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ABSTRACT

In this study, a novel magnetic NiFe,O, photocatalyst was produced from electroplating wastewater
and pickling waste liquor via microwave hydrothermal method. It was shown that 99% of heavy metal
ions (Fe* and Ni*) in the wastewater could be effectively removed through precipitation. And physi-
cochemical properties of the material were characterized by several techniques, such as X-ray diffrac-
tion, scanning electronic microscopy and vibrating sample magnetometer. The values of saturation
magnetization of magnetic NiFe,O, was about 13.28 emu/g. In addition, photocatalytic degradation
of methylene blue (MB) was studied using NiFe,O, with H,O, under visible light. The main influence
factors (pH, the dosage of NiFe,O, and concentration of MB) were investigated, which showed that the
maximum MB removal efficiency could reach 99%. Degradation kinetics data followed the pseudo-
first-order model. And there was a synergistic effect between NiFe,O, and H,O, in the visible light
photocatalytic advanced oxidation process. H,O, was activated by NiFe O, and generated hydroxyl

radicals (-OH). Meanwhile, the mechanism of the reaction was also discussed in this paper.
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1. Introduction

With the development of economy and society, the
increasing pollution of heavy metal wastewater has attracted
more attention. Typical detrimental properties of heavy metal
wastewater include high toxicity, long-term sustainability,
mutagenicity and carcinogenicity. Main sources of heavy
metal wastewater are electroplating and metal surface treat-
ment industry, metal and plastic coating, electronic industry,
petroleum refineries, mining, glass production [1], dyeing,
surface treatment industry, etc. [2]. Heavy metal cannot be
eliminated by environmental microorganisms; and it is more
readily absorbed by organisms and enter the biological food
chain, which can cause significant harm to the environment
and human health [3], which made the removal of metals
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from wastewater imperative [4]. Therefore, the treatment of
heavy metal wastewater has become the research focus of
many environmental experts.

Current heavy metal wastewater treatment methods
include chemical precipitation [5], ion exchange [6], adsorp-
tion [7], membrane filtration [8], electrochemical treatment
[9], etc. But with the development of industrialization and
strict environmental policies, most of the traditional or single
process methods can no longer meet the technical require-
ments, therefore, diverse new methods such as photocat-
alytic method, genetic engineering technology and ferrite
method have been developed in recent years. Photocatalysis
is a kind of technology to treat wastewater by using the active
species such as photogenerated electrons and holes on the
surface of photocatalyst [10]. Because of its high efficiency,
no secondary pollution and other excellent characteristics,
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how to choose a more suitable catalyst to further improve the
application value in the industry has become a new hot spot
in the field of wastewater treatment. Ferrite method is adding
iron to the heavy metal wastewater by controlling the pro-
cess conditions. A variety of metal ions form insoluble ferrite
grains in the wastewater, and then by means of solid-liquid
separation, the removal of heavy metals was achieved. This
method can not only effectively remove almost all kinds of
heavy metal ions but also avoid secondary pollution caused
by most of the traditional methods. NiFe,O, nanoparticles
are one of the most useful ferrite due to their characteristics
of moderate saturation magnetization [11], strong catalytic
property [12], photo-chemical stability [13] and high adsorp-
tion capacity [14].

Printing and dyeing wastewater is processed by printing
and dyeing factory, which mainly consists of large-volume
complex substances that contain many organic compounds
with toxicity and poor biodegradability [15]. Because of the
difficulty of degradation of dyes, it is difficult to completely
degrade them by the traditional single-treatment process.
Therefore, the research on the degradation of dyes is mainly
focused on the combination of various technologies, such as
microwave radiation treatment method, microwave—H202
combination method, multi-phase UV-ozone oxidation
method, electric Fenton and microwave method, etc.

Fenton reaction is considered to be the most promising
technology for the treatment of refractory organics in water
because it is cost-effective, simple and gives good refractory
pollutant degradation [16-19]. Among these techniques, the
photo-Fenton process has emerged as a prominent solu-
tion to treat chemical contaminants [20], which overcomes
the problem of poor efficiency of single Fenton method,
improve the wastewater biodegradability and the mineral-
ization of organic matter in dye wastewater. Therefore, the
photo-Fenton process has demonstrated a great advantage
in the treatment of high-concentration and difficult degra-
dation wastewater [21]. But at present, there are still some
limitations in the study of the photo-Fenton method. First of
all, Fe?" gets easily inactivated in the photo-Fenton reaction;
second, the use of ferric ions results in colored effluents and
the formation of iron sludge. In addition, the photo-Fenton
reaction works well only under highly acidic conditions (pH
range of 2-3), which seriously hinders its application and
raises the cost [22,23]. Therefore, how to choose an effective
and stable assistant to replace Fe?, and make the reaction
possess excellent degradation effect in the visible light has
become the focus of research in this field.

