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a b s t r a c t

The novel carbon-encapsulated magnetic nanoparticles (CEMNPS)-C/CoFe2O4 have been synthe-
sized by the double-membrane dispersion technology and the hydrothermal carbonization method 
in mild condition with absolutely green process. The magnetic property of composites reveals its 
excellent magnetic performance in the dye removal. As the absorbents, they are employed for anionic 
dyes removal Congo red from aqueous solutions. The results indicate that the composites show excel-
lent adsorption efficiency performance and the adsorption quantity of Congo red is 43.07 mg/g. 
The enhanced adsorption mechanism was explained by the isothermal, thermodynamic and kinetic 
studies, the results confirm that the adsorption process is favourable, exothermic and spontaneous. 
Our result implies that the C/CoFe2O4 composites can be effectively applied for the removal of pol-
lutant as potential adsorbents.
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1. Introduction

During the manufacture process of dyeing and printing 
process, it is estimated that 10–30% of organic raw mate-
rials would be transferred to wastewater. Because of haz-
ard and toxicity to human and otherworldly livings, water 
contamination resulted from dyeing and finishing in textile 
industry has been of primary environmental concern [1–5]. 
Several conventional techniques such as a bio-degradation 
process [6], a electrochemcial technique [7,8], homogeneous 
and heterogeneous photocatalytic oxidation [9,10] have 
been widely applied for the treatment of dyes from waste-
water. Among the techniques, adsorption method appears 
to be the most effective, especially for effluents with moder-
ate and low concentration [11–14]. Different adsorbents are 
eligible for this purpose. Activated carbon is the most pop-
ular adsorbent and has been used with great success in the 
wastewater treatment [15–17]. However, the activated car-
bon is considered one of the expensive adsorbents, which 

limits further application especially in the developing coun-
tries. Therefore, based on the properties of carbonaceous 
materials, the hot topic of present study is to explore prepa-
ration method with high carbon yield and low cost. 

On the other hand, magnetic nanoparticles can be con-
veniently separated from wastewater with the help of an 
external magnet because of excellent magnetic properties 
[18–21]. Therefore, it has been suggested that carbon-en-
capsulated magnetic nanoparticles (CEMNPS) have poten-
tials as a novel magnetic nano-adsorbent for the efficient 
removal of dyes due to their unique physicochemical 
properties [22–26]. Different derived metal oxide doped 
nano-sized activated carbons are considered as prospective 
adsorbents for aqueous pollutants. Lunhong Ai et al. have 
synthesized carbon/CoFe2O4 magnetic composite for the 
removal of malachite green dye [27]. And Thangamani K.S. 
et al. brought to coat dung activated carbon/CoFe2O4 for 
the adsorption of anionic dyes Direct Brown 2 and Reac-
tive Red 152 [28]. CoFe2O4 applied in numerical examples is 
proved to be remarkable because of saturation magnetiza-
tion, excellent chemical stability and mechanical hardness 
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[29–33]. However, there are also insufficient in conventional 
methods of CoFe2O4 such as nonuniform in size and distri-
bution, high cost and discontinuous preparation.

In this work, we firstly reported an efficient, low cost 
method to synthesize C/CoFe2O4 nanocomposites by 
double-membrane dispersion technology and hydrother-
mal carbonization method in relatively mild conditions, 
absolutely green process [34,35]. Subsequently, they were 
employed to adsorb Congo red in wastewater. The adsorp-
tion efficiency and mechanism were investigated in details. 
We attempted to provide economically feasible and easy 
industrial-production method to synthesize C/CoFe2O4 
for developing their applications in magnetically separable 
adsorbents.

2. Experiment

2.1. The preparation of CoFe2O4 and C/CoFe2O4 nanocomposites

All chemicals were of analytical grade and used as 
received without further purification. The preparation of 
nanometer CoFe2O4 precursors was based on membrane 
dispersion technology (Fig. S1). In a typical synthesis, the 
concentration of Fe3+ and Co2+ mixture was 0.4 mol/L, and 
the ratio of Fe3+ and Co2+ was 2:1. 0.5 mol/L of H2C2O4 solu-
tion and the mixed solution of Fe3+ and Co2+ were simul-
taneously sent into the membrane module by peristaltic 
pump. Then, the mixture was transferred into an autoclave, 
which was tightly sealed and hydrothermally treated at 120 
°C for 24 h in an oven. The product was washed with deion-
ized water and absolute ethanol several times, and dried in 
air at 80°C for 10 h. Next, the CoFe2O4 precursor was trans-
ferred into the porcelain boat, heated in a muffle furnace at 
the rate of 5°C/min and calcined at 550°C for 2 h. Finally, 
the product, CoFe2O4, was obtained after cooling.

