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ABSTRACT

In this contribution, the biomorphic NiFe2O4 was synthesized by using degreasing cotton as
template via a simple one-step process involving impregnation and calcination. The
obtained samples were characterized by X-ray diffraction patterns (XRD), scanning electron
microscope (SEM), alternating gradient magnetometer and nitrogen adsorption–desorption
isotherms. It was found that the as-prepared samples retained the characteristic hollow fiber
morphology of the degreasing cotton template, and were composed of NiFe2O4 nanoparti-
cles with the grain size ranging from 5 to 20 nm. The Brunauer Emmett Teller (BET) specific
surface area and pore volume of the obtained sample were 118.620 m2 g−1 and
0.303 cm3 g−1, respectively. In addition, the Congo red (CR) adsorption performances of the
obtained samples were also evaluated. The effects of calcination temperature and pH on CR
adsorption were discussed. The results showed that the best adsorption performance
(89.45 mg g−1) was obtained when the calcination temperature was 600˚C. The process of
CR adsorption was spontaneous, exothermic and favorable, and was well described by both
the Langmuir isotherm model and the pseudo-second-order kinetics model. The obtained
sample was effective in adsorbing CR in the neutral and acidic conditions. Electrostatic
attraction between samples and CR molecules was the main reason of the high adsorption.
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1. Introduction

Dyes are widely used mostly in the textiles, paper,
plastics, leather, food and cosmetic industry to color
products [1]. Due to their large-scale production and
extensive application, dyes have turned into serious
pollutants, leading to environmental problems, espe-
cially public health problems [2]. Many organic dyes
are poisonous and harmful to human beings. There-
fore, the toxic dyes should be removed before

discharged into the environment [3]. The removal of
dyes from wastewater is becoming a research hotspot
attracting more and more attentions around the world.
Many methods have been developed to remove the
dyes from aqueous environment, such as photocataly-
sis [4], oxidation [5], biodegradation [6], Fenton [7]
and adsorption [8].

The adsorption technology is widely used in the
field of wastewater treatment. A large number of
absorbents have been investigated by previous studies
such as activated carbon [9], chitosan [10], synthetic
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resins [11], layered double hydroxide [12]. Some of
these adsorbents are restricted from widespread
application because of their high cost, difficult dis-
posal and regeneration. In addition, the separation of
these adsorbents from wastewater is still a problem.
In order to overcome the problem, many separation
techniques have been applied, such as centrifugation,
membrane filtration and magnetic separation. Among
these methods, magnetic separation may be an ideal
choice owing to its high-efficiency. It is beneficial to
their recycle from wastewater in magnetic field using
magnetic absorbent. There have been a lot of reports
published using various types of magnetic absorbents
[13–15]. In particular, the MFe2O4 (M =Mn, Co, Ni,
Zn) ferrites with spinel structure have been used as
absorbent due to their magnetic properties [1,16].
NiFe2O4, as a member of ferrites family, also has
potential applications in magnetic materials and
absorbent materials.

The aim of this work is to report the synthesis and
characterization of biomorphic NiFe2O4 and its Congo
red (CR) adsorption performance. Biotemplate method
was used in the preparation of NiFe2O4 in the present
study. The biotemplate method always adopts biologi-
cal materials which provide variety of structures at
micro and nanometric scale [17]. Due to the biological
material with its unique structural diversity, hierarchi-
cal pore structure, renewable capability, easy to
remove and no environmental pollution, the biotem-
plate method can be a very effective approach to
prepare adsorption materials.

In this experiment, the biomorphic NiFe2O4 was
synthesized from degreasing cotton template via a
simple process involving impregnation and calcina-
tion. Compared with previous preparation methods of
NiFe2O4, the preparation of NiFe2O4 from degreasing
cotton template was more facile and effective. In addi-
tion, the biomorphic NiFe2O4 from degreasing cotton
template had higher surface area and recovery effi-
ciency in water than NiFe2O4 powders obtained from
conventional preparation methods. Then, the as-
prepared NiFe2O4 was used as adsorbent to remove
CR from aqueous solution by batch adsorption
process. The influences of processing parameters, the
adsorption kinetics and thermodynamics were
investigated in detail.

