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Abstract
Manganese sulfate residue (MSR) is a by-product derived from the manganese sulfate production process. In this study, an iron
hydroxide adsorbent was prepared from MSR using the hydrothermal conversion method. The adsorbent was characterized and
used to remove copper(II) ions from aqueous solution. Batch experiments were performed to investigate the adsorption efficiency
of copper ions at different contact times, initial concentrations, solution pH levels, and reaction temperatures. Adsorption
equilibrium was observed in 3 h, and the best pH was under natural conditions (pH ∼ 5.5). Increasing the initial Cu2+ concen-
tration and reaction temperature can increase the adsorption quantity. The adsorption capacity of iron hydroxide at an initial
concentration of 50 mg L−1 was 14.515 mg g−1 Cu(II) under the conditions of a nature pH and room temperature. According to
the adsorption data, the pseudo-second-order model can describe the adsorption kinetics of copper ions well, and the Freundlich
model provides an excellent fit to the adsorption isotherm. XRD and FTIR were applied to characterize the raw materials and
adsorbents to reveal the adsorption mechanism. The results suggest that the adsorbent converted from MSR is a promising
material for the removal of Cu(II) in aqueous solutions.
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Introduction

Manganese has been widely used and is considered one of the
important strategic resources (Lan et al. 2019). Pyrolusite
(MnO2) is one of the most common manganese-bearing min-
erals in producing manganese sulfate. Manganese sulfate res-
idue (MSR) is discharged as a kind of industrial waste during
the sulfuric acid leaching process of manganese-bearing ores
(Yang et al. 2018). MSR is different from electrolytic

manganese residue (EMR), which usually contains soluble
manganese and ammonia nitrogen as contaminants (Shu
et al. 2016, 2019a). This occurs because EMR is subjected
to a neutralization treatment process using ammonium hy-
droxide after sulfuric acid leaching. Although MSR and
EMR have similar compositions, EMR is more widely report-
ed in the literature (Shu et al. 2019b), because EMR has a high
ammonia nitrogen content that could seriously damage the
ecological environment and must be separated before utiliza-
tion (Shu et al. 2016). In addition, the content of iron oxides in
MSR is usually higher than that in EMR (Shu et al. 2018;
Yang et al. 2018; Lan et al. 2019). MSR samples derived from
the leaching process of pyrolusite with different procedures
were reported to contain approximately 20 wt% of Fe2O3

(Yang et al. 2018). Iron hydroxides can be prepared as adsor-
bents for metal or anion removal from aqueous solutions
(Mezenner and Bensmaili 2009; Wang et al. 2019).
Therefore, the higher iron content in MSR can potentially be
useful for adsorbent preparation.

Copper has been designated as a heavy metal contaminant,
and Cu-containing water can induce serious damage to the
environment or even human health (Xie et al. 2017). It has
been recognized that the use of low-cost adsorbents to remove
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metal ions for water decontamination is economically accept-
able, especially using the adsorbents prepared from industrial
wastes. Numerous adsorbents have been studied for Cu(II)
removal, including zeolites from chitosan (Song et al. 2019),
graphene (Chen et al. 2018), nanocomposites (Hosseinzadeh
et al. 2018), and biocomposites (Garba et al. 2016). However,
most of these adsorbents are high cost or require complicated
pretreatment processes (Xie et al. 2017). Industrial waste can
be used as adsorbents for effectively removing copper ions,
such as red mud (Nadaroglu et al. 2010), fly ash (Visa 2016),
and agricultural wastes (Pengsaket et al. 2016). Taking advan-
tage of industrial solid waste to prepare adsorbent is a feasible,
potential, and promising approach to remove copper ions from
wastewater.

The aim of this study was to prepare an iron hydroxide
adsorbent via hydrothermal conversion based on MSR as the
raw material. The adsorption behavior of the adsorbent for
copper ions in aqueous solutions was then studied. The effects
of experimental parameters on the adsorption behavior of
Cu(II) in aqueous solutions, including balance time, initial
Cu(II) concentration, initial solution pH, and experimental
temperature, were investigated. In addition, models of the ad-
sorption kinetics and isotherm were assessed based on the
experimental data, and relevant parameters with respect to
the fitting models were calculated.

