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ABSTRACT

Zinc ferrite/N-doped graphene catalysts were synthesized by hydrothermal reaction. The synthesized materials
were characterized by XRD, TEM, Raman and UV-VIS-DRS. We explored the photocatalytic simultaneous removal
of nitrite and ammonia via zinc ferrite/N-doped graphene as the photocatalyst. The effects of pH, amount of catalyst,
N-doped graphene content, and initial concentration of ammonia on photocatalytic removal of nitrite and ammonia were
examined. The results show that the removal ratio of nitrite—N and ammonia—N is 90.95% and 62.84% respectively,
when the dosage of ZnFe,0,/NG (NG 5.0 wt%) is 1.5 g-L"" and the initial concentrations of nitrite—N 50 mg-L"', ammo-
nia-N 100 mg-L™" with pH 9.5 under anaerobic conditions upon white light irradiation for 3 h. After the solution is aer-
ated for 30 mins and irradiated for 10 h under aerobic conditions, the removal ratios of nitrite—N, ammonia—N and total
nitrogen are 92.04%, 89.44% and 90.31% respectively. The complete removal of nigrogen is done.

Keywords: ZnFe,0,/NG; Nitrite; Ammonia Nitrogen; Photocatalysis; Simultaneous Removal

ARTICLE INF .
¢ ° 1. Introduction
ieCEiveji ig 1JVIaY ;‘());11 Traditional nitrogen removal technology is the use of microbial
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wastewater, high concentration AN wastewater, carbon-free sewage,
and wastewater containing antibiotics are not suitable for biological ni-
trogen removal, and new nitrogen removal technology needs to be de-
veloped" . The author has reported the method of photocatalytic AN
removal™®, but studies of photocatalytic simultaneous NN removal
(NN-N, NO,-N, simplified as NN) and AN have rarely been reported”’.
The author used ZnFe,O, as the main catalyst to obtain a zinc iron/
nitrogen miscellaneous graphene (ZnFe,O,/NG) hybrid photocatalyst
prepared by loading nitrogen miscellaneous graphene (NG). Using this
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hybrid photocatalyst, the study of simultaneous pho-
tocatalytic removal of NN and AN was carried out,
and the process conditions of simultaneous removing
NN and AN were optimized.

2. Experimental section

2.1 Chemical reagent

Fe(NO,);-9H,0 was purchased from Tianjin
Damao Chemical Reagent Factory; Zn(NO;),-6H,O
and KMnO, were purchased from Nanjing Chemical
Reagent Factory; NaOH and graphite powder was
purchased from Shanghai Reagent General Facto-
ry, China; CO(NH,), was purchased from Shanghai
Epei Chemical Reagent Co., Ltd.

2.2 Preparation of GO oxide

GO was first synthesized using a modified

Hummers method"”

, accurately weighing 1.0 g of
graphite powder (washed 2-3 times with 5% dilute
hydrochloric acid, washed to neutral with deionized
water) in a 500 mL beaker, placed in a water bath
and stirred continuously in ice water (0 °C). Add the
exact amount of 15.0 mL of thick sulfuric acid to the
graphite powder suspension and mix. Potassium per-
manganate was taken for 3.0 g accurately, and add
the above mixture was slowly. Stir for 30 min with
the control temperature not exceeding 20 °C. Take
45 mL deionized water, add the above mixture into it
slowly, stir it well, then slowly add hydrogen perox-
ide solution (10%, 150 mL) into it and stir it for 24 h
at room temperature. Calm down, washed to neutral,
and the lower mixture was taken and dried in a 60 °C
vacuum drying tank for 24 h, namely GO.

