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Abstract
A hydrophilic kapok fiber was prepared by a chemical process of the Fenton reaction and used as an adsorbent to remove 
Pb(II) from aqueous solution. The effects of experimental parameters including pH, contact time, Pb(II) concentration, and 
coexisting heavy metals were estimated as well as evaluated. The optimum concentrations of  FeSO4 and  H2O2 for the Fenton 
reaction-modified kapok fiber (FRKF) were 0.5 mol L−1 and 1 mol L−1, respectively. The adsorption kinetic models and 
isotherm equations of Langmuir and Freundlich were conducted to identify the most optimum adsorption rate and adsorp-
tion capacity of Pb(II) on FRKF. The FRKF displayed an excellent adsorption rate for Pb(II) in single metal solution with 
the maximum adsorption capacity of 94.41 ± 7.56 mg g−1 at pH 6.0. Moreover, the FRKE still maintained its adsorption 
advantage of Pb(II) in the mixed metal solution. The FRKF exhibited a considerable potential in removal of metal content 
in wastewater streams.
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Introduction

As industrial sectors have rapidly developed and exten-
sively grown, the environmental pollution issues caused by 
wastewater streams including heavy metals such as lead, 
chromium, and mercury have become more serious. Such 

issues have been increasingly harmful to public health (Li 
et al. 2002). Heavy metals, unlike organic matters, cannot 
be completely converted to harmless substances by the 
biochemical process and rather accumulate in organisms 
(Witek-Krowiak et al. 2011). Particularly, wastewater con-
taining lead is one of the major environmental pollutants, 
mainly stemming from the wastewater discharges from bat-
tery manufacturing, metallurgy, electroplating industry, 
and coating and painting (Li et al. 2002). Lead is also well 
known to accumulate in human body system, and excessive 
exposure can significantly damage the tissues and organs; 
this situation is so-called lead poisoning. For example, it 
can damage mental and central nerve functions, blood com-
position, enzyme inhibitor, lungs, kidneys, liver, male fertil-
ity (Kim et al. 2009), pregnancy (Rothenberg et al. 2001), 
and other vital organs (Needleman 1991). A recent study 
(Shiue 2017) mentioned on the link to the adult sleep prob-
lem. Thus, the removal of toxic metallic ions including lead 
and its associated compounds before being discharged into 
the environment has become a global demand. In terms of 
control methods, chemical precipitation, electrochemical 
treatment, adsorption, filtration, ion exchange, and mem-
brane separation were widely used for wastewater treatment 
(Bediako et al. 2015; Sotto et al. 2014; Torres-Blancas et al. 
2013). Among them, adsorption was considered because 
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of its various options of adsorbents, relatively economical 
method, and high removal efficiency.

Kapok fiber, a natural product, is derived from the seeds 
of kapok trees, which mainly grow in Asia, Africa, and 
South America, and is structurally made from cellulose, 
lignin, polysaccharide, and wax (Zheng et al. 2015). Tra-
ditionally, because of its hollow structure (Veerakumar and 
Selvakumar 2012; Xiang et al. 2013), buoyancy (Zhang et al. 
2013), and warming performance (Hong et al. 2012), kapok 
fiber has been used as a filler for sound and heat proof insu-
lation, bedding, upholstery, and apparel textiles via blended 
with other fibers. By nature, kapok fiber, enwrapped by wax 
layers, is hydrophobic (Duan et al. 2013; Huang and Lim 
2006). In recent years, kapok fiber has attracted more atten-
tion for its special structure of high surface area and hydro-
phobic characteristics, which allow it to be used in a wide 
range of applications such as oil adsorbent and water treat-
ment material (Rengasamy et al. 2011). And it also exhibits 
excellent performance in other fields, for instance, antibac-
terial and dye adsorption (Wang et al. 2014, 2015, 2016). 
However, the characteristics of hydrophobicity, although it 
has hollow lumen with large surface area, limit its usage 
in water treatment. Thus, when used in water-related field, 
kapok fiber might need pretreatment to convert it from 
hydrophobic to hydrophilic. Zhang et al. prepared a novel 
dicarboxylatic kapok fiber (DC-KF) by mild surface oxida-
tion treatment with  NaClO2 and  NaIO4, and the adsorption 
capacities for natural red, methylene blue, and rhodamine 
6G were as high as 816.4, 524.4, and 613.4 mg g−1, respec-
tively (Zhang et al. 2016). Besides, after hydrophilic treat-
ment with dichloromethane and NaOH solution, and reac-
tion with diethylenetriamine pentaacetic acid (DTPA), the 
kapok-DTPA showed high affinity for metal ions with the 
adsorption capacity of 310.6, 163.7, and 101.0 mg g−1 for 
Pb(II), Cd(II), and Cu(II), respectively (Duan et al. 2013).

