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Abstract  

The present study is focused on yogurt as a simple, inexpensive, abundant and green source for 

the preparation of luminescent carbon material for enhancing photodegradation of methylene blue 

(MB). This study introduces an ecological and sustainable approach to large-scale production of 

carbon material using direct thermal annealing of yogurt in muffle furnace. The size of as prepared 

carbon material is around 200-300 nm. The particle size distribution was also studied and an 

average particle of 355 nm was measured. The material exhibits clear luminescence under the 

illumination with ultraviolet light. The synthesized carbon material shows an outstanding 

degradation functionality of MB under the irradiation of ultraviolet (UV) light. The degradation of 

MB was studied in aqueous media. Various dye degradation parameters such as initial dye 

concentration, catalyst dose, pH of dye solution and scavenger effects have been investigated. The 

optimum MB concentration was found to be 2.3×10-5 M with degradation efficiency of 94.8%. 

The degradation was highly enhanced at pH 11 with a degradation efficiency of 98.11%. The 

degradation of MB under highly alkaline condition was mainly governed by the high amount of 

hydroxyl radicals. Furthermore, the scavenger study confirmed that the hydroxyl radicals were 

mainly involved in the degradation process. The degradation kinetics of MB followed a first order 

kinetics with large values of rate constant. The reusability was also studied to ensure the stability 

of as prepared carbon material during the degradation of MB. The preparation of carbon material 

with efficient photosensitivity for the degradation of organic dyes from yogurt shows a green and 

innovative methodology. Therefore, it can be of great interest for the future studies related to 

energy and environmental applications.   

 

Keywords: yogurt, Carbon material, Methylene blue, Aqueous solution  

 

 

 

1. Introduction  
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Recently, the synthesis of nanostructured materials based on biomass assisted has received a 

significant attention by the researchers around the world. In this preparation, it is mainly depending 

on biomolecules which chemically reacts under mild reaction conditions in the absence of toxic 

chemicals [1-3]. In the biosynthesis, the plants and extracts, animals, microorganisms, viruses, DNA 

and proteins are widely used [4-12]. The superiority of biosynthesis to that chemical and physical 

methods can be described  in terms of green aspects for no toxicity to our environment, low cost 

in terms of use of pressure and energy during synthesis, and nanostructured materials have an 

excellent biocompatibility, stability and homogeneity [2, 13-16]. Therefore, bio-mediated preparation 

of nanostructured materials is increasingly getting preference. The biosynthesis based 

nanostructured materials have been studied for various energy conversion systems [2, 5, 7].  

Wastewater treatment is a very critical problem for clean environment. Wastewater from different 

industries such as textiles, leather tanning, cosmetics and food is associated with a wide range of 

synthetic dyes. These dyes are the main water pollution factor and a serious threat to the aquatic 

life and our environment [17, 18]. Methylene blue is extensively used for dyeing fabrics, but it causes 

prolonged toxic effects on the human body. The most observed adverse effects of methylene blue 

for human health are allergies, mental disorders, dermatitis, cancer and heart diseases [19,20]. 

Therefore, it is highly important to develop low-cost, simple, and environmentally friendly 

technologies that allow efficient degradation of methylene blue.   

Photocatalysis is considered a highly efficient technology for the degradation of dyes compared to 

other methodologies, including chemical, physical and biological methods [21-25]. For this reason, 

photocatalysis is today defined as the most advanced technology for the degradation of water-

soluble synthetic dyes [23, 26]. The semiconducting material titanium dioxide (TiO2) has been widely 

used as a promising photocatalyst [27], and photocatalytic applications based on semiconducting 

materials have received significant attention ever since [28-31]. On the other hand, carbon materials 

such as carbon dots have proved to be excellent for photocatalytic applications due to their 

advantageous features such as unique internal and external sp2 and sp3 hybridized carbon orbitals 