Materials and methods

Materials and reagents

The MSR sample used in the current study was obtained from
a manganese sulfate production enterprise in Guizhou, China.
The fresh MSR sample was firstly crushed, and then dried at
105 °C until a constant weight was achieved. The dried MSR
was ground and pulverized into fine powders so as to pass
through a 200 mesh sieve. Copper sulfate pentahydrate was
purchased from Chengdu Jinshan Chemical Reagent Co. Ltd.,
China. The hydrochloric acid (HCl, guaranteed reagent) and
sulfuric acid (H2SO4) used in this study were provided by
Sinopharm Group Chemical Reagent Co. Ltd., China.
Reagents (expectation for hydrochloric acid) were of analyti-
cal grade, and all solutions referred in the experiment were
prepared using deionized water.

Adsorbent preparation and characterization

The iron hydroxide adsorbent was prepared via hydrother-
mal conversion from MSR. Approximately 40 g of ground
and sieved MSR was added to a 1000 mL beaker, after
which 800 mL of 2 mol L−1 HCl was incorporated. The
solution was heated and boiled for 1 h. After filtering, the
filtrate was diluted to 3200 mL, and aqua ammonia was

then used to adjust the pH to 7.0. The precipitate gener-
ated during the neutralization process was then separated
by filtering. After washing three times with deionized wa-
ter at 40 °C and then drying at 80 °C for approximately
10 h until a constant weight was attained, converted MSR
(CMSR) was obtained as adsorbent, with iron hydroxide
as the main composition.

The main chemical components of MSR and CMSR were
analyzed by XRF (X-ray fluorescence spectroscopy,
PANalytical PW2424, Netherlands). The phase compositions
of MSR and CMSR were measured by X-ray diffraction
(XRD, PANalytical Empyrean, Netherlands) with Cu Kα ra-
diation. Scanning electron microscopy (SEM, Scios, FEI,
USA) was employed to observe the morphology and to qual-
itatively analyze the element types in the samples. Raman
spectrometer (InVia, Renishaw, UK), Fourier transform infra-
red spectrometer (FTIR, VERTEX 70, Brock, Germany), and
X-ray photoelectron spectrometer (XPS, Axis Ultra DLD,
Shimadza-Kratos, UK) were used for characterization of ad-
sorbents in this study. The Cu(II) concentrations in the solu-
tions were determined by a flame atomic absorption photom-
eter (AAS, 900F, PE, USA).

Batch adsorption experiments

A certain amount of CuSO4·5H2O was dissolved in deionized
water, and the original solutions with different concentrations
(10, 15, 20, 25, 30, and 50 mg L−1) were prepared as stock
solutions. Batch adsorption experiments were conducted by
adding CMSR adsorbent (0.25 g) and CuSO4 solution
(250 mL) into a 500-mL conical flask, and the flask was shak-
en at an oscillation rate of 200 r min−1. In contrast, the adsorp-
tion capacity of the original MSR was determined with Cu2+

concentration of 10 mg L−1. The effects of operating parame-
ters for the batch adsorption experiments onto CMSR, such as
the contact time, initial Cu(II) concentration, initial pH values
and reaction temperature, were also investigated. The solu-
tions pH were adjusted to 2.0–5.0 with 0.05 mol L−1 H2SO4

solution, and the solutions were analyzed after passing
through a 0.45 μm filter membrane. Three sets of parallel
experiments were carried out for each sample.

After the experiment, the removal effect of Cu2+ was de-
termined by the adsorption quantity (qt), which was calculated
according to Eq. (1):

qt ¼
C0−Ct

m
� V ð1Þ

where C0 represents the initial Cu(II) concentration in the
solutions (mg L−1), Ct refers to the concentration of Cu2+

(mg L−1) at time t, m is the dosage (g) of adsorbent used,
and V means the solution volume (L).
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Adsorption kinetics and isotherms

To examine the adsorption process, pseudo-first-order and
pseudo-second-order (Agarwal et al. 2016; Gupta et al.
2017) kinetic models were used in this study. The two kinetic
models are applied and analyzed according to Eqs. (2) and (3)
(Marques et al. 2019; Zou et al. 2019), respectively, as fol-
lows:

qt ¼ qe 1−e−k1t
� � ð2Þ

qt ¼
t

1=k2q2e
� �þ t=qeð Þ ð3Þ

where qe (mg g−1) refers to the amount of copper ions
adsorbed at equilibrium, qt (mg g−1) is the amount of copper
ions adsorbed at time t (min), and k1 (min−1) and k2
(g mg−1 min−1) represent the pseudo-first-order adsorption
rate constant and the equilibrium rate constant of pseudo-
second-order adsorption, respectively.