2. Experimental

2.1. Sample preparation

In this article, NiFe2O4 with biomorphic structure
was prepared using degreasing cotton (Tai’an
Jinzhong Health Materials Co.) as template. The

chemicals, Ni(NO3)2·6H2O, Fe(NO3)3·9H2O and NaOH
were analytic grade reagents. A typical synthetic
procedure was as followed: 5 g degreasing cotton
were submerged in the 100 mL mixture solution of
0.5 M Ni(NO3)2·6H2O and 0.5 M Fe(NO3)3·9H2O for
24 h. The impregnated samples were then dried in air
at 80˚C for 2 h, and were subsequently calcined in air
at temperatures between 500 and 700˚C for 1 h. The
designations of the as-prepared samples are shown in
Table 1.

2.2. Characterization

The crystallographic structure of sample was
characterized by X-ray diffraction patterns (XRD with
Cu Kα radiation source; λ = 0.15406 nm, Scan span:
5–90˚; Model D8-Advance, Germany). The morpholo-
gies and chemical compositions of the samples were
observed by scanning electron microscope (SEM, FEI
QNANTA FEG 250, United States) equipped with
energy-dispersive X-ray spectrometer (EDS, Model
INCA Energy 3294, Oxford, UK). The functional group
of samples was analyzed by Fourier transform infra-
red spectrometer (FTIR, Nicolet670, Thomas Nicolet,
America). The magnetic properties were investigated
by MicroMag 2900 AGM (alternating gradient magne-
tometer, Princeton Measurements Corporation, USA).
A 722 UV–vis spectrophotometer was used for deter-
mination of CR concentration at 488 nm in the solu-
tions. The pore structure of the obtained sample was
analyzed by nitrogen adsorption–desorption at 77 K
on a surface area analyzer (ASAP2020M+C, Micromet-
rics, GA, USA). The surface area of sample was evalu-
ated by the Langmuir model and Brunauer Emmett
Teller (BET) model, while the pore size distribution
(PSD) was estimated by Barrett–Joyner–Halenda (BJH)
theory.

2.3. Adsorption experiments

The adsorptive removal of CR (chemical formula:
C32H22N6Na2O6S2, FW = 696.68, λmax = 488 nm) by the
obtained sample adsorbent was studied by batch
adsorption experiments at room temperature, where
50 mg of the obtained adsorbent and 100 mL of the

Table 1
Designation of the as-prepared samples

Sample Fe:Ni ratio (at %) Calcination temperature (˚C)

NFO500 2:1 500
NFO600 2:1 600
NFO700 2:1 700
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CR solutions (10–150 mg L−1) were added. The stock
solution of CR (1 g L−1) was prepared in distilled
water and desired concentrations of CR were obtained
by diluting the stock solution with distilled water. The
calibration curve of CR was prepared by measuring
the absorbance of different predetermined concentra-
tions of the samples at λmax = 488 nm using UV–vis
spectrophotometer. Then the concentrations of the
solutions were determined by plotting the calibration
curve of CR with a linear regression equation. The
changes in the absorbance of all solution samples were
presented and determined at certain time intervals
during the adsorption process. The amount of
adsorbed CR qe (mg g−1) was calculated based on a
mass balance equation was given below:

qe ¼ ðC0 � CeÞ � V

W
(1)

where qe (mg g−1) is the equilibrium adsorption capac-
ity per gram dry weight of the adsorbent; Ce (mg L−1)
is the equilibrium concentration of CR solution; C0

(mg L−1) is the initial concentration of CR solution; V
(L) is the volume of the solution; W (g) is the mass of
the adsorbent. Further, at t time, the quantity of
adsorbed CR qt (mg g−1) was calculated by:

qt ¼ ðC0 � CtÞ � V

W
(2)

where Ct (mg L−1) is the CR concentration at t time.
Then, kinetic studies and adsorption thermodynamics
were carried out on the adsorption of CR by the
obtained samples.

3. Results and discussion

3.1. Characterization of NiFe2O4

Fig. 1 shows the XRD patterns of samples calci-
nated at different temperatures. All the diffraction
peaks could be indexed to the cubic spinel structure
of nickle ferrite according to JCPDS card No. 54-0964.
Further, the XRD patterns revealed the monophasic
formation and good crystalline nature of NiFe2O4. The
sharpness of the X-ray diffraction peaks confirmed
that NiFe2O4 was highly crystallized without any
other impurities. The average grain sizes of NiFe2O4

at 500, 600 and 700˚C were calculated to be 5.81, 15.94
and 21.90 nm from the full-width at half maximum of
(311) peak according to Scherrer’s formula [18],
respectively. It demonstrated that the crystal size of
NiFe2O4 increased gradually with the increasing
temperature.