[32]. Carbon dots exhibit numerous hydrophilic functionalities including hydroxyl, carboxyl, 

epoxides etc. These properties of carbon dots enable them to be dispersed very well in polar 

solvents [33]. Furthermore, carbon dots exhibit attractive physical and chemical characteristics such 

as significant luminescence, chemical inertness, limited toxicity, outstanding conductivity, and 
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water solubility [34]. Carbon dots are prepared using both top-down and bottom-up techniques, 

including carbonization or pyrolysis [35,36], chemical oxidation [37], arc discharge [38], laser etching 

[39], microwaves [40], and solvothermal/hydrothermal methods [41, 42]. In recent times, biosynthesis 

method is extensively used to produce  nano-sized carbon materials and for this purpose various 

biomasses have been used to prepare carbon materials such as chest nuts [43], coriander [44], lemon 

peel [45], cashew gum [46], honey [47], orange juice [38],orange peels [49], radish [50],egg [51], shrimp 

[52], pitahaya [53], milk [54], apple juice [55], stem of banana plant [56], pine apple peel [57], citric 

acid [58], corn and strawberry powder [59],  rosemary leaves [60], biomass (glucose, chitin, and 

chitosan) [61] etc. These nano-sized carbon materials have been utilized for biological, energy 

conversion, and environmental applications [35]. The biosynthesis method is simple, inexpensive, 

environment friendly, and highly desirable for large scale production of carbon-based materials. 

Currently, carbon dots are widely used for the degradation of synthetic dyes due to their intense 

light absorption, strong light trapping capacity and minimal charge recombination rate of 

photogenerated electron-hole pairs [62]. An innovative, inexpensive, abundant and environmentally 

friendly source of material such as yogurt has not so far been reported in the existing scientific 

literature for the production of luminescent carbon material. 

In this study, we prepared an innovative green carbon material by carbonizing yogurt produced at 

a local dairy as an inexpensive, simple, and abundant source. The morphology, crystalline 

structure, chemical and optical properties of the carbon material were investigated.  The green and 

innovative carbon material was used to degrade methylene blue in aqueous solution under the 

irradiation of ultraviolet light. Various degradation parameters were studied, such as the 

photocatalyst dose, the initial dye concentration, and the pH of the dye solution. 

 

2. Experimental Section  

2.1.Synthesis of luminescent green and innovative carbon material 

The yogurt was purchased in June from a local dairy shop located close to the University of Sindh 

Jamshoro, Sindh, Pakistan.  In typical synthesis of yogurt, the bacteria ferment the lactose sugar 

into lactic acid. Later lactic acid turns the milk more acidic in nature that helps the proteins to be 

coagulate. The Yogurt is rich with variety of chemical compounds like fat, protein, water, total 

solids, and ash. The pH of yogurt was about 4. The yogurt was   white more than 80%, 1.5% 
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greenish and 8.86% yellowish and very coagulated dense material.  It was used in the carbonization 

process without any pre-treatment. A typical preparation process of the luminescent carbon 

material form yogurt is described below and is shown in Scheme 1. The synthesis process consisted 

of two steps: (i) carbonization of the yogurt and (ii) separation of the product by filtration. Initially, 

40 mL of yogurt was transferred to a 50 mL glass beaker, then carbonized at 200 °C for 2h in a 

muffle furnace with a ramp rate of 15oC min-1. The 3g of product obtained were dispersed in 

deionized water and sonicated for 40 minutes, then filtered with a 0.2µm filter membrane. The 

filtrate was then centrifuged at 5,000 rpm for 30 min to remove the larger carbon particles. Finally, 

0.5g of dark brown carbon material were successfully obtained. The morphology of the carbon 

material was studied by scanning electron microcopy (JSM-5910, JEOL) using a voltage of 20 kV. 

The Fourier transform infra-red spectroscopy was used to record different vibrational bands 

(Tensor 27, Bruker Optics FT-IR), and powder X-ray diffraction (Shimadzu-Model Kyoto, Japan) 

was used to investigate the crystalline structure of the carbon material with Cu/Kα radiation 

(λ=1.5406 ˚A) at 45 kV and 45 mA.  