2.3 Preparation of NG

The 80 mg of GO was accurately weighed and
sonicated and dispersed in 50 mL of deionized wa-
ter. Accurately take 24.0 g of urea and add it to the
above solution, mix evenly with water to 80 mL,
sonicate it for 60 min, after which transfer it to a
high pressure water heat reactor and seal it at 170 °C
for 12 h. Samples were cooled to room temperature,
washed, filtered with deionized water, and dried in a
60 °C vacuum drying tank for 24 h, namely NG.
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2.4 Synthesis of the ZnFe,0,/NG

The solution was dissolved in 20.0 mL de-
ionized water with magnetic stirring of 1.7850
g Zn(NO;),"6H,0 (6 mmol) and 4.8480 g
Fe(NO,);-9H,0 (12 mmol). An amount of 72.3 mg
NG (ZnFe,0O, 5.0 wt%) was dissolved in 10 mL of
deionized water for 1 h, zinc salt, and the iron salt
mixture was added to the NG suspension and stirred
magnetically for 1 h. An exact amount of 2.40 g of
sodium hydroxide was dissolved in 10 mL of deion-
ized water, slowly added to the above suspension
and stirred for 1.5 h. Eventually, the total volume of
the solution was about 60 mL. The suspension was
transferred to a 100 mL stainless steel high-pressure
reactor, and placed in the oven heated up to 180 °C
for 8 h. The samples naturally cooled to room tem-
perature, then washed, filtered, and dried in a 60 °C
vacuum drying tank for 24 h namely the ZnFe,O,/
NG hybrid photocatalyst. Similarly, the ZnFe,O, can
be prepared.

2.5 Catalyst characterization

The X-ray powder diffraction method (XRD,
X-ray powder diffraction instrument, Model: D/
max 2500 pC type) characterizes the crystal phase
structure of the catalyst. The X-ray source is a Cu-
Ko, radiation wavelength of 0.154 nm and a tubes
voltage and tube current of 40 kV, 40 mA., respec-
tively Transmission electron microscopy (TEM,
Model TecnaiG220, FEI, USA) were used to char-
acterize the catalyst morphology and particle size.
The diffuse spectra of the samples were determined
by UV-visible diffuse spectroscopy (UV-Vis DRS,
UV-visible diffuse spectrometer, model: Shim UV
3600 plus type). Raman spectra of the samples
(Model Type LabRam HR800, Raman spectrometer)
were determined at 633 nm laser excitation.

2.6 Photocatalytic nitride removal assay

First dissolved oxygen was removed by N, bub-
ble 30 min to form an anaerobic environment, after
the addition of 50 mg-L™' NO, -N and 100 mg-L"'
NH,-N, about pH = 9.5 after 1 mol-L™' NaOH of the
regulatory reaction solution, and then 0.375 g of cat-
alyst was added. Using a 300 W mercury lamp as a



light source, photocatalytic experiments were carried
out in a photocatalytic reactor (BL-GHX-V, Shang-
hai Bililang Instruments Co., Ltd.), where a reaction
temperature of around 25 °C was maintained through
a quartz cold trap as shown in Figure 1. The concen-
tration of the first anaerobic photocatalytic reaction
of NN, AN, and NO-N was measured by 3 mL solu-
tion for 3 h at 30 min. During the detection process,
NN, NO-N, and AN were detected respectively to
avoid mutual interference. The analysis of NN was
determined by N-(1-Nokia) ethyl diamine photomet-
ric method, NN by UV spectrophotometric method,
AN using the national standard nano reagent color-
ization method. To achieve complete removal of NN
and AN, the remaining AN solution was aerated for
30 min to form an aerobic environment, and at the
second phase of the photocatalytic reaction, while
using sodium hydroxide to maintain about pH = 9.5,
remove the residual AN, to achieve omplete removal
of total nitrogen.
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Figure 1. Experimental device for photocatalytic simultaneous
removal of NN and AN.

2. Results and discussion

2.1 X-ray powder diffraction characterization

Figure 2 is a diffraction map of XRD for NG,
ZnFe,0,, ZnFe,0,/NG. Curve a is a diffraction map
of NG, with diffraction peaks at 20 = 29.84, 35.14,
42.77, 53.06, 56.59, 61.98, 70.13, 73.58 and 78.35°
corresponding to the ZnFe,O, diffraction surface
(220), (311), (400), (422), (511), (440), (620), (533)
and (444), respectively, consistent with the ZnFe,O,
standard map (JCPDS22-1012). The comparison
curves (b) and (c) show that the diffraction pattern of
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ZnFe,0,/NG is basically consistent with that of Zn-
Fe,0,. At the same time, the diffraction peak of (002)
plane of NG is observed at 26.2° in the ZnFe,O,/NG
diffraction pattern, indicating that NG is well dis-
persed in the catalyst.

intensity/a. u.
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20/(°)
Figure 2. XRD Atlas (a: NG; b: ZnFe,O,; c: ZnFe,0,/NG).

