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Nitrocellulose membranes (NCM) have broad application prospects in the field
of organic wastewater treatment. In this research, acid orange 8 was used as the
target pollutant, and the effects of factors, such as concentration, light intensity,
anions, and cations, on the photodegradation of acid orange 8 were
investigated under simulated sunlight by NCM. The results showed that the
degradation rate constant of acid orange 8 in the NCM system was 1.94 x 10~*
min~, which was 27.3 times that in the pure water. The photodegradation rate
increases with decreasing concentration in the range of 20—-120 pmol/L for acid
orange 8. The photodegradation rate increased with increasing NCM area. The
degradation effect of acid orange 8 increased with the increase of light intensity.
Acidic conditions were favorable for the degradation of acid orange 8. The
optimal conditions for photodegradation of acid orange 8 were the solution
concentration of 20 ymol/L, membrane area of 17.35 cm?, light intensity of
481 umol/(m?s), and pH value of 3.0. The effect of different components in
water on the photodegradation of acid orange 8 was different. Ca?*, Mg?*, and
NOs3~ could promote the photodegradation of acid orange 8, while COz?" could
inhibit the photodegradation. The effect of degrading acid orange 8 by NCM
under light conditions is obvious, which can provide a hew method for the
removal of acid orange 8 in wastewater.

KEYWORDS

nitrocellulose membrane, acid orange 8, photodegradation, influencing factor,
advanced oxidation

Introduction

In recent years, the discharge of azo dye wastewater has gradually become a source of
environmental pollution worldwide and has caused serious environmental problems (Cui
M. H. et al,, 2021). The discharge of azo wastewater and pollutants in the printing and
dyeing industry accounted for more than 70% of the entire textile industry, and was listed
as one of the ten key industries for special rectification in the “Water Pollution Prevention
Action Plan”. The dye concentration in the wastewater may be between 50 and 1000 ppm,
however, even a very low concentration (10-50 ppm) will produce strong colors
(Koyuncu et al., 2004). The global production of azo dyes exceeded 700,000 tons, and
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10-15% of the dyes were lost during the dyeing process and
discharged with wastewater (Mulushewa et al., 2021). These
compounds can change the pH and chemical composition of
water bodies (Umar et al., 2021) and can affect the safety of the
entire ecosystem via bioaccumulation (Shi et al., 2021). Even
wastewater increased the chemical oxygen demand and
biological oxygen demand of the water. Dye wastewater
entering the aquatic environment reduces the transmittance of
light and affects the light and action of aquatic organisms
(Berradi et al., 2019; Bessy et al., 2022). However, the damage
to light and action will have an inhibitory effect on plant growth,
reduce dissolved oxygen levels (Jin et al., 2022). Dye wastewater
interferes with the natural habitat of aquatic organisms (Yakar
et al., 2020) and even harmful to humans. If the ingested water
contains azo dyes, more serious injuries such as increased
heartbeat, vomiting, diarrhea, irritation of the gastrointestinal
tract, nausea, shock, and confusion will continue one after
another (Ferreira et al., 2014). In addition, the CO, emitted
by textile industry wastewater also greatly increased the
greenhouse effect. NOyx, SOy, and dust all increased air
pollution (Shyamika et al., 2018). As one of the common
toxic acid substances in azo dyes, acid orange 8 is widely used
in textile printing and dyeing, food, papermaking and printing
industries, accounting for more than 50% of the world’s annual
production of 1 million tons of dyes (Elizalde-Gonzélez and
Garcfa-Diaz, 2010). According to the Chinese standard
“Ecological Textile Standard 1007, acid orange 8 is a banned
aromatic amine substance. Among acidic monoazo dyes, acid
orange 8 does not have outstanding color development
performance, but it has high color brightness and low
production cost. However, monoazo dyes were still used in
large quantities to produce cheap products and are abundant
in wastewater (Stylidi, 2003). Therefore, textile wastewater needs
to be treated before environmental discharge. On the one hand,
the treatment of textile wastewater can effectively improve the
water quality in the river and improve the living environment of
aquatic organisms. On the other hand, it can make full use of
freshwater resources in nature and strive for more recyclable
water sources for humans.