2.2.Photocatalytic activity of carbon material prepared from yogurt 

The photocatalytic activity of the carbon material was evaluated for the degradation of the MB 

dye. Initially, different amounts of catalyst (5, 10 and 15 mg) were added to 50 mL of MB dye 

solution, then stirred to form a homogeneous suspension. Each mixture was stirred in the dark for 

30 min before establishing the adsorption-desorption equilibrium between the photocatalyst and 

the dye solution. Then each dye solution with photocatalyst was transferred to a homemade UV 

light box and irradiated with UV light to activate the catalyst. The homemade UV box consists of 

five light emitting diodes (LEDs) with a wavelength of 365 nm and a power of 10 watts. During 

the irradiation with UV light, 1mL of each dye solution was taken at regular intervals and analyzed 

using a UV-vis spectrophotometer (Lambda 365, PerkinElmer). The UV-visible absorption spectra 

were recorded from 200 to 800 nm at different time intervals. The optimal wavelength of 664 nm 

is related to the intrinsic absorbance wavelength of the MB dye. 

The photocatalytic degradation efficiency (%Cdeg) of the carbon material was calculated using the 

following equation: 

% Cdeg =  
�����

�� × 100%, 0 ≤ t ≤ 6    (1) 
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where Co and Ct are the MB concentration at the beginning and after reaching the adsorption-

desorption equilibrium, respectively. The photodegradation kinetics of the MB dye by means of 

the carbon material was evaluated through the Langmuir –Hinshelwood equation [63] as follows: 

��	
��  
�� �� ��, 0 ≤ t ≤ 60      (2) 

where Kt denotes the rate constant for the pseudo-first order model. 

To understand the effect of pH on the degradation process, we adjusted the pH of various MB 

solutions to 5, 7, 9 and 11. The pH adjustment of the dye solutions was performed with 0.2M 

NaOH and 0.2M HCl solutions. 

 

2.3. Radical Scavenger experiment 

Scavenging experiments were carried out to detect the main reactive species during the 

photocatalytic decomposition of MB. For this purpose, ascorbic acid (C6H8O6), ethylenediamine 

tetracetate acid disodium (EDTA-Na2) and sodium monohydrate (NaBH4) scavengers were added 

to the MB solution and the corresponding absorbance spectra were collected. 60 µ of each 

scavenger at a concentration of 10 mM was added to the MB solution together with 15 mg of 

photocatalyst. The experiment was conducted for 210 min under the illumination with UV light. 

The electrochemical active surface area (ECSA) experiment of as prepared carbon material was 

performed with cyclic voltammetry at different scan rates. For the electrochemical experiments, 

we built a three electrode cell of silver-silver chloride (Ag/AgCl) filled with 3M Kcl electrolytic 

solution as reference electrode, platinum wire as counter electrode and modified glassy carbon 

electrode as working electrode. The cleaning of glassy carbon electrode was done with 3µm 

alumina paste solution and silicon paper followed by washing with the deionized water. The glassy 

carbon electrode was modified with the 5 mg dispersed carbon material ink in the mixture of 

deionized water and 50µL of 5% Nafion solution. Then, 10µL (0.2mg) of carbon ink was drop 

casted on the (0.03 cm2) surface area of glassy carbon electrode and dried with the blow of air at 

room temperature. Electrochemical impedance spectroscopy (EIS) was carried out with 

measurement conditions of 50 kHz to 0.1 Hz frequency, amplitude of 5 mV and zero biasing 

potential. All the electrochemical measurements were done in 2.3×10-5 M solution of MB on the 

Versa potentiostat.  The current density was calculated by dividing the measured current with the 
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surface area of glassy carbon electrode. The obtained EIS spectrum was simulated with Z-view 

software for the fitted equivalent circuit and estimated charge transfer resistance. The particle size 

distrubtion was calculated by dispersing 2 mg of carbon material in 20 mL of deionized water 

using malvern zetasizer nano (zs).  