This paper adopted ferrite method to treat several heavy
metal wastewater and synthesized wastewater-based NiFe O,
with H,0O, and visible light to establish a photo-Fenton-like
system, the degradation mechanism of dye wastewater by
photocatalysis and Fenton reaction is explored. The specific
objectives of this project were: (1) study on the effect of
treatment of various heavy metal wastewater by ferrite
method simultaneously and physicochemical properties
of synthesized NiFeO,; (2) the influence effects on the
degradation by photo-Fenton system were analyzed; (3) the
mechanism of degradation of dyes by photo-Fenton-like
system was further investigated by means of blank control
and the addition of a certain amount of EDTA and tert-butyl
alcohol as masking agent.

2. Experimental setup
2.1. Materials

Pickling waste liquor was obtained from Shanghai Second
Steel Co., Ltd. (Baoshan District, Shanghai). Electroplating
wastewater was provided by the Shanghai Xin Sheng elec-
troplating factory. The concentrations of Fe*" and Ni*" in pick-
ling waste liquor and electroplating wastewater are shown in
Table 1. Sodium hydroxide (NaOH), hydrochloric acid (HCI),
nitric acid (HNQO,), disodium ethylenediaminetetraacetic acid
(EDTA-2Na), hydrogen peroxide (H,0,, 30%), sodium nitrite
(NaNO,), sodium tetraborate (Na,B,0,-10H,O), methylene
blue (MB) and absolute alcohol (C,H,OH) were purchased
from Sinopharm Chemical Reagent Co., Ltd. (Shanghai,
China). All chemicals were analytical grade reagents and
were used as received without further purification.

2.2. Synthesis of NiFe,O,

The wastewater-based NiFe,O, magnetic material was
synthesized by microwave hydrothermal process. In a typ-
ical synthesis, the volume ratio of two kinds of wastewater
was determined by n(M?*):n(M?*) = 2:1 in the mixed solution.
12 g NaOH was dissolved in a certain amount of secondary
water at room temperature, then the volume was transferred
to a 100 mL volumetric flask after NaOH was completely dis-
solved. The NaOH solution was added to the mixture by a
syringe needle adjusting pH to 13. Then the mixture which
has been adjusted for pH was poured into the reaction tank,
and the microwave hydrothermal reaction was carried out
in the microwave digestion apparatus. The reaction tempera-
ture (T) was 180°C, the reaction time () was 30 min, and the
mixture was cooled to room temperature after the reaction.
The solution is cooled uniformly upside down in a centri-
fuge tube, and centrifuged for three to five times with suction
device filtering cracking, dried for 24 h in a vacuum oven at
60°C. The final powder was wastewater-based NiFe,O, mag-
netic material before calcination. Afterwards, the NiFeO,
powder was calcinated at 950°C for 6 h to prepare the after
calcinations wastewater-based NiFe,O, magnetic material.

2.3. Characterization

The powder X-ray diffraction experiment (XRD, Model
XD-3A, Shimadzu Co., Japan) with Cu-Ko radiation
(A =0.154 nm, 34 kV, 20 mA) at the scanning rate of 8°/min

Table 1
The concentration of Fe*" and Ni* in pickling waste liquor and
electroplating wastewater before and after NiFe,O, preparation

Concentration (mg/L)

Before treatment After treatment

F63+ Ni2+ Fe3+ Ni2+
Pickling waste 54,612 1,955 4 uD
liquor
Electroplating ~ UD 3,629 UD uD

wastewater

Note: UD related to undetected.
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from 26 = 10° to 80° was employed to determine the crystal
forms of the samples. Morphological observations were
conducted using the scanning electronic microscopy (SEM,
Hitachi H-800). The saturation magnetization of the sample
was measured by the vibrating sample magnetometer (VSM,
7407 type, Lakeshore Company, USA). XPS measurements
(Krato Axis ULTRA, Physical Electronics) was used to
explore the variety of Fe and Ni ions before and after
photodegradation reaction.

