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abstract
In this thesis, the high-iron manganese ore is used to remove the chromium. After the adsorption is
saturated, a certain magnetic field will be introduced, and the high-iron manganese ore will resume
performance by the electrochemical desorption method. This thesis studies the reaction process and
mechanism and investigates the influence rules of coexisting ions and electrochemical control conditions (electrode distance, electrolysis voltage, and desorption time) on the desorption effect. Chloride
ions do not participate in the deposition process, but they affect the formation process of the passivation layer. The sulfate ions participate in the deposition process and affect the formation process of
the passivation layer. The bicarbonate ions, calcium ions, and magnesium ions are involved in the
deposition process and can promote the passivation of the high-iron manganese ore. After the electrochemical desorption, the regeneration time is about 109.53% and 120.96% of the initial use time under
the condition that calcium ions and magnesium ions are mixed with bicarbonate ions at 1 mM/1 mM.
At the same time, the service life of high-iron manganese ore also improves with the increase in electrolysis voltage and the extension of desorption time, and it increases first and then decreases with the
increase in electrode distance. The optimal electrode distance is 9.0 cm, the optimal desorption time is
20 min, and the optimal electrolysis voltage is 100.0 V.
Keywords: High-iron manganese ore; Electrochemistry; Desorption

1. Introduction
The fillers’ passivation that leads to the decline of longterm processing capacity is a key issue which affects the
application of fillers [1,2]. Chen [3] and others have confirmed that the high-iron manganese ore can achieve the
efficient removal of Cr(VI); however, as the reaction progresses, the active sites on the surface of the material are
saturated because of the cover of precipitation [4,5]. The
electron transfer process between Fe(II)/Fe(III) and Cr(VI)/
Cr(III) becomes the rate-limiting step for the reaction, and
the reaction rate constant decreases significantly [6,7]. In
this case, the removal efficiency of Cr(VI) will be seriously
affected, and the water cannot meet the relevant national
standards [8,9]. At present, the control of the passivation
problem is mainly based on two kinds of ideas, one is to
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alleviate the production of mineral deposits, the other is to
make the inactivated filler restore its activity with the treatment [10,11]. But the two ideas can only partially alleviate
the phenomenon of inactivation with high cost and large
workload, which means that the repair operability in situ
is not strong [12]. Therefore, there is a need for a method
with low cost, high efficiency, and easy operation or technique to solve the bottleneck problem that the handling
capacity of high-iron manganese ore filler decreases due to
the deactivation of high-iron manganese ore [1,13–16]. It is
confirmed that the electrochemical method has been widely
used in the actual operation of water treatment [17–20]; for
example, the removal of metal pipe scale uses the electrochemical methods for cleaning [21–23]. In this thesis, a certain electric field is introduced into the desorption process
after the high-iron manganese ore filler is inactivated, and
this thesis proposes the electrochemical desorption method
creatively, which provides a new solution for the bottleneck
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problem of high-iron manganese ore’s popularization and
application [24].
2. Materials and methods
2.1. Materials
The high-iron manganese ore used in this experiment
which comes from Guangxi Guilin is screened by 60 mesh
screens.
Reagents: potassium dichromate, sodium chloride,
sodium sulfate, sodium bicarbonate, calcium chloride, magnesium chloride and so on. All the above reagents are of
analytical grade.
Instruments: graphite electrode, TDL-5 centrifuge; SHZ82 constant temperature oscillator; MAPADA UV-1100
spectrophotometer; Axios advanced X-ray fluorescence spectrometer; S-4800 scanning electron microscope (SEM).
2.2. Methods
2.2.1. Pretreatment of high-iron manganese ore
The experimental results and data show that the pickling pretreatment can increase the effective reaction specific surface area of high-iron manganese ore to a certain
extent.
The high-iron manganese ore should be soaked in
0.5 mol/L hydrochloric acid for 4.0 h, washed with deionized water until neutral, dried at 103°C ± 2°C until constant
weight, and sealed for reserve.
2.2.3. Electrochemical desorption
Use a 500 mL beaker as the reactor for the test, and seal
the upper end with a sealing film. Use 20.0000 ± 0.0001 g pretreatment high-iron manganese ore as a reaction medium
at the bottom, and add 300 mL Cr(VI) standard reaction
solution with mass concentration of 5.0 mg/L. When the
concentration of Cr(VI) remains constant, filtrate and dry
the high-iron manganese ore fillers in the control group and
then place them in the reactor. Readd the newly prepared
Cr(VI) standard reaction solution and repeat the earlier steps
with the same other parameters. Dry the high-iron manganese ore fillers of experimental group at low temperature,

