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ABSTRACT

In the context of “carbon peaking” and “carbon neutralization”, Fe,0,-SAC magnetic carbon, a mod-
ified material prepared from fouling peat, was used to enhance the effectiveness of polyvinylidene
fluoride (PVDF) membranes in treating dye wastewater. Three dyestuffs, methyl violet, malachite
green and Congo red, were tested in terms of water flux, retention rate and pollution resistance to
investigate the effect of the modified membranes on the treatment of dyestuffs. The optimal perfor-
mance of the modified membranes was investigated by varying the ion concentration, initial con-
centration, and pH value. A group of modified membranes (TiOz/Fe3O4-SAC/PVP/PVDF) was made
by adding 1.5 wt.% of TiO, to the casting solution and then adding different ratios of SAC-Fe,O,
to test the effect. The results showed that when the TiO, content was 1.5 wt.% and FeBOA/SAC con-
tent was 0.2 wt.%, the membranes had the best overall performance and could retain 71.24% of
methyl violet, 75.62% of malachite green and 65.72% of Congo red, with fluxes of 827.35, 769.45
and 729.53 L/(m*h), respectively), and the average Fe,O,/SAC preparation using 1 kg of munic-
ipal sludge can reduce 1.94 kg of CO, emission, while using the modified membrane can reduce
approximately 0.80~1.49 kg of CO, emission per 1 ton of dye wastewater treated.

Keywords: Ultrafiltration; Membrane; Carbon neutral; Magnetic carbon; Dye wastewater; Titanium

dioxide

1. Introduction

The scientific and technological innovation in the fields of
“carbon peaking” and “carbon neutral” involves all aspects,
and in this context, wastewater treatment and resource uti-
lization will also move towards the direction of “green and
low carbonization”. In this context, the development of mem-
brane wastewater treatment technology has brought seri-
ous challenges and important opportunities for technology
renewal and iteration [1]. In nature, peatland is an important
place for atmospheric-terrestrial material exchange, energy
exchange, especially carbon exchange, and its strong pri-
mary productivity fixes atmospheric carbon into soil in the
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form of photosynthesis [2], while the heterotrophic respira-
tion of plants and microorganisms continuously converts
greenhouse gas emissions into the atmosphere [3]. In the
field of wastewater treatment, dewatered sludge also con-
tains a large amount of organic carbon, which, if left directly
in nature without treatment, is converted to the greenhouse
gas carbon dioxide by biodegradation in nature and released
into the atmosphere. If the sludge is modified by chemical
co-sedimentation and converted into Fe,O,/SAC magnetic
carbon that can be used to improve the water treatment per-
formance of polyvinylidene fluoride (PVDF) membranes
through the pore-forming effect of peat volatilization and
analysis during the preparation process [4], it can not only
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fix the organic carbon in the sludge and reduce the emis-
sion of greenhouse gases, but also be used to improve the
effective treatment of organic dyes in the modified mem-
brane and further reduce carbon emissions. This will help to
achieve China’s goal of peaking CO, emissions by 2030 and
achieving carbon neutrality by 2060.

Dye wastewater is a type of industrial wastewater that
is difficult to treat because of its high organic content, poor
biochemical properties, and high variability in water qual-
ity [5-7]. Traditional methods of dye wastewater treatment
include: physical, chemical, and biochemical methods to
treat [8]. The effect of biodegradation or physical absorp-
tion methods is not ideal [9], and other technical methods
for traditional wastewater treatment are physical, chemical
(electrochemical, photochemical and photocatalytic oxida-
tion, Fenton and Fenton-like oxidation, ozone oxidation),
and biological (anaerobic, aerobic, and combined anaero-
bic—aerobic methods) [10]. Membrane separation technol-
ogy has the advantages of effective treatment of various
organic substances, high water quality of produced water,
and simple operation [11]. The experiments used three typ-
ical dyes, alkaline cationic methyl violet, malachite green,
and anionic ion Congo red, to explore the effect of modified
membranes on the treatment of dyes through three tests on
water flux, retention rate, and anti-pollution properties.

2. Materials and methods
2.1. Materials and equipment
2.1.1. Main experimental materials

PVDF, analytical purity, Shanghai Sanfu New Materials
Co., Ltd., (Shanghai, China); polyvinylpyrrolidone K30
(PVP), analytical purity, Tianjin Chemical Reagent Co., Ltd.;
concentrated hydrochloric acid (HCI), analytical purity,
Chengdu Kelong Chemical Reagent Factory (China); dimeth-
ylacetamide (DMAc), powdered activated carbon (PAC) 300
700 nm, sodium hydroxide (NaOH), 95% ethanol, methyl
violet, malachite green, Congo red, analytical purity, Tianjin
Comio Chemical Reagent Co., (Tianjin, China) self-made.