Under magnetic stirring, the above prepared CoFe2O4, 
a certain proportion of caboxymethyl cellulose (CMC) and 
0.03 g of CTAB were added to this system in the following 
step to form a stable solution, and then transferred into a 100 
mL Teflon-lined stainless steel autoclave and subsequently 
sealed and heated for several hours in an oven. After reac-
tion, the autoclave was cooled to room temperature. After-
ward, the black precipitate was centrifuged at 3000 rpm and 
washed 6 times using deionized water, ethanol. Finally, the 
product was dried in vacuum oven at 60°C for 10 h, and 
after that, the product, C/CoFe2O4, was obtained.

2.2. Characterization

The morphology and size of the samples were obtained 
by scanning electron microscopy (SEM, Quanta200, Hol-
land). The crystallization of the products was examined 
by X-ray diffraction (XRD, XRD-7000, Japan) with Cu-KR 
radiation. The changes of functional groups before and 
after hydrothermal carbonization were measured using 
Fourier transform infrared spectroscopy (FT-IR, IRPres-
tige-21, Japan). The elemental composition of the products 
was determined using energy dispersive X-ray spectros-
copy (EDS, INCA-250, Japan). The specific surface area of 
samples was tested on volumetric gas sorption instrument 
(BET, ASAP2020, America).

2.3. Measurement of adsorption properties

To measure the adsorption properties of different mate-
rials with the following procedure, the adsorption experi-
ments were carried out in the thermostatic oscillator. 0.02 g 
of adsorbent material (C, CoFe2O4, C/CoFe2O4) was added 
into 20 mL of different initial concentrations of Congo red 
dye. After vibration at a fixed temperature for certain reac-
tion time, the mixtures were centrifuged prior to measure 
the concentration of the final solutions by UV-visible spec-
trophotometer (UV-2550, Japan) at 500 nm.

3. Results and discussion

3.1. Morphology and structure analysis of samples

The XRD pattern of CoFe2(C2O4)3∙6H2O as the precursor 
of CoFe2O4 shows that all diffraction peaks are in good agree-
ment with the 9 crystal planes of CoFe2(C2O4)3 (Fig. S2) , which 
is consistent with the result of the other literature [36]. After 
calcination at high temperature, CoFe2O4 was formed by lost 
crystal water of CoFe2(C2O4)3. The synthesis of Co-Fe oxalate 
precursor could be formulated as Eqns. (1) and (2).

2 2 2
2 4 2 2 2 4 3 22 3 6 ( ) 6Co Fe C O H O CoFe C O H O+ + −+ + + → ⋅   (1)

CoFe C O H O CoFe O CO CO H O2 2 4 3 2 2 4 2 26 2 4 6( ) ⋅ → + + +   (2)

