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Abstract: Herein, we describe a cost-effective, efficient, sustainable, and environmentally friendly
pyrolytic method for the synthesis of highly active carbon materials from Carica papaya fruit juice for
the photodegradation of various pollutants, such as methylene blue (MB), in aqueous solutions using
ultraviolet (UV) light. Various analytical techniques were used to examine the morphology, crystal
quality, functional group chemistry, particle size distribution, and optical properties of the materials.
For evaluating the performance of the newly prepared carbon material, various photocatalyst pa-
rameters were investigated, including initial dye concentration, catalyst dose, pH of dye solution,
cyclic stability, and scavenger studies. The obtained findings attest that the optimal degradation
efficiency of carbon material for high MB concentrations (2.3 × 10−5 M) is around 98.08%, whereas at
low concentrations of MB (1.5 × 10−5 M) it reaches 99.67%. Degradation kinetics indicate that MB
degrades in a first-order manner. Importantly, as the pH of the dye solution was adjusted to ~11,
the degradation rate increased significantly. The scavenger study indicated that hydroxyl radicals
were the predominant species involved in the degradation of MB. In addition, active surface site
exposure and charge transfer were strongly associated with efficient MB degradation. On the basis
of its performance, this newly developed carbon material may prove to be an excellent alternative
and promising photocatalyst for wastewater treatment. Furthermore, the synthetic approach used to
produce carbon material from Carica papaya fruit juice may prove useful for the development of a
new generation of photoactive materials for environmentally friendly applications, as well as for the
production of hydrogen from solar energy.

Keywords: Carica papaya fruit juice; carbon material; methylene blue

1. Introduction

The textile industry releases a large amount of effluent, including dyes and other chem-
icals, that can have an adverse impact on both humans and ecosystems when mixed with
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rivers or other bodies of water. Globally, textile effluent treatment and other environmental
contamination have become serious concerns in recent years. The use of biomass [1] as
a major source of carbon material is currently promoted as a solution to this problem. In
recent years, carbon materials have been considered as a potential candidate for photo-
catalysis and adsorption applications, owing to their specific surface area, large porosity,
and high activity. However, the drawback of these material is identified in view of the
low availability of standardized processes along with the limited information about their
specific applications. For instance, functionalized graphite materials having diverse and
typical functional groups, or doped graphitic materials with certain dangling bonds, are
associated with the adsorption of several ionic and molecular substances. This type of ad-
sorption on the functionalized graphite surface is suggested to be chemisorption, whereas
the adsorption performed by the weak Vander Waal forces via π-π interactions between the
aromatic molecules and the graphitic material is simply physical adsorption [2]. Graphene
oxide is a typical carbon-based material that favors attraction and hence the removal of
cationic dye because of the presence of oxygenated groups in graphene oxide; however,
pristine graphene may be able to adsorb both cationic and anionic dyes through π-π inter-
actions [2]. The photocatalytic performance accompanied by the semiconducting material
with rich defect chemistry and surface-oxygenated or nitrogen-doped groups fills the gap
of sp2 on the carbon material [3]. The diversity of sp2 in carbon materials enables surface
modifications for use in several applications. These surface modifications have shown
a highly efficient role in driving both processes of adsorption and photocatalysis. The
surface modification is carried out by producing composite systems such as metal/carbon
composites [4–8] and metal oxide/carbon composites for the photocatalytic reactions of
both anionic and cationic dyes [9,10].

Recent studies have demonstrated that green carbon precursors can be synthesized
from milk, fruits, vegetables, hair, caramel, honey limeade, grapefruit peel, linseed, xylan,
bombyx mori silk, and xylitol [11–17]. In general, it has been shown that plant extracts
containing a variety of bioactive molecules, including tannins, polyphenols, flavonoids,
citric acid, tartaric acid, and ascorbic acid, are capable of producing nanoparticles if they
contain acids (tannin, polyphenols, and flavonoids), bases (alkaloids), and neutral com-
pounds (carbohydrates) [18]. However, the synthesis of carbon materials from biomass
or its waste with enhanced photocatalytic applications is rarely investigated. Hence, it
is highly desirable to develop a facile, low-cost, eco-friendly and scalable method for the
synthesis of carbon materials with promising performance for photocatalytic applications.