and add 300 mL sodium chloride electrolyte solution whose
molar concentration is 0.1 mol/L, and plug the graphite electrode to carry out the electrochemical desorption operation.
That is, under the conditions of 100.0 V electrolysis voltage
and 9.0 cm electrode distance, carry out the electrolysis for
20 min. When the desorption is completed, filtrate and dry
the high-iron manganese ore fillers in the control group and
then place them in the reactor. Readd the newly prepared
Cr(VI) standard reaction solution and repeat the earlier steps
with the same other parameters.
The first 60 min removal process is the first cycle, and the
second 60 min removal process is the second cycle. Remove
5 mL supernatant at the time of 5, 10, 15, 20, 30, 45, 60 min
during every removal cycle, detect the Cr(VI)’s concentration
in solution by Diphenylcarbazide Spectrophotometry, and
compare the removal rules and results of the second cycle
with the control group. Each test group’s condition has three
parallel samples.
It is worth noting that all electrolytic tests are carried
out based on the results of the first-cycle removal rate of
70.0% ± 0.7%, and the high-iron manganese ore materials that
are not in this range are discarded.
•

Chemical conditions

Species and content of ions added in the Cr(VI) standard
reaction solution are shown in Table 1.
•

Operating conditions

The effects of different electrochemical desorption operating conditions on the experimental results were investigated, namely, introducing the desorption operation under
different electrochemical conditions at the end of the first
cycle. The specific values of the relevant parameters are
shown in Table 2.
3. Results and discussion
3.1. Electrochemical desorption conditions
3.1.1. Chemical conditions
The initial removal rate of group Z0 is 92.80%, and its
service life is about 4,300 min. The initial removal rate of

Table 1
Species and content of ions
Number

Chromium concentration (mg/L)

Explore ions

Control group

Add ingredients

Content

Z0
Z0′
Z1
Z2
Z3
Z4
Z5
Z6
Z7

5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0

/
Cl–
Cl–
SO42–
HCO3–
Ca2+
Mg2+
Ca2+/HCO3–
Mg2+/HCO3–

/
/
Z0
Z0
Z0
Z1
Z1
Z0′
Z0′

/
NaCl
NaCl
Na2SO4
NaHCO3
CaCl2
MgCl2
CaCl2/NaHCO3
MgCl2/NaHCO3

/
2 mM
4 mM
2 mM
2 mM
2 mM
2 mM
1 mM/1 mM
1 mM/1 mM
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group Z0′ is 93.70%, and its service life is about 4,800 min,
as shown in Figs. 1 and 2.

Table 2
Test parameters
Variables to be examined

29

Variable
parameter
values

Other
parameters
values

Electrode distance (cm)

4.7, 5.2, 5.9, 7.1,
9.0, 11.2,13.8

100.0 V, 20 min

Electrolysis voltage (V)

10.0, 15.0, 20.0,
25.0, 50.0, 100.0,
150.0

20 min, 9.0 cm

Desorption time (min)

5, 10, 15, 20, 30,
45, 60

50.0 V, 9.0 cm
100.0 V, 9.0 cm
150.0 V, 9.0 cm

•

Effect of chloride ions

The initial removal rate of group Z1 is 97.32%, and its
service life is about 6,600 min, as shown in Fig. 3.
Compared with the control group, the introduction of
chloride ions makes the system’s initial removal rate and
service life increase a little.
After operating the electrochemical desorption, the initial removal rate of the system recovered to 98.26%, and the
regenerative service life is about 87.12% of the initial service
life, namely about 5,700 min.
•

Effect of sulfate ions

The initial removal rate of group Z2 is 95.41%, and its
service life is about 6,400 min, as shown in Fig. 4.