 

 

3. Results and discussion 

3.1.Structural characterization of the carbon material prepared from yogurt 

The morphology of the carbon material was investigated by scanning electron microscopy (SEM) 

and SEM images at different magnifications are shown in Figure 1(a,b). The SEM images describe 

a structure consisting of large sheets (Fig.1a) composed of small particles, whereas (Fig. 1b), 

suggests that the material prepared from natural yogurt has graphitic aspects typical of carbon dots. 

Furthermore, the SEM analysis revealed a uniform size distribution of the carbon material. FTIR 

analysis was performed to identify the presence of functional groups on the surface of the carbon 

dots, as shown in Figure 1c. The presence of a large band at 3432 cm-1 was assigned to hydroxyl 

groups (O-H) adsorbed on the surface, while the low peak at 2926 cm-1 was attributed to the 

stretching vibration of the C-H chemical bond. A very weak peak at 2504 cm-1 is related to the 

stretching vibrational frequency of the SH, while the weak peak at 1746 cm-1 is attributed to the 

stretching vibrational frequency of the C=O bond. The peak at 1639 cm-1 corresponds to the 

stretching vibration of C-O and the bending mode of N-H [64], while the one at 1424 cm-1 is related 

to the stretching frequency of the C-N, N-H, and –COO chemical bonds. These observations 

confirm that reducing groups including –OH, -NH2, and –COO are localized on the surface of the 

carbon dots, in full agreement with various works reported onto fluorescent carbon dots [65-68]. 

The UV-visible spectrum of the aqueous solution of carbon material is shown in Figure 1d, where 

a slight shoulder at 340nm (3.6 eV) related to the n-π* transition of C=O is visible [69]. Three 

characteristic peaks in the 200-400 range are visible, at 233 nm, 281 nm and 340 nm respectively. 

The absorption bands at 233 and 281 nm come from sp2 hybrid orbitals of aromatic carbon, 

belonging to its π-π* transition [70]. A broad absorption shoulder at 340 nm is related to the C=O 

bond the revealing n-π* transition, in good agreement with the reported work [71, 72]. The UV-

visible spectroscopic analysis revealed that the prepared material has characteristics similar to 

those of carbon dots reported in the works [71, 72]. The crystalline structure of the material was also 
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studied through powder XRD technique, and the obtained pattern is shown in Figure 2, in which 

XRD diffraction peaks at 19.63°, 28.25°, 44.56°, 65.05° and 70.06° are visible. The peak at 19.63°, 

relative to the (001) planes is hardly visible, while the one at 28.25°, relative to the (002) planes is 

sharper. Finally, the one at 44.56°, relative to the planes (101), is clear and intense. The presence 

of these peaks confirms that the material has crystalline characteristics corresponding to graphite, 

entirely in agreement with the work reported on carbon dots [73]. The inset in Figure 2 shows the 

image of the luminescent carbon material obtained from yogurt taken with a camera. The carbon 

material was poured into the quartz glass cuvette, then the UV light was irradiated for 5 min, and 

then a camera was used to take the picture. 

 

3.2.Photodegradation of methylene blue in aqueous solution under illumination with UV 

light using carbon-based material  

The photocatalytic activity of the carbon-based material was tested for the photodegradation of 

methylene blue in aqueous solution under the illumination with UV light. Various parameters were 

studied to evaluate the photocatalytic performance of the prepared carbon-based material, such as 

the initial dye concentration, the photocatalyst amount, the pH of the MB aqueous solution. 

a. Effect of initial MB dye concentration and different doses of photocatalyst 

To verify the performance of the photocatalyst obtained from yogurt as a function of the dye 

concentration, we tested it at two different MB dye concentrations, such as 2.3×10-5 M and 0.7 

×10-5 M. Solutions with different amounts of carbon photocatalyst (5, 10 and 15 mg) were 

irradiated with UV light over time, and the absorption spectra of the dye were compared with those 

before the photocatalysis process. 