Recently, because of the refractory contaminants in 
wastewater streams, the advanced oxidation processes 
(AOPs) are often applied in the removal of such organic 
contaminants. The Fenton reaction, which could produce 
hydroxyl (∙OH) radicals in the reaction solution, is one of 
the most common AOPs. With the strong oxidized character-
istics of hydroxyl radicals, Fenton reaction can oxidize most 
organic compounds quickly (Zhang et al. 2008). Zhou et al. 
(2014) reported that magnetic porous carbon microspheres 
were used as catalysts in heterogeneous Fenton reactions 
to remove methylene blue (MB) from wastewater, and the 
results indicated a good performance in removal of MB. 
Furthermore, Fenton reaction is also used in biological 
researches. Martin et al. (2010) modified the diamond nano-
particles with Fenton reaction and used these functionalized 
materials in gene delivery. As a result, the treated materials 
became free of amorphous soot matter and the particle size 
was decreased, but the surface hydroxyl number and water 

solubility were increased. In current work, the raw kapok 
fiber (RFK) was chemically modified with Fenton reaction, 
whose waxy layer was removed thus making more available 
binding sites underneath the surface for lead uptake. Follow-
ing this context, therefore, the objectives of the study were to 
evaluate the Pb(II) adsorption performance of FRKF, and to 
compare with the RFK, in terms of kinetic reaction, isotherm 
models, and surface chemistry. Finally, this work may help 
to determine the commercial feasibility of taking advantage 
of chemically modified kapok fiber when treating toxic metal 
wastewater.

Materials and methods

Materials

In this work, the raw kapok fibers (RKF) were obtained 
from Indonesia, washed by deionized water, and dried in an 
oven at 60 °C for 24 h before being used for experiments. 
The solutions of Pb(II), Ni(II), Cu(II), Zn(II), Cd(II), and 
Hg(II) were prepared by using nitrate complex purchased 
from Junsei Chemical Co., Ltd, Japan. The chemicals of 
 FeSO4∙7H2O and  H2O2 were obtained from Showa Chemi-
cal Co., Ltd, Japan. The pH was adjusted by adding 0.1 or 
1.0 mol L−1 of HCl and NaOH solutions. All the reagents 
were of analytical grade and deionized water was used for 
the whole experimental process.

Preparation of kapok fiber

The RKF was modified by the Fenton reaction at different 
ratios of  FeSO4 and  H2O2. The process was carried out as 
follows: 150 mL of  FeSO4 solution at pH of 3.0 was pre-
pared in a 500-mL beaker, then 5 g of RKF was added and 
immersed in the solution. Hydrogen peroxide was slowly 
poured into the beaker while stirring, and the total volume 
of mixed solution was set to 250 mL. Afterwards, the beaker 
was shaken in an incubator at 120 rpm and 25 °C for 24 h. 
The chemically modified fibers were washed several times 
with deionized water and dried using a freeze dryer (TFD 
Series, Ilshinbiobase, Korea) for 24 h.

