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ABSTRACT. A series of nanoporous carbons (NPC) Fe-C/N-900 and C/N-900 have been synthesized from one-
step carbonization of 5,10,15,20-tetrakis(4-carboxyphenyl)porphyrin-Fe (Fe-TCPP) and TCPP, respectively and
employed as photocatalyst for the degradation of organic dye methyl violet (MV) under UV irradiation. The
optimized Fe-C/N-900 (carbonized at 900 °C for 2 h) exhibited an optimal performance in MV degradation. The
photodegradation capacity of Fe-C/N-900 has been observed to be higher than that of C/N-900. The
photodegradation ability of Fe-C/N-900 as a function of initial MV concentration, catalysis dosage, and pH has
been also investigated. The Fe-C/N-900 material showed no apparent loss in MV degradation after four cycles.
These features reveal that Fe-C/N-900 may be a promising degradant for dyes removal from water.

KEY WORDS: Photocatalysis, Nanoporous carbons, Methyl violet, carbonization

INTRODUCTION

The wastewater bodies comprising of organic dyes are nowadays the most frequently detected
environmental pollutants due to exponential rise in the consumption of these dyes because of the
continuous growth in population [1-3]. The rise in such pollutant is the reason of immense
concern because they lead to adverse effects on aquatic life and humans [4-6]. In view of this
several methods and techniques, such as adsorption, biodegradation, and chemical oxidation
have been used to treat the dyes in the wastewater discharge. Since these methods are having
some limitations, therefore, new highly efficient methods with wide applicability and simple in
design are an urgent need of the hour to cope-up in a better way with this increasingly serious
pollution issue. Fujishima et al. in their pioneer work on the process of changing light energy to
chemical energy by photocatalyst had used TiO, and CdS as the representative of photocatalysts
for the degradation of the aromatic dyes [7-8].

Recently, advanced porous materials have created attention of the materials chemists
because they offer myriad of applications [9]. Using high temperature pyrolysis, ZIF-8 had been
converted to highly porous carbons with acidic and basic functionalities with high specific
surface area [10]. This was employed in liquid phase adsorption for the removal of drugs and
organic dye (methylene blue) from water [11]. However, utilization of this material was not
investigated in detail. Therefore, more detailed studies of the application of nitrogen-containing
carbons obtained from MOFs and hybrid materials are required. This is because, such materials
are innately fascinating because of their high porosity and hydrophobic nature.

*Corresponding author. E-mail: ying-p@163.com; hwx@wmu.edu.cn
This work is licensed under the Creative Commons Attribution 4.0 International License



278 Chuncheng Shi et al.

In the investigation presented herein, nanoporous carbons (NPC) have been derived through
one-step carbonization of 5,10,15,20-tetrakis(4-carboxyphenyl)porphyrin-Fe (Fe-TCPP) and
5,10,15,20-tetrakis (4-carboxyphenyl)porphyrin (TCPP). These newly synthesized materials
have been assessed towards the visible-light degradation of aromatic dyes. The results of their
comparative photocatalytic performances are presented.

EXPERIMENTAL
General considerations

All reagents obtained from commercial sources and used without further purification. Scanning
electron microscopy (SEM) has been carried out on FEI Quanta 400 FEG field emission
scanning electron microscope. Nitrogen adsorption-desorption measurements were performed at
77 K in a liquid nitrogen bath on a Micromeritics ASAP 3020 analyzer. Samples were degassed
at 150 °C for 10 h in a gas vacuum system prior to analysis. The Brunauer-Emmett-Teller (BET)
method was used to calculate the specific surface areas (Szzy). Pore size distributions were
obtained from the N, adsorption isotherms using density functional theory (DFT) method. The
photocatalytic activity studies were carried out using Shimadzu UV-Vis 2501PC
spectrophotometer.

Syntheses of C/N-900 and Fe-C/N-900

In a typical carbonization process, 500 mg of 5,10,15,20-tetrakis(4-carboxyphenyl)porphyrin-Fe
(Fe-TCPP) or 5,10,15,20-tetrakis(4-carboxyphenyl)porphyrin (TCPP) was transferred into a
ceramic boat and placed in a temperature programmed furnace. The furnace was heated to 900
°C with a ramp rate of 5 °C min™'and kept for 2 h under flowing argon atmosphere, and cooled
naturally to room temperature. The resulting nanoporous carbon materials were labeled as Fe-
C/N-900and C/N-900, respectively.