First, we studied the effect of different amounts of photocatalyst (5, 10 and 15 mg) on a low 

concentration of MB (0.7 ×10-5 M) under UV light illumination for 140 min, collecting an 

absorption spectrum every 20 min, as shown in Figure 3. The absorbance spectra of all three 

solutions showed a decrease in the MB peak over time and showed almost complete degradation 

within 140 minutes. These results show that for a low concentration of MB, i.e. 0.7 ×10-5 M, the 

carbon material prepared from yogurt is exceptionally effective in degrading MB in aqueous 

solution. We then investigated the performance of various photocatalyst amounts (5, 10 and 15 

mg) on a higher concentration of MB dye (2.3×10-5 M), as shown in Figure 4. In this case the peak 
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decreases much more slowly. Furthermore, the solution with 15 mg of catalyst shows the highest 

degradation efficiency with a value of 94.8 %. This demonstrates that increasing the amount of 

catalyst significantly affects the photodegradation kinetics. However, the performance of 15 mg 

of carbon material has a slightly lower degradation efficiency than it does on the lower 

concentration of MB. This could be attributed to the fact that the 2.3 × 10-5 M concentration could 

shield the UV light during the process, limiting the number of photons that reach the surface of the 

carbon material. This would lead to a lower production of electron-hole pairs, to a low amount of 

oxidizing radicals, and therefore to a lower degradation efficiency. 

b. Effect of pH of the MB dye solution 

The pH of the dye solution is one of the critical factors on the degradation efficiency [74]. Using 

the MB solution at 2.3×10-5 M concentration, considered a more convincing test, 15 mg of 

photocatalyst were tested at different pH values (5,7,9 and 11) under UV light for 160 min. We 

prepared 100 mL of MB solution at a concentration of 2.3×10-5 M, then four solutions with 

different pH values were obtained by adding an appropriate amount of 0.2 M NaOH or HCl 

solution. The pH of the dye solution increased to 6.5, 8.8, 10.9 and 12.4 after degradation for the 

initial pH values of 5, 7, 9 and 11 respectively, indicating the enhancing effect of photocatalytic 

reaction at different pH values. 15 mg of carbon material was added to each solution at different 

pH, and the solutions were stirred for 160 min at room temperature as shown in Figure 5. The 

highest percentage of dye removal was 98.4% for the dye solution with a pH of 11. This can be 

attributed to the high density of hydroxyl ions under higher alkaline conditions which could act as 

oxidizing radicals actively involved in the degradation process. Moreover, a possible reason for 

the higher degradation rate of MB under alkaline conditions is associated to the enhanced 

dissolving capability of unprotonated MB solution [75]. Hydroxyl radicals are produced during 

photocatalysis via reaction of hydroxide ions with positively charged holes under alkaline pH 

conditions [75]. Hydroxyl radicals strongly support the degradation of MB through the oxidation of 

hydroxide ions on the surface of the carbon-based material [76]. Furthermore, it has been found that 

the effectiveness of photocatalysis at different pH values is strongly dependent on the nature of 

the photocatalytic material [77]. However, at low pH the relative concentration of hydroxyl ions is 

lower, therefore a lower degradation rate is observed. 

c. Kinetics study of methylene blue degradation 
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The degradation kinetics of low and high concentration methylene blue have been studied with 

different amounts of catalyst, as reported in Figure 6. From the first order reaction kinetics, the 

value of the rate constant (K) can be estimated through the equation ln (Ct/C0) = kt ln (Ct/C0) = kt. 

Here, Ct and C0 are respectively the dye concentration at certain time “t” and at the beginning of 

the reaction (initial concentration). The rate constant values, reported in Table 1, show that the 

photodegradation rate is faster at low concentration of MB than at higher concentrations. The MB 

degradation rate using carbon material obtained from yogurt is comparable or higher than that of 

many nanostructured materials reported in recent works [78]. The degradation efficiency using 15 

mg of carbon material is higher (99.7%) at low MB concentration as shown in Figure 5e, while it 

is lower but still good (94.8%) at higher concentration, as shown in Figure 5f. These values indicate 

significantly enhanced photocatalytic properties of the carbon material compared to previous 

works [79- 81]. Similarly, the study of MB degradation kinetics was also carried out at various pH 

values of the dye solution (at a concentration of 2.3×10-5 M). The degradation kinetics at various 

pH values are shown in Table 1. In an acidic environment, there is a greater amount of holes which 

consequently accelerates the degradation kinetics. However, the degradation is relatively slow at 

low pH due to the possible agglomeration of the carbon material (and therefore the decrease of the 

catalyst surface) which leads to a poor absorption of UV photons. Additionally, the high density 

of cationic protons under acidic conditions creates a strong repulsion between the molecules of 