2.4. Adsorption of MB by wastewater-based NiFe,O,

400 mL MB solution with a concentration of 10-25 mg/L
and NiFe, O, with a concentration of 0.5-2 g/L were added to
1 L glass beaker at the room temperature in the dark, stirring
by the electric machinery of 850 rpm. Then sampled after
half an hour (>2.5 mL), followed by centrifugal separation
(3,000 rpm, 5 min). The sample was removed to the colori-
metric tube and set volume by a 5 mL pipette. Afterwards, the
absorbance of the sample was measured by a WEZ UV-4802H
spectrophotometer using a 10 mm cuvette at the wavelength
of 664 nm and the concentration of MB was calculated.

2.5. Degradation of MB by NiFe,0,/H,0,/visible light system

The influence of initial concentration of MB, pH and the
dosage of NiFe,O, on the degradation of MB was investi-
gated. Based on section 2.4, 1 mL H,0, solution (30%) was
added to above solution with the visible light source, stirring
by the electric machinery of 850 rpm to the end of photo-
degradation. The photodegradation process lasted for 3.5 h,
sampled every half an hour and 1 mL H,0, solution (30%)
was added every an hour, followed by centrifugal separation
(3,000 rpm) for 5 min, then the absorbance of MB was mea-
sured by spectrophotometric method and the concentration
of residual MB at sampling points was calculated.

The blank experiment: MB solution with a concentration
of 20 mg/L was prepared, and the pH was adjusted to 5, then
400 mL MB solution was transferred into a 1 L glass beaker.
Photocatalytic and adsorption reaction was carried out with-
out NiFe,O,.

EDTA-2Na masking controlled experiment: MB solu-
tion with a concentration of 20 mg/L was prepared, and
the pH was adjusted to around 5, then 400 mL MB solution
was transferred into a 1 L glass beaker. 0.4 g NiFe,O, and
0.15 g EDTA-2Na were added to adsorption and photocata-
lytic reaction.

Butanol masking controlled experiment: MB solution
with a concentration of 20 mg/L was prepared, and the pH
was adjusted to around 5, then 400 mL MB solution was
transferred into a 1 L glass beaker. 0.4 g NiFe, O, and 0.03 mL
tert-butyl alcohol were added to adsorption and photocata-
lytic reaction.

2.6. Determination of MB dye concentration

0.25, 0.5, 1, 1.5, 2 and 2.5 mL standard solution of MB
(20 mg/L) were added to 10 mL colorimetric tube by pipettes,
added to 10 mL scale by secondary water. The absorbance of
MB was measured at 664 nm with 1 cm glass cuvette by WFZ
UV-4802H spectrophotometer. The different water samples

were centrifuged, followed by 2.5 mL supernatant of samples
were transferred to 10 mL colorimetric tubes, added to 10 mL
scale by secondary water.

The concentration of MB in samples can be calculated as
follows:

A=kC )

where A was the absorbance of MB in the solution after a cer-
tain period, k was the slope of the standard curve and C was
the concentration of MB (mg/L) in the sample.

2.7. Calculation of degradation rate of MB

The degradation rate of MB can be expressed as:

0

x _(1—CJx1oo% (2
C

where C was the concentration of MB in the solution at a
certain time (mg/L), C,was the initial concentration of MB
(mg/L).

3. Results and discussion
3.1. Characterization of samples

The XRD patterns of wastewater-based NiFe,O, before
calcination was shown in Fig. 1(a). The diffraction peaks at
18.4°, 30.3°, 35.7°, 37.3°, 43.3°, 53.8°, 57.3°, 63.0° and 74.5°
were matching well with the (111), (220), (311), (222), (400),
(422), (511), (440) and (533) crystalline planes of NiFe,O,
respectively. In contrast, NiFe,O, with much stronger dif-
fraction peaks and better crystal structure could be observed
after calcination, as shown in Fig. 1(b).

The morphology of as-synthetic NiFe,O, before and after
calcination were observed by SEM. NiFe,O, appeared bulk-
like in Fig. 2(a), cluster size with diameter approximately
1.5 um can be observed. In comparison, a more homoge-
neous distribution was presented after calcination in Fig. 2(b).
Average cluster size was approximately 0.15 um. Regulated
crystallinity was demonstrated after calcination.

The magnetic hysteresis loops were depicted in Fig. 3. The
prepared wastewater-based NiFe,O, without coercivity and
remanence showed typical superparamagnetism, it exhibited
a typical ferromagnetic behavior at room temperature and
the saturation magnetization was 13.28 emu/g. Providing the
possibility for the recovery of magnetic ferrite.