The treatment of azo dye wastewater is related to its own
carcinogenicity, mutagenicity, harmful effects of wastewater
the habitual
biodegradation (Elizalde-Gonzalez and Garcia-Diaz, 2010).

color, and resistance of wastewater to
According to reports, there are many types of pollutants in
textile wastewater, especially printing and dyeing wastewater,
which has a large pollution load. It is necessary to adopt different
methods to treat textile wastewater (Yakar et al, 2020).
Traditional treatment methods such as electrodialysis, ion
exchange, reverse osmosis, microfiltration and ultrafiltration,
oxidation and solvent extraction, etc., are relatively expensive
and cannot effectively remove dyes (Mulushewa et al., 2021). The
advanced oxidation method can efficiently generate active

oxygen, such as hydroxyl radicals and superoxide anion
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radicals, and can quickly oxidize and remove a variety of
organic pollutants in water under certain conditions
(Aleboyeh et al., 2003; Chong et al, 2010; Macias-Quiroga
et al, 2020). In recent years, it has received extensive
attention in the field of water treatment. The advanced
oxidation technology methods for degrading acid orange
8 mainly include Fenton oxidation (Kumar et al, 2020),
ozone oxidation (Muniyasamy et al, 2020), electrochemical
oxidation (Li B. et al, 2019) and photocatalytic oxidation
(Qin et al,, 2014). Some advanced oxidation methods, such as
Fenton oxidation, ozone oxidation, and electrochemical
oxidation, have high processing cost, complicated operation
and easy to produce secondary pollution (Sable et al., 2018).
Therefore, it is necessary to develop new treatment methods to
improve the degradation effect of pollutants. Photocatalytic
oxidation technology is a better method for the degradation of
textile dyes. The photocatalytic oxidation technology is cheap,
and produces clean by-products, is environmentally friendly
(Siddique et al., 2020). More importantly, this technology has
strong oxidative properties and can effectively degrade organic
pollutants (Venkatesh et al., 2018). Research has shown that TiO,
and ZnO nanoparticles were used as effective photocatalysts for
wastewater treatment (Bhatkhande et al., 2001), while the use of
advanced oxidation technology can effectively remove antibiotics
in wastewater (Mahdi et al., 2021). When the photocatalyst was
synthesized by hydrothermal method, its degradation rate was as
high as 95% (Sun et al., 2009). When non-metallic substanced
such as phosphorus were used as photodegradation catalysts,
they had a certain impact on the removal of pollutants in
wastewater (Yao et al, 2022). For azo dye wastewater, studies
have shown that nitrocellulose membranes (NCM) with high
specific surface area had a better effect on the adsorption and
photodegradation of organic wastewater (Tai et al., 2018; Khalil
et al, 2019). The concentration of organic wastewater can also
affect the degradation effect. High concentration organic
wastewater may cause saturation of the photocatalyst surface,
resulting in a decrease in the photocatalytic degradation rate
(Mohamed et al.,, 2018). The water composition in the water body
can affected the degradation of organic pollutants. The addition
of cations such as Ca** and Mg*" increased the degradation rate
of acid orange 8 (Wang et al., 2012), while anions had different
effects on the degradation of organic wastewater (Chen et al,
2021; Wu et al,, 2021). In the photochemical reaction system, the
photodegradation rate decreased with the weaken of light
intensity within a certain range (Elizalde-Gonzdlez and
Garcia-Diaz, 2010). The acidic environment was favorable for
the degradation of acid orange 8. At the same time, pH also had
an important effect on the degradation of acid orange 8 (Ozcan
et al., 2004), and acidic conditions were more conducive to the
degradation of acid orange 8.