To select the most optimum variables such as  FeSO4 and 
 H2O2 concentrations, a number of combinations of  FeSO4 
(0.1–0.5 mol L−1) and  H2O2 (0.5–3 mol L−1) were experi-
mented on the RKF. Thus, 0.03 g of Fenton reaction modi-
fied kapok fiber (FRKF) and 30 mL of 100 mg L−1 Pb(II) 
solution were prepared in 50-mL falcon tubes, and shaken 
at 25 °C for 3 h, and the adsorption capacity of the FRKF 
for the removal of Pb(II) was estimated. Finally, the most 
optimum FRKF which had the maximum adsorption capac-
ity for Pb(II) was selected for the following experiments.
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Adsorption experiment

A series of experiments were conducted in conical flasks, 
which contained 0.1 g of fiber and 100 mL of Pb(II) solution 
(100 mg L−1) and were shaken in a temperature-controlled 
orbital shaker at 120 rpm and 25 °C. The pH-dependence 
of the FRKF in the Pb(II) adsorption reaction was evalu-
ated at a pH range of 3.0–6.0 with contact time of 3 h. The 
kinetic study was accomplished at different contact times 
ranging from 0 to 240 min at pH 6.0. The isotherm study was 
carried out by varying initial Pb(II) concentrations ranging 
from 25 to 300 mg L−1 at pH 6.0 for 3 h. In order to evalu-
ate the feasibility of the FRKF application to the industrial 
wastewater stream, the FRKF was tested in multicomponent 
system, namely 0.1 g of the FRKF was reacted with 100 mL 
of the mixed metal solution containing 100 mg L−1 of Pb(II), 
100 mg L−1 of Ni(II), 100 mg L−1 of Cu(II), 100 mg L−1 of 
Zn(II), 100 mg L−1 of Cd(II), and 100 mg L−1 of Hg(II) at 
pH 6.0 for 3 h.

The effect of light precipitation phenomena was elimi-
nated by calculating the difference in Pb(II) concentration 
before and after pH was adjusted. The concentrations of 
Pb(II) were determined by an inductively coupled plasma 
atomic emission spectrometer (ICP-AES, iCAP-7000, 
Thermo Scientific, USA). The adsorption capacity was cal-
culated using the following equation:

where qe is the adsorption capacity of an adsorbent (mg  g−1), 
Co and Ce are the initial and equilibrium metal concentra-
tions (mg L−1), respectively, V is a working volume (L), and 
m is the dried mass of an adsorbent (g).

Biomass characterization

The functional groups, surface morphology, wettability, 
and elemental composition of the RKF and FRKF fibers 
were characterized by Fourier transform infrared spectros-
copy (FTIR) (100 FR-IR, PerkinElmer, MA, USA), scan-
ning electron microscopy (SEM) (SU8200, Hitachi, Japan), 
contact angle analyzer (Phoenix 300, SEO, Korea), and 
energy-dispersive spectroscopy (EDS) (JEOL, JSM-6000 
series WDS/EDS system, Japan). The infrared spectrum 
of the RKF and the FRKF fibers were recorded to analyze 
the structure of the fiber, while the surface morphologies 
and element information were enlightened by a combined 
equipment of SEM-EDS. Prior to contact angle measure-
ments, which were carried out at ambient temperature with 
a 50-µL water droplet, kapok fiber assembly was flattened 
with a tablet machine. The surface wettability of FRKF was 
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e
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C
o
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performed with a digital camera after nearly 50 µL of water 
droplet (dyed with methylene blue) was dripped on the sur-
face of fiber from a syringe.

Results and discussion

Preparation of hydrophilic kapok fiber

The novel hydrophilic kapok fiber (FRKF) fabricated by the 
Fenton reaction is shown in Fig. 1b, comparing to the raw 
fibers (RKF) in Fig. 1a. The color changed from its original 
white to yellow, but the appearance still remained fiber-like 
even after the chemical modification. The surface wettabil-
ity of water on the surface of the RKF and the FRKF was 
observed in Fig. 1c, d, respectively. The water contact angle 
of the RKF was 138.7°. On the contrary, the water drop-
let dyed with methylene blue was fleetly then completely 
adsorbed by the interstice of the as-prepared fiber (FRKF) so 
that there was no contact angle measured. According to these 
results, the surface wettability of water on the RKF became 
hydrophilic after the treatment of the Fenton reaction.