2.1.2. Main experimental equipment

Electronic Balance, FA-2004, Mettler-Toledo Instruments
(Shanghai) Co., Ltd; Thermostatic Heating Magnetic Stirrer,
DF-101S, Gongyi Yuhua Instruments Co., Ltd; Thermostatic
Shaker, SHY-100, Changsha Xiang Yi Centrifuge Instruments

Table 1

Co., Ltd; Blast Dryer, DZF-620, Shanghai Yao’s Instrument
and Equipment Factory; UV Spectrophotometer, UV757CRT,
Ltd. Shanghai Precision Scientific Instruments Co., Ltd;
Flat membrane Small Timer, FiowMem0021-HP, Xiamen
Fumei Technology Co., Ltd; field-emission scanning electron
microscopy, Hiitachi-s-470, Hitachi, Japan.

2.2. Preparation of Fe,O,/SAC

In this study, Fe,O,/SAC magnetic carbon was prepared
by chemical co-precipitation method [12-15]. Dissolve
NiSO,-6H,0O and FeCl,:6H,O in ultrapure water in a molar
ratio of 1:2, and stir magnetically for 10 min to make the
mixture homogeneous, and the resulting solution is
recorded as A. A certain proportion of peat was added to
solution A. The main metal element contained in peat is Fe
[16], and the sludge activated carbon (SAC) was shaken for
10 min to mix well with solution A. In addition, a certain
amount of NaOH was dissolved in ultrapure water and
recorded as solution B. Solution B was added to A drop by
drop with a rubber-tipped dropper under the condition of
magnetic stirring, stirred for 20 min, reacted at a suitable
temperature for a certain time, cooled, filtered, washed and
dried at 105°C for 4 h, and Fe3O4/SAC was obtained.

2.3. Preparation of TiO,/Fe,O,-SAC magnetic mass carbon/PVP/
PVDF membrane

Take 200 mL DMAc and add it into 250 mL conical
flask. And weighed 18.0 wt.% PVDF powder, 5.0 wt.% PVP,
1.5 wt.% TiO, and 0.2 wt.% SAC-Fe,O, mixed and dissolved
in DMACc, respectively, and sonicated for 30 min to make
them fully dissolved. Then put the rotor into the oil bath at
80°C for 1 h, adjust the temperature to 60°C and continue
stirring for 12 h to get the homogeneous PVDF solution.
Then put it into the oven at 60°C for 12 h to get the stable
cast membrane solution. The cast membrane solution was
evenly scraped on a glass plate with a 200 u membrane
maker, waited in air for 30 s, and then quickly immersed
in deionized water for phase conversion. After membrane
formation, the membranes were placed in fresh deionized
water and the water was changed every 8 h interval and kept
for 7 d continuously and then stored for use. Studies have
shown that the PVDF membranes prepared with different
concentration ratios have different structures [17], and the
experimental ratios of TiO,/SAC-Fe,O,/PVP/PVDF ultrafil-
tration membranes used in this study are shown in Table 1.

Experimental ratios of TiOZ/SAC-FeSO4/PVP/PVDF ultrafiltration membrane

Number Polymers Dispersants Additives Solvent Gel bath

MO PVDF (18%) PVP (5%) TiO,/SAC-Fe 0O, (0%/0%) DMAc Pure water
D1 PVDF (18%) PVP (5%) TiO,/SAC-Fe 0, (1.5%/0.05%) DMAc Pure water
D2 PVDF (18%) PVP (5%) TiO,/SAC-Fe,O, (1.5%/0.10%) DMAc Pure water
D3 PVDF (18%) PVP (5%) TiO,/SAC-Fe,O, (1.5%/0.15%) DMAc Pure water
D, PVDF (18%) PVP (5%) TiO,/SAC-Fe,O, (1.5%/0.20%) DMACc Pure water
D5 PVDF (18%) PVP (5%) TiO,/SAC-Fe,O, (1.5%/0.25%) DMACc Pure water
D6 PVDF (18%) PVP (5%) TiO,/SAC-Fe,O, (1.5%/0.30%) DMAc Pure water
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2.4. Test method

Prepare several solutions of methyl violet, malachite
green and Congo red dyes at 10 mg/L, install the membranes
for testing the retention rate in the testing machine, measure
the retention rate of the membranes with 10 mg/L of methyl
violet solution instead of pure water, run at 0.2 Mpa pres-
sure, collect the solutions at 10, 20, and 30 min, take 1 mL
with the cuvette, respectively, at the wavelength of 552 nm
The absorbance was tested, and then calculated using the
following formula, three membranes were taken for each
ratio, and each membrane was tested three times, after
which the average value was taken and the retention rate
was calculated according to the formula.