To obtain further evidence that degreasing cotton
really acted as a template to produce fiber structure,
the degreasing cotton and obtained sample were ana-
lyzed by SEM, respectively. The surface of the cotton
fibers was smooth and the diameter was about
between 8 and 15 μm (Fig. 2(a)). Compared with the
raw template, the obtained sample retained the origi-
nal morphology of degreasing cotton (Fig. 2(b)–(f)).
And most of the obtained biomorphic sample fibers
were hollow. The magnified images in Fig. 2(c)–(f)
showed that these hollow fibers were composed of
uniformly distributed nanoparticles and were about
5–10 μm in diameter. The EDS spectrum in the inset of
Fig. 2(f) indicates that these particles are composed of
Ni, Fe and O. Combining with the above XRD results,
it could be deduced that the hollow fibers were
composed of NiFe2O4 nanoparticles.

Moreover, it was found that the average diameter
of fibers decreased from 10 to 5 μm as the temperature
increased from 500 to 700˚C. This might be attributed
to the more shrinkage of the degreasing cotton fibers
at higher temperature. Furthermore, comparing
Fig. 2(c) and (e), it can be seen that the grain size of
the obtained sample increased with increasing tem-
perature, which was in agreement with the above
XRD results.

The N2 adsorption–desorption measurement and
the corresponding BJH PSDs of the obtained biomor-
phic samples are revealed in Fig. 3. The isotherms of
the obtained samples (Fig. 3(a)) were featured by a
distinct hysteresis loop in the desorption process in a
comparatively high relative pressure range. Moreover,
the adsorption and the desorption curve overlapped
at low relative pressures (P/P0 < 0.4). This indicated

Fig. 1. XRD patterns of the as-prepared samples at
different calcination temperatures.
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that the obtained biomorphic samples possessed a
large number of mesoporous texture. The correspond-
ing PSD plots upon the BJH method showed in
Fig. 3(b). In particular, the PSD of NFO600 displayed
a obvious peak in the mesoporous range, but the sam-
ples of NFO500 and NFO700 had a wide pore dis-
tribution with weak and unclear peaks. The surface
area and the pore volume of different samples were
summarized in Table 2. Compared with the three sam-
ples, NFO500 exhibited the highest surface area
(133.96 m2 g−1). The specific surface area of NFO600
was 118.63 m2 g−1 and it had the biggest pore volume
(0.303 cm3 g−1).

Since the obtained biomorphic samples used to be
absorbents and the magnetic properties of magnetic
absorbents directly influenced the callback efficiency,
AGM was used to measure the magnetic properties of
them at room temperature with a maximum applied
field of 10,000 Oe. As displayed in Fig. 4, the synthe-
sized biomorphic sample showed the typical ferro-
magnetic behavior. The saturation magnetizations
(MS) of the sample was 45.577 emu g−1 and the coer-
cive forces (HC) of it was 202.208 Oe, which indicated
that the prepared sample with mid-hard magnetism
could be used as a reusable absorbent for fast,

convenient, and highly efficient removal of dyes from
the wastewater, as shown the inset in Fig. 4.

3.2. Adsorption capacities of the as-prepared samples

The adsorption capacities of the as-prepared sam-
ples for CR are given in Fig. 5(a). The high experimen-
tal qe was obtained when the calcination temperature
was 600˚C. Fig. 5(a) also indicated that the adsorption
capacity increased rapidly at the primary stage and
the change range became smaller until the adsorption
equilibrium was reached.

Fig. 5(b) shows the UV–vis spectrum changes of
adsorption process for CR on the sample NFO600 at
different adsorption times and the structure of CR. It
displayed that the CR solution exhibited three absorp-
tion peaks at 499, 345 and 236 nm, respectively.
Among them, the peak at 499 nm was corresponding
to chromophore structure next to the azo agent. The
bands in the ultraviolet region located at 236 and
345 nm were attributed to the benzoic and naph-
thalene rings. As revealed in Fig. 5(b), with the
increase of adsorption time, all the absorption peaks
went down to a certain extent synchronously. When
the adsorption time reached 24 h, the adsorption peak

Fig. 2. SEM images of the original degreasing cotton (a) and SEM images of the obtained biomorphic NiFe2O4 at different
calcination temperatures: 500˚C (b)–(c) and 700˚C (d)–(f).
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at 499 nm almost disappeared. The results indicated
that CR molecules in solution were adsorbed on the
as-prepared sample.