Fig. 1. The removal rate curve of group Z0.
Fig. 3. Double cycle removal rate curve of group Z1.

Fig. 2. The removal rate curve of group Z0′.

Fig. 4. Double cycle removal rate curve of group Z2.

Z. Xie et al. / Desalination and Water Treatment 123 (2018) 27–34

30

Compared with the control group, the introduction
of sulfate ions makes the system’s initial removal rate and
service life increase a little.
After operating the electrochemical desorption, the initial removal rate of the system recovered to 92.95%, and the
regenerative service life is about 86.40% of the initial service
life, namely about 5,500 min.
•

Effect of bicarbonate ions

The initial removal rate of group Z3 is 96.24%, and its
service life is about 3,700 min, as shown in Fig. 5.
Compared with the control group, the introduction of
bicarbonate ions makes the system’s initial removal rate
increase a little. However, it makes the service life decrease
a little.
After operating the electrochemical desorption, the initial removal rate of the system recovered to 93.76%, and the
regenerative service life is about 69.03% of the initial service
life, namely about 2,500 min.
•

Fig. 6. Double cycle removal rate curve of group Z4.

Effect of calcium ions

The initial removal rate of group Z4 is 97.30%, and its
service life is about 2,800 min, as shown in Fig. 6.
Compared with the control group, the introduction of
calcium ions makes the system’s initial removal rate increase
a little. However, it makes the service life decrease a lot.
After operating the electrochemical desorption, the initial removal rate of the system recovered to 98.62%, and the
regenerative service life is about 57.33% of the initial service
life, namely about 1,600 min.
•

Effect of magnesium ions

The initial removal rate of group Z5 is 98.02%, and its service life is about 1,600 min, as shown in Fig. 7.
Compared with the control group, the introduction of
magnesium ions makes the system’s initial removal rate and

Fig. 7. Double cycle removal rate curve of group Z5.

service life increase a little. However, it makes the service life
decrease a lot.
After operating the electrochemical desorption, the initial removal rate of the system recovered to 99.43%, and the
regenerative service life is about 112.77% of the initial service
life, namely about 1,900 min.
•

Fig. 5. Double cycle removal rate curve of group Z3.

Effect of calcium ions and bicarbonate ions mixture

The initial removal rate of group Z6 is 97.00%, and its service life is about 2,500 min, as shown in Fig. 8.
Compared with the control group, the introduction of
calcium ions and bicarbonate ions does not change the system’s initial removal rate. However, it makes the service life
decrease a little.
After operating the electrochemical desorption, the initial removal rate of the system recovered to 99.52%, and the
regenerative service life is about 109.53% of the initial service
life, namely about 2,800 min.
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Fig. 8. Double cycle removal rate curve of group Z6.

Fig. 10. Effect of electrode distance.

•

increasing electrode distance. The optimal electrode distance is 9.0 cm.

Effect of magnesium ions and bicarbonate ions mixture

The initial removal rate of group Z7 is 98.80%, and its service life is about 1,900 min, as shown in Fig. 9.
Compared with the control group, the introduction of
magnesium ions and bicarbonate ions makes the system’s
initial removal rate and service life increase a little. However,
it makes the service life decrease a lot. The serve life of this
group is the shortest in the whole groups.
After operating the electrochemical desorption, the initial removal rate of the system recovered to 98.80%, and the
regenerative service life is about 120.96% of the initial service
life, namely about 2,500 min.
3.3.2. Operating conditions
•

Electrode distance

The research result of electrode distance’s influence on
desorption effect is shown in Fig. 10.
It can be seen that the effect of electrochemical des
orption increases gradually and then weakens with the

Fig. 9. Double cycle removal rate curve of group Z7.