FTIR spectra

The infrared spectra of the RKF and the FRKF are shown 
in Fig. 2. For RKF, the peak at 3343 cm−1 was due to the 
stretching vibration of the hydroxyl (–OH) group, while the 
peak at 2917 cm−1 was the adsorption bond of  CH2 and  CH3 
stretching. The enhancement of both such two peaks was 
concerned with the removal of surface wax (Lim and Huang 
2007; Wang and Wang 2013). The three peaks at 1737 cm−1, 
1371 cm−1, and 1239 cm−1 occurred by the adsorption of 
C=O stretching vibration, C–H stretching (–C–CH3), and 
C–O stretching (–O–C–CH3) in lignin and acetyl ester 
groups in xylan, respectively (Sun 2003). Other weak bands 
such as 1595 cm−1, 1504 cm−1, and 1425 cm−1 were known 
to relate to the aromatic skeleton vibration and ring breath-
ing with C–O stretching in lignin (Sun et al. 2001). The 
peak at 1035 cm−1 was attributed to the C–O–C stretch-
ing because of the existence of cellulose, hemicellulose, 
and lignin (Rengasamy et al. 2011). Compared with RKF, 
the intensity of the characteristic peaks in FRKF enhanced 
considerably. In other words, the amount of the functional 
groups might increase on FRKF. The results indicated that 
the oxidation of the Fenton reaction altered the surface struc-
ture of the fiber by decomposing the lignin, wax, pectin, 
and natural oils that covered the surface of the fiber, and 
exposed more functional groups such as hydroxyl group, 
even oxidized the hydroxyl group into carboxyl group (Wahi 
et al. 2013).
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SEM and EDS analyses

The SEM spectrograms of the RKF and the FRKF are 
displayed in Fig. 3a–d. The images exhibited that the outer 
surface of the RKF was relatively smooth, compared to 
the uneven rather rough surface topography of the FRKF. 
The latter is due to the fact that lignin, pectin, waxy sub-
stances, and natural oils enwrapping the fiber were desta-
bilized, removed, and finally left with a rough surface by 
the application of the Fenton reaction (Mwaikambo and 
Ansell 2002).

The characteristic peaks matching with EDS spectro-
grams are presented in Fig. 4a, b, and the peaks provided 
an evidence for the actual elemental compositions in the 
fiber samples. For the RKF, C and O were the primary ele-
ments, whereas S and Fe were introduced into the FRKF 
after the Fenton reaction was applied, specifying that the 
redox reaction had an impact on the structure of the fiber.

Fig. 1  Images of a the RKF, b the FRKF, c the contact angle of the RKF, and d the water droplet (dyed with methylene blue) on the FRKF

Fig. 2  FTIR spectra of a the raw kapok fiber (RKF) and b the modi-
fied kapok fiber (FRKF)
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Response surface methodology

In this work, the amounts of  FeSO4 and  H2O2 for the 
Fenton reaction were important variables affecting the 
adsorption capacity of the FRKF. The 3-D response sur-
face plots, reported in the previous reference (Zinatizadeh 
et al. 2006), were used to understand the main effects of 
the two factors and their relationship with other factors. 
Hence, in order to determine the optimized concentra-
tions of  FeSO4 and  H2O2 in Fenton reaction, the surface 

pattern of adsorption performance, in response to the 
Pb(II) uptake, is built and presented in Fig. 5. The results 
exhibited that, if the concentration of  H2O2 was below 
1 mol L−1, the Pb(II) uptake was susceptible to enhance-
ment as the  FeSO4 dosage was increased. Therefore, when 
the concentration of  FeSO4 was 0.5 mol L−1 and  H2O2 
was 1 mol L−1, the Pb(II) uptake was maximized with 
the capacity of 82.8 mg g−1. The fiber modified with this 
optimum ratio of  FeSO4 and  H2O2 concentrations was used 
as a benchmark reference for the following experiments.