Nitrocellulose (NC) is the most widely distributed and richest
polysaccharide in nature and is rich in hydroxyl groups. It is also a
nitrification product of cellulose. It is soluble in organic solvents such
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Schematic illustration of photodegradation reactor.

as ethyl acetate and acetone (Sun B. B. et al., 2020). NC is currently
an effective and low-cost host material (Zhou et al., 2019). The
application of NC largely depends on the nitrogen content. When
the nitrogen content is between 10.7% and 20.3%, it can be used for
coatings and printing inks (Wei et al,, 2018a; Wei et al,, 2018b).
NCM has a micro-scale porous structure and high specific surface
area, which is a low-cost material (Fridley et al., 2013; Sun S. et al.,
2020). It has characterized by rapid reaction, mild conditions and
easy control in degrading organic compounds (Wu et al, 2021).
NCM has been widely used in the field of environmental science
(Yang et al., 2018). For example, hydroxyl radicals can be generated
on the NCM surface, thereby promoting the oxidation and
degradation of organic pollutants (Fridley et al, 2013). Under
simulated solar irradiation, the quantum vyield of hydroxyl
radicals from the NCM reached 1.72 x 107 (Tai et al, 2018),
which is higher than that from TiO, (Ishibashi et al., 2000). NCM
has been used to remove pollutants such as phenol and
thiamphenicol in water. Adding H,SO, to NCM can effectively
degrade pollutants in wastewater (Purves and Falconer, 2002).
Studies have also found that the static electricity between organic
pollutant molecules and NCM can interact to promote the
degradation of pollutants (Tai et al, 2018). The characteristics of
NCM can be changed by chitosan (Tang et al., 2022). The three-
dimensional microstructure of NCM also plays an important role in
the degradation of organic pollutants (Sun et al, 2019). NCM is
generally dissolved in an organic solvent. When the organic solvent
evaporates, the NCM will precipitate. The precipitated NCM has a
higher porosity. This characteristic had a certain impact on the
degradation of organic compounds (Fridley et al,, 2013). The use of
NCM to treat organic pollutants in wastewater is still at an early
stage, and its degradation mechanism may be affected by factors
such as environmental conditions, water composition, and light
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intensity (Wu et al, 2021). Therefore, in-depth research on the
organic pollutant degradation by NCM is of great significance for
practical applications and elucidating the degradation mechanism.

In response to the above problems, this research uses a new
advanced oxidation technology to treat azo dyes, with acid
orange 8 as the target pollutant, NCM as the source of active
oxygen species, and a photodegradation experiment under a
light The
technology analyzes the effects of light intensity, solution pH,

simulated source. new advanced oxidation
temperature, membrane area, initial concentration and water
composition on NCM photodegradation acid orange 8. Aiming
to explore the best conditions for photodegradation of acid
orange 8 by NCM. The experiment explores the influence of
water body composition on the photodegradation of acid orange
8 of NCM, in the hope that this technology can be applied in

actual production activities in the future.

Materials and methods
Chemical reagents

NCM (Whatman™, 0.45 um/47 mm) and acid orange 8 (85%)
were obtained from GE Healthcare (United Kingdom) Life Science
and Sigma (United States), respectively. Sodium carbonate (99.8%)
was purchased from Xilong Chemical Co., Ltd. (Shenzhen, China).
Calcium perchlorate (reagent grade) was obtained from Alfa Aesar
Chemical Co., Ltd. (United Kingdom) and magnesium perchlorate
(=83%) was obtained from Sinopharm Chemical Reagent Co., Ltd.
(Shanghai, China). Sodium dihydrogen phosphate (99%), dibasic
sodium phosphate (99%), and isopropanol (IPA, 99.7%) were
purchased from Kermel Chemical Reagents (Tianjin, China). All
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FIGURE 2

Photolysis effect of acid orange 8 in three different systems.

regents except calcium perchlorate hydrate were analytical grade
purity. Millipore-Q water was used in this study.