•

Electrolysis voltage

The research result of electrolysis voltage’s influence on
desorption effect is shown in Fig. 11.
At the electrolysis voltage of 10.0 and 15.0 V, the removal
efficiency of the second cycle is not significantly different,
and the removal rates are 49.34% and 50.44%, respectively.
In the range of 20.0–100.0 V electrolysis voltage, the removal
rate increases with the increase in electrolysis voltage.
However, with the further increase in electrolysis voltage,
the removal rate of Cr(VI) decreases gradually at the end of
the second cycle.
At the electrolysis voltage of 150.0 V, the removal rate
is 82.08% at the end of the second cycle. In the electrolyte, Cr(VI) does not reduce, and no iron ions are detected.
Therefore, the reason that the decrease in the removal rate
after the high-voltage desorption operation may be that the

Fig. 11. Effect of electrolysis voltage.
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dissolution of iron ions increases with the increase in electrolysis voltage, and the new precipitation generation reaction
is converted into the dominance process of electrochemical
desorption operation. In addition, long over-electrolysis will
make high-iron manganese ore filler decrease rapidly, which
is not conducive to the stable and sustainable operation of
high-iron manganese ore filler.
•

Desorption time

Desorption time is an important factor that affects the
desorption effect. The experimental results show that the
activity of high-iron manganese ore recovers effectively with
the operation, and the removal rate of Cr(VI) is higher than
that of the control group at the end of the second cycle.
Under the condition of 50.0 V electrolysis voltage, when
the desorption time reaches 15 min, the removal rate of Cr(VI)
is 64.21% at the end of the second cycle, and the removal
rate of Cr(VI) increases with the prolongation of time after
the desorption operation. When the desorption time reaches
45 min, the removal rate of the system reaches the highest
value, 93.82%. However, when the electrolysis time is further extended to 60 min, the removal rate of Cr(VI) begins to
decrease to 72.70%, as shown in Fig. 12(a).
When the electrolysis voltage is at 100.0 and 150.0 V,
the same change rule appears. At the electrolysis voltage of
100.0 V, the optimal electrolysis time is 20 min, as shown in
Fig. 12(b). At the electrolysis voltage of 150.0 V, the optimal
electrolysis time is 10 min, as shown in Fig. 12(c).

(a)

3.2. Characterization analysis
3.2.1. X-ray fluorescence analysis
The ferrous ions and iron ions solution mentioned in
this study are obtained by soaking natural high-iron manganese ore with acid, and the composition of natural high-iron
manganese ore is complicated. Natural high-iron manganese
ore contains Mn, Fe, Si, Al, Ca, Mg, Zn, and other elements,
which is detected in the previous experiment by X-ray fluorescence (XRF) analysis technique. Therefore, the soaking
solution with acid contains not only ferrous ions, iron ions,
but also a variety of other elements. The analysis results are
shown in Table 3.
In Table 3, the content of the various elements is represented by their oxide forms, but the element does not necessarily present in the form of an oxide in natural high-iron
manganese ore. For example, iron is represented by Fe2O3,
but iron in the natural high-iron manganese ore may exist in
the form of other kind of oxide or hydroxide; loss on ignition
refers to the percentage of weight lost by burning the sample
at 1,000°C–1,100°C, usually including moisture and carbon
dioxide.
It can be seen in Table 3 that in natural high-iron manganese ore, in addition to iron and manganese oxide, only
Al oxide content is more than 1%, while the content of the
remaining elements is very small which can be ignored.
Characterization results show that natural high-iron
manganese ore contains a lot of Fe element. When the highiron manganese ore filler is inactivated, the electric field with
a certain intensity is introduced. Then, the direction at which
the electronic flow in the high-iron manganese ore filler is the


(b)

(c)

.