The experimental data in this study were analyzed based on
the Langmuir and Freundlich isothermal adsorption models.
The Langmuir isotherm model is usually expressed as Eq. (4)
(Marques et al. 2019; Zou et al. 2019).

qe ¼
qmaxKLCe

1þ KLCe
ð4Þ

where Ce (mg L−1) represents the Cu2+ equilibrium concen-
tration in the system, qe (mg g−1) is the amount of adsorbate
per unit mass of adsorbent at equilibrium, and qmax (mg g−1)

and KL refer to the maximum adsorption capacity and the
Langmuir constant related to the adsorption capacity,
respectively.

The Freundlich isotherm model can be used to evaluate the
adsorption intensity of copper ions onto the CMSR surface.
The model is expressed as follows (Eq. (5)):

qe ¼ K FC1=n F
e ð5Þ

whereKF ((mg g−1)(mg L−1)–1/nF) is the Freundlich adsorption
constant, and 1/nF is the heterogeneity factor referring to the
adsorption intensity.

Results and discussion

Characterization of CMSR

Table 1 presents the main chemical compositions of MSR and
CMSR. It can be seen from the table that the main chemical
constituents of MSR are SiO2, Fe2O3, MnO, SO3, and Al2O3,
and the contents of the other elements are lower than 1 wt%.
The main chemical constituents of CMSR are Fe2O3 and
Al2O3. Iron oxide occurs as the main component in CMSR,
and its content is as high as 64.9 wt%. The process of hydro-
thermal conversion effectively enriches iron and removes po-
tassium, calcium, sodium, magnesium and especially sulfur
and silicon. After the treatment, the SiO2 and SO3 contents
decreased from 43.92 and 7.45 wt%, respectively, to 2.66 and

Fig. 2 FTIR spectra of MSR (a) and CMSR (b)Fig. 1 XRD patterns of MSR and CMSR

Table 1 Main chemical compositions of MSR and CMSR (wt%)

Sample Al2O3 CaO Fe2O3 K2O MgO MnO Na2O P2O5 SiO2 SO3 TiO2 LOI

MSR 3.92 0.89 23.80 0.44 0.31 9.73 0.15 0.68 43.92 7.45 0.18 13.21

CMSR 7.42 0.03 64.90 0.01 0.02 2.91 0.01 1.90 2.66 0.01 0.09 18.78
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0.01 wt%, respectively. The results indicate that an iron-rich
adsorbent, CMSR, from manganese sulfate residue has been
obtained.

Figure 1 compares the XRD patterns of MSR and CMSR.
Combined with the main chemical constituents of MSR in
Table 1, the main phase of MSR is quartz, goethite, and gyp-
sum. No mineralogical phase containing manganese was
found in the XRD pattern of MSR, which may be mainly
due to the amorphous phase occurrence of manganese. As
previously reported (Yang et al. 2018), there were amounts
of water soluble Mn2+ in the similar MSR sample. The dif-
fraction pattern of CMSR has no diffraction peaks, implying
that the obtained CMSR is amorphous.

MSR and CMSR samples were analyzed by infrared spec-
troscopy and XPS. The results of FTIR spectra of MSR and
CMSR are shown in Fig. 2a and b, respectively. As shown in
Fig. 2a,MSR exhibits absorption bands at 1078, 797, 777, and
450 cm−1 corresponding to SiO2 (Godočíková et al. 2002;
Jeon et al. 2003; Fan et al. 2012). Specifically, the bands at
797 and 450 cm−1 are due to the Si–O–Si symmetric

stretching and bending vibrations, respectively (Jeon et al.
2003). The series of absorption bands vanish in the FTIR
spectra of CMSR (as shown in Fig. 2b), which demonstrates
that the SiO2 in CMSR is mostly removed after the hydrochlo-
ric acid treatment. Moreover, a new band appears at approxi-
mately 1084 cm−1 in the spectrum of CMSR (Fig. 2b), which
may also be the Si–O-stretching band (Shoval et al. 2011).
The H–O–H vibration band at 1624 cm−1, which is ascribed
to the adsorbed water, coordinated water and zeolite water in
MSR, shifted to 1628 cm−1 in CMSR (Shu et al. 2018). The
results show that the hydrothermal conversion process can
effectively remove silicon.