)

m

\/(2.9—1.758)X81‘|ZQ
r =
ex Ax AP

where r, is the average pore size of the membrane (nm); ¢
is the porosity (%); n is the viscosity of water at room tem-
perature (8.9 x 10™* Pas); [ is the thickness of the membrane
(m); Q is the volume of filtered water per unit time (m?s);
A is the effective filtration area of the membrane (m?); AP is
the operating pressure (MPa). Afterwards, the methyl vio-
let dye was replaced with malachite green and Congo red
dyes, and the absorbance was adjusted to test the retention
of methylene blue and Congo red, respectively. Experiments
were conducted with different ratios of membranes sep-
arately, and the membrane ratio with the best treatment
effect was obtained.

2.5. Test principle

Since the polymer (PVDEF), the solvent and the modifier
are not mutually soluble at room temperature, the compo-
nents are dissolved by heating and stirring. When the cast
membrane liquid system meets the Gibbs free energy less
than 0 (AG, < 0), entropy change (AS) to temperature (T) of
the second-order partial derivative less than or equal to 0
and other thermodynamic phase fusion conditions, the cast
membrane liquid system has thermodynamic stability, the
components are uniformly distributed.

Subsequent preparation was performed using the immer-
sion precipitation phase transformation method. When
the thermodynamically stable cast membrane liquid sys-
tem is immersed in the gel bath, the mutual diffusion and
exchange between the solvent and non-solvent are used to
make the solvent and non-solvent diffuse each other at the
cast membrane liquid/gel bath interface. When the exchange
between solvent and non-solvent reaches a certain level,
the cast membrane solution becomes a thermodynamically
unstable system and phase separation occurs [18].

3. Results and discussion

3.1. Water flux retention rate test of composite membrane on
printing and dyeing wastewater

From Figs. 1-3 it can be seen that when the TiO,/SAC-
Fe,O, content is 1.5%/0.2%, the membrane has the best
test results, with 71.24% retention of methyl violet and
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827.35 L/(m*h) flux; 75.62% retention of malachite green and
769.45 L/(m*h) flux; 65.72% retention of Congo red and the
flux was 729.53 L/(m*h). This is due to: (1) the formation of
a strong hydrogen bond between SAC-Fe,O, and dye mol-
ecules, which enhances hydrophilicity and thus improves
the water flux through the membrane. The hydrophilic func-
tional groups form a hydration layer on the membrane sur-
face, allowing only water molecules to enter, thus enhancing
the retention rate of the membrane; (2) the aggregation of
dye molecules forms a concentration polarization phenom-
enon on one side of the membrane [19], which prevents
dye molecules from passing through the membrane pores;
(3) SAC-Fe,O, has an adsorption effect on dye molecules,
and when the content of SAC-Fe O, is too high, it forms an
agglomeration on the membrane surface, causing the dye
decrease in flux.

3.2. Analysis of the anti-pollution properties of modified
membranes

3.2.1. Flux recovery rate

As shown in Figs. 4-6, the best flux recovery was
obtained for the modified membranes in group D,, with a
flux recovery rate (FRR) of 62.12% for methyl violet, which
was 12.88% higher than that of the pure membrane, and
65.56% for malachite green, which was 19.16% higher than
that of the pure membrane. The FRR for Congo red was
83.25%, which was 26.54% higher than that of pure mem-
brane. This is because the pure PVDF membrane surface
pores are dense and the membrane pore size is small, and
the pollutants gather in the membrane pore size after passing
through the dye wastewater, which leads to the reduction of
membrane flux recovery rate. The composite particle TiO,/
SAC-Fe,O, can change the membrane pore size, so that the
membrane pore distribution is uniform and the pore size
becomes larger to improve the membrane water flux. TiO,/
SAC-Fe,O, composite additive contains a large number of
hydrophilic functional groups, and it is known that hydro-
philic functional groups can improve the resistance of the
membrane to contamination after a study [20].
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Fig. 4. Flux recovery rate of membrane (methyl violet).