We propose, in this work, a facile hydrothermal carbonization approach for the synthe-
sis of a highly active carbon material from Carica papaya juice. Several chemical compounds
in papaya have antioxidant properties, including caffeic acid, myricetin, quercetin, alpha-
tocopherol, papain, benzyl isothiocyanate (BiTC), kaempferol, and flavonoids. Compounds
like these are important phytochemicals, with functional groups, such as carboxyl, hydroxyl,
and amine, that make them ideal for the treatment of water and wastewater. Researchers
have also suggested that flavonoids contained in plant biomass may serve as scavengers
for photocatalysis [19–21]. As part of our ongoing research endeavors, we emphasized, in
this study, the significance of carbon materials in enhancing the photocatalytic degradation
of the carcinogenic methylene blue (MB) dye in aqueous media and via illumination with
UV light.

2. Result and Discussion
2.1. Crystalline Arrays, Morphology, and Optical Characterization of As-Prepared Carbon Material
from Carica papaya Fruit Juice

An SEM examination of the typical surface morphology of carbon material prepared
from Carica papaya juice is shown in Figure 1a,b. As can be seen from the SEM images, the
carbon has a sheet-like shape and carries small particles on its surface, as is typical of carbon.
In Figure 1b, a homogeneous sheet-oriented shape with similar properties to graphite is
shown. The FTIR spectrum of the presented carbon material is presented in Figure 1c, which



Catalysts 2023, 13, 886 3 of 15

provides information about the chemistry of the functional group. The results indicate that
the band gap of 3447 cm−1 is a result of (O-H) hydroxyl groups bound to the surface of
the carbon material, while the band gap of 2926 cm−1 corresponds to the frequency of C-H
stretching vibrations. An apparent band associated with the stretching band wavenumber
of the S-H group was observed at 2512 cm−1, and the typical features of the C=O carbonyl
bond were observed at 1792 cm−1. The FTIR band at 1631 cm−1 is associated with stretching
vibrations around C-O and bending vibrations of N-H groups [22], whereas the band at
1431 cm−1 is attributed to the chemical environments of C-N, N-H, and –COO. The
FTIR analysis of carbon surfaces indicates that recurring groups such as -NH2, -OH, and
-COO are bound to the surface, and this observation has been substantiated by published
studies [23–26]. The as-prepared carbon was tested optically in an aqueous solution, and
the obtained UV-visible spectrum is shown in Figure 1d. The figure illustrates an inset of
a shoulder peak consisting of three distinct absorbance regions at 351, 356, and 361 nm.
It has been suggested that the absorbance band at 351 nm is a consequence of the n–π*
transition of the CO band structure [27–29]. These optical results clearly indicate that the
carbon material derived from the Carica papaya juice exhibited similar characteristics to
those carbon-dot-like materials previously reported elsewhere [30,31].

Catalysts 2023, 13, x FOR PEER REVIEW 3 of 16 
 

 

2. Result and Discussion  
2.1. Crystalline Arrays, Morphology, and Optical Characterization of as-Prepared Carbon 
Material from Carica papaya Fruit Juice 