Fig. 3  SEM images of the RKF (a, b) and the FRKF (c, d)

Fig. 4  EDS images of the RKF (a) and the FRKF (b)
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Effects of pH on adsorption of Pb(II)

pH is one of the most influencing parameters for the metal 
uptake in aqueous solution because of the influence on the 
existing form of the metallic species (Kuo and Lin 2009). In 
previous studies, seven kinds of lead species in water at dif-
ferent pH values, and polynuclear or complex species con-
taining  Pb2OH3+,  Pb3(OH)4

2+,  Pb4(OH)4
4+, and  Pb6(OH)8

4+ 
were experimented when Pb(II) concentration was higher 
than 0.01 mmol L−1 (Charles et al. 1976; Wang et al. 2014). 
In addition, Qiu also reported that there were almost no 
species of Pb(OH)2, Pb(OH)3

−,  Pb2OH3+,  Pb3(OH)4
2+, and 

 Pb4(OH)4
4+ existing in the acidic solution in the pH range of 

2.85–6.01, except  Pb2+ which existed as the major compo-
nents of total Pb(II) (Qiu et al. 2008). In the present study, to 
avoid the formation of precipitation, the pH was deliberately 
controlled in the range of 3.0–6.0 at 100 mg L−1 of Pb(II) 
solution and was kept constant throughout the experiments. 
Owing to the modification of the fiber which was carried 
out at pH 3.0, the  H+ could be released from the modi-
fied fiber in solution, and caused a decrease of pH value, 
which might have helped prevent the precipitation of Pb(II). 
Accordingly, there was almost no precipitation formed when 
reactions were implemented at pH 6.0. The results are pre-
sented in Fig. 6. The Pb(II) uptake increased as the pH val-
ues increased up to 6.0. At a lower or up to pH of 6.0, Pb(II) 
was the primary specie of lead, and its removal was mostly 
dependent on the competition between  H+ and  Pb2+ ions on 
the surface sites (Yu et al. 2011; Weng and Huang 2004). In 
this work, a dynamic process may exist in the solution where 
the added hydroxyl ions were preferentially neutralized by 

the continually released hydrogen ions. Because of such rea-
son, the precipitation of Pb(OH)2 would not be generated at 
the beginning and the Pb(II) could replace the  H+ and bond 
with the sites on the surface of the fiber. Hence, the sites on 
the surface of the modified fiber complexed with  H+ instead 
of binding with  Pb2+ at a lower pH, which led to the rela-
tively lower rate of Pb(II) uptake. But with the increased pH, 
the  H+ released by FRKF would combine with the increased 
 OH−; so that more Pb(II) could bind with the active sites on 
fiber. Thus, the Pb(II) uptake increased.

Kinetic study

In order to better understand the adsorption reactions of the 
RKF and the FRKF, the adsorption efficiency and reaction 
dynamics of adsorbents were kinetically studied. The experi-
ments of the Pb(II) uptake with the contact time for 240 min 
were conducted at pH 6.0, and the results were shown in 
Fig. 7. There was a distinctive difference between the RKF 
and the FRKF with respect of the adsorption capacity. For 
the FRKF, the equilibrium was reached within 90 min. The 
experimental data were to fit with the two kinetic equations 
of pseudo-first-order (Largegren 1898) and pseudo-second-
order (Ho and Mckay 1999), and the non-linear equations 
were presented as follows: 

where qt (mg g−1) and qe (mg g−1) are the adsorption capac-
ity at time t (min) and at equilibrium, respectively; k1 
 (min−1) and k2 (g mg−1 min) are the kinetic rate constants 
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Fig. 5  Response surface pattern of adsorption capacity for Pb(II) in 
response to  FeSO4 and  H2O2 concentrations

Fig. 6  Effects of pH on the Pb(II) adsorption
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for the pseudo-first-order and the pseudo-second-order reac-
tions, respectively (Mao et al. 2010).

The kinetic parameters of the Pb(II) adsorption on the 
RKF and the FRKF are summarized in Table 1. The correla-
tion coefficient (R2) values of the two models for the RKF 
were 0.649 and 0.709, indicating that the adsorption process 
of Pb(II) was not well explained by the two models. For the 
FRKF, the adsorption reaction of Pb(II) was well represented 
by both models of the pseudo-first-order (R2 = 0.982) and the 
pseudo-second-order (R2 = 0.998).