3.2.2. Flux decay rate

Figs. 7-9 show that when TiO,/SAC-Fe O, is used as an
additive, it can significantly improve the membrane’s resis-
tance to contamination. The modified membranes of group
D, had the best anti-pollution performance, and the revers-
ible contamination rate (R)) for methyl violet was 54.32%
(30.3% for pure membrane) and the irreversible contami-
nation ratio (R,) was 37.65% (69.42% for pure membrane);
the reversible contamination rate for malachite green was
57.85% (41.27% for pure membrane) and the irreversible
contamination ratio was 35.23% (59.21% for pure mem-
brane); the reversible contamination rate for the revers-
ible contamination rate of Congo red was 53.45% (37.42%
for pure membrane), and the irreversible contamination
ratio was 43.21% (63.35% for pure membrane). The reason
is that when the additive content is too high, it will lead
to a lower mass transfer rate between solvent and non-sol-
vent and pore blockage, thus reducing the membrane’s
resistance to contamination. The best effect on dye solution
treatment is achieved when the TiO,/SAC-Fe,O, content
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is 1.5%/0.2%, so the following tests will be performed
with the D, group modified membranes.

3.3. Effect of different conditions on membrane retention
performance

3.3.1. Effect of different initial concentrations on the retention
performance of dyes

Figs. 10-12 show that the retention performance of the
modified membranes for the cationic dyes methyl violet and
malachite green tends to decrease with increasing concen-
tration; the retention of the anionic dye Congo red solution
increases. The best retention of methyl violet and malachite
green dyes at a concentration of 10 mg/L was 68.45% and
62.34%, respectively, an increase of 20.93% and 19.08% over
the pure membrane (47.52% and 43.26%); the best reten-
tion of Congo red dyes at a concentration of 40 mg/L was
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Fig. 10. Effect of initial concentration (methyl violet).
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79.21% (62.43% for the pure membrane). This is because cat-
ionic dyes generate positively charged colored particles in
solution that are more easily adsorbed on the surface of the
membrane. With the increase of the initial concentration of
dye molecules, the contamination of the membrane surface
is accelerated, causing the blockage of the membrane pores
and leading to a decrease in the retention rate. It also tends
to form a concentration difference phenomenon on one side
of the membrane [21]. The anionic dyes have the effect of
active agents, so the retention of Congo red dye is improved
with increasing concentration. The composite modifier TiO,/
SAC-Fe,O, contains a large number of hydrophilic func-
tional groups and easily forms a gel layer through which
only water can pass, thus enhancing the water flux of the
modified membrane [22].

3.3.2. Effect of different pH values on dye retention
performance

Figs. 13-15 show that the retention performance of
the modified membranes for the cationic dyes methyl
violet and malachite green showed a decreasing trend
with increasing PH; the retention of the anion Congo red
showed an increasing trend. The best retention of methyl
violet and malachite green dyes at pH =4 was 73.21% and
65.93%, respectively, which were 16.84% and 22.78% higher
than that of the pure membrane (56.37% and 43.15%); the
best retention of Congo red dyes at pH = 10 was 72.1%,
which was 31.09% higher than that of the pure mem-
brane (41.01%) 31.09%. Mainly because the pH value can
change the catalyst particles on the membrane surface and
the nature of the membrane surface, when pH < 6.3, TiO,
particles on the membrane surface are positively charged,
which reduces the adsorption of cationic dyes on the mem-
brane surface, and the charge groups will lead to a looser
membrane surface due to electrostatic repulsion, lower
resistance and lower retention rate. When pH > 6.3, TiO,
particles on the membrane surface are negatively charged,
which promotes the adsorption of cationic dyes on the
membrane surface and increases the resistance of the
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membrane, and the membrane surface is prone to agglom-
eration of particles, thus blocking the membrane pores and
reducing the retention rate. The anionic dye Congo red is
negatively charged and is more easily repelled by the neg-
atively charged TiO, particles on the membrane surface,
so that the dye molecules cannot come into contact with
the membrane surface and do not easily pass through the
membrane, thus making the retention rate increase.