An SEM examination of the typical surface morphology of carbon material prepared 
from Carica papaya juice is shown in Figure 1a,b. As can be seen from the SEM images, the 
carbon has a sheet-like shape and carries small particles on its surface, as is typical of 
carbon. In Figure 1b, a homogeneous sheet-oriented shape with similar properties to 
graphite is shown. The FTIR spectrum of the presented carbon material is presented in 
Figure 1c, which provides information about the chemistry of the functional group. The 
results indicate that the band gap of 3447 cm−1 is a result of (O-H) hydroxyl groups bound 
to the surface of the carbon material, while the band gap of 2926 cm−1 corresponds to the 
frequency of C-H stretching vibrations. An apparent band associated with the stretching 
band wavenumber of the S-H group was observed at 2512 cm−1, and the typical features 
of the C=O carbonyl bond were observed at 1792 cm−1. The FTIR band at 1631 cm−1 is as-
sociated with stretching vibrations around C-O and bending vibrations of N-H groups 
[22], whereas the band at 1431 cm−1 is attributed to the chemical environments of C-N, N-
H, and –COO. The FTIR analysis of carbon surfaces indicates that recurring groups such 
as -NH2, -OH, and -COO are bound to the surface, and this observation has been substan-
tiated by published studies [23–26]. The as-prepared carbon was tested optically in an 
aqueous solution, and the obtained UV-visible spectrum is shown in Figure 1d. The figure 
illustrates an inset of a shoulder peak consisting of three distinct absorbance regions at 
351, 356, and 361 nm. It has been suggested that the absorbance band at 351 nm is a con-
sequence of the n–π* transition of the CO band structure [27–29]. These optical results 
clearly indicate that the carbon material derived from the Carica papaya juice exhibited 
similar characteristics to those carbon-dot-like materials previously reported elsewhere 
[30,31]. 

 
Figure 1. (a,b) SEM images of low and high magnification of carbon material, (c) FTIR spectrum and 
(d) absorbance spectrum and the inset wavelength of synthesized carbon material from Carica pa-
paya juice. 

Figure 1. (a,b) SEM images of low and high magnification of carbon material, (c) FTIR spectrum
and (d) absorbance spectrum and the inset wavelength of synthesized carbon material from Carica
papaya juice.

As shown in Figure 2a, a powder XRD was also used to determine the crystalline
nature of the synthesized carbon material. Diffraction patterns could not be clearly resolved,
and weak reflections were observed for 001, 002, and 101 at 19◦, 28◦, and 44◦, respectively.
According to XRD analysis, the carbon material exhibits crystalline features closely re-
lated to graphite; however, the weak reflection suggestes that the material is most likely
contained in an amorphous phase. Based on the XRD patterns, the results are reasonably
consistent with those found in previous studies on graphite-based carbon material [32]. A
camera image of the carbon material illuminated with UV light for three minutes is shown
in Figure 2a. This image displays the luminescent characteristics of carbon as it is prepared.
Figure 2b shows the results of a dynamic light scattering (DLS) experiment used to deter-
mine the carbon material’s particle size distribution. The particle size distribution of the
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carbon material under DLS was determined using Zetasizer Nano (ZS). It was determined
that the average particle size distribution was approximately 1148 nm in diameter. As
shown in Figure 2b, the DLS spectrum consists of two distribution peaks, and each peak
represents the relative quantity of particle size distribution.
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2.2. Photocatalytic Application of As-Prepared Carbon Material against the Photodegradation of
Methylene Blue

The carbon material prepared from Carica papaya juice was also used as a low-cost,
simple, and eco-friendly catalyst to treat wastewater. Prior to the evaluation of the catalytic
performance of the prepared carbon material, a 2.3 × 10−5 M concentration of MB solution
was irradiated with UV light without carbon material as shown in Figure 3. Figure 3a, in
particular, illustrates the decrease in the absorbance of the MB solution upon irradiation
with UV light for certain time intervals. However, the decrease in absorbance is very slow
and insignificant, thereby suggesting a kinetically slow degradation of MB when irradiated
with UV light only. According to the results of the kinetic study, Figure 3b,c illustrates
the kinetics of the reaction in the absence of the catalyst. Based on the observations, it
appears that the UV light irradiation of the MB solution has a negligible impact on reaction
speed as well as a limited influence on reaction kinetics. The degradation efficiency of the
2.3 × 10−5 M MB solution was also examined. According to Figure 3d, the degradation
efficiency of MB was around 3%, which is a very low value. Therefore, UV light has
a limited role in degrading MB, and thus the development of new photocatalysts with
improved functions is highly demanded.