Experimental method

The photodegradation experiment of acid orange 8 was carried
out in photochemical reactor (Wu et al, 2021). The schematic
illustration of photodegradation reactor is shown in Figure 1. A
simulated sunlight source was placed above the reactor. The reaction
temperature was controlled by a high-precision constant
temperature bath (Model XOGDH-1010, Nanjing Xian'ou
Instruments Manufacture Co. Ltd., China). Light intensity was
measured using a photosynthetically active radiometer (Model
GLZ-C, Zhejiang Top Instrument Co., Ltd, China). Phosphate
buffer (0.02 mol/L) was used to adjust the pH of solution. The
concentration of acid orange 8 was measured by Ultraviolet-Visible
spectrophotometer (UV-Vis) (Model UV-2600, Shimadzu, Japan).
The scanning wavelength range was from 200 to 700 nm, and the
scanning speed was 1 nm/sec. The absorbance of acid orange 8 was
measured at the maximum absorption wavelength of 488 nm to
determine its content. The photodegradation efficiency of acid
orange 8 was measured at different reaction times. Each
experiment was repeated three times and the average value was
taken.

Calculation of photodegradation
parameters

The acid orange 8 photodegradation rate was calculated as
follows (Zhang et al., 2017).
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where, C, represents the starting concentration of acid orange 8,
C; represents the concentration of acid orange 8 at reaction
time “”.

A linear regression was fitted with ¢ as the abscissa and In(C,/
Cy) as the ordinate. The slope of the straight line was the
photolysis rate constant of acid orange 8. The photolysis rate
constant was calculated as follows (Aleboyeh et al., 2003).

G

In =X
nCO

= -Kt )

where K represents the primary reaction kinetic constant.

Results and discussion
Direct photolysis of acid orange 8

The photolysis of acid orange 8 in pure water, NCM, and
NCM and IPA system was investigated (Figure 2). The
photolysis rate constant of acid orange 8 in pure water is
6.83 x 10° min', and the degradation rate was less than 3%,
indicating that acid orange 8 hardly underwent photolysis
reaction in this system. In the NCM system, the photolysis rate
constant for acid orange 8 reached 1.94 x 10~ min™' and the
degradation rate was about 27.3 times higher than that of pure
water. Hydroxyl radicals can be generated on the NCM
surface, and the radicals reacted with organic compounds
to promote their oxidative degradation (Tai et al., 2018).
The NCM
8 under illumination. The photolysis rate of acid orange

system significantly degrades acid orange
8 was significantly reduced after the addition of 10 mmol/L
IPA to the NCM system. It indicates that the hydroxyl radicals
generated by NCM play an important role in the degradation
of acid orange 8. IPA is an effective scavenger of hydroxyl
radicals, has a high reaction rate with hydroxyl radicals
(Marchisio et al., 2015; Ismail et al, 2016). Usually, it
reacts with hydroxyl radicals preferentially to the target
contaminant. In the NCM and IPA system, the hydroxyl
radicals generated by NCM was consumed by IPA, which
was responsible for the decrease of the photolysis rate of acid
orange 8. The more azo groups in the dye, the stronger the
adsorption capacity under illumination (Ahmad et al., 2020).
Light can stimulate NCM to form photoelectron-hole pairs
and generate hydroxyl radicals, which can mineralize or
destroy organic compounds by hydroxyl radicals (Wei
et al, 2020). Azo dyes had a high reaction rate with
hydroxyl radicals and can be used as scavengers for
removing hydroxyl radicals (Dostani¢ et al, 2020; Cao
et al, 2021). Therefore, the photodegradation of acid
orange 8 has the best effect in the NCM system.

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.992202

Wu et al.

In (C,/C,)
IS
[=)}
T

-0.8 | ® 20 pmol/L o
® 40 pmol/L S

-10 - A 80 pmol/L S
v 100 pmol/L

12k ¢ 120 pmol/L L]

-14 1 1 1 1 1 1 1

0 20 40 60 80 100 120
Time (min)
FIGURE 3

Effect of initial concentration on photodegradation of acid
orange 8 by NCM.