3.3. Adsorption kinetics

The pseudo-first-order and pseudo-second-order
model are used to interpret the adsorption experiment

data. The pseudo-first-order kinetic model [19] is
defined as:

1

qt
¼ 1

q1e
þ k1
q1e

1

t

� �
(3)

where t is the adsorption time, qt is the amount of dye
adsorbed per unit of adsorbent (mg g−1) at time t, k1 is
the pseudo-first-order rate constant (min−1), q1e is the
equilibrium adsorption. The adsorption rate constant
(k1) was obtained from the plot of q�1

t vs t−1.
Ho and McKay [20] presented the pseudo-second-

order kinetic as:

t

qt
¼ 1

k2q22e
þ 1

q2e
t (4)

where k2 is the pseudo-second-order rate constant
(g mg−1 min−1). The q2e and k2 can be calculated by
linear plot of t q�1

t against t.
Fig. 6 shows the plots of the pseudo-first-order

and the pseudo-second-order kinetics of CR adsorp-
tion on the as-prepared samples. The calculated
kinetic parameters are given in Table 3. The compar-
ison of correlation coefficients (R2) of the two models
reflected that the adsorption process did not follow
the pseudo-first-order kinetic model, and the calcu-
lated value (q1e) obtained from this equation did not
give reasonable value, which was much lower than
experimental data. On the contrary, all the R2 values
obtained from pseudo-second-order model were close
to unity, indicating that the adsorption of CR fitted
well to this model. The calculated q2e were ranged

Fig. 3. Low-temperature N2 adsorption–desorption iso-
therms of the three samples (a) and corresponding pore
size distribution curves (b).

Table 2
Pore structural parameters of the as-prepared samples

Sample
BET surface area
(m2 g−1)

Pore volume
(cm3 g−1)

NFO500 133.96 0.200
NFO600 118.62 0.303
NFO700 11.67 0.090

Fig. 4. AGM curves of the obtained NFO600 at room
temperature and the photo showing magnetic separation.
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from 8.2 to 59.6 mg g−1. NFO600 sample had the maxi-
mum adsorption capacity. This could be explained
that the NFO600 had relatively large surface area and
the biggest pore volume, ensured that NFO600 had
more adsorption active sites and higher adsorption
efficiency.

3.4. Adsorption isotherms

To simulate the adsorption isotherm, two conven-
tional used models, the Langmuir [21] and Freundlich
[22] isotherms Eqs. (5) and (6), were employed to ana-
lyze how CR molecules interacted with the surface of
the as-prepared samples.

Ce

qe
¼ 1

qmaxkL
þ Ce

qmax
(5)

log qe ¼ log kF þ 1

n
logCe (6)

where qe (mg g−1) is the adsorption capacity at equilib-
rium, Ce (mg L−1) is the equilibrium concentration of
CR, qmax (mg g−1) is the maximum adsorption capacity
of the as-prepared samples, and kL (L mg−1) is a con-
stant related to the ability of adsorption. And the val-
ues of kL and qmax could be determined from the slope
and intercept of the linear plot Ce/qe against Ce

(Fig. 7(a)). kF (mg1−1/n L1/n g−1) is the Freundlich

Fig. 5. Adsorption capacities of the as-prepared samples
(a), and UV–vis spectrum of CR adsorption on the
NFO600 sample (b). (CR: 100 mL 50 mg L−1, adsorbent
dosage 50 mg, neutral pH, room temperature: 30˚C.)

Fig. 6. Adsorption kinetic for adsorption of CR on the
as-prepared samples pseudo-first order (a), and pseudo-
second order (b).
Notes: Adsorption conditions for CR:100 mL of 50 mg L−1

of dye, adsorbent dosage 50 mg, neutral pH, room
temperature: 30˚C.
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equilibrium constant indicative of adsorption. The
values of kF and n could be calculated from the plot of
lg qe vs lg Ce (Fig. 7(b)).

Table 4 gives the adsorption parameters values
calculated from the Langmuir and Freundlich isother-
mal models. The calculated regression coefficients R2

from Langmuir isotherm models were much higher
than the values from Freundlich isotherm models,
meaning that the Langmuir isotherm models was better
fit with the experimental data. The CR covering on the
as-prepared samples surface was of the Langmuir type.
Thus, it was reasonable to suggest that the adsorption
of CR on the obtained samples was site-specific and
monolayer.

Table 5 compares the adsorption capacities of the
obtained samples with different types of adsorbents
[1,15,23–26]. NiFe2O4 ferrites used in this study had
considerable higher qmax values. More importantly, the
simplicity of the preparation method and magnetic
separation made NiFe2O4 ferrites better used in the
adsorption for CR.