2.2.1. Initial Dye MB Concentration and Photocatalyst Dose Study

We have evaluated the photocatalytic performance of carbon materials prepared from
Carica papaya juice, as well as their initial MB dye concentration, catalyst doses of five,
ten, and fifteen milligrams, dye solution pH, recycling stability, and the identification of
active radicals responsible for MB photodegradation in aqueous solutions. This study
used MB concentrations of 2.3 × 10−5 M and 1.5 × 10−5 M. In Figure 4, different catalyst
doses are illustrated, such as 5 mg for X, 10 mg for Y, and 15 mg for Z. To begin with, dye
concentrations were tethered to specific catalyst doses in the dark. The adsorption and
desorption equilibria were established by exposing them to UV light. As a result of the
presence of carbon material under mechanical stirring, an adsorption rate of 2–3% could be
expected. According to our findings, the carbon material was primarily involved in the
photocatalytic oxidation of MB in the presence of UV light, while the adsorption process
was very limited. Every 25 min, the absorbance variation was recorded for 2.3 × 10−5 M as
displayed in Figure 4a–c and 1.5 × 10−5 M as shown in Figure 4d–f. The absorbance of each
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dye concentration decreased as the sweeping time of the UV light was increased. According
to Figure 4a,d, a carbon catalyst containing 5 mg greatly enhanced dye degradation. The
degradation rate, on the other hand, increased significantly in response to an increase
in catalyst dose from 10 mg to 15 mg, as shown in Figure 4b,c,e,f. The results of this
analysis indicate that the carbon material from the Carica papaya juice was actively exposed
during the UV light irradiation of the MB solution, which generated enough radicals to
effectively oxidize the MB under UV light illumination. It is noteworthy that the carbon
material performs relatively better when the dye concentration is low. Therefore, the UV
photons had the greatest ability to reach the surface of the catalyst, and they activated
the surface and accelerated the oxidation reaction rate of the MB, as shown in Figure 4d–
f. In spite of this, there is the possibility that the surface of the carbon material can be
covered with dye molecules when there is a high concentration of MB present. This
reduces the dye degradation effectiveness, as indicated in Figure 4a–c. Additionally, it has
been demonstrated that the high concentration of MB could not support the generation
of large numbers of electron–hole pairs, which could potentially produce a significant
number of oxidizing radicals. Consequently, carbon materials are less efficient at high MB
concentrations.
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without prepared photocatalyst for the time period of 150 min under ultraviolet light illumination,
(b,c) kinetic reaction of MB dye degradation in the absence of photocatalyst, and (d) degradation (%)
efficiency only with the ultraviolet light.

The kinetic study was carried out for the photodegradation of MB at both concentra-
tions of 2.3 × 10−5 M and 1.5 × 10−5 M at 5 mg, 10 mg, and 15 mg catalyst doses of the
prepared carbon material under the influence of UV light as shown in Figure 5.
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Figure 5. (a,b) Degradation kinetics of MB dye solution consuming different catalyst doses of 5 mg,
10 mg, and 15 mg at a concentration of 2.3 × 10−5 M MB under ultraviolet light illumination,
(c) degradation (%) efficiency of MB concentration 2.3 × 10−5 M with different catalyst doses of
5 mg, 10 mg, and 15 mg for the time period of 150 min, (d,e) degradation kinetics of MB dye solution
consuming different catalyst doses of 5 mg, 10 mg, and 15 mg at a concentration of 1.5 × 10−5 M MB
under ultraviolet light illumination, (f) degradation (%) efficiency of MB concentration 1.5 × 10−5 M
with different catalyst doses of 5 mg, 10 mg, and 15 mg for the time period of 90 min.
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The kinetics of MB dye degradation was verified by first order through the relation-
ships ln(Ct/C0) = kt ln(Ct/C0) = kt. The notations Ct and C0 are assigned to the MB con-
centration at certain time intervals and the initial dye concentration, respectively, whereas
K is the rate constant. As shown in Table 1, the calculated rate constant values confirm
that the degradation kinetics is highly favorable at low concentrations of MB relative to
high concentrations of MB. The K values given in Table 1 were calculated through the
measured slope to form the linear fitting of Ln (Co/Ct) against time. A comparison of the
degradation performance of the presented carbon material with that of recently published
works revealed that the newly prepared carbon material is highly efficient in degrading
MB in the presence of UV light [33]. It was found that the degradation efficiency of the
carbon material was about 98.09% at the high concentration, as shown in Figure 5e, and
about 99.6% at the low concentration, as shown in Figure 5f, using a catalyst dose of 15 mg.
Compared to many published studies, these degradation efficiency values are relatively
higher and confirm the use of carbon as an alternative material for the real-world treatment
of wastewater [34–36]. The low concentration of dye, 1.15 × 10−5 M, has a high K value,
confirming that the dye almost degraded into mineralized products such as CO2 and H2O.
This is the dye concentration where we can say that the carbon material is highly effective
in removing the MB from aqueous solution via the oxidation of MB under the illumination
of UV light. For the higher concentration, 2.30 × 10−5 M, the K value is acceptable, but
the dye removal is not complete and hence the optimum level of dye removal was found
to be at 1.15 × 10−5 M. Furthermore, we can say that is not required to go beyond the
1.15 × 10−5 M dye concentration, because at this concentration the dye is approximately
100% degraded into harmless products.