Fig. 1a shows that the characteristic peak of carbon 
appeared at 2θ = 44°, as indicates that hydrothermal car-
bonization microspheres is synthesized. Fig. 1b shows that 
the diffraction peaks can be indexed to the reflection of 
(104), (113), (024), (214), (125), and (208) planes, respectively, 
which is a pure cubic spinel phase CoFe2O4 (JCPDS No. 
79-1744) [37]. C/CoFe2O4 nanocomposites were obtained 
through hydrothermal carbonization of the as-prepared 
CoFe2O4 in an oven at 180°C for 12 h, and the XRD pat-
terns of nanocomposites with different ratio of reactants are 
shown in Figs. 1c, d and e, respectively.
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Fig. 1. XRD pattern of C, CoFe2O4 and C/CoFe2O4 nanocom-
posites. C; (b) CoFe2O4; (c) C/CoFe2O4, 180°C, mCoFe2O4:mC = 
1:1; (d) C/CoFe2O4, 180°C, mCoFe2O4:mC = 1:2; (e) C/CoFe2O4, 
180°C, mCoFe2O4:mC = 1:3.
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The SEM image (Fig. 2a) indicates that the as-prepared 
CoFe2O4 product with rod-like nanostructure consists of 
uniform and disperse materials. Large quantities of uniform 
nanorods are approximately 800 nm. The reaction tempera-
ture is one of the key factors involved in this reaction. The 
SEM images of C/CoFe2O4 nanocomposites are shown in 
Figs. 2b–d. The diameter of the nanorods was significantly 
increased to about 2.5 µm. Hydrothermal carbonization 
microspheres of CMC had been successfully loaded on 
the surface of CoFe2O4 nanorods at different temperature. 
When the reaction temperature was 180°C, the distribution 
of nanocomposites was uniform and no obvious agglom-
eration phenomenon was observed (Fig. 2b). By contrast, 
CoFe2O4 nanorods were more finely dispersed and uneven 
particles with the increase of the hydrothermal temperature 
(Figs. 2c and 2d). While CMC would be not hydrothermal 
carbonized into spherical shapes below 180°C. Therefore, 
the optimized reaction temperature is 180°C. To learn more 
about the impact of ratio of reactants, we also investigated 
the research of mass ratio of CoFe2O4 and CMC (Figs. 2e 
and 2f) at 180°C for 6 h. It was interesting that the effect of 
the ratio of reactant was not distinct. The composition of 
the as-prepared sample was verified by EDS spectroscopy 
(shown in inset of Fig. 2f), which shows the nanocomposites 

contain only Co, Fe, C and O, and the whole nanostructures 
are uniform.

TEM images are shown in Fig. 3. It is observed that 
the microspheres have been shaped on the CoFe2O4. After 
hydrothermal carbonization, the diameter of nanocom-
posites increased to 1 µm, which was bigger than that of 
CoFe2O4. The size differences of nanocomposites in TEM 
and SEM may be due to the superposition of several sin-
gle C/CoFe2O4 nanorods. Additional, SAED pattern of the 
nanocomposites is shown in Fig. 3 (inset diagram). Appear-
ance of the diffraction rings and spots confirms a high crys-
talline nature and a polycrystalline nature.

FT-IR spectrums of CMC and CoFe2O4 before and after 
hydrothermal carbonization are shown in Fig. S3. The bands 
of CMC before and after carbonization were almost same in 
FT-IR spectra. After carbonization, there were also the exis-
tence of the adsorption bands in the range of 3000–3700 cm–1 
attributed by –OH stretching vibration of water molecules 
and 3000–2800 cm–1 attributed by C-H stretching vibrations 
of aliphatic. However, the adsorption peaks in the range of 
1000–1440 cm–1 assigned to C-OH stretching vibration and  
–OH bending vibration were weak or disappear and the 
peak at 1690 cm–1 assigned to C=O stretching of –COOH 
group increased, indicating the existence of dehydra-

Fig. 2. SEM images of CoFe2O4 and nanocomposites(a) CoFe2O4; (b) C/CoFe2O4, 180°C, mCoFe2O4:mC = 1:1; (c) C/CoFe2O4, 200°C, 
mCoFe2O4:mC = 1:1; (d) C/CoFe2O4, 220°C, mCoFe2O4:mC = 1:1; (e) C/CoFe2O4, 180°C, mCoFe2O4:mC = 1:2; (f) C/CoFe2O4, 180°C, 
mCoFe2O4:mC = 1:3; the inset is the EDS of nanocomposites.
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tion during the hydrothermal carbonization. Meanwhile, 
adsorption peak at 1620 cm–1 attributed by C=C stretch-
ing vibration indicates that the existence of aromatiza-
tion reaction. There were he peaks at 565 cm–1 attributed 
to the stretching vibration of CoFe2O4 Lattice octahedron. 
It was suggested that crystal structure of CoFe2O4 was 
not destroyed at the process of hydrothermal carboniza-
tion [38]. The peaks at 3450 cm–1 and 1635 cm–1 were the 
stretching and bending vibration of –OH in the water, 
respectively [39,40]. After hydrothermal carbonization, the 
stretching vibration of nanocomposites was red shifted, 
and the adsorption peak of –OH was increased, indicating 
that a large amount of –OH had been formed at the surface 
of nanocomposites [41]. The adsorption peaks located at 
2972 cm–1 and 1087 cm–1 were ascribed to C-H and –COOH 
formed, respectively. It showed that the spherical activated 
carbon prepared via hydrothermal carbonization using 
CMC as starting materials was successfully coated on the 
surface of CoFe2O4 [42,43].