3.3.3. Effect of different ion concentrations on the retention
performance of dyes

Existing studies have shown that inorganic salt ions can
have an effect on membrane performance [23]. The inor-
ganic salt used in this study was NaCl at concentrations of
0, 0.3, 0.6, and 0.9 mol/L. Figs. 16-18 show that the retention
rate generally tended to increase as the ion concentration
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increased. The modified membranes showed the best reten-
tion of methyl violet, malachite green and Congo red dyes
at ion concentrations of 0.9 mol/L, with retention rates
of 79.66%, 73.01% and 69.41%, respectively, which were
16.49%, 21.76% and 19.65% higher than those of pure mem-
branes (63.17%, 51.25% and 49.76%). Therefore, compared
to pure membranes, when the ion concentration increases,
the retention of the three dyes by the membrane increases
and the flux decreases. This is due to the fact that the con-
centration of NaCl in the solution is many times higher than
that of the dyes, and the large amount of Na* introduced
into the solution will reduce the number of water molecules
around the otherwise attracted polar or charged groups of
the dyes, resulting in a weakened hydrophilicity of the dyes
and a decrease in water flux. With the increase of inorganic
salt ions, the retention rate increases due to the large num-
ber of ions accumulated on the membrane surface and in
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the membrane pores. Also due to the increase of ions in the
membrane pores, an electroviscosity effect is formed, which
increases the viscosity of the solution and the resistance of
the dye solution through the membrane increases and the
retention rate rises [24]. When NaCl causes an increase
in hydrophobicity of the dye to a greater extent than its
reduction of the electrostatic gravitational force between
the SAC-Fe,O, surface and the dye, the rate of cationic dye
adsorption by SAC-Fe,O, increases due to the increase in
ion concentration [25].

3.4. Evaluation of membrane anti-pollution performance

The flux recovery of the contaminated membranes was
performed by physical and chemical cleaning [26]. Figs. 2-19
show that the flux recovery rate of the membranes after
contamination with all three dyes began to decrease with
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increasing initial concentrations. This is due to the fact that
when the dye molecule concentration increases, it destroys
the gel layer formed by the hydrophilic groups in TiO, and
SAC-Fe,O,, which makes the membrane pores blocked and
the flux recovery rate decreases. Therefore, the anti-pollu-
tion performance was optimal when the dye concentration
was 10 mg/L, at which time the membrane flux recovery
rates after contamination by methyl violet, malachite green
and Congo red were 86.52%, 84.31% and 73.26%, respec-
tively. Figs. 2-20 show that the flux recovery rate of the
modified membranes contaminated by methyl violet and
malachite green showed a decreasing trend when the pH
value increased, and the flux recovery rate of the two con-
taminated membranes was optimal at pH = 4, 79.31% and
71.23%, respectively; the flux recovery rate of the membrane
contaminated by Congo red showed an increasing trend,
and the flux recovery rate of the contaminated membrane
was optimal at pH = 10, 75.89%. This is due to the positive
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Fig. 21. Different ion concentrations.

charge of the cationic dye, and as the pH increases, the &
potential of the modified membrane gradually decreases
and generates a negative charge and then interacts with the
cationic dye, causing the contaminants to be adsorbed on
the membrane surface causing the membrane pores to be
blocked; the anionic dye has a negative charge, and as the
pH increases and the £ potential of the modified membrane
decreases, it generates a negative charge and then repels
each other with the anionic dye, so that the contaminants
are no longer in direct contact with the membrane surface,
which enhances the membrane resistance to contamination.
The anti-pollution property of the membrane is enhanced.
Figs. 2-21 show that the flux recovery rate of the modified
membranes also gradually increased after the ion concentra-
tion increased, and the best anti-pollution performance of
the modified membranes was achieved when the ion con-
centration was 0.6 mol/L, and the flux recovery rates were
90.32% and 88.43% after contamination by methyl violet
and malachite green, respectively; in the Congo red solu-
tion, the best anti-pollution performance of the membranes
was achieved when the ion concentration was 0.9 mol/L,
and the flux recovery rate was The flux recovery rate was
82.13%. The reason is that the ion concentration in the solu-
tion increases, the inorganic salt ions increase, and a large
number of ions accumulate on the membrane surface and
in the membrane pores, and when rinsing, NaCl is easily
dissolved in water, which makes the flux recovery rate of
the modified membrane increase.

3.5. Field emission scanning electron microscopy (SEM)
characterization of the modified membranes of group D,

As shown in Figs. 22 and 23, the finger pore structure
is more regular after the addition of TiO,/SAC-Fe,O,, and
even sponge-like pores appear at the bottom. This is due to
the presence of many oxygen-containing functional groups
in SAC-Fe,O,. Such functional groups use the coordination
effect between SAC-Fe,O, and TiO, to promote the crystalli-

zation of PVDF, increase the number of pores on the surface
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Fig. 22. Electron microscope images of modified membrane
cross-section of group D,.