Effect of the change of acid orange 8
concentration on photodegradation

The solution concentration was one of the important
factors affecting dye degradation (Ong et al, 2012). The
effect of degrading acid orange 8 at different concentrations
by NCM was shown in Figure 3. The photodegradation effect
decreased with increasing concentration of acid orange 8. The
highest photodegradation rate was observed when the
concentration  of 20 umol/L,
corresponding to a photodegradation rate constant of
12.81 x 107 min~'. The concentration of acid orange 8 was

methyl orange was

in the range of 20-120 pmol/L, and the photodegradation rate
was negatively correlated with the concentration. The amount
of UV radiation absorbed by acid orange 8 in solution
increases accordingly as the concentration of acid orange
8 increases. As a result, the hydroxyl radicals produced in
the reaction system were reduced, and the photolysis rate was
decreased (Shu et al., 2004). In addition, an increase in
concentration results in more acid orange 8 molecules
adsorbed on the surface of NCM, reducing the active site
for adsorption of hydroxyl radicals. The reaction between acid
orange 8 and hydroxyl radicals was inhibited, causing a
decreased in the photodegradation rate (Shu et al., 2004).
The initial concentration of the substrate had a certain
impact on the efficiency of the photocatalytic reaction in
terms of mechanism and application (Saquib and Muneer,
2003). When the initial concentrations were 40 pmol/L and
80 umol/L, the photodegradation rate did not change much.
High concentration of organic matters caused oxidation and
decomposition of some solutes, and the by-products produced
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Effect of membrane area on photodegradation of acid
orange 8 by NCM.

would react with hydroxyl radicals (Saquib and Muneer, 2003;
Giiltekin et al., 2009), resulting in a decrease in the amount of
hydroxyl radicals and a decrease in the rate of acid orange
8 degradation.

Effect of NCM area on photodegradation
of acid orange 8

The effect of NCM area on the photodegradation of acid
orange 8 was examined (Figure 4). The photodegradation rate
of acid orange 8 decreased with the decrease of the NCM area.
The photodegradation rate of acid orange 8 was almost zero
without NCM in the system. The photodegradation efficiency
of acid orange 8 was highest at the membrane area of
17.35 cm? and its photodegradation rate constant was
0.43 x 107 min'. The surface of the NCM was a
uniformly distributed porous structure, increasing the
membrane area of NCM increased its hydrophilicity (Niu
et al., 2010; Nawaz et al, 2021), which promoted the
organic wastewater by NCM. The high porosity of NCM
increased the specific surface area and the absorption rate
of light was enhanced (Li J. et al., 2019). In addition, the larger
specific surface area increased the production of hydroxyl
radicals, improved the photocatalytic activity, and promoted
the effective degradation of acid orange 8 (Cui Y. et al., 2021).
As the membrane area was increased, the photodegradation
rate also increased rapidly (Nawaz et al., 2021). believed that
the porosity of the NCM surface, its hydrophilicity, and the
degradation rate of organic pollutants decreased with the
decrease of the membrane area.
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Effect of solution pH on photodegradation of acid orange
8 by NCM.

Effect of solution pH on photodegradation
of acid orange 8

The solution pH is an important influencing factor in
promoting the removal rate of dye (Ulson de Souza et al,,
2007). The effect of pH on the photodegradation of acid
orange 8 by NCM was investigated (Figure 5). The change
of solution pH affected the photodegradation efficiency of
acid orange 8, and acidic conditions were more favorable
for photodegradation (Elizalde-Gonzélez and Garcia-Diaz,
2010). When the solution pH was 3.0, the photodegradation
rate of acid orange 8 was the highest. After 2 h of reaction,
the degradation rate of acid orange 8 was about 59%.
Solution pH affects the ionization state and adsorption
characteristics of organic matter (Saquib and Muneer,
2003). Under
increase the attraction of adsorption

the acidic conditions, more protons

sites between
positive and negative charges, increasing the amount of
dye adsorbed (Meng et al., 2019). Under the alkaline
conditions, the photodegradation rate of acid orange
8 increased with the increase of solution pH. However,
the

photodegradation of acid orange 8. The reason was that

alkaline  conditions  were  favorable  for
the negative charge repelled the dye, thereby reducing the
degradation of the dye in an alkaline environment (Saquib
and Muneer, 2003). In addition, hydrogen peroxide
decomposed into water and oxygen under alkaline
conditions, resulting in a decrease in the concentration
of hydroxyl radicals (Narayanasamy and Murugesan,
2013; Kumar et al, 2021). Besides, the change of