Table 1. Summary of obtained results with carbon material from Carica papaya.

Sample Dose Dye Con: Constant (K) Dye Con: Constant (K)

5 mg

2.30 × 10−5 M

1.01 × 10−2 min−1

1.15 × 10−5 M

1.78 × 10−2 min−1

10 mg 1.50 × 10−2 min−1 2.54 × 10−2 min−1

15 mg 1.66 × 10−2 min−1 3.67 × 10−2 min−1

pH study

pH-5

2.30 × 10−5 M

1.89 × 10−2 min−1

pH-7 2.53 × 10−2 min−1

pH-9 2.80 × 10−2 min−1

pH-11 3.19 × 10−2 min−1

2.2.2. Effect of pH of Dye Solution on the Photocatalytic Performance of Carbon Material

Additionally, it has been shown that pH has a significant effect on dye degradation
rate and degradation efficiency [37]. As a result, we adjusted the pH of the MB dye solution
to 2.3 × 10−5 M containing 15 mg of catalyst in the range of 5, 7, 9, and 11 by adding 0.4 M
HCl and NaOH aqueous solutions under ultraviolet illumination. Figure 6a–d show the
corresponding decrease in absorbance UV-visible spectra.
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It is evident from Figure 7c that pH has provided an excellent platform for MB to
degrade efficiently, and the importance of pH is particularly evident when MB solution is
adjusted to pH 11. The degradation rate of MB was greatly increased when pH was used,
and the dye appeared to be 100% after 90 min when pH was not adjusted at the same dye
concentration as 150 min with pH adjustment. Further, it has been observed that after the
degradation process, pH values have increased slightly from 5, 7, 9, and 11 to 5, 52, 7.46,
9.62, and 11.34, respectively. Approximately 98.8% of the MB was degraded efficiently at
pH 11. Hydroxyl radicals may have played a significant role in the efficient degradation
of MB. Studies have shown that MB becomes deprotonated in a high basic solution [38].
The generation of hydroxyl radicals is facilitated by the interaction of hydroxide ions
with negative holes produced during the irradiation of photons, which in turn convert
hydroxide ions into hydroxide radicals [39]. Therefore, the hydroxide radicals supported
the degradation of MB when the MB solution was irradiated with carbon material [40].
Furthermore, it is well established that the nature of the photocatalyst plays an important
role in determining how pH influences dye degradation; however, in the present study,
the performance of the material is relatively limited in slightly acidic pH due to a low
density of hydroxide ions, which results in few hydroxide radicals, thus reducing its
degradation performance. We have also studied the degradation kinetics of MB under the
environment of different pH values of MB in 2.3 × 10−5 M. Table 1 presents the degradation
kinetic data collected at pH values of 5, 7, 9, and 11. Degradation kinetics in acidic pH
were limited by an agglomeration of carbon material, thereby reducing surface exposure,
resulting in a low degradation rate due to less interaction between the material and MB. In
alkaline conditions, however, high levels of hydroxyl radicals (HO− HO−) were produced,
which significantly impaired the degradation of MB. Additionally, due to the presence of
hydroxide ions, the carbon surface is enriched with negative changes, which facilitates the
adsorption of cationic MB dyes onto the carbon surface, resulting in the effective removal
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of MB as shown in Figure 7d. In order to obtain a better understanding of the degradation
mechanism, a scavenger study was conducted to identify the nature of radicals involved
in the degradation process. The MB dye 2.3 × 10−5 M was irradiated with UV light in
the presence of different scavenger agents, such as ascorbic acid, sodium borohydride,
and ethylenediamine tetraacetate (EDTA). Generally, it has been shown that different
radicals, such as hydroxyl radicals (˙OH), photogenerated holes (h+), and superoxide
radical ions (˙O2