3.2. Adsorption of MB by wastewater-based NiFe,O,

In order to study the adsorption properties of the waste-
water-based NiFe,O,, the adsorption reaction was set up in
the dark for 0.5 h under different experiment conditions of
pH, NiFe,O, dosage and initial concentration of MB. The
adsorption properties of MB by NiFe,O, characterized in the
dark for 0.5 h were presented in Fig. 4. As can be seen from
the graph, the adsorption rate of MB by NiFe,O, increased
with the decrease of pH and initial concentration of MB,
and the increase of NiFe,O, dosage. However, in general,
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Fig. 1. X-ray diffraction patterns of wastewater-based NiFe,O,
before calcination (a) and after calcination (b).

the maximum adsorption rate of MB is not more than 15%
under different conditions. Therefore, the adsorption perfor-
mance of wastewater-based NiFe,O, is not suitable to be used
as a good adsorbent.

3.3. Degradation of MB by NiFe,O,/H,0O,/visible light system

The comparison of the degradation effect of MB by
H,O,/visible light system and NiFe,O,/H,O,/visible light
system is shown in Fig. 5. After 3.5 h, the degradation rate
of MB by H,O,/visible light system was only 40%, while the
degradation rate of MB by NiFe,O,/H,O,/visible light sys-
tem could reach more than 90%. The main reason is that
H,O,/visible light system can only use a small amount of
-OH produced from H,O, to oxidize MB, however, in the
NiFe,O,/H,O,/visible light system, hole produced from
NiFe,O, under visible light can oxidize H,O, in solution, so
that produce more -OH to oxidize more MB [24]. Therefore,
we can conclude that the presence of NiFe O, can signifi-
cantly improve the degradation effect of MB by NiFe,O,/
H,O,/visible light.

EHT = 10.00 KV

EHT = 10.00 V.

MERLIN compa

Fig. 2. The SEM images of NiFe,O, before calcination (a) and
after calcination (b).
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Fig. 3. Room temperature magnetic hysteresis loops for NiFe,O,.

3.3.1. Degradation of MB under different pH

Degradation effect of MB by NiFe,O, combined with H,O,
and visible light under different pH was shown in Fig. 6. The
opening 0.5 h was dark adsorption experiments, 0.5 h was
the beginning of the photodegradation reaction. The reaction
conditions of photodegradation experiment were as follows:
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Fig. 4. The adsorption properties of MB by NiFe,O, under
different conditions: pH (a), NiFe,O, dosage (b) and initial
concentration of MB (c).

the initial concentration of MB was 20 mg/L, the addition of
30% H,O, was 1 mL/h after the photocatalytic reaction begins,
the dosage of NiFe,O, was 1 g/L and the pH values were 4, 5,
7 and 8, respectively.

The content change of MB with time under different
pH in the NiFe,O,/H,O, /visible light system was shown in
Fig. 6(a), the kinetic equation fitting curve of MB degrada-
tion was shown in Fig. 6(b). Under the different conditions
of pH, all reaction showed a certain degradation effect.
Obviously, the photo-Fenton-like system at pH 4 and 5 had
the MB decomposition efficiency for 95%. When the solution
becomes neutral or alkaline, the degradation rate decreased
significantly. As the pH was 7, degradation rate can only
reach less than 50%.

The degradation of MB conforms to the first-order
kinetic model, where C and C are the concentration of MB at

1.0 - .
—v— N]Fe204+H20z
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0.8 -
0.6
s
Q 0.4 4
0.2
0.0 4
T T T T T T T T T T T T T T T
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Fig. 5. Degradation of MB by NiFe,O,/H,0,/visible light system.
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Fig. 6. (a) Degradation effect of MB. (b) The kinetic equation
fitting curve of MB degradation under different pH conditions
by NiFe,O,/H,O,/visible light system.

time t and time t = 0, respectively, and the degradation rate
constant is k. We can see from Fig. 6(a) that the reaction system
almost simultaneously reached the maximum decomposition
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efficiency when pH = 4 and 5, this is because when the pH
is about 3~5, the main form of ferric ions is [Fe(OH)]*, the
hydroxyl complex has excellent light and energy absorption,
which can not only absorb light to generate more -OH but also
strengthen the reduction of Fe*, thus it can promote the decom-
position of H)O,, which accelerate the reaction rate remarkably.
The reaction equation can be described as follows [24]:

[Fe(OH)]*+ hv — Fe**+-OH 3)
Fe*+ H,O,— Fe**+-OH + OH" 4)
Fe*+ H,0,— [Fe(HO)]*+ H* (5)
[Fe(HO,)]* - Fe**+-HO, (6)

Obviously, both degradation effect and degradation rate
are almost same when pH is 4 and 5. In order to save the
amount of buffer solution, pH of following experiments is
set to 5.