3.5. Adsorption thermodynamics

In order to discuss the effect of temperature on the
adsorption capacity, the adsorption studies were car-
ried out at five temperatures (30, 40, 50, 60, and 70˚C).
From Fig. 8(a), it was observed that the adsorption
capacity decreased from 60.3 to 37.1 mg g−1 when the
temperature increased from 30 to 70˚C, indicating
the exothermic nature of the adsorption reaction. The
thermodynamic parameter related to the adsorption
process, were calculated by the following equation
[27]:

DG0 ¼ �RT lnKa (7)

lnKa ¼ DS0

R
� DH0

RT
(8)

Ka ¼ C0

Ce
(9)

where R is the universal gas constant
(8.314 J mol−1 K−1), T is the temperature of the solution
(K), K is equilibrium constant, C0 (mg L−1) is the initial
concentration of CR and Ce (mg L−1) is the equilibrium

Table 3
Adsorption parameters got from kinetic for the adsorption of 50 mg L−1 CR on the as-prepared samples

Pseudo-first-order Pseudo-second-order

Sample q1e (mg g−1) k1 (min−1) R2 q2e (mg g−1) k2 (min−1) R2

NFO500 36.6166 0.1468 0.7954 45.977 0.0225 0.9987
NFO600 42.7533 0.1419 0.7020 59.6303 0.0113 0.9961
NFO700 13.3422 0.6343 0.9016 19.8333 0.0253 0.9983

Fig. 7. Adsorption isotherms for adsorption of CR on the
as-prepared samples: the Langmuir model (a) and the
Freundlich model (b).
Note: Adsorption conditions for CR: 100 mL of CR dye,
adsorbent dosage 50 mg, neutral pH, room temperature:
30˚C.
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concentration of CR. Enthalpy ΔH0 (kJ mol−1) and
entropy ΔS0 (J mol−1 K−1) were calculated from the
slope and intercept from the plot of ln C0/Ce vs 1/T
(Fig. 8(b)). The thermodynamic parameters were given
in Table 6. The value of ΔH0 (−20.864 kJ mol−1) was
negative, proving the adsorption of CR was an
exothermic process. The negative values of ΔG0 at the
temperature range from 30 to 70˚C indicated that the
adsorption of CR on NFO600 was spontaneous. In
addition, ΔG0 increased from −2.324 to −1.322 kJ mol−1

when temperature increased from 30 to 70˚C, confirm-
ing that the adsorption was spontaneous at low tem-
perature. The value of ΔS0 (−26.018 J mol−1 K−1) was
negative, suggesting that there was a decrease in the
degree of freedom of the adsorption of CR on
NFO600. It also indicated that the dye molecules were
restricted toward the NFO600 surface, resulting in the
decrease of entropy.

3.6. Effect of pH

As an important parameter influencing the adsorp-
tion capacity, the solution pH could affect the chemi-
cal properties of both dye molecule and the adsorbent.
The zeta potentials of NFO600 at various solution pH
values were measured and the results are depicted in
Fig. 9. The point of zero charge of NFO600 was found
at about pH 6.4. Zeta potentials of the sample were
gradually reduced with the increasing pH. At pHs

below 6.4, zeta potentials were positive, and over the
range of pH 6.4–11 they were negative.

The effect of initial solution pH on the CR adsorp-
tion was investigated in the pH ranges from 3 to 11.
As shown in Fig. 10, CR adsorption capacity of
NFO600 increased when pH increased from 3 to 7.
When the pH continued to increase, the adsorption
capacity decreased rapidly. The maximum adsorption
capacity of CR was 75.76 mg g−1 at pH 7. The actual
maximum adsorption might happen at a certain value
in the pH-range of 5–7. Since CR molecule with two
sulfonic groups ionized easily in acidic media and
became a soluble CR anion. The adsorbent was posi-
tively charged in acidic solution (Fig. 9). The excellent
adsorption ability could be attributed to the fact that a
considerably high electrostatic attraction existed
between the adsorbent surfaces and negatively
charged CR molecules [28]. So in the pH-range of 3–7,
the CR adsorption capacity always maintained a high
level. On the other hand, the adsorption capacity
decreased slightly at pH 3 and pH 5. This could possi-
bly be attributed to the increase of competition
between protonation and the adsorption sites on the
surface of NFO600 for CR [15]. In alkaline solution,
the negatively charged adsorbent would repulse the
negatively charged CR molecules, causing the large
reduction in CR adsorption. In addition, an abundance
of OH- ions in alkaline solution existed a competitive
environment with anionic ions of CR, which also
caused a decrease of CR adsorption [29].