−), have been the potential specie to degrade the dyes. Additionally, it has
been demonstrated that these used scavengers are sources for the generation of hydroxyl
radicals (OH) and oxygen radicals (O2) [41] and that major degradation occurs within
these radicals [42,43]. As a result of the use of EDTA as a scavenger, the degradation
kinetics of MB were significantly decreased, confirming that the hydroxyl radicals are the
main radicals that accelerate the degradation kinetics of MB [21,33]. This has already been
demonstrated in the pH study under pH 11 under the basic conditions.
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Figure 7. (a,b) Degradation kinetics of MB dye solution at a concentration of 2.30 × 10−5 M MB
dye solution consuming a catalyst dose of only 15 mg at different pH values of the dye solution
pH-5, pH-7, pH-9, and pH-11 for the time period of 90 min under ultraviolet light illumination,
(c) degradation (%) efficiency of MB concentration 2.30 × 10−5 M with a catalyst dose of 15 mg for
the time period of 90 min, and (d) degradation (%) efficiency of MB under the different scavengers
at a concentration of 2.30 × 10−5 M MB dye solution consuming a catalyst dose of 15 mg under
ultraviolet light.

We have also studied the stability and repeatability of the as-prepared carbon material
using three reusability cycles and one as an initial cycle at the concentration of MB of
1.5 × 10−5 M as enclosed in Figure 8a. Figure 8a shows that the degradation efficiency
of the carbon material towards MB degradation did not significantly change after four
repeatable cycles. For four cycles, the relative degradation efficiencies were 99.67, 97.52,
95.28, and 95.18%. These cyclic stability results are highly encouraging. They provide the
potential for developing a material that is low-cost, green, easy to prepare, and can be
synthesized on a large scale. In addition, the amount of active site exposures was calculated
through cyclic voltammetry under the non-Faradic region in 1.5 × 10−5 M at various
scan rates as illustrated in Figure 8b. According to published work [44], electrochemical
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active surface area (ECSA) calculations were carried out. The linear plot of the anode and
cathode current densities against scan rates along with the estimated slope of the linear
fit associated with the ECSA are shown in Figure 8c. The ESCA strongly supports the
performance of carbon materials in their prepared state against MB degradation when
exposed to UV radiation. Charge transfer information was also obtained using electrochem-
ical impedance spectroscopy (EIS), as illustrated in Figure 8d. The EIS was performed at
an MB concentration 1.5 × 10−5 M and the fitted data are shown in Figure 8d. The inset
illustrates the equivalent circuit obtained during fitting raw EIS data. The circuit elements
include solution resistance (Rs), charge transfer resistance (RCt), and constant phase ele-
ment (CPE). In agreement with the reported work [44], the charge transfer resistance for the
carbon material as prepared was 35.28 K ohms. As evidenced by the charge transfer results,
the as-prepared carbon material performs well against MB degradation when exposed to
ultraviolet light in aqueous solution under UV irradiation.
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Figure 8. (a) Reusability test of three cycles measured at a concentration of 1.30 × 10−5 M MB
dye solution, (b) cyclic voltammetry measurement in 2.30 × 10−5 M MB dye solution at different
scan rates, (c) current density for (ECSA) along with linear fitting of different anodic and cathodic
measurements, and (d) EIS measurement at a concentration of 2.30 × 10−5 M MB dye solution
under the illumination of ultraviolet light at a sweeping 100 kHz to 0.1 Hz, an amplitude of mV, and
zero-bias potential in open circuit.