Fig. 12. Effect of desorption time. (a) Effect of desorption time
under the condition of 50.0 V. (b) Effect of desorption time under
the condition of 100.0 V. (c) Effect of desorption time under the
condition of 150.0 V.
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Table 3
Mass fraction of each element’s oxides in natural high-iron
manganese ore
Composition

Mass fraction (%)

Na2O
Al2O3
SiO2
P 2O 5
SO3
CaO
MnO
Fe2O3
ZnO
Loss on ignition

0.42
1.14
0.10
0.16
0.89
0.29
15.36
76.13
0.04
5.47

cathode, and the direction at which the electronic flow out the
filler is the anode. The anode side dissolves a large amount
of ferrous ions, which can react to remove the precipitation
layer. The cathode side generates a lot of hydrogen, and the
bubbles escape from the surface of the material, which peels
off the sediment layer at the same time.
In the process of power, the acidity and alkalinity near
the poles can also be changed through the inverted pole from
time to time, destroying the precipitation conditions, decompose the precipitation layer.

Fig. 14. SEM micrograph after desorption.

water particles at the aspects of adsorption, bridging and
network capture. At the same time, the chromium in the
water is easily absorbed in their voids, reducing pollution,
which further explains that the electrochemical technology
is an effective method to make the high-iron manganese ore
filler restore activity and operate stably and sustainably.
4. Conclusions

3.2.2. SEM analysis
Figs. 13 and 14 show the true structure and pattern photograph of the natural high-iron manganese ore before and
after its adsorption of Cr(VI) under SEM. The magnification
is 500 times.
The results show that there is little gap between the solid
spherical particles before desorption, and a large amount of
chromium particles are adsorbed on the surface.
Solid spherical particles arrange loosely with good
uniformity before desorption, so they have good effects on

•

•

•

After the inactivation and deactivation of the high-iron
manganese ore, the introduction of successive electrochemical desorption operations based on different electrolysis time makes the initial removal rate of the system
restore and reuse effectively.
Chloride ions do not participate in the deposition process, but they affect the formation process of the passivation layer. The sulfate ions participate in the deposition process and affect the formation process of the
passivation layer. The bicarbonate ions, calcium ions,
and magnesium ions are involved in the deposition process and can promote the passivation of the high-iron
manganese ore. After the electrochemical desorption,
the regeneration time is about 109.53% and 120.96% of
the initial use time under the condition that calcium ions
and magnesium ions are mixed with bicarbonate ions at
1 mM/1 mM.
The influence mechanism of electrochemical control conditions and the experimental results show that Cr(VI)
removal rate of high-iron manganese ore improves with
the increase in electrolysis voltage and the extension of
desorption time, and it increases first and then decreases
with the increase in electrode distance. The optimal electrode distance is 9.0 cm, the optimal desorption time is
20 min, and the optimal electrolysis voltage is 100.0 V.

Acknowledgment

Fig. 13. SEM micrograph before desorption.

Thanks for the financial aid by the National Undergraduate
Training Program (20161049708010) for Innovation and
Entrepreneurship of Wuhan University of Technology.

Z. Xie et al. / Desalination and Water Treatment 123 (2018) 27–34

34
References
[1]

[2]

[3]
[4]
[5]
[6]
[7]
[8]
[9]

[10]
[11]

[12]
[13]