MB itself, which can reduce the interaction of MB with the catalyst surface, and therefore also the 

degradation of the dye. In an alkaline environment, there is a high probability of generation of 

hydroxyl radicals (HO⋅HO⋅) which greatly help to degrade the dye. Under highly alkaline 

conditions, the surface of the carbon material can be negatively charged and promote the 

adsorption of MB, leading to more efficient photodegradation. 

d. Degradation mechanism of MB onto carbon material  

The degradation mechanism of MB on carbon material obtained from yogurt under UV light 

irradiation is shown in Scheme 2. The irradiation with UV light can produce radicals like  •OH and 

O•2 which would be actively involved in the degradation of MB resulting in numerous 

intermediates which eventually decompose into several non-toxic compounds including SO3, NO2, 

NH2, CH4, H2O and CO2. Existing literature shows that the degradation of MB is accompanied by 

dissociation of the chromophoric structure and decomposition of homo- and heterolytic aromatic 
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cycles of MB [82]. The carbon material is excited during UV light irradiation and as a result radicals 

might be produced which contribute to the degradation of the MB. This is possible thanks to the 

availability of numerous electron-hole pairs with adequate energy of the conduction or valence 

bands, since consequently a high flow of electrons and holes is possible due to their separation at 

the time of MB degradation under UV light irradiation. Unfortunately, when we tested the 

photocatalyst under natural sunlight, we found that the degradation performance of MB is limited 

compared to that achieved under UV light. 

e. Scavenger study  

The kinetics of MB degradation was also evaluated in the presence of various scavenger and the 

reaction kinetics followed the pseudo first order mechanism as shown in Figure 8 (a, b). The 

scavenger agents tested were ascorbic acid, sodium borohydride and ethylenediamine tetraacetate 

(EDTA). Active radicals such as superoxide radical ions (•O− 2), hydroxyl radicals (•OH), and 

photogenerated holes (h+) have been found to be involved in the degradation process. These 

selected scavengers are mainly linked to (•O− 2) and hydroxyl radicals (•OH) [83] and the degradation 

of MB mainly depends on the amount of these oxidizing species, as previously reported in several 

studies [84, 85]. The degradation rate of MB was greatly reduced using EDTA as a scavenger, 

revealing that hydroxyl radicals play an important role in the degradation of MB under alkaline 

conditions, as shown in Figure 8c. For understanding the role of as carbon material towards 

degradation of MB, we have also studied the degradation of MB 2.3×10-5 M solution under the 

illumination of UV light without the use of photocatalyst as shown in Figure 9. The UV-visible 

absorption spectra suggest the negligible effect on the dye degradation as confirmed from low 

absorbance value as shown in Figure 9a. The reaction kinetics was further studied as enclosed in 

Figure 9 (b,c), indicating  that the UV light has limited effect on the reaction rate. The degradation 

efficiency of MB was observed around 6 to 7%, confirming that UV light itself has negligible 

effect on the dye degradation efficiency as shown in Figure 9d. Therefore, the synthesis of potential 

of photocatalysts is of immediate need for the efficient wastewater treatment process prior toe 

release of wastewater into the environment from various industrial sector. The stability of as 

prepared carbon material was also evaluated after three cycles as shown in Figure 10. The initial 

dye degradation cycle is enclosed in Figure 10a. Figure (b, c) are two reusability cycles for the 

photodegradation of MB under the illumination of UV light and it can be seen that the prepared 
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carbon material has significant effectiveness even after three cycles, confirming a good stability 

of material. The relative degradation efficiency of three cycles are enclosed in Figure 10d. The 

degradation efficiency of cycle-1, clycle-2 and cycle-3 are 93.3%, 2nd- 90.2%, 3rd- 88.3% 

respectively which acceptable for a low cost, earth abundant, an innovative and green approach.  