According to the half-peak width of the dif-
fraction peak of the crystal surface (311) in curves
b and ¢ and the Scherrer formula D = KM (Wcosb),
we can calculate the particle size of the ZnFe,O,/
NG, ZnFe,0,. D is the average particle size of the
grain; K is the grain shape factor, 0.89 as its value;
X-ray wavelength, 0.154 nm as its value; W is the
half-peak width of the diffraction peak; andfis the
diffraction angle. The particle size of ZnFe,O,/NG,
ZnFe,0, was 6.9 and 7.2 nm, respectively, consistent

with the TEM observations.

20 30 40

3.2 Transmission electron microscope

Figure 3 is TEM diagram at different resolutions
of NG, ZnFe,0,, ZnFe,0,/NG. NG is a two-dimen-
sional layered structure (Figure 3a). Figure 3b Zinc
iron acid is granular with a uniform size of about
6-9 nm, consistent with the XRD analysis, while the
ZnFe,0, is better distributed on the NG surface. Fig-
ure 3c clearly shows the lattice stripes with a lattice
stripe spacing of 0.25 nm corresponding to the stripe
spacing of the ZnFe,O, (JCPDS22-1012) (311) fac-
es.

3.3 Raman spectral characterization

Figure 4 shows the Raman spectrogram of all
the NG, ZnFe,0, and ZnFe,0,/NG. Figure 4a shows
bands D and G of NG. Three characteristic peaks are
clearly observed in Figure 4b: 339, 474, 665 cm',



F
corresponding to the classical vibration mode of the
spinel structure, further demonstrating that ZnFe,O,
is a spinel structure!'"'”). Two characteristic peaks
were observed at 1,567 cm ' and 1,334 cm rep-
resenting band G and D of graphene, respectively,
1,567 cm ' (band G) as graphene E,, vibration mode,
and 1,334 cm ™' (band D) associated with defects
and irregularity of graphite structures'>"”. The good
binding of ZnFe,0, to the Raman peak of NG as ob-
served in Figure 4c further confirms the presence of
NG in the ZnFe,O, hybridization.
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Figure 4. Raman Spectrogram (a: NG; b: ZnFe,0,; ¢: ZnFe,0,/
NG).

3.4 UV-visible diffuse spectroscopy character-
ization
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b
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igure 3. Transmission electron microscope diagram (a: NG; b and ¢: ZnFe,O,/NG).
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Figure 5 is the DRS spectra for the ZnFe,0,/
NG and ZnFe,0, samples. Figure SA shows the
UV-visible diffuse spectra. It shows from Figure 5A
that ZnFe,O,/NG shows absorption enhancement in
the wavelength range greater than 530 nm, meaning
that the NG load improves the absorption efficiency
of incoming photons, broadens the response range to
visible light, effectively suppresses the combination
of photosynthetic electrons and photosynthetic holes,
and greatly improves the utilization rate of solar irra-
diation.

By the Tauc formula, we can calculate band
widths of ZnFe,0,/NG and ZnFe,0O,

(ahv)*=A (hv-E,)

in which, A is the proportional constant; the ab-
sorption coefficient; the frequency of light; h is the
Planck constant; £, is the semiconductor forbidden
band width. Figure 5B is the corresponding (h)
2-h plot, available by Figure 5B, band widths of
ZnFe,0,/NG and ZnFe,0, are 2.0 and 2.1 eV, re-
spectively. After the ZnFe,O, catalyst loads nitrogen
and miscellaneous graphene, the spectral absorption
wavelength occurs at redshift and the width of the
forbidden band decreases, therefore, improves the

absorption utilization of solar energy.
16

12

(ahp)? /(eV)?