Table 4
Adsorption parameters from adsorption isotherms for the adsorption of CR on the as-prepared samples

Sample

Langmuir Freundlich

kL (L mg−1) qmax (mg g−1) R2
L kF (L mg−1) n R2

F

NFO600 0.1750 89.45 0.9953 28.7627 4.0365 0.9758
NFO500 0.09757 76.51 0.9842 17.4373 3.7817 0.9777

Table 5
Adsorption capacities of CR on various adsorbents

Adsorbents qmax (mg g−1) References

NiFe2O4 89.45 Present study
MnFe2O4 92.4 [1]
CoFe2O4 244.5 [1]
Fe3O4 68.5 [15]
Hollow zinc ferrite 16.58 [23]
Hierarchical NiO nanosheets 151.7 [24]
ZrO2 hollow spheres 59.5 [25]
Chitosan coated magnetic iron oxide 56.66 [26]
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3.7. Reusability of the as-prepared samples

The reusability efficiency of the adsorbent material
is an important factor in the wastewater treatment.
For this experiment, five cycles of adsorption/desorp-
tion experiments of NFO600 were carried out and the
adsorption capacity in each cycle is shown in Fig. 11.

After the first cycle, NFO600 was separated from CR
solution with a magnet. Then, the sample of NFO600
after CR adsorption was stirred with methanol solu-
tion, dried and used for the next removal cycle. It was
observed that the adsorption capacity of the recycled
sample could still be 46.51 mg g−1 in the fifth cycle, as
high as 78.70% of the first cycle. Therefore, the as-pre-
pared samples can be used as a reusable magnetic
absorbent for the removal of CR.

3.8. Investigation on the adsorption mechanism

CR is acidic dye. In aqueous solution, CR dye dis-
sociates to the sodium ions (Na+) and the sulfonate
anions (R-SO�

3 ). The pHzpc (the pH of zero point
charge) of the obtained samples is about 6.4. Below
the pHzpc, because of protonation, the adsorbent sur-
face is positively charged, the electrostatic attraction
with anionic dye molecules occurs, contributing to the
high CR adsorption capacity. With the increase pH of
CR solution, a proportional decrease in adsorption
took place, due to the successive deprotonation of
positive charged groups on the adsorbent and the
electrostatic repulsion between negatively charged
sites on the adsorbent and dye anions. Therefore, we

Fig. 8. The adsorption capacity of CR on NFO600 at differ-
ent temperatures (a) and Van’t Hoff plot for the adsorption
of the CR on NFO600 (b).
Notes: Adsorption conditions for CR: 100 mL of 50 mg L−1

of dye, adsorbent dosage 50 mg, neutral pH.

Table 6
Thermodynamic parameters for the adsorption of CR on NiFe2O4

Dye concentration (mg L−1) ΔH0 (kJ mol−1) ΔS0 (J mol−1 K−1)

ΔG0 at temperature(˚C) (kJ mol−1)

30 40 50 60 70

50 −10.228 −26.018 −2.324 −2.164 −1.742 −1.570 −1.322

Fig. 9. Zeta potential of NFO600 before adsorption.
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can draw a conclusion that the electrostatic attraction
between the adsorbent and CR is the primary mecha-
nism for the high CR adsorption. In addition, CR can
become adsorbed onto the absorbent surface by the
chemical interaction, such as hydrogen bonds, coor-
dination effect between metal ions and amine groups.

4. Conclusions

The biomorphic NiFe2O4 was successfully synthe-
sized by the biotemplate method as revealed by XRD

and SEM. Among the obtained simples synthesized at
different conditions, NFO600 had the best adsorption
property for CR. The maximum CR adsorption capac-
ity calculated from the Langmuir isotherm model was
89.45 mg g−1. Factors affecting adsorption, such as ini-
tial dye concentration, temperature and pH were
evaluated. Analysis of adsorption isotherm showed
that our adsorption experiment accorded with
Langmuir model. The results of adsorption kinetics
proved that the adsorption process well fit to the
pseudo-second-order kinetic model. Adsorption
thermodynamics indicated the CR adsorption on the
as-prepared samples was spontaneous and exothermic
process. The as-prepared samples had ideal magnetic
performance, which favored their high-efficient
magnetic separation from wastewater.
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