N2 adsorption-desorption isotherms of CoFe2O4 and 
C/CoFe2O4 are presented in Fig. 4. The composite dis-
plays the typical type-4 isotherm with the hysteresis loop 
at a relative pressure range of 0.8–1.0, which demonstrates 
the mesoporous structure. The BET surface area of the 
CoFe2O4 nanorods was 18.57 m2/g. The BET surface area 
of C/CoFe2O4 nanocomposites at 180°C and C/CoFe2O4 
nanocomposites at 200°C were 29.85 m2/g and 26.12 m2/g, 
respectively.

The hysteresis loops of the as-synthesized samples were 
also measured at 300 K (Fig. 5). At 300 K, the saturation 
magnetization of CoFe2O4 nanorods and C/CoFe2O4 nano-
composites were 96.64 emu/g and 66.10 emu/g, respec-
tively. It indicates that the nanocomposites as absorbent can 
be easily separated from dye wastewater by magnetic sep-
aration techniques [44]. The decrease in saturation magne-
tization after hydrothermal carbonization was most likely 
attributed to the decrease in CoFe2O4 quantity [45].

3.2. The adsorption properties

3.2.1. Effect of the ratio of CoFe2O4 and CMC

Next, we investigated how the C/CoFe2O4 nanocompos-
ites behave as absorbents for dye. Fig. 6 shows the effect of 

Fig. 3. TEM images of nanocomposites (180°C, mCoFe2O4:mC = 1:2; the inset is the SAED pattern of nanocomposites. 
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Fig. 4. N2 adsorption-desorption isotherms for CoFe2O4 and C/
CoFe2O4 (a) CoFe2O4 ; (b) C/CoFe2O4 180°C mCoFe2O4:mC = 1:2; 
(c) C/CoFe2O4 200°C mCoFe2O4:mC = 1:2.

Fig. 5. Magnetic hysteresis loops for CoFe2O4 and C/CoFe2O4   
(reaction temperature: 180°C, mCoFe2O4:mC = 1:2).
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the ratio of CoFe2O4 and CMC on the adsorption efficiency. 
It can be seen that the adsorption capacity of C/CoFe2O4 
nanocomposites for Congo red were normally higher than 
that of CMC after hydrothermal carbonization. It is known 
that reaction temperature and time are important factors 
to affect the carbonized porosity. Carbonized porosity of 
nanocomposites raised with the increasing of temperature 
and time, which would lead to the increasing of adsorption 
capacity. When the temperature and time were too high, the 
adsorption capacity decreased. The reason might be more 
oxygen groups (OH) of carbohydrates fall off in the form 
of water in the process of hydrothermal carbonization to 
decrease the rate of hydrothermal carbon. Therefore, the 
experimental conditions determined in the subsequent 
experiments are 180°C and the ratio of 1:2 for 12 h. 

3.2.2. Effect of initial dye concentration

As the initial concentration (30–150 mg/g) increased, 
the adsorption efficiency decreased as shown in Fig. 7. 
It indicated that the dye molecules were heavily depen-
dent on the adsorption sites on the adsorbent during the 
adsorption process. As the dye concentration increased, the 
adsorption process would slowly stabilize, which could be 
attributed to the competition of the dye molecules in the 
null reaction position. The lower concentration of the dye, 
the higher the vacancy rate of the adsorbent to the dye, 
resulting in the increasing for color removal. Similar reports 
have been made by fly ash and sawdust [46,47]. And the 
contact time was an importance factor for the adsorbent-ad-
sorption system to reach equilibrium. It can be seen that the 
adsorption capacity of C/CoFe2O4 materials for Congo red 
dye reached the maximum adsorption amount at 90 min; 
and the adsorption rate did not obviously reach with the 
increasing of time, as indicated that the adsorption reaction 
reached equilibrium.

In order to describe the adsorption mechanism, the 
Langmuir, Freundlich and Langmuir-Freundlich and Dubi-

nin-Raduskevich equations were used to analyze the exper-
imental data, which are given in Eqs. (3)–(7) [24,48–50].