/
S ;
) < 2lev )
10 15 20 25 3.0
hy / eV

Figure 5. UV-visible diffuse spectroscopy (A), corresponding (ahv)® and h plot (B) (a: ZnFe,0,/NG; b: ZnFe,0,).

3.5 Photocatalysis simultaneously removes
NN and AN

3.5.1 Simultaneous removal of nitrous nitro-
gen and AN

Figure 6 is the removal curve for NN in light or
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dark reaction or absence of a component, Figures 6 A
and 6B show the removal curves for NN and AN, re-
spectively. Use 1.5 g-L' ZnFe,0,/NG (NG 5.0 wt%)
as the catalyst, and the initial solution volume was
250.0 mL, NN and AN was 50 mg-L™', 100 mg-L™
and pH = 9.5, respectively. The corresponding con-
ditions in the figure are: (a) NN + AN + ZnFe,0,/
NG + illumination; (b) NN + AN + illumination; (c)
NN + ZnFe,O,/NG + illumination; (d) NN + AN +
ZnFe,0,/NG; (e) AN + ZnFe,0,/NG +illumination.
Figure 6A (a), 6B (a) show that the removal rates of
NN and AN was 90.95% and 62.84% in the presence
of catalyst, respectively. However, curves 6A (b),
6B (b) show that the removal of nitrogen was only
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20.53% and 18.75% even with light in the condition
that there is not catalyst. This shows that the catalyst
has photocatalytic activity to simultaneously remove
NN and AN. When the reaction system lacked AN,
only 1.03% nitrogenous nitrogen was adsorbed by
the catalyst, as shown in Figure 6A (c). However,
when NN was absent in the reaction system, the cat-
alyst adsorbed only 11.96% of the AN, as shown in
Figure 6B (e). In light-free conditions, even in the
presence of a photocatalyst, only a small amount of
NN was adsorbed with AN, as shown in Figures 6A
(d) and 6B (d). By comparison, ZnFe,O,/NG catalyst
can remove NN and AN simultaneously under anaer-

obic conditions.
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Figure 6. Elimination curves of the NN and AN.

3.5.2 Effect of the pH-values

The pH value of the solution was adjusted at 1.0
mol-L™' NaOH, 0.375 g ZnFe,0,/NG (NG 5.0 wt%)
was added to a mixture of 50 mg-L"' NN and 100
mg-L™" AN, white light for different pH for 3 h, and
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the removal effect of NN is shown in Figure 7. The
removal rate of NN and AN increased with increas-
ing solution pH. When pH was 9.50, NN and AN
reached the optimal value of 90.95% and 62.84%,
respectively.
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Figure 7. Effect of pH values on the removal efficiency of nitrogenous nitrogen (A) and AN (B) (50.0 mg-L™" NN + 100.0 mg-L ™' AN

+0.375 gL' ZnFe,0,/NG, solution volume is 250.0 mL).
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3.5.3 Effect of the catalyst dosage

In a mixture of pH = 9.5, NN 50 mg-L"', of AN
100 mg-L™', 0.125 of 0.25, 0.25, 0.375, 0.5 g Zn-
Fe,0,/NG hybrid catalysts were added, white light
irradiated for 3 h, and the removal efficiency of NN
and AN is shown in Figure 8. With the increasing
amount of catalyst consumption, the removal rate
of NN and AN also increases. When the catalyst
dosage was 1.5 g-L™', the removal rate of NN and
AN was optimal, which were 90.95% and 62.84%,
respectively. When the catalyst dosage continues to
increase, the removal rate decreases instead. Analy-
sis of the reasons, perhaps due to excessive catalyst
consumption, reunion phenomenon, resulting in re-
duced removal rate.

3.5.4 Effect of the NG load
The efficiency of ZnFe,O,/NG carrying different

proportions of NG (0%—9%) as the catalyst, under
pH of 9.5, and the simultaneous removal of NN and
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AN for 3 h is shown in Figure 9. The simultane-
ous removal of nitrogenous nitrogen and AN was
81.19% and 54.70%. Under the same experimental
conditions, the NN and AN removal rate increased
with the NG ratio. When the NG load was 5%, the
removal rate of NN and AN reached the best value
0f 90.95% and 62.84%, respectively.