3.3.2. Degradation of MB under different NiFe,O, dosage

Degradation effect of MB by NiFe,O, combined with
H,0, and visible light with different NiFe,O, dosage is shown
in Fig. 7. The opening 0.5 h is dark adsorption experiments,
0.5 h is the beginning of the photodegradation reaction. The
reaction conditions of photodegradation experiment are as
follows: the initial concentration of MB was 20 mg/L, the
reaction pH was approximately 5, the addition of 30% H,O,
was 1 mL/h and the dosage of NiFe O, was 0, 0.5, 1, 1.5 and
2 g/L, respectively.

The content change of MB with time under different
NiFe,O, dosage in the NiFe O,/H,O,/visible light system is
shown in Fig. 7(a), the kinetic equation fitting curve of MB
degradation is shown in Fig. 7(b). Obviously, there is only
H,0, and visible light without NiFe,O, in the reaction solu-
tion, the degradation rate of MB is only about 40%. First, the
Fenton-like system cannot form due to lack of iron ions; sec-
ond, it becomes H,O, /visible light system because of lack of
photocatalyst NiFe,O,. Therefore, it can be seen that H,O,/
visible light system can be inefficient and not applicable.
Comprehensive above chart shows that when adding a small
amount of NiFe O, (0.5 g/L), the degradation rate of MB was
two times more than without NiFe, O,. The degradation rate
of MB increased linearly with the increase of the amount of
NiFe,O,. When the dosage of NiFe,O, was increased t0 2.0 g/L,
the degradation rate of MB reached more than 90% in 0.5 h,
at the end of the reaction reached more than 99% (99.3%), and
the sample completely faded in visible light, achieving decol-
orization and degradation double requirements completely
at low-energy conditions with a small amount of H,O,.

3.3.3. Degradation of MB under different MB initial
concentration

Degradation effect of MB by NiFe,O, combined with
H,O, and visible light with different MB initial concentra-
tion is shown in Fig. 8. The opening 0.5 h is dark adsorption
experiment, 0.5 h is the beginning of the photodegradation

T T T T T T T T T
0.0 0.5 1.0 1.5 20 25 3.0 35
Time/ h

1.50g/L

v 2,001

Time/ h

Fig. 7. (a) Degradation effect of MB. (b) The kinetic equation
fitting curve of MB degradation under different NiFe,O, dosage
conditions by NiFe O,/H,O,/visible light system.

reaction. The reaction conditions of photodegradation exper-
iment are as follows: the amount of NiFe O, is 2.0 g/L, the
reaction pH is approximately 5, the addition of 30% H,O, is
1 mL/h, the dosage of NiFe O, is 1 g/L and the initial concen-
trations of MB are 10, 15, 20 and 25 mg/L.

The degradation rate of MB under different initial con-
centration of MB is given in Fig. 8(a) and the kinetic equation
fitting curve of MB degradation is given in Fig. 8(b), we can
see that the degradation rate of MB decreased linearly with
the increase of the initial concentration of MB. Among them,
when the initial concentration of MB was 10 mg/L, the deg-
radation rate of MB can reach more than 98% after 3 h, but
when the concentration of MB was 25 mg/L, degradation
rate decreased to 89.7% and the reaction rate is reduced by
about 50%, hence light-assisted Fenton-like system appli-
cation in the treatment of high-concentration wastewater
is not advisable, however, which can achieve ideal effect in
the treatment of low-concentration wastewater.

3.4. Degradation mechanism of MB by NiFe,O,/H,0O,/visible
light system

Degradation mechanism of MB by the NiFe,O,/H,O,/
visible light system is shown in Fig. 9. The opening 0.5 h is
dark adsorption experiments, 0.5 h is the beginning of the
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Fig. 8. (a) Degradation effect of MB. (b) The kinetic equation
fitting curve of MB degradation with different MB concentrations
by NiFe,O,/H,O,/visible light system.
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Fig. 9. Degradation effect of MB by NiFe,O, in the control
experiment.

photodegradation reaction. The reaction conditions of photo-
degradation experiment are as follows: initial concentration of
MB is 20 mg/L, the reaction pH is approximately 5, the addi-
tion rate of H,O, (30%) is 1 mL/h. One group was added to
NiFe,O,, the other two groups were added to NiFe,O, (1 g/L)

and appropriate amounts of EDTA-2Na and tert-butyl alcohol.