3. Experimental Section
3.1. Chemical and Reagents

Chemicals of high analytical grade were obtained from Merck and Sigma Aldrich,
Karachi, Sindh, Pakistan. Among these are ascorbic acid (C6H8O6, Mm 176.12 g/mol),
sodium borohydride (NaBH4, Mm 37.83 g/mol), sodium hydroxide, hydrochloric acid, and
methylene blue (C16H18ClN3S, Mm 319.85 g/mol). Deionized water was used throughout
the study to prepare desired solutions.
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3.2. Synthesis of Carbon Material from C. papaya Fruit

A typical method of preparing carbon material was developed and described in
Scheme 1. Initially, low-quality C. papaya fruit was obtained from the local market of
Jamshoro, Sindh, Pakistan. Afterwards, the fruit mass was chopped into small pieces
and then juiced using a juicer machine. A muffle furnace was then used to heat 50 mL
of C. papaya juice at 220 ◦C for 2 h at a ramp rate of 15 ◦C per minute. A glass beaker
containing DI water was filled with the resultant carbonized material (2 g). The solution
was sonicated for 50 min and then centrifuged for 30 min at 5000 rotations per minute in
order to remove the larger carbon particles. We were finally able to obtain a dark brown
carbon material (0.4 g) for further analysis.
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Scheme 1. Schematic illustration showing the synthesis of carbon material from Carica papaya juice.

3.3. Characterizations of Prepared Carbon Material

The crystalline structure was investigated using X-ray diffraction (XRD) (Cu Kα radia-
tion with λ of 0.15406 nm at scanning at range of 10–80◦, Bruker D8 advance). The morphology
of carbon material prepared from C. papaya fruit was investigated using scanning elec-
tron microscopy (SEM, Hitachi Regulus 8100, Tokyo, Japan) at a voltage of 20 KV using
SEM. FT-IR spectrometer (Tensor 27, Bruker Optics, Ettlingen, Germany) was used to char-
acterize the functional groups. Finally, UV-visible spectroscopy (Lamda 365, PerkinElmer,
Waltham, MA, USA) was used to measure the absorbance of model dye methylene blue in
the 200–800 wavelength range.

3.4. Photocatalytic Application of Carbon Material Derived from C. papaya

An evaluation of the photodegradation performance of methylene blue (MB) dye was
conducted under UV illumination. As part of the photocatalytic study, an aqueous solution
of (2.3 × 10−5 M) and (1.15 × 10−5 M) of MB was prepared, and different doses of 5 mg,
10 mg, and 15 mg of the dye solution 2.3 × 10−5 M MB were transferred into separate glass
beakers containing 50 mL of 2.3 × 10−5 M MB solution, which was then exposed to UV
radiation. A UV light box containing six light-emitting diodes (LEDs) of 365 nm and 10 W
power was used. Additionally, 2 mL of each irradiated MB solution was placed in a quartz
cell and the change in absorbance for different time intervals was measured using a UV-vis
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spectrophotometer. Calculation of dye removal percentage (% D) from prepared carbon
material was conducted using Equation (1).

% D =
A0 − At

A0
× 100% (1)

where A0 represents absorbance of the initial concentration of MB dye (before illumination)
and At indicates the change in concentration of MB dye (after illumination) at time ‘t’.
However, the degradation rate constant of MB dye was calculated by using the Langmuir–
Hinshelwood kinetic model. The photocatalytic degradation process of methylene blue
was stated by the pseudo-first-order kinetic Equation (2).

ln(C0/Ct) = kt (2)

Herein, k symbolizes the apparent reaction rate constant (min−1), C0 expresses the
initial dye concentration (MB), and Ct illustrates the dye concentration at illumination time.