The adsorption capacity (qe) was calculated from the 
pseudo-second-order reaction, which was quite close to the 
experimental value. It could be induced that the pseudo-sec-
ond-order was a good representation for better describing the 
mechanism of the adsorption in this study. According to the 
pseudo-second-order model, the adsorption rate of Pb(II) on 
the FRKF was influenced by a chemisorption process, and the 
adsorption rate constant was found, 7 × 10−4 ± 3 × 10−5 g −1 
(mg min).

Adsorption isotherms

Based on the kinetic parameters determined by pseudo sec-
ond-order model, adsorption isotherms including Langmuir 
and Freundlich models could be established. Both of them are 
non-ideal (or non-linear) adsorption model, and are describing 
the equilibrium of metal ion adsorption on solid adsorbents 
(Freundlich 1906; Langmuir 1918). The Langmuir model is 

used with the assumptions that binding sites on the adsorbents 
are homogeneous, and monolayer adsorption occurs with no 
interaction between adsorbed species. However, the Freundlich 
represents a multilayer adsorption onto heterogeneous surfaces 
with exponential distribution of adsorption sites. The latter is 
more similar to the linear adsorption with the empirical con-
stant. The formulas of the Langmuir and Freundlich isotherm 
models were shown as follows:

where qe (mg g−1) is the equilibrium of the Pb(II) uptake, Ce 
(mg L−1) is the concentration of metal ion at equilibrium, qm 
(mg g−1) and Ka (L mg−1) are the Langmuir constants, repre-
senting the maximum adsorption capacity and the constant 
related to the heat of adsorption, respectively. KF (L g−1) 
and n are the Freundlich constants related to the adsorption 
capacity and the intensity of adsorption, respectively (Zhao 
et al. 2015).

The plotted curves for the experimental data fit with 
the two models are shown in Fig. 8, and the equilibrium 
adsorption constants are listed in Table 2. The surface of 
the RKF was hydrophobic, which made binding sites on raw 
fibers difficult to connect with Pb(II). In consequence, the 
Pb(II) uptake on the RKF was negligible, compared with 

(4)q
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e
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Fig. 7  Sorption kinetics of Pb(II) on the RKF and the FRKF

Table 1  Kinetic parameters of 
the Pb(II) adsorption on the 
RKF and the FRKF

Adsorbents Pseudo first-order model Pseudo second-order model

qe (mg g−1) k1  (min−1) R2 qe (mg g−1) k2 [g −1 (mg min)] R2

FRKF 75.7 ± 1.74 0.047 ± 0.005 0.982 85.2 ± 0.87 0.0007 ± 0.00003 0.998
RKF 1.7 ± 0.14 0.235 ± 0.112 0.649 1.8 ± 0.15 0.213 ± 0.141 0.709

Fig. 8  Sorption isotherms of Pb(II) on the RKF and the FRKF
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that of the FRKF. As for the FRKF, qm and Ka calculated 
by the Langmuir model were 94.41 ± 7.56  mg  g−1 and 
0.082 ± 0.033 L mg−1, respectively. Furthermore, the cor-
relation coefficient of the Langmuir and Freundlich models 
were 0.901 and 0.993, respectively, meaning that the Freun-
dlich model imitated the experimental data better than the 
Langmuir model in this study.