C
Q
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e
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= +
0 0
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ln lnQ Q BAe = −0
2  (6)

A RT C= +ln e( / )1 1  (7)

where Qe (mg/g) is the equilibrium adsorption amount; Q0 
(mg/g) is the maximum adsorption capacity; Ce (mg/L) 
is the equilibrium concentration of Congo red in solution, 
and Ka, Kf and Kb (L/mg) are the adsorption equilibrium 
constants of Langmuir, Freundlich and Langmuir-Freun-
dlich equations, respectively; n is a constant depicting the 
adsorption intensity. kDR is the maximum adsorption capac-
ity in mol/g, B is a constant related to the adsorption related 
to the adsorption energy in mol2/J2 and is calculated from 
plotting lnQe against A2; A (J/mol) is Polanyi adsorption 
potential energy, defined as the work done by 1 mol molec-
ular adsorbed from infinity to the distance x between adsor-
bate and adsorbent surface.

The fitting results are shown in Fig. S4 and Table 1. As 
shown in Table 1, the Langmuir-Freundlich model could 
provide best representation of the adsorption isotherms 
of Congo red than the Langmuir model and Freundlich 
model. It also confirms the adsorbents have the characteris-
tics of multiphase and asymmetry after hydrothermal car-
bonization due to the decrease of crystallinity.24 Although 
the fitting results of Langmuir model were not as good as 
that of Langmuir-Freundlich model, the dimensionless con-
stant separation factor or equilibrium parameter RL can be 
calculated by KL from Eq. (8) in order to further quantify the 
adsorption properties [51].
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Fig. 6. Adsorption of Congo red dye by nanocomposites. (a) 
180°C, mCoFe2O4:mC = 1:1; (b) 180°C, mCoFe2O4:mC = 1:2; (c) 
180°C, mCoFe2O4:mC = 1:3; (d) 200°C, mCoFe2O4:mC = 1:1; (e) 
200°C, mCoFe2O4:mC = 1:2; (f) 200°C, mCoFe2O4:mC = 1:3; (g) 
microspheres of CMC after hydrothermal carbonization, 180°C.
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Fig. 7. Effect of initial concentration on adsorption.
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R K CL L= +1 1 0/( )  (8)

where RL is the dimensionless constant separation factor; KL 
(L/mg) is the Langmuir constant; C0 (mg/L) is the initial 
concentration of Congo red in the solution. Because of pos-
itive values of KL, the values of RL are in the range of 0 to 
1, indicating the suitability of the process. D-R isotherm is 
insufficient to explain the chemical and physical properties 
of the adsorption process. However, the mean adsorption 
energy (E, kJ/mol) can be calculated from the B value of the 
D-R isotherms using the following equation [52].

E B= 1 2 1 2/( ) /   (9)

For E ≤8 kJ/mol, physisorption being dominated the 
adsorption mechanism. If E is in the range 8–16 kJ/mol, the 
adsorption process follows chemisorption mechanism. The 
value of E was 9.26 kJ/mol, which indicated that adsorp-
tion of Congo red on nanocomposites probably proceed 
via chemisorption mechanism. The strength of bonding 
between the dye and nanocomposites clearly decreases as 
the temperature increases.

3.2.3. Effect of contact time

The absorbance of Congo red dye was measured by 
UV-Vis spectrophotometer as shown in Fig. 8 The results 
showed that the absorbance of Congo red dye decreased 
with the time, indicating that the color group in the dye 
reacts with the C/CoFe2O4 material [28]. When the reac-
tion was carried out for 90 min, the absorbance of the dye 
changed to zero gradually, indicating that the adsorption 
reaction was balanced, which is consistent with the above 
discussion.

The adsorption kinetics could describe the rate of adsor-
bate on adsorbent, which controls the residence time of 
adsorbate at the solid-solution interface. In order to exam-
ine the adsorption mechanisms, pseudo-first-order, pseu-
do-second-order, Elovich and intraparticle diffusion kinetic 

models were used to analysis the experimental data in the 
study [41,53], which are given as Eqs.(10)–(13). The best-fit 
model was selected based on the linear regression correla-
tion coefficient (R2).

ln( ) lnQ Q Q k te t e− = − 1  (10)

t
Q k Q

t
Qt e e

= +
1

2
2

 (11)

Q A k tt e= + ln   (12)

Q k t Ct = +d
1 2/  (13)

where Qt (mg/g) is adsorption capacity at a time t (min); 
k1 (min–1) and k2 (g/mg∙min) are the constants of pseu-
do-first-order and pseudo-second-order kinetics, respec-
tively; ke and A are the constants of Elovich equation; kd is 
the constant of intra-particle diffusion equation; C is the 
constant of intraparticle diffusion equation.