Photocatalytic method

The photocatalytic reactions were performed as follows: The samples C/N-900 or Fe-C/N-900
(20 mg) was dispersed in 50 mL aqueous solution containing methyl violet (MV), methyl blue
(MB) and rhodamine B (Rh B) (20 mg/L). The mixture was stirred in dark for 30 min to ensure
the establishment of adsorption-desorption equilibrium. The photocatalytic degradation
processes of MV, MB and Rh B were conducted on an XPA-7 type photochemical reactor
equipped with a 100 WLED lamp (mean wavelength 365 nm). During experiment, aliquots of
5.0 mL were taken out at specified time intervals and the clear solution was separated through
centrifugation and then subsequently analyzed by using a UV—visible spectrophotometer.

RESULTS AND DISCUSSION
Characterization of the catalysis

The carbon materials viz. C/N-900 and Fe-C/N-900 were prepared by controlling the
carbonization temperature at 900 °C. By optimizing the carbonization time period, the desired
carbon samples C/N-900 and Fe-C/N-900 were obtained with a short hold time of 2 h. SEM
images demonstrate that the obtained carbon materials are micron-sized carbon blocks with a
compact surface (Figure 1). The morphology of C/N-900 and Fe-C/N-900 change noticeably
upon pyrolysis (irrespective of treatment time), which is similar to previous works [12]. The N,
sorption isotherms of the sample obtained from carbonizing Fe-TCPP precursors is of type IV
(Figure 2), which is indicative of the coexistence of micropore and mesopore. The results
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obtained from the isotherms are in good agreement with the compact morphologies observed in
SEM images. The surface area and pore volume of Fe-C/N-900 is 214.6166 m*/g and 0.17502

cm?/g, respectively, which is higher in comparison to C/N-900 with 14.3274 m?/g and
0.00857cm?/g.

UV-Vis diffuse reflectance spectroscopy (DRS)

The optical properties of the photocatalysts were investigated by DRS. The optical band gap of
the samples were estimated using the Tauc plot in which the plot of (ahv)? versus the energy of
the absorbed light gives band gaps of samples. The E, value is determined by measuring the x-
axis intercept of an extrapolated tangential line from the linear region of the curve. The E,
values provide insight regarding the light absorption and photocatalytic efficiency of the
samples [13]. The band gaps of Fe-TCPP, C/N-900 and Fe-C/N-900 were estimated to be 2.78
eV, 3.51 eV and 2.47 eV, respectively (Figure 3). The larger the E, is, the smaller the
degradation rate in the same time.

Figure 1. SEM images of (a) Fe-C/N-900 and (b) C/N-900.
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Figure 2. N, adsorption—desorption isotherms of samples.
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Figure 3. The band gaps of materials.
Photocatalysis

Photocatalytic degradation of methylene blue (MB), methyl violet (MV) and rhodamine B (Rh
B) by Fe-C/N-900 were conducted to investigate the efficiency of photocatalyst. The
photocatalytic activities of Fe-C/N-900 were monitored by the variation of the color in there
action medium by recording the maximum absorbance intensity. The absorption band of dyes
were observed to drop on prolonging the reaction time in presence of Fe-C/N-900. In presence
of Fe-C/N-900, within 25 min under UV irradiation the percentage photodegradation of Rh B,
MB, and MV are 19.55, 46.33 and 56.99%, respectively (Figure 4). Meanwhile, the percentage
photodegradation of MV was ~27.08, 56.99 and 55.61% when pure C/N-900, Fe-C/N-1000 and
Fe-TCPP were utilized as the photocatalysts. The results indicate that Fe-C/N-900 displays
better photocatalytic performance compared to pure C/N-900 and Fe-TCPP. The better
performance of Fe-C/N-900 can be credited to formation of the unique hetero junctions [14].
The C doped cubic ZnO was also obtained by using ZIF-8 as the precursor. Under visible-light
irradiation, the C350-400 (5.4% C doping) shows a 1.2-fold, 1.7-fold, and 1.8-fold higher
photoactivity than C350-450 (3.6% C doping), C-ZnO (2.7% C doping), and C400 (1.9% C
doping), respectively, in Rh B degradation, which results from the enhanced electron—hole
separation and optical absorption/mass transfer. However, the photocatalytic efficiency is not
very satisfactory and is lower than that of the title materials [15].

Influence of the operating parameters on the reaction

The catalyst dosage is an important parameter for catalytic activity; the Fe-C/N-900 catalyst
with varied concentrations of 5, 10, 15, 20, 30 mg/L was added to MV (Figure Sa and 5d). With
increase in the catalyst dosage, the degradation rate was not observed to increase obviously.
When catalyst dosage is increased, more electrons will be produced and hence more
photogenerated electrons will be captured. However, this phenomenon was witnessed only at
low dosages. Hence, when the dosage of Fe-C/N-900 was increased to 30 mg/L, the dosage
effect on the photocatalytic performance can be ignored. The almost neutral effect of the high
dosage of Fe-C/N-900 can be attributed to the high concentration of the catalyst which remains
suspended in solution and causes part of visible light to be lost by scattering effect [15].
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Figure 4. UV—vis absorption spectraof the Rh B, MB and MV solutions degraded by Fe-C/N-
900 under UV irradiation at different time intervals for (a), (b) and (c), respectively.