solution pH will disturb the structure of the water body,

Frontiers in Environmental Science

06

10.3389/fenvs.2022.992202

0.2
0.0 -
02
04l
S
Q
O 06 -
N
.=
08 w481 pmol/(m>s)
® 415 pmol/(m?'s)
LOF A 355 pmol/(ms)
v 324 pmol/(m*s) .
120 4 289 pmol/(m?-s)
14 L 1 L 1 1 1 1
0 20 40 60 80 100 120
Time (min)
FIGURE 6

Effect of light intensity on photodegradation of acid orange
8 by NCM.

which will decrease the absorbance of the solution, and
cause the decrease of photodegradation rate. (Elizalde-
2010). the
change of solution pH will disturb the structure of the

Gonzdlez and Garcia-Diaz, In addition,
water body, reduce the absorbance of the solution, and
reduce the photodegradation rate. The deprotonation of
molecules in organic pollutants, which reduces the
potential migration to the interface of cavitation bubbles,
is the main reason why alkaline conditions reduce the rate
of photodegradation (Meng et al., 2019).

Effect of environmental factors on
photodegradation of acid orange 8

The effect of light intensity on photodegradation of
acid orange 8 was shown in Figure 6. The degradation rate
of acid orange 8 decreased with the decrease of light
intensity in the range from 289 to 481 pmol/(m?s).
Under the light intensity of 481
photodegradation rate constant of acid orange 8 was
9.86 x 107 min™', and the degradation effect was the
best. NCM could promote the degradation of organic

pmol/(m?s), the

matter under certain light intensity (Leiw et al., 2013).
When the light intensity increased, the NCM was able to
excite more hydroxyl radicals, and the acid orange
8 molecule reacted fully with hydroxyl radicals to
remove the organic pollutants from the azo dye solution
more effectively (Fard and Fazaeli, 2016). Therefore, lower
light intensity was not conducive to the degradation of acid
orange 8.
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Effect of temperature on photodegradation of acid orange
8 by NCM.

The effect of reaction temperature on photodegradation of
acid orange 8 was shown in Figure 7. It could be seen that the
photolysis rate of acid orange 8 decreased with the decrease of

10.3389/fenvs.2022.992202

temperature (10-30°C). Temperature affected the amount of
hydroxyl radicals generated on the NCM, and the possibility
of contaminant molecules binding to hydroxyl radicals
increases with increasing temperature (Fridley et al., 2013;
Kumar et al, 2020). Furthermore, increasing temperature
promoted the movement of contaminant molecules (Wang
et al., 2012; Wei et al,, 2018a), and increased the activation
energy of hydroxyl radicals (Silva et al., 2000), which
accelerated the oxidative degradation of contaminants. In
addition, when the temperature was too high, the structure
of the NCM was altered, the reactive was reduced and service
life was shortened, resulting in a decrease in the degradation
rate of acid orange 8. To prevent mutual reactions between the
substances when the temperature is too high, and to avoid the
mutual conversion between by-products (Fard and Fazaeli,
2016). Based on the above factors, the optimal reaction
temperature was determined to be 30°C.

Effect of ions concentration variation on
photodegradation of acid orange 8

The effect of concentration changes of calcium,
magnesium, carbonate, and nitrate ions in the solution
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FIGURE 8