Fig. 9 and Table 2 show adsorption kinetics fitting 
results of Congo red on C/CoFe2O4 adsorbent. Pseudo-sec-
ond-order model was fittest to the experimental data than 
other models. These all implied that chemical interactions 
were involved in the adsorption process, and that there 
were strong interactions between Congo red and carbo-
naceous adsorbent. Generally, any adsorption process 
involves three main successive transport steps, i.e. film 
diffusion, intraparticle or pore diffusion and adsorption 
onto interior sites. The value of C was not zero in intrapar-
ticle diffusion model, which indicates that intraparticle or 
pore diffusion is not the only rate-controlling step during 
the adsorption process.

3.2.3. Effect of temperature

Effect of temperature is a significant physico-chemical 
process parameter, since temperature influences adsorption 
capacity. The changes of the adsorption capacity of Congo 
red dye with the initial concentration of dye were measured 

Table 1
Fitting parameters of adsorption isotherms models

Adsorption isotherm models Constants Values

Langmuir model KL(L/mg) 0.018
Q0 (mg/g) 71.83
R2 0.9777

Freundlich model KF (L/mg) 4.44
n 0.51
R2 0.8828

Langmuir-Freundlich model Kb ( L/mg) 0.011
Q0 (mg/g) 53.48
n –1.00
R2 0.9941

D-R model KDR (mg/g) 70.81
B (KJ2/mol2) 0.0058
R 0.9814
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Fig. 8. The absorbance of Congo red dye at different times.



M. Lu et al. / Desalination and Water Treatment 148 (2019) 285–295 291

at three different temperatures. It can be seen from Fig. 10 
that the adsorption capacity increased first, then increased 
with the increase of the initial concentration of the dye. 
The temperature increased and the adsorption capacity 
increased, indicating that high temperature contributes to 
the occurrence of adsorption.

The thermodynamics parameters, such as ΔG, ΔS and 
ΔH, were calculated according to the adsorption equilib-
rium constant KL as shown in Eqs. (14)–(16) [25,54,55].

ΔG RT L= − lnK   (14)
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Fig. 9. Kinetic model of congo red adsorbed on nanocomposites.

Table 2
Adsorption kinetic constants and values

Adsorption kinetics models Constants Values

Pseudo-first-order Qe (mg/g) 46.81
k1 (min–1) 0.0557
R2 0.9640

Pseudo-second-order Qe (mg/g) 48.95
k2 (g∙mg–1∙min–1) 0.0002
R2 0.9932

Elovich equation A –22.39
ke (min–1) 14.79
R2 0.9611

Intraparticle diffusion equation C –5.01
kd (min–1) 5.31
R2 0.955
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where KL1 and KL2 are constants of Langmuir isotherm 
model at temperature T1 and T2, respectively.

ΔG is negative at different temperatures, indicating that 
the adsorption process is spontaneous; ΔH is a positive 
value, indicating that the adsorption process is an endother-
mic reaction. A positive value of ΔS indicates that the chaos 
of the solid-liquid surface increases during the adsorption 
process of the nanocomposite on the Congo red dye.

4.Conclusion

In conclusion, an efficient, low cost method to syn-
thesize C/CoFe2O4 nanocomposites was realized by dou-
ble-membrane dispersion technology and hydrothermal 
carbonization method. Further studied showed that C/
CoFe2O4 nanocomposites, as the new adsorbents, exhib-
ited remarkable capacity for removing Congo red dyes in 
wastewater. Owing to the high yield and ability in remov-
ing dyes, this method by a simple blending method for the 
synthesis of C/CoFe2O4 nanocomposites is promising for 
future applications in removing persistent pollutants.
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Supporting information

Fig. S1. Device for preparing CoFe2O4 precursor by double membrane dispersion method pH meter; 2-membrane module; 3-Fe3+, 
Co2+ mixture; 4-force electric stirrer; 5-peristaltic pump; 6-H2C2O4 solution.
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Fig. S2. XRD pattern of CoFe2(C2O4)3 precursor.
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Fig. S3. FT-IR spectra of CMC, CoFe2O4 and nanocomposites.
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Fig. S4. Isothermal Line model of Congo red adsorbed on nanocomposites.