3.5.5 Effect of the initial concentration of AN
on the denitrification rate of NN

The effect of the initial AN concentration on
NN reduction was explored by controlling the pH
(9.50), catalyst dosage (1.5 g-L™"), NG load (5%),
and catalytic reaction time (3 h), as shown in Figure
10. Experimental results show that the rate of NN
increases with the initial concentration of AN. When
the initial concentration of AN was 100 mg-L™, the
NN removal rate reached 90.95%. Similar to results
of AN. When the initial concentration of AN was
100 mg-L™', the removal rate reached 62.84%.
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Figure 8. Effect of the catalyst dosage on the removal efficiency of nitrogenous nitrogen (A) and AN (B).
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Figure 9. Effects of NG load on the removal efficiency of nitrogenous nitrogen (A) and AN (B) (50.0 mg-L™' NN + 100.0 mg-L "' AN

+ 1.5 g'L"' ZnFe,0./NG, Solution Volume 250.0 mL, pH = 9.5).
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Figure 10. Effect of initial concentration on NN rate (A) and B) (50.0 mg-L'NN + AN + 1.5 g-L"' ZnFe,0,/NG, solution 250.0 mL,

pH=9.5).
3.5.6 Catalyst stability and reuse

Figure 11 is the circle experiment of removing
NN and AN under white light irradiation. After 7 cy-
cle experiments, the removal rate of nitrogenous ni-
trogen was 87.28%. This indicates that the ZnFe,0O,/
NG hybridization catalyst is well stable and recycla-
ble.
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Figure 11. Catalyst recycling test diagram (50.0 mg-L™" NN +
100.0 mg'L ' AN+1.5 g'L"' ZnFe,0,/NG, Solution volume 250.0
mL, pH =9.5).

3.5.7 Complete denitrification

Figure 12 is the plot of the removal rate of
nitrogenous nitrogen and AN. The experimental
design was divided into two phases, the first study
of photocatalytic removal of NN and AN under an-
aer obic conditions, with removal rates of 90.95%
and 62.84% respectively. The AN with about 37
mg-L™' remaining in the solution was not removed.
The second stage is to aerate the solution for 30
min and continue the above reaction to remove the
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remaining AN. The results are shown in Figure
12, and the removal rates of NN, AN, and total ni-
trogen reached 92.04%, 89.44%, and 90.31% after
the 13™ h of light, respectively. No NN generation
was detected during the photocatalytic reaction.
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Figure 12. Change curves of both Nitrogen and AN (50.0
mg- L' NN+ 100.0 mg-L"' AN + 1.5 g-L "' ZnFe,0,/NG, Solu-
tion Volume 250.0 mL, pH = 9.5).
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3.5.8 Reaction mechanism

Since the width of ZnFe,0,/NG forbidden band
is 2.0 eV and its conduction band potential is E,
=-0.9 V vs NHE" and NN reduced potential is
EONU;;NE 1.52 V vs NHE. The photosynthetic elec-
trons can reduce NN ions to nitrogen. The valence
band potential of ZnFe,O0,/NG is £, = 1.1 V vs NHE,
and the oxidation potential of AN is EON2 nn, = 0.057
V vs NHE, so the photosynthetic hole can oxidize
AN to nitrogen. The total reactivity formula is: NO,
+NH, + H =N, + 2H,0.



4. Conclusions

ZnFe,0,/NG hybrid photocatalyst synthesized
by the hydro heat method. The experiment of pho-
tocatalytic removal of NN and AN carried out. Ex-
perexperiment showed that in mixed NN and AN
with pH = 9.5, the initial concentration of 1.5 g-L,
NN and ZnFe,0,/NG (NG 5.0 wt%) was 50 and 100
mg-L™, respectively, for 3 h, and the removal rate of
NN was the largest, with 90.95% and 62.84%, re-
spectively. The solution was aerated for 30 min and
continuous illumination 10 h, the removal rates of
NN, ammonia, and total nitrogen reached 92.04%,
89.44%, and 90.31%, respectively, which indicates
the potential application of ZnFe,O,/NG hybridiza-
tion catalyst for photocatalytic removal of NN and
AN.
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