Effect of ions concentration on photodegradation of acid orange 8 by NCM.
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composition on the photodegradation of acid orange 8 was
examined (Figure 8). The photodegradation rate of acid
orange 8 increased with increasing concentration of
calcium and magnesium ions, which was consistent with
(Zhao et 2014). The
photodegradation rate constant of acid orange 8 was

previous research results al.,
5.67 x 107 min™' for calcium ion concentration at 5 x
107 mol/L. The photodegradation rate constant of acid

orange 8 was 3.57 x 107 min™'

for magnesium ion
concentration at x2107° mol/L. In the NCM system, the
addition of cations to the solution caused the azo dye to
discolor, breaked bonds, and degraded (Zhang et al., 2010).
the

photodegradation rate was the same as that of pure water

When the concentration of Ca?* was 0.5 mol/L,
system, but when the concentration of Ca** was 1.0 mol/L,
the photodegradation rate increased gradually with the
increase of the concentration. Appropriate increase of
Mg’* can improve the activity of azo dyes, make them
fade, break the azo bond, and finally degrade completely
(Zhao et al., 2014). The cation can directly react with the azo
dye molecules, and the [H] in the reaction product has high
reactivity, which can induce the cleavage of the azo bond,
thereby destroying the azo dye and the conjugate system, and
promoting the photodegradation of the dye wastewater
(Zhang et al., 2010; Zhao et al., 2014) studied the efficient
collision of dye molecules with Mg and Ca at the physical
level, Mg and Ca lost electrons to become Mg** and Ca**,
while the dye molecule accepted electrons, and the azo bond
-N=N- was decomposed into two -NH,, leading to
degradation.

The addition of nitrate to the solution also increased the
photodegradation of acid orange 8. When the nitrate
concentration was 1 x 107> mol/L, the photodegradation
rate constant of acid orange 8 (4.08 x 10~ min™') was
highest. The electrostatic reaction of nitrogen or oxygen
with pollutant atoms promoted the reaction of nitrate and
pollutant molecules (Tai et al., 2018). The nitrate in the
reaction system could generate active oxygen species,
destroy the structure of the azo dye, and promote the
degradation of azo dye (Garcia et al., 2005). The solution
could produce a small amount of nitrate ions in the
photocatalytic process (Stylidi, 2003), which had a
certain effect on photodegradation. In the photocatalytic
oxidation process, the main oxidizing species such as
superoxide radical anions and hydroxyl radicals could
promote the oxidative degradation of dyes (Saquib and
Muneer, 2003). Notably, the addition of carbonate to the
solution reduced the photodegradation efficiency of acid
orange 8. When the CO;*" concentration was 5 x 107> mol/
L, the photolysis rate constant of acid orange 8 was 2.77 x
10 min~'. Carbonates could react with hydroxyl radicals
to bicarbonate, which were hydroxyl radical scavengers
(Saquib and Muneer, 2003). Therefore, the addition of
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carbonates reduced the amount of hydroxyl radicals that
reacted with the pollutant for degradation. It was shown
that hydroxyl radicals had a significant effect on the
photodegradation of acid orange 8 in the reaction
system. The hydroxyl radicals have lower redox potential
and higher selectivity (Wang and Wang, 2021), CO5*”
reacts with hydroxyl radicals to generate HCO5~ (Zhao
2018), which the
pollutants and hydroxyl radicals, and the product HCO3~

et al, reduces combination of
also has a slight inhibitory effect on the degradation of
(Chen et 2019). This indicated the

importance of hydroxyl radicals in the dyes degradation

pollutants al.,
process and the ability of hydroxyl radicals to preferentially
attack azo groups (Giiltekin et al., 2009).

Conclusion

Under the
produced by NCM promoted the photodegradation of

acid orange 8 with a rate constant of 1.94 x 107> min™".

simulated sunlight, hydroxyl radicals

Within a certain range, the degradation effect decreased
with the decrease of light intensity, and acidic conditions
were favorable for the photolysis of acid orange 8. The
optimal reaction conditions were: light intensity of
481 pmol/(m?s), bath of 30°C,
pH value is 3.0, and membrane area of 17.35cm’. The

water temperature
photodegradation rate of acid orange 8 decreased with
the concentration of cations Ca**, Mg®* and anion NO;",
CO;*" can inhibit the photodegradation of acid orange 8,
and the presence of carbonate inhibited the photolysis of
acid orange 8. In addition, the process of photodegradation
of acid orange 8 by NCM was a surface reaction, and the
system was a heterogeneous reaction system. The
degradation effect is also affected by environmental

factors such as temperature and light intensity.
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