsorption 
sites is weak, and the initial concentration gradient of the 
ions is larger, resulting in greater driving force for adsorp-
tion and accelerating the adsorption rate. As the adsorption 
sites on the adsorbent surface are gradually occupied, the 

Fig. 4. Effect of initial pH on adsorption of Ca2+, Cu2+, Pb2+. Fig. 5. Effect of adsorbent dose on adsorption of Ca2+, Cu2+, Pb2+.
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adsorption rate depends on the rate at which the metal ions 
enter the inside of the micropores [12] and the adsorption 
rate is slowed due to the increased resistance. The equilib-
rium adsorption did not change with further increase in 
initial metal ion concentration showing a saturation trend 
at higher metal ions concentrations due to a finite number 
of surface binding sites [20].

3.5. Adsorption kinetics

Two adsorption kinetic models were used to describe 
the adsorption kinetics and rate limiting step in this paper 
[22–24]. 

At first, qt is given by Eq. (1):

q C C V
mt t=( )́-0  (1)

The pseudo-first order model is given by Eqs. (2) and (3):
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The pseudo-second order model can be expressed by 
Eqs. (4) and (5):
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where C0 and Ct are the metal ion concentration (mg L–1) in 
initial and at time t, respectively; m is the weight of adsorbent 
(g); V is the volume of the solution (l); qe and qt are the amount 
of metal adsorbed per unit weight of adsorbent (mg g–1) at 
equilibrium, and at time t, respectively; and k1 and k2 are the 
adsorption rate constants of two models.

The results obtained for adsorption process of Ca2+, Cu2+ 
and Pb2+ onto SBPSFH was fitted to Eqs. (3) and (5). The fitting 
results are shown in Fig. 7 and the model fitting parameters 
are shown in Table 2. The better model representing sorption 
of metal ions onto SBPSFH was based on a pseudo- second 
order process, and R2 was as high as 99.96%, 99.77% and 
99.98% for Ca2+, Cu2+ and Pb2+, respectively. The theoreti-
cal adsorption capacity determined by the pseudo-second 
order kinetic model is closer to the experimental data than 
by the pseudo-first order kinetics model, indicating that the 
adsorption of metal ions in SBPSFH is mainly chemisorption 
mechanism [25].

3.6. Adsorption isotherms

Two equilibrium models were used to describe adsorp-
tion isotherm relationships in this paper [26–28]. The sorp-
tion equilibrium data for the single metal system were fitted 
to the Langmuir (Eq. (6)) and Freundlich models (Eq. (7)):

C
q K q

C
q

e

e L m

e

m

= +
1  (6)

Fig. 7. Pseudo-second order reaction equation of SBPSFH adsorb-
ing Ca2+, Cu2+, Pb2+ (313.15 K).

Fig. 6. Effect of time (a) and initial concentration and (b) on the 
adsorption of Ca2+, Cu2+, Pb2+.
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where qm (mg g–1) is the maximum adsorption capacity per 
unit mass of adsorbent corresponding to complete monolayer 
coverage; qe (mg g–1) is the maximum amount of adsorbate 
adsorbed per unit mass of adsorbent at equilibrium; RL is the 
separation factor, indicating whether the type of the isotherm 
is favorable (0 < RL < 1), unfavorable (RL > 1), linear (RL = 1), or 
irreversible (RL = 0); C0 (mg L–1) is the initial metal ion concen-
tration, Ce (mg L–1) is the concentration of adsorbate at equi-
librium; KL is the constant of the Langmuir isotherm; Kf and 
n are the constants related to the adsorption capacity and the 
adsorption intensity of Freundlich isotherm, respectively.

The Langmuir and Freundlich models were used to depict 
the adsorption equilibrium of metal ions on SBPSFH to do 
this, operating temperature and module constants calculated 
by the isotherms were used to get the adsorptive capacity 
of SBPSFH. Fig. 8 shows the adsorption isotherms for Ca2+, 
Cu2+ and Pb2+ (qe vs. Ce). The experimental data were fitted to 
Eqs. (6) and (8), the isotherm constants are given in Table 3. 
Comparing the results (Table 3) of Langmuir and Freundlich 
model fitted, the Langmuir model is better than the Freundlich 
model, because R2 value of the Langmuir model is greater 
than that of the Freundlich model. The difference between 
the actual adsorption capacity and the theoretical adsorption 
capacity calculated by the Langmuir model is not significant, 
indicating that the adsorption mechanism is based on mono-
layer adsorption. As for the curve of Ca2+ and Cu2+, the R2 value 
fitted by the Freundlich model is greater than 0.9563, indicat-
ing that there is a certain non-uniform multi-layer adsorption. 
Furthermore, Table 2 shows the RL values of the Langmuir 
model are between 0 and 1, and the Freundlich constants of 
1/n are smaller than 1, indicating the adsorption of Ca2+, Cu2+ 
and Pb2+ by SBPSFH is a favorable nature of biosorption [29]. 
Pb2+ shows higher sorption capacity and binding ability on 
SBPSFH compared with Ca2+ and Cu2+.