It is well known that oxygen-containing functional groups 
such as –OH, –COOH, –COO− and –O−, play a significant 
role in the Pb(II) uptake in aqueous solution (Wang et al. 
2014; Xu et al. 2008). As previous research summarized, 
many scholars altered the hydrophobicity of kapok fiber 
to hydrophilicity by introducing hydroxyl, carboxyl, and 
aldehyde etc. groups to enhance the adsorption capacity for 
metal ions (Zheng et al. 2015). With the carboxyl groups 
generated by an oxidation process of chlorite-periodate, 
Chung et al. (2008) enhanced the adsorption capacity of 
kapok fiber for Pb(II) to 38.46 mg g−1. For the same purpose, 
Xiong et al. (2014) prepared an amphiprotic cotton with the 
Pb(II) adsorption capacity of 70.6 mg g−1 by using a cati-
onic monomer and anionic monomer. Compared with these 
studies, although some of the oxygen-containing functional 
groups in cellulose, hemicellulose, and lignin were destroyed 
by the Fenton reaction in present work, there were still con-
siderable functional groups, which were reserved and newly 
formed on the fibers, that could be used in adsorbing Pb(II). 
These chemical groups in multitude numbers play a role in 
providing more adsorption sites for the uptake of Pb(II). At 
last, this re-stabilized structure of kapok fiber will eventually 
result in a very robust crosslinked fishnet (Kim et al. 2009, 
2012; Wang et al. 2016a, b, c). The adsorption mechanism 
of Pb(II) on the FRKF is well illustrated in Fig. 9.

Competitive adsorptions

Wastewater stream from industrial pipelines usually involves 
multi-metal conditions (multicomponent). Thus, the FRKF 
was challenged to remove many different metals with bi-
valent in a complex solution. Figure 10 demonstrated the 
adsorption of coexisting metal ions including Pb(II), Ni(II), 
Cu(II), Zn(II), Cd(II), and Hg(II) onto the FRKF. Under the 
same initial concentration, Pb(II) showed the highest uptake 

by the FRKF and Cu(II) also had a good affinity for the 
adsorbent compared to other metals. However, the adsorp-
tion in the multi-metal solution for Ni(II), Zn(II), Cd(II) 
and Hg(II) was nearly negligible, and the maximum uptake 
for Pb(II) was also reduced to 51.46 mg g−1. The results 
showed that the Pb(II) uptake was dependent on the presence 
of other metal ions, especially by Cu(II) in the mixed solu-
tion. Apparently, the competition among coexisting metal 
ions occurred, which might be due to bigger ionic radius 
and higher electronegativity to attract more binding sites 
(Bediako et al. 2015).

Conclusions

A hydrophilic kapok fiber was prepared, using the Fenton 
reaction. According to the response surface methodology, 
the optimum concentrations of  FeSO4 and  H2O2 for FRKF 
preparation were 0.5 and 1.0 mol L−1 respectively. With 
the support of analytical methods including FTIR, contact 
angle analyzer, SEM, and EDS, the chemically enhanced 
fibers (FRKF) were evaluated in terms of the Pb(II) uptake. 
In kinetic study, the adsorption equilibrium could reach 
within 90 min, and the pseudo-second-order was fitted bet-
ter to describe the adsorption process. As adsorption iso-
therm study showed, the new FRKF displayed an excellent 
adsorption capacity for Pb(II) in single metal solution with 
the maximum adsorption capacity, which was calculated by 
Langmuir isotherm model, of 94.41 ± 7.56 mg g−1 at pH 
6.0. In the bi-valent metal ions system, although the Pb(II) 
uptake was relatively reduced by the competition of coexist-
ing metal ions such as Cu(II), and there was also a limita-
tion that industrial wastewater usually contains multi-valent 
metal ions while this work only studied the bi-valent metal 
ions, the FRKF still could be used for removing toxic metal 
ions in wastewater stream, especially well suitable for a pre-
treatment medium to industrial wastewater. Finally, com-
pared with previously reported, this work provided a new 
method for the modification of kapok fiber, and confirmed 
that Fenton reaction was a feasible approach to enhance the 
Pb(II) adsorption capacity of kapok fiber.

Table 2  Isotherm parameters of 
the Pb(II) adsorption onto the 
RKF and the FRKF

Adsorbents Langmuir model Freundlich model

qe (mg g−1) Ka (L mg−1) R2 KF (L g−1) n R2

FRKF 94.41 ± 7.56 0.082 ± 0.033 0.901 23.35 ± 1.48 3.73 ± 0.19 0.993
RKF 8.021 ± 3.02 0.004 ± 0.003 0.867 0.11 ± 0.09 1.51 ± 0.38 0.824
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