We used a 2.3 × 10−5 M MB dye solution to determine the effect of pH on the degrada-
tion of prepared carbon materials, and we then altered the pH using 0.2 M HCl and NaOH
aqueous solutions. Additionally, scavenger tests were performed in order to determine
the type of radical responsible for the breakdown of MB under UV radiation. With a dye
solution containing 2.3 × 10−5 M dye, the degradation performance of the newly prepared
carbon material was evaluated. The pH of the solution was adjusted with 0.2 M HCl and
NaOH solutions. In addition, scavenger studies were conducted in order to investigate
the nature of the radicals involved in the degradation of MB in the presence of UV light.
Hence, ascorbic acid (C6H8O6), ethylenediamine tetracetate acid disodium (EDTA-Na2),
and sodium monohydrate (NaBH4) were some of the scavengers we employed in the MB
solution. We used a concentration of 10 mM for each scavenger, and we added 15 mg of
carbon material to 60 µL of MB solution. Measurements of scavengers were conducted
under UV illumination. To examine the role of active surface area and charge transfer, cyclic
voltammetry and electrochemical impedance spectroscopy were employed. A non-Faradic
region of CV curves at different scan rates in 2.3 × 10−5 M was used first to determine
the electrochemical active surface area. During the electrochemical testing, three electrode
configurations were used, including a silver–silver reference electrode holding 3M KCl
mixture, a platinum wire counter electrode, and a glassy carbon working electrode. Before
the electrochemical measurement, the glassy carbon electrode was polished with alumina
paste and silicon paper and rinsed several times with DI water. In the following step, 5 mg
of carbon material was dispersed in 3 mL of deionized water and 100 mL of 5% Nafion
solution to create a photocatalyst slurry. A drop-casting technique was then employed
to drop 10 µL (0.2 milligrams) of photocatalyst ink onto a glassy carbon electrode. We
allowed the modified electrode to dry in the open air for a period of time. An electrode
composed of of glassy carbon had a surface area of approximately three millimeters. For
the EIS investigations, the sweeping frequency was 100 kHz to 0.01 Hz, with a biasing
potential of zero and an amplitude of 10 mV.

An electrochemical workstation was used to carry out the EIS in a 2.3 × 10−5 M MB
dye under UV irradiation. An estimate of the current density was obtained by dividing
the measured current by the area of a glassy carbon electrode. With the assistance of
Z-view software, EIS data were simulated using a well-fitted equivalent circuit in order
to calculate the charge transfer rate of carbon material during the breakdown of MB. In
order to determine the size distribution of carbon material, 3 mg of carbon material was
dispersed in 10 mL of deionized water (ZS) using the Malvern Zetasizer Nano.

4. Conclusions

As a conclusion, we have utilized the pyrolytic method to synthesize a carbon-based
photocatalyst from Carica papaya juice for the first time due to its low cost, simplicity, ease of
scaling, eco-friendliness, and environmental friendliness. It has been extensively studied in
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terms of the shape, crystalline properties, particle size distribution, and optical properties
of this newly prepared carbon material. For the first time, the newly prepared carbon
material from Carica papaya juice was employed for the photodegradation of MB in aqueous
solution. It has demonstrated superior catalytic properties compared to previously reported
carbon materials. The different parameters that influence the performance evolution of the
presented photocatalyst have been investigated, including the initial dye concentration,
catalyst dose, pH of the dye solution, cyclic stability, and identification of the dominant
oxidizing radical. In consequence, a degradation efficiency of approximately 99.67% was
obtained, and a first-order kinetics model was used to describe the degradation process. It
was found that the degradation rate was highly dependent on the initial dye concentration,
the pH of the dye solution, and the catalyst dose. The use of Carica papaya juice as a
green and natural raw material for the synthesis of efficient carbon-based photocatalytic
material offers a new roadmap for the development of new photocatalytic materials for
environmental and solar-driven hydrogen production applications.
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