Fig. 23. Electron microscope images of modified membrane
surface in group D,.

of ultrafiltration membranes, and increase the number and
size of finger-like pores and surface roughness. The intro-
duction of hydrophilic functional groups without changing
the basic structure of the membrane improves the water
flux and retention rate of the membrane.

3.6. Contribution of modified membranes to carbon emission
reduction

3.6.1. Contribution of preparation of Fe,O,/SAC magnetic
carbon to carbon emission reduction

Since the sludge from municipal wastewater treatment
plants contains more carbon, the objective conditions for the
preparation of activated carbon are available. Therefore, the
raw material for the preparation of Fe,O,/SAC magnetic car-
bon is mainly taken from the sludge after municipal waste-
water treatment, which has a high carbon content, and its
composition can be expressed by the molecular formula
C,H,NO, with a theoretical carbon content of about 53%
[27]. For every 1 kg of municipal sludge used to prepare

Table 2
Retention rates under different dye conditions

Methyl violet Malachite green Congo red

retention rate retention rate retention rate

Different initial 68.45% 62.34% 79.21%
concentrations

Different pH 73.21% 65.93% 72.10%
values

Different ion 79.66% 73.01% 69.41%
concentrations

Average 73.77% 67.09% 73.57%

retention rate

Table 3
Concentration equivalents of the three dyes

Concentration equivalent

Methyl violet, mg/L 404.76
Malachite green, mg/L 332.03
Congo red, mg/L 1000

Fe,O,/SAC magnetic mass carbon, 1.94 kg of CO, emis-
sions can be reduced.

3.6.2. Contribution of interception of organic dyes to carbon
emission reduction

The effect of modified PVDF membranes on the reten-
tion of three organic dyes (methyl violet, malachite green
and Congo red) under different conditions was investigated,
and the retention rates under different dye conditions are
shown in Table 2.

Potassium dichromate (K,Cr,0,) or potassium perman-
ganate (KMnO,) is commonly used as an oxidizing agent
according to the standard method for testing chemical oxy-
gen demand (COD). However, the standard method further
utilizes toxic reagents such as Ag" and Hg* salts for COD
assessment, and the COD concentration of a dye wastewa-
ter from a plant used was measured by electrocatalytic and
photocatalytic oxidation techniques to be 850 mg/L. Also,
according to the conversion factor equation for the the-
oretical calculated value of COD:

Conversion factor
Number of carbon atoms x 2
+Number of hydrogen atomsx 0.5 |x16
~Number of oxygen atoms

= @)

Relative molecular weight

The COD conversion factors for methyl violet are:
1 mg/L methyl violet = 2.1 mg/L COD; 1 mg/L malachite
green =2.56 mg/L COD; 1 mg/L Congo red = 0.85 mg/L COD.
Therefore, the COD of 850 mg/L in the used dye waste-
water was converted to the concentration of each of the
three dyes, as shown in Table 3.
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The average retention rate of the three dyes by the mod-
ified PVDF membrane was used to calculate the reduction
of greenhouse gas carbon dioxide emissions. The amount of
greenhouse gas CO, emitted to the atmosphere if the dyes
are completely decomposed by natural degradation pro-
cesses is 0.80, 0.62, and 1.49 g-CO,/L, respectively.

In summary, the use of modified PVDF membrane can
reduce the emission of 0.80~1.49 kg of CO, into the atmo-
sphere for every 1 ton of dye wastewater treated.

4. Conclusion

. TiOz/SAC-FeaO4 can improve the water flux, retention
rate, porosity, etc. of the membrane, and the anti-pollu-
tion performance becomes stronger.

® The best retention performance of the modified mem-
brane was achieved when the content of TiO,/SAC-Fe O,
was 1.5%/0.2%, with 71.24% retention and 827.35 L/
(m*h) flux for methyl violet; 75.62% retention and
769.45 L/(m?*h) flux for malachite green; 65.72% retention
and 729.53 L/(m*h) flux for Congo red. 729.53 L/(m*h).