The pH value also plays an important role during photocatalytic reaction because it affect
the surface charges of photocatalytic materials as well as pollutants [15]. Hence, HOAc (0.25
M) or NaOH (0.25 M) solution was employed in adjusting the pH of MV solution to probe the
effect of variation in pH on photocatalytic property of material. The initial pH of MV ranged in
6-8. The optimal degradation rate of MV was 63.91% at pH value of 7.5 while the
photodegradation of MV suppressed to some extent at other pH values (Figure 5b and 5e). The
photocatalytic activity was also inhibited under strong alkaline condition although the
photocatalysis during first 5 min was accelerated. Such acceleration could be ascribed to the
negatively charged surface state of Fe-C/N-900 which takes benefit for the photo-generated
holes migrating to the surface for degrading pollutants [16].

For the purpose of studying the effects of MV concentration on photocatalytic performance,
the initial concentration of MV was set as 2x107, 4x10”, 4x10” and 5x10” mg/L (Figure 5c
and 5f). It was found that when the initial concentration of MV was 2x107, 4x10, 4x107 and
5x10” mg/L, the corresponding MV degradation rate was 58.72, 70, 50.14, 41.88% and 39.80%,
respectively. It could be found that the initial concentration of MV has little impact on the
photodegradation process but high concentration of MV may inhibit the photocatalytic
efficiency. It could be attributed to the light penetration and the competition between
intermediate and dye molecules. It is speculated that higher concentration of dyes could inhibit
the light penetration and which may result in less number of photon capturing by the catalyst
[17-18].

Bull. Chem. Soc. Ethiop. 2020, 34(2)



282 Chuncheng Shi et al.

(b) (c)

] 1o
and —e—pHEB 5

—a—2x 10" mollL
—e— 3= 10" moll
a gx 10" moliL
* 10" molL

o 10 13 E]
Time {min}

10 1%
Time (min}

5 ] 18 20
Time (min)

Figure 5. (a)-(c) Curves of absorbance of the MV solution degraded by Fe-C/N-900 under UV-
vis light irradiation and (d)-(f) linear-log plot as a function of visible light irradiation
time in the presence of Fe-C/N-900 under different conditions.
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Figure 6. (a) photodegradation of the MV solution over Fe-C/N-900 in the different scavenger
solutions; (b) cycling runs of the photocatalytic degradation of MV for Fe-C/N-900.

Photocatalytic mechanism study

To investigate the plausible photocatalytic mechanism, the photodegradation of MV was carried
out in the presence of tertiary butyl alcohol (TBA), benzoquinone (BQ) and ammonium oxalate
(AO) which act as -OH, O,-~ and holes (h") radicals quenchers, respectively (Figure 6a) [19-20].
The photocatalytic reactions performed in presence of these quenchers indicated that BQ was
capable of declining the photodegradation of MV in the presence of Fe-C/N-900. It was
observed that the relevant rate constants for the decomposition of MV in presence of Fe-C/N-
900 decreased in the presence of BQ under UV-Vis light. Therefore, the results of O,
quenching experiments suggest that the photodegradation of MV by the photocatalyst Fe-C/N-
900 is dominated by O, radical anion. In addition, the activity of the recycled catalyst is very
important for determining the performance of the photocatalyst. The solid samples were
collected by centrifugation and drying after the recycled experiments, the recycled Fe-C/N-900
exhibited similar photocatalytic performance when compared to the pristine Fe-C/N-900 (Figure
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6b) [21]. Thus, in can be shown that Fe-C/N-900 is stable during photocatalysis and it can be
used as stable photocatalyst for photodegradation of organic dyes [22-25].

CONCLUSION

In the presented work, the Fe-C/N-900 and C/N-900 materials had been successfully
synthesized using a facile one-step carbonization method and employed as catalyst for MV
degradation. The enhancement of the photocatalytic activity could be attributed to more Fe
active sites on the composite surface in Fe-C/N-900. Besides, various reaction parameters were
studied to simulate the MV degradation process, including the initial MV concentrations,
reaction pH and catalyst dosages. The study on the photocatalytic mechanism of the Fe-C/N-900
composite implies that O, should be the major contributor to the degradation process of MV.
Last but not least, this study is a good example showing that NPCs can be a competent substrate
for photocatalyst used in water treatment.
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