Obviously, in the EDTA-2Na masking controlled experi-
ment, EDTA-2Na plays a role in capture masking on the hole,
so the number of -OH produced by the reaction between
hole and electron acceptor decrease, namely the effect of the
photocatalyst in photodegradation reaction is shielded to a
certain extent. On the contrary, in the control experiment of
NiFe,0,, hole produced from NiFe,O, under visible light can
produce more -OH to oxidize more MB in solution. In terms of
reaction rate, the EDTA-2Na masking controlled experiment
have remarkable difference with the control experiment of
NiFe,O,, thereby, it indicated that the main function of photo-
degradation process in this system is NiFe O, and Fenton-like
reaction in the NiFe,0,/H,O, /visible light system does not
play a leading role, so we can conclude that cubic spinel type
ferrite is an excellent photocatalyst [25]. This is also reflected
in the results of the inhibition of -OH generation in tert-bu-
tyl alcohol. Moreover, it can also be observed while the deg-
radation rate of MB in tert-butanol system compared with
original system is only 20%, but the reaction rate is reduced
to less than 40%, which shows that there is a problem of low
reaction rate in pure photodegradation. Therefore, it is neces-
sary to establish photo-Fenton-like system.

Fig. 10 shows the XPS spectra of (a) Ni2p and (b)
Fe2p on the NiFe,O, catalyst (1) before the photodegrada-
tion reaction and (2) after the photodegradation reaction.
As shown in Fig. 10(a), the main peak of Ni2p, , at approxi-
mately 855 eV and the Ni2p, , peak at approximately 874 eV
were observed without a slight shift to higher energy after
the visible light photocatalytic degradation reaction
[26,27]. These peaks indicate the unimportant catalytic role
of Ni. The XPS peaks of Fe2p,, and Fe2p,, are shown in
Fig. 10(b). Of the two peaks, Fe2p,, peak is narrower and
stronger than Fe2p, ,. Fe2p, , signals and Fe2p, , signals are
711 eV and 724 eV, respectively. The Fe2p, , peak at approxi-
mately 711 eV and the Fe2p, , peak at approximately 724 eV
appeared significant change after irradiation. This result
suggests noticeable differences in the chemical environ-
ments or states of Fe before and after the photo-Fenton pro-
cess [28,29].

4. Conclusion

In this paper, pickling waste liquor from Shanghai
Second Steel Co., Ltd. and electroplating wastewater
from Shanghai Xin Sheng electroplating factory are used
to fabricate wastewater-based NiFe,O, by microwave
hydrothermal method. The treatment effect of heavy metal
wastewater is analyzed. At the same time, MB is selected as
the target pollutants, the effect of heavy metal wastewater
degradation of the pollutants by the NiFe,O,/H,0O,/visible
light system was investigated, and the effects of pH, NiFe,O,
dosage and initial concentration of MB on the degradation
were investigated by the variable-controlling approach.
Finally, a series of controlled experiments were carried out
to discuss the reaction mechanism of the NiFe,O,/H,0O,/
visible light system.

The main conclusions of this paper are as follows: (1)
Synthesis of magnetic wastewater-based NiFe,O, by micro-
wave hydrothermal method. The removal rate of Fe and Ni
in the pickling waste liquor and electroplating wastewater
reached above 99%, and the heavy metal content reached
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Fig. 10. XPS spectra of (a) Ni2p and (b) Fe2p on the NiFe,O, catalyst (1) before the photodegradation reaction and (2) after the

photodegradation reaction.

the discharge standard; (2) XRD, SEM and VSM were used
to analyze the hydrothermal synthesis of wastewater-based
NiFe,O, as a cubic spinel structure, which showed a typ-
ical superparamagnetic, and the saturation magnetization
of NiFe,O, was 13.28 emu/g; (3) The adsorption capacity
of MB by NiFe,O, was poor, and the maximum adsorption
capacity was only 2.43 mg/g; (4) In terms of NiFe,O,/H,O,/
visible light system, the degradation of MB was in accord
with the first-order kinetic model. The increase of NiFe,O,
dosage, the decrease of pH and the decrease of the initial
concentration of MB could accelerate the degradation of
MB in a certain range; (5) In the NiFe,O,/H,O,/visible light
system, photocatalytic degradation reaction plays a lead-
ing role while photo-Fenton-like reaction plays a support-
ing role which can accelerate the reaction rate significantly.
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