* With the increase of dye concentration, the retention per-
formance of modified membranes of group D, for methyl
violet and malachite green showed a decreasing trend;
the retention rate of Congo red solution increased, and
the highest retention rate was 68.45% and 62.34% for
methyl violet and malachite green at a concentration of
10 mg/L, respectively, and the best retention rate was
79.21% for Congo red dye at a concentration of 40 mg/L.

e  When the pH value increased, the retention rate of the
modified membranes of group D, for the cationic dyes
methyl violet and malachite green showed a decreasing
trend, and the retention rate for the anionic dye Congo
red solution showed an increasing trend. The best reten-
tion of methyl violet and malachite green at pH = 4 was
73.21% and 65.93%, respectively; the best retention of
Congo red at pH =10 was 72.1%.

e  When the ion concentration increased, the retention of
dyes by the modified membranes in the D, group showed
an increasing trend. The best retention was achieved
for methyl violet, malachite green and Congo red with
ion concentration of 0.9 mol/L, and the retention rates
were 79.66%, 73.01% and 69.41%, respectively.

¢ When using TiO,/SAC-Fe,O, modified PVDF to treat dye
wastewater, 1.94 kg of CO, emissions can be reduced for
every 1 kg of municipal sludge used to prepare Fe,O,/
SAC magnetic mass carbon; and about 0.80 to 1.49 kg
of CO, emissions can be reduced for every 1 ton of dye
wastewater treated with COD concentrations similar to
those tested.

Acknowledgments

The authors gratefully acknowledge the financial support
from the Shaanxi Provincial Key R&D Project “Research and
Application of Key Technologies for Conversion of Organic
Waste into High-Quality Fertilizer” (Project No. 2021NY-188)
and The special item of Shaanxi Educational Committee of
China (Project No. 22]JK0403).

The authors would like to thank the School of Urban
Planning and Municipal Engineering, Xi'an Polytechnic

University for providing the experimental equipment. We
would like to thank the supervisors from Xi’an Polytechnic
University and Oil & Gas Technology Research Institute
Changging Oilfield Company for their guidance and insight
into the direction of the research.

ORCID iDs

Corresponding  author:
org/0000-0003-2765-1383

Ping Fang https://orcid.

References

[1] D. Li, Q. Fang, D. Yi, Maximizing the accumulation of poly-
B-hydroxybutyrate (PHB) in low-carbon urban sewage,
Desal. Water Treat., 57 (2016) 25927-25938.

[2] M.E. Harrison, L.S. Wijedasa, L.E.S. Cole, SM. Cheyne,
S. Al Banna Choiruzzad, L. Chua, G.C. Dargie, C.E.N.
Ewango, E.N. Honorio Coronado, S.A. Ifo, M. Ali Imron,
D. Kopansky, T. Lestarisa, P.J. O'Reilly, ]. Van Offelen, J. Refisch,
K. Roucoux, J. Sugardjito, S.A. Thornton, C. Upton, S. Page,
Tropical peatlands and their conservation are important in the
context of COVID-19 and potential future (zoonotic) disease
pandemics, Peer J, 8 (2020) 1-43.

[8] K. Gorecki, A. Rastogi, M. Strézecki, M. Gabka,
M. Lamentowicz, D. Lucdéw, D. Kayzer, R. Juszczak, Water
table depth, experimental warming, and reduced precipitation
impact on litter decomposition in a temperate Sphagnum-
peatland, Sci. Total Environ., 771 (2021) 145452, doi: 10.1016/.
scitotenv.2021.145452.

[4] N. Rambabu, R. Azargohar, A.K. Dalai, ]. Adjaye, Evaluation
and comparison of enrichment efficiency of physical/chemical
activations and functionalized activated carbons derived
from fluid petroleum coke for environmental applications,
Fuel Process. Technol., 106 (2013) 501-510.

[5] A. Pandey, Concise Encyclopedia of Bioresource Technology,
The Haworth Press, New York, United States, 2004, pp. 167-175.

[6] M. Chethana, L.G. Sorokhaibam, V.M. Bhandari, S. Raja,
V.V. Ranade, Green approach to dye wastewater treatment
using biocoagulants, ACS Sustainable Chem. Eng., 4 (2016)
2495-2507.

[7] S.Q.Li, H. Wang, S.H. Hou, Q.F. Zhang, S.B. Zhang, Preparation
and performance study of asymmetric polyacrylonitrile
nanofiltration membrane, Membr. Sci. Technol., 41 (2021)
118-125.

[8] B. Marrot, N. Roche, Wastewater treatment and reuse in textile
industries, a review, Res. Adv. Water Res., 3 (2002) 41-53.

[9] D.-K. Lee, S.-H. Kwon, J.-H. Ahn, Growth of rutile-TiO, thin
membranes via Sn doping and insertion of ultra-thin SnO,
interlayer by atomic layer deposition, Mater. Lett., 246 (2019)
1-4, doi:10.1016/j.matlet.2019.03.018.