3.7. Thermodynamic study

The thermodynamic parameters such as the Gibbs free 
energy ΔG°, enthalpy ΔH° and entropy changes ΔS° for the 
adsorption process were calculated by the following equa-
tions [17,30,31],

ΔG° = –RTlnKc (9)

Kc = qe/Ce (10)

ΔG° = ΔH°–TΔS° (11)

lnKc = ΔS°/R - ΔH°/RT (12)

where the R is universal gas constant (8.314 J mol–1 K–1); 
Kc is equilibrium constant, and T is absolute temperature 
(K). Table 4 shows the thermodynamic parameters for metals 
adsorption by SBPSFH. The enthalpy changes for Ca2+, Cu2+, 
Pb2+ adsorption by SBPSFH calculated by the slope of lnKc 
vs. 1/T was found to be 0.23, 0.06, 0.49 kJ mol–1, respectively. 
The positive value of ΔH° suggests the endothermic adsorp-
tion nature, which is supported by the increasing metal ions 
uptake with the increase of temperature [17]. The negative 
sign of ΔG° indicates the spontaneous nature of metal ions 
uptake onto SBPSFH [10,32]. Entropy changes (ΔS°) of the 
adsorption reaction of Ca2+, Cu2+, Pb2+ adsorption were calcu-
lated to be 0.91, 0.28, 1.90 J mol–1 K–1. The positive ΔS° value 
suggests an increase in the randomness at solid/solution 
interface during the adsorption process [13].

3.8. Adsorption mechanisms

SBPSFH was prepared by the saponification of SBP, 
then iron-load reaction and then the Fe3+ hydrolysis of the 

Table 2
Adsorption kinetic parameters

Ion C0/(mg L–1) T/(K) Pseudo-first order model Pseudo-second order model
qe/(mg g–1) k1/min–1 R2 qe/(mg g–1) k2/(mg g–1 min–1) R2

Ca2+ 600 303.15 8.85 0.6880 0.8837 20.05 0.0762 0.9991
313.15 3.52 0.5140 0.7637 21.91 0.1185 0.9996

Cu2+ 800 303.15 18.63 0.4734 0.9167 39.32 0.0180 0.9977
313.15 16.29 0.8569 0.8419 39.71 0.0315 0.9945

Pb2+ 800 303.15 52.28 0.9120 0.9555 106.16 0.0238 0.9997
313.15 34.09 0.4131 0.9202 111.23 0.0107 0.9998

Fig. 8. Langmuir adsorption isothermal curve fit of modified SBP 
adsorbing Ca2+, Cu2+, Pb2+ (313.15 K).
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iron-loaded SBP. After the aforesaid process, the crystal 
structure of SBP changed, leaving more functional groups 
exposed, such as hydroxyl, carbonyl, etc. These groups are 
easily combined with metal ions and the raised ions uptake 
indicates the success of modification. As the pH increases 
from 3 to 5, the adsorption capacity increases (Fig. 3). The 
reason for it is due to the synergistic effect of several differ-
ent adsorption mechanisms present at the ion uptake pro-
cess. One is ion exchange between functional groups such as 
hydroxyl, carboxyl and metal ions on the surface of SBPSFH. 
The possible reaction process is as follows [33]:

R-(OH)2 + M2+   -R-(O)2-M + 2H+ (13)

R-(COOH)2 + M2+   -R-(COO)2-M + 2H+ (14)

At low pH, the relatively high concentration of H+ inhib-
its the ionization of the hydroxyl and carboxyl groups of 
the SBPSFH, thereby weakening the exchange capacity of 
the hydroxyl and carboxyl groups for heavy metals. As the 
pH increases, the ionization degree of the two groups and 
the electronegativity gradually increases, so the exchange 
capacity of SBPSFH are also enhanced. In addition, the ferric 
hydroxide-loaded SBP also have good coordination proper-
ties. The hydroxyl groups bind to the iron of SBPSFH can also 
form a monodentate or double-dentate complex with heavy 
metal ions in solution. The possible reaction process is as fol-
lows [7,34]: 

-Fe-OH- + Pb2+   -Fe-O-Pb+ + H+ (15)

-Fe-(OH)2- + Pb2+   -Fe-O-Pb + 2H+ (16)

With the synergistic effect of these groups, the adsorption 
performance of modified beet pulp was greatly improved.

4. Conclusions

In this study, the adsorption capacity of SBP has been sig-
nificantly improved after ferric hydroxide loaded modification. 
The theoretical maximum absorptions of Ca2+, Cu2+ and Pb2+ 
were 27.48, 44.95 and 110.99 mg g–1, respectively, while the raw 
beet pulp had only 4.70, 10.16 and 32.89 mg g–1, respectively. 
SBPSFH has been used successfully as a good adsorbent for 
removal of metal ions from wastewater in our work. Adsorption 
process was affected by various parameters such as solution pH, 
contact mode and contact time. The adsorption of Ca2+, Cu2+ and 
Pb2+ increased with the increase of solution pH, and the adsorp-
tion amount was the largest at 4.5–5. With the increase of adsor-
bent dose, the removal of metal ions increased significantly, but 
the equilibrium adsorption capacity decreased.

The adsorption of Ca2+, Cu2+ and Pb2+ by SBPSFH could be 
depicted better by the Langmuir isotherm model within the 
experimental concentration range. So the possible adsorption 
mechanism of SBPSFH is mainly based on monolayer adsorp-
tion. The thermodynamic parameters (ΔG°, ΔS° and ΔH°) 
showed that the adsorption was feasible, spontaneous and 
endothermic.

The adsorption rate of Ca2+, Cu2+ and Pb2+ by SBPSFH is 
very rapid during the initial period of time. At the first 15 min, 
the adsorption saturation degree has reached more than 98%, 
and adsorption equilibrium is reached after 30 min. Compared 
with the pseudo-first order kinetics model, the pseudo-second 
order kinetics model can better fit the dynamic adsorption pro-
cess of metal ions by SBPSFH, and the correlation coefficient is 
above 99.54%. This indicates that the adsorption of metal ions in 
SBPSFH is mainly ascribed to chemisorption mechanism.

In conclusion, under the synergistic effect of diverse 
functional groups, the adsorption performance of modified 
beet pulp of SBPSFH has been greatly improved. The high 
performance indicated that SBPSFH is a promising material 
for metal ions removal. 
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