M. Balasubramanian, C.A. Melendres, An X-ray absorption
near-edge spectroscopy study of the oxidation state of
chromium in electrodeposited oxide films, Electrochim. Acta,
44 (1999) 2941–2945.
D.W. Blowes, C.J. Ptacek, J.L. Jambor, In-situ remediation of
Cr(VI)-contaminated groundwater using permeable reactive
walls: laboratory studies, Environ. Sci. Technol., 31 (1997)
3348–3357.
D. Chen, Z. Liao, Experimental study on cleaning of metal
surface attachment by electrochemical method, Surf. Technol.,
36 (2007) 16–17.
N. Hashemi, Recognizing the potential of sustainable use of
pasture resources in south Khorasan province with approach of
carrying capacity, Environ. Ecosyst. Sci., 1 (2017) 9–12.
W.C. He, H.B. Shao, Q.Q. Chen, J. Wang, J. Zhang, Polarization
characteristic of iron anode in concentrated Na OH solution,
Acta Phys. Chim. Sin., 23 (2007) 1525–1530.
L. Chen, X. Deng, Z. Liao, Study on the mechanism and
laboratory of a new metal surface cleaning method, Surf.
Technol., 4 (2008) 114–115.
M. Foroozanfar, Environmental control in petroleum operations,
J. CleanWAS, 1 (2017) 18–22.
Z.L. Liu, China’s strategy for the development of renewable
energies, Energy Sources Part B, 12 (2017) 971–975.
M. Li, C.P. Feng, Z.Y. Zhang, N. Sugiura, Efficient
electrochemical reduction of nitrate to nitrogen using Ti/IrO2–
Pt anode and different cathodes, Electrochim. Acta, 54 (2009)
4600–4606.
T.W. Swaddle, P. Oltmann, Kinetics of magnetite-maghemitehematite transformation, with special reference to hydrothermal
systems, Can. J. Chem., 58 (1980) 1763–1772.
R.T. Wilkin, C.M. Su, R.G. Ford, C.J. Paul, Chromium-removal
processes during groundwater remediation by a zerovalent
iron permeable reactive barrier, Environ. Sci. Technol., 39 (2005)
4599–4605.
G.H. Chen, Electrochemical technologies in wastewater
treatment, Sep. Purif. Technol., 38 (2004) 11–41.
P.D. Mackenzie, D.P. Horney, T.M. Sivavec, Mineral precipi
tation and porosity losses in granular iron columns, J. Hazard.
Mater., 68 (1999) 1–17.

[14] N. Melitas, O. Chuffe-Moscoso, J. Farrell, Kinetics of soluble
chromium removal from contaminated water by zerovalent
iron media: corrosion inhibition and passive oxide effects,
Environ. Sci. Technol., 35 (2001) 3948–3953.
[15] Z.B. Niu, Y. Wang, X.J. Zhang, W.J. He, H.D. Han, P.J. Yin, Study
on influencing factors of iron release in water supply network,
Environ. Sci., 28 (2007) 2270–2274.
[16] S.M. Ponder, J.G. Darab, J. Bucher, Surface chemistry and
electrochemistry of supported zerovalent iron nanoparticles in
the remediation of aqueous metal contaminants, Chem. Mater.,
13 (2001) 479–486.
[17] J.H. Qu, X. Zhao, Design of BDD-TiO2 hybrid electrode with
P–N function for photoelectrocatalytic degradation of organic
contaminants, Environ. Sci. Technol., 42 (2008) 4934–4939.
[18] A. Radan, M. Latifi, M. Moshtaghie, M. Omidi, Determining
the sensitive conservative site in Kolah Ghazi National Park,
Iran, in order to management wildlife by using GIS software,
Environ. Ecosyst. Sci., 1 (2017) 13–15.
[19] R. Radmanfar, M. Rezayi, S. Salajegheh, V.A. Bafrani,
Determination the most important of hse climate assessment
indicators case study: HSE climate assessment of combined
cycle power plant staffs, J. CleanWAS., 1 (2017) 23–26.
[20] M.I. Sarkar, M.N. Islam, A. Jahan, A. Islam, J.C. Biswas, Rice
straw as a source of potassium for wetland rice cultivation,
Geol. Ecol. Landscapes, 1 (2017) 184–189.
[21] H. Xiao, M. Wang, S. Sheng, Spatial evolution of URNCL and
response of ecological security: a case study on Foshan City,
Geol. Ecol. Landscapes, 1 (2017) 190–196.
[22] H. Fu, X. Liu, Research on the phenomenon of Chinese
residents’ spiritual contagion for the reuse of recycled water
based on SC-IAT, Water, 9 (2017) 846.
[23] G.H. Zhao, Y.G. Zhang, Y.Z. Lei, B.Y. Lv, J.X. Gao, Y.N. Zhang,
D.M. Li, Fabrication and electrochemical treatment application
of a novel lead dioxide anode with superhydrophohic surfaces,
high oxygen evolution potential, and oxidation capability,
Environ. Sci. Technol., 44 (2010) 1754–1759.
[24] K.C.K. Lai, I.M.C. Lo, Removal of chromium (VI) by acid-washed
zero-valent iron under various groundwater geochemistry
conditions, Environ. Sci. Technol., 42 (2008) 1238–1244.