[10] H.Y.Zhang, E.Y. Luo, T.T. Jang, C.H. Li, X.L. Zhang, Preparation
of La/Y doped silica membrane and its separation performance
on dye wastewater, Membr. Sci. Technol., 38 (2018) 113-119+131.

[11] D.P. Hung, L.TK. Oanh, VTD. Chi, LN.Q. Thinh,
D.T. Nguyen, N.Q. Tuan, H.T.N. Han, Applicability assessment
of electrocoagulation in real dyeing wastewater treatment, Nat.
Environ. Pollut. Technol.: An Int. Q. Sci. J., 20 (2021) 587-593.

[12] Z.Z. Yang, D.L. Xi, YM. Mao, Application of microfiltration
technology in the deep treatment of textile printing and
dyeing wastewater, Dyes Finish., 14 (2007) 6-8+15.

[13] B. Liang, Y.Q. Liu, Piloting the application and improvement
of ultrafiltration in wastewater, Resour. Econ. Environ. Prot.,
2 (2015) 58-59.

[14] L. Zhang, Application of nanofiltration technology in the
treatment of printing and dyeing wastewater, Mod. Silk Sci.
Technol., 1 (2010) 31-36.

[15] LE. Mao, EF. Liang, Application of reverse osmosis
technology in textile wastewater treatment and equipment
maintenance, J]. Nantong Vocational Univ., 3 (2017) 92-95.



[16]

[17]

(18]

(19]

[20]

[21]

E. Fan et al. / Desalination and Water Treatment 300 (2023) 237-247

W.Y. Deng, C. Tao, S.J. Tian, A.D. Yin, Y.X. Su, Low temperature
reduction of NO from dirty peat prepared under different
pyrolysis conditions, Chem. Ind. Eng. Prog., 39 (2020) 263-269.
M.L. Yeow, R.W. Field, K. Li, WK. Teo, Preparation of divinyl-
PDMS/PVDF composite hollow fibre membranes for BTX
removal, J]. Membr. Sci., 203 (2002) 137-143.

Y.Y. Xu, Polymeric Membrane Materials, Chemical Industry
Press, Beijing, 2005.

Y. He, G. Li, H. Wang, J. Zhao, H. Su, Q. Huang, Effect of
operating conditions on separation performance of reactive
dye solution with membrane process, ]. Membr. Sci., 321 (2008)
183-189.

Y.W. Zhang, X.H. Sun, C.L. Gao, Hydrophilic modification of
PVDF membrane and its research progress, Plast. Sci. Technol.,
10 (2021) 95-99.

ET. Chen, Preparation of Iron Phthalocyanine Modified
PVDF Catalytic Membrane and Its Separation Characteristics
for Aqueous Dye Solutions, Zhejiang Sci-Tech University,
Zhejiang, 2018.

[22]

(23]

[24]

[25]

[26]

[27]

247

RJ. Liang, B.R. Chen, G.P. He, Study of the effect of ionic
strength on the adsorption of anionic and cationic dyes
by activated carbon by flow injection spectrophotometry,
Tech. Equip. Environ. Pollut. Control, 12 (2004) 43-47.

S. Bouranene, A. Szymczyk, P. Fievet, A. Vidonne, Influence of
inorganic electrolytes on the retention of polyethyleneglycol
by a nanofiltration ceramic membrane, J. Membr. Sci.,
290 (2007) 216-221.

J. Luo, Y. Wan, Effects of pH and salt on nanofiltration—a
critical review, J. Membr. Sci., 438 (2013) 18-28.

XM. Liu, R.X. Liu, H.X. Tang, Y.B. Su, Adsorption patterns of
different dye compounds on river substrates, Environ. Sci.,
23 (2002) 45-49.

H. Kang, WJ]. He, SJ. Wang, HX. Sun, JH. Gu, PVDF
membrane contamination and cleaning experimental study,
Water Wastewater Eng., 4 (2008) 12-16.

R.H. Shao, Preparation of Muddy Activated Carbon and
Kinetics of Sludge Pyrolysis, Xi'an University of Architecture
and Technology, Shaanxi, 2011.



	_Hlk138491122
	_Hlk138491193
	_Hlk88987989
	_Hlk138491211
	_Hlk138491221
	_Hlk138491230
	_Hlk138491239
	_Hlk138491385
	表4-3__Cu标准溶液浓度
	_Hlk138491507
	_Hlk138491524
	_Hlk138491704
	_Hlk138491715
	_Hlk138491744
	_Hlk138491792
	_Hlk138491807