Figure 3 shows the XPS results of MSR and CMSR. The
wide-scan XPS spectrum of MSR shows diffraction peaks of
C1s, O1s, Fe2p, Mn2p, Al2p, and Si2p with corresponding
binding energies at 284.98, 531.16, 710.13, 640.42, 104.58,
and 154.17 eV, respectively (Lan et al. 2019). However, Si2p,
S2p, and Mn2p disappear in the XPS spectrum of CMSR,
indicating the effective removal of these elements during the
hydrothermal conversion process.

Fig. 5 Effect of the contact time on the adsorption of copper ions onto
CMSR

Fig. 3 XPS high-resolution spectra of MSR and CMSR

Fig. 4 Raman spectrum of CMSR

Table 2 Adsorption capacities of copper ions by other adsorbents

Absorbent qe (mg g−1) Reference

Bentonite 7.04 Freitas et al. (2017)

Biogenic oyster shells 8.90 Wu et al. (2014)

Chitin/chitosan hydroxyapatite 5.00 Gandhi et al. (2011)

Chitosan-coated sand 8.18 Wan et al. (2010)

Fish waste 1.20 Haouti et al. (2019)

Low-temperature biochar 5.00 Hoslett et al. (2019)

Natural foxtail millet shells 11.89 Peng et al. (2018)

Porous ceramsite 9.42 Jing et al. (2018)
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The Raman spectrum of CMSR exhibits strong and weak
bands at 230, 298, 414, 515, 680, and 1336 cm−1, as shown in
Fig. 4. The existence of bands at 230, 298, 414, and 680 cm−1

was reported as α-FeOOH (Thibeau et al. 1978; Hanesch
2009). Whereas, Oh et al. (1998) considered that the band
appeared at 1336 cm−1 could be assigned to Fe(OH)3. As
discussed, the XRD results suggest that no crystalline iron-
containing minerals are presented in the diffraction pattern of
CMSR. Therefore, it can be concluded that iron-containing
components constitute the main composition of CMSR,
namely, an amorphous form of FeOOH or Fe(OH)3.

Effect of the contact time

In the current study, CMSR adsorption equilibrium experi-
ments were first conducted. Figure 5 shows the effect of the
contact time on the adsorption of Cu2+ onto CMSR at different
initial Cu2+ concentrations. As seen from the curves, the ad-
sorption quantity increases with time and reaches an equilib-
rium at 180 min. With increasing of the initial Cu2+

concentration to 50 mg L−1, the adsorption capacity gradually
increased up to 14.515 mg g−1. The adsorption capacity of
CMSR at 50 mg L−1 is higher than those of many other ad-
sorbents for copper ions as tabulated in Table 2. For the sake
of comparison, an adsorption experiment using MSR at a cop-
per ions concentration of 10 mg L−1 was also carried out. At a
reaction time of 180 min, the MSR adsorption capacity is only
2.110 mg g−1, while the CMSR adsorption capacity reaches as
high as 7.653 mg g−1 (Fig. 5) at the same initial Cu2+ concen-
tration. Hence, the adsorption capacity of CMSR is signifi-
cantly improved compared with that of the original MSR.

Effects of the initial concentration, initial pH,
and temperature

The adsorption of 7 groups of copper sulfate solutions with
different initial concentrations by CMSR was studied.
Figure 6 shows the effect of the initial Cu2+ concentration
on the adsorption capacity of CMSR for Cu2+ at room tem-
perature and natural pH. The results show that with the in-
crease of initial Cu2+ concentration, the adsorption capacity
of CMSR gradually increased, and the adsorption capacity
tended to stabilize. Further increasing the initial concentration
will not increase the adsorption capacity significantly. It has
been reported the driving force generated from initial concen-
tration could overcome the resistance of adsorbates mass
transfer (Wan et al. 2010; Shu et al. 2018). Therefore, the
adsorption process depends on initial concentration of
adsorbates.

Experiments referring to pH investigation were carried out
at pH value less than 6.0 to ensure that the copper ions are
soluble without precipitation in the solution (Wan et al. 2010).
When the pH is higher than 6.0, precipitation usually occurs in
the presence of copper ions. Figure 7 shows the effect of the
different initial pH on the adsorption equilibrium at room tem-
perature using the Cu2+ concentration of 30 mg L−1. The

Fig. 6 Effect of the initial concentration on the adsorption of Cu2+ onto
CMSR

Fig. 8 Effect of the reaction temperature on the adsorption of Cu2+ onto
CMSR

Fig. 7 Effect of the initial pH on the adsorption of Cu2+ onto CMSR
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initial pH of the solution was adjusted with 0.05 mol L−1

H2SO4. When the pH value changed from 2.0 to 5.7 (natural
pH), the adsorption capacity of CMSR increased from 0 to
12.801mg g−1. At a lower pH value, a low adsorption capacity
was determined. It is certain that the hydrogen ions (H+) con-
centration in the solution is higher at lower pH values. Due to
this reason, the predominant H+ can compete with Cu2+ in the

solution (Wan et al. 2010; Jiang et al. 2015), resulting in a
lower adsorption capacity of Cu2+. On the contrary, a higher
pH level promotes deprotonation of the adsorbent surface,
which increases the number of negatively charged sites (Roy
and Bhattacharya 2012; Shakoor and Nasar 2016; Haouti et al.
2019). Furthermore, the increase of negatively charged sites
raises the applied forces that connect Cu2+ and the adsorbent
surfaces, resulting in an increase in the adsorption capacity
(Roy and Bhattacharya 2012).

The solution temperature is a crucial parameter to elucidate
the interaction mechanism of adsorption system (Dou et al.
2019). In this study, the adsorption process at the Cu2+ con-
centration of 30 mg L−1 with natural pH was investigated at a
series of contact temperatures in the range of 25–50 °C, and
the experimental data are illustrated in Fig. 8. It is observed
that the adsorption capacity increased with increasing temper-
ature.When increasing the temperature from 25 to 30 °C, qe of
CMSR for Cu2+ significantly increases from 12.801 to
18.928 mg g−1. The increasing temperature can accelerate
the mobility and randomness of the Cu2+ in the solution. It
can be inferred that the significant increase of adsorption ca-
pacity occurs, as well as the chemical interactions increasingly
happens (Dou et al. 2019). Therefore, more copper ions can
arrive at the active sites of CMSR. However, the adsorption

Fig. 9 EDS spectra of CMSR
before (a) and after (b) Cu2+

adsorption; XPS high-resolution
spectra of Cu2p before and after
Cu2+ adsorption (c)

Fig. 10 Plots of the pseudo-first-order and the pseudo-second-order ki-
netics model for the adsorption of copper ion onto CMSR
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capacity trend with regard to temperatures higher than 30 °C
shows a slight increase. With a further increase in temperature
from 30 to 50 °C, the adsorption capacity increases only
0.932 mg g−1. Based on the experimental data, it can be con-
cluded that the adsorption is an endothermic process.

SEM and XPS analysis

To identify the form of the copper ions adsorbed onto CMSR,
the adsorbent before and after adsorption was subjected to
SEM and XPS analysis. The EDS spectra before and after
adsorption of copper ions onto CMSR are presented in
Fig. 9a and b. From several points detected, the contents of
Cu on original CMSR particles are 0.1 wt%. After Cu2+ ad-
sorption onto CMSR, the EDS spectrum shows a Cu peak, and
the copper ions on the surface occur at a content of approxi-
mately 2.5 wt%. The results also demonstrate that copper ions
have been adsorbed on the surface of the CMSR adsorbent.

Figure 9 c shows the high-resolution XPS results. Cu2p
peaks appear at characteristic binding energies of 932.8 eV
and 952.6 eV, which are similar to those of copper ions
adsorbed onto other materials (Chen et al. 2018). The
952.6 eV peak can be attributed to the reaction of the hydroxyl
group with Cu2+ (Chen et al. 2018). This result is consistent
with the analysis of the EDS spectra and further confirms that
Cu2+ has been adsorbed on the surface of CMSR.

Adsorption kinetics

Figure 10 shows the kinetic curves of the experimental data at
initial copper ions concentrations of 25 and 50 mg L−1 onto
the CMSR adsorbent, exhibiting the plots of the nonlinear
form of the pseudo-first-order model and pseudo-second-
order model. The adsorption rate constants calculated from
the plots of kinetic models and the correlation coefficients
(R2) are listed in Table 3.

The accuracy of the fitted kinetic model value can be
reflected by comparing the calculated qe,cal values and exper-
imental data (qe,exp) (Cheng et al. 2019). The values of qe,cal
calculated from the models do not deviate from qe,exp at both
concentrations. The qe,cal values of pseudo-second-order mod-
el are closer to qe,exp values. In addition, the correlation coef-
ficients R2 of the pseudo-second-order model are larger. Based
on this finding, pseudo-second-order kinetic mode is sug-
gested to be more consistent with the adsorption process of
Cu(II) onto the CMSR adsorbent in this study. For heteroge-
neous adsorbents the majority of the metal ion adsorption
kinetics follows pseudo-second-order mechanisms (Wan
et al. 2010). The pseudo-second-order mode is generally
interpreted that the mechanism of the adsorption process is
mainly controlled by chemical bonding or chemisorptions
(Guo et al. 2018). In the current work, an occurrence of chem-
ical adsorption for the iron hydroxide adsorbent can be under-
stood as the reaction of Cu2+ with the surface hydroxyl groups
on CMSR.

Adsorption isotherms

Adsorption isotherms can represent the relationship between
qe and Ce in the adsorption system. Langmuir and Freundlich
isothermal adsorption models are frequently employed to des-
ignate the adsorption equilibrium. The Langmuir isotherm
refers to the formation of a single layer of homogeneous ad-
sorption on the surface of the adsorbent, whereas the
Freundlich adsorption isotherm describes a heterogeneous
surface due to the adsorption capacity and adsorption intensity
with irregular multilayer adsorption (Agarwal et al. 2016;
Cheng et al. 2019).

Figure 11 shows the Langmuir and Freundlich adsorption
isotherms, respectively. The values of relevant parameters

Fig. 11 Langmuir and Freundlich isotherm models for the adsorption of
Cu2+ onto CMSR

Table 3 Constants and correlation coefficients from the pseudo-first-order and the pseudo-second-order kinetic models for Cu2+ adsorption onto
CMSR

qe,exp (mg g−1) Pseudo-first-order kinetic constant Pseudo-second-order kinetic constant

qe,cal (mg g−1) k1 (min−1) R2 qe,cal (mg g−1) k2 (g mg−1 min−1) R2

25 mg L−1 11.908 11.349 0.160 0.966 11.817 0.023 0.993

50 mg L−1 14.515 13.861 0.135 0.944 14.487 0.016 0.988

Environ Sci Pollut Res



were calculated from the plots and the results are tabulated in
Table 4. The maximum uptake capacity (qmax) for copper ions
onto the CMSR adsorbent was calculated to be 15.454 mg g−1

from the Langmuir model. The numerical value of Freundlich
constants 1/nF < 1 indicates that the adsorption is a favorable
process (Wan et al. 2010; Kan et al. 2015; Nayak and Pal
2017). The correlation coefficient R2 when considering the
Langmuir isotherm model is 0.877, which is higher than that
when considering the Freundlich isotherm model (0.988).
However, the parameters of different forms of the Langmuir
isotherm are different (Parimal et al. 2010). The nonlinear
form of Langmuir equation used in this study has lower cor-
relation coefficients. Clearly, the fit of the Freundlich isotherm
to the experimental data is better than that of the Langmuir
isotherm to the experimental data. From the R2 obtained from
nonlinear estimation in this study, it suggests that the adsorp-
tion of Cu2+ onto CMSR is well fitted with the Freundlich
isotherm model. Since the Freundlich model is an empirical
equation to describe heterogeneous systems, it can be con-
cluded that the surface hydroxyl groups on CMSR that reacted
with adsorbate have diverse sources. For most adsorption re-
search work, desorption and reuse of adsorbents are per-
formed by chemical means (Marques et al. 2019). In the case
of CMSR in this work, desorption is not involved since the
iron-containing adsorbent from industrial waste and the mate-
rial has a low cost.

Conclusions

Manganese sulfate residue (MSR) is a high iron-containing
industrial waste discharged from the sulfuric acid leaching
process of manganese-bearing ores. An amorphous iron hy-
droxide adsorbent (CMSR) was prepared from MSR. The
present research proves that CMSR is a good adsorbent to
remove copper ion in solution. CMSR has an adsorption ca-
pacity of 7.653 mg g−1 for initial Cu2+ concentration at
10 mg L−1, much higher than that of MSR (2.110 mg g−1).
The equilibrium adsorption capacity of the adsorbent for ini-
tial Cu2+ concentration at 50 mg L−1 was as high as
14.515 mg g−1. The adsorption process can be influenced by
several factors, such as the contact time, initial copper ions
concentration, initial pH value, and reaction temperature. The
experimental results are in accordance with the pseudo-
second-order kinetic, indicating that the adsorption behavior
is most likely chemical adsorption. The adsorption behavior is

consistent with the Freundlich isothermal adsorption model.
In this study, the CMSR adsorption prepared from MSR is
able to remove copper ions from the aqueous solutions.
Taken together, MSR has the potential to become a raw ma-
terial for preparing adsorbent in environmental applications.
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