Furthermore to strengthen the performance of as prepared carbon material, we have analyzed the 

carbon sample in terms of electrochemical active surface area and impedance spectroscopy as 

enclosed in Figure 11. Both the electrochemical measurements were done according to our 

previous work [86].  The electrochemical active surface area was calculated by cyclic voltammetry 

at various scan rates as shown in Figure 11a. The linear fitting of current density of anode and 

cathode sides of CV curves was made and obtained slope value from fitting data was described as 

the suggested value of electrochemical active surface area (ECSA) as shown in Figure 11b. The 

obtained result of slope 0.01µcm-2 is confirming that the active surface area of carbon material is 

significant and it evidently supported the efficient degradation performance of carbon material 

towards MB degradation process. The EIS was also employed to find out the charge transfer of 

material which could support the performance of as prepared carbon material as enclosed in Figure 

11c. The EIS data was simulated and equivalent circuit with well-defined circuit elements is 

enclosed in the inset of Figure 11c. The circuit elements like solution resistance, carbon material 

film resistance, constant phase elements and the Warburg constants. The estimated value of charge 

transfer resistance of carbon material was 50.115 K Ohms from simulation which is close to the 

value of reported photocatalys [87]. Additionally, the semicircle arc of Nyquist plot is another 

evidence to estimate the material charge transfer resistance value.  The EIS study has verified that 

as prepared carbon material from yogurt exhibits excellent avenues of charge transfer during 

reaction that could foster the reaction kinetics of MB degradation. Moreover, the particle size 

distribution of as prepared carbon material was also measured as enclosed in Figure 12.  The 

particle size distribution was experimentally obtained using zetasizer nano (ZS) and the average 

particle size was found 355 nm. However, the relative concentration of small size particles was 

low compare to the large particles in the sample. The particle size distribution suggests that the 

prepared carbon material exhibts nano size, therefore it is shown in the literature that material at 

nano size has more surface area and consequently enhanced photocatalytic activity was found.   
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4. Conclusions  

                In this study, we have synthesized luminescent carbon material from yogurt through a 

green and innovative method of direct combustion in a muffle furnace. SEM images and XRD 

patterns showed that the carbon material has similar morphology and structure to those of carbon 

dots. The UV-visible spectra confirmed that the carbon material exhibits luminescent 

characteristics. The carbon material was found highly active in the degradation of methylene blue 

under UV light irradiation. Various aspects of the photocatalyst were studied such as the catalyst 

dose, the initial dye concentration, and the pH of the dye solution. Furthermore, under alkaline 

conditions, the MB was degraded even more efficiently. Scavenger studies confirmed that 

hydroxyl radicals are the potential species for efficient degradation of MB using carbon material 

prepared from yogurt. The reusability and particle size distribution were also investigated. The 

production of luminescent carbon material from innovative green natural resources such as yogurt 

can be of great use for various photocatalytic applications.  
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 Scheme 1: Scheme of green and innovative carbon material synthesis process 
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Figure 1(a,b): SEM images green and innovative carbon material at different magnifications, (c) 

FTIR spectrum of carbon material, (d) UV-visible absorbance spectrum of carbon material 

 

Figure 2: XRD diffraction patterns of carbon material obtained from yogurt, inset shows the 
luminescent aspects of carbon material  
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Figure 3: UV-visible absorbance spectra in MB concentration of 0.7×10-5 M for the time interval 

of 140 minutes under the irradiation of UV light (a)  a catalyst dose of 5 mg (b) a catalysts dose of 

5 mg (c)  a catalyst dose of 5 mg 
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Figure 4: UV-visible absorbance spectra in MB concentration of 2.3×10-5 M for the time interval 

of 210 minutes under the irradiation of UV light (a)  a catalyst dose of 5 mg (b) a catalysts dose of 

10 mg (c)  a catalyst dose of 15 mg  
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Figure 5: UV-visible absorbance spectra in MB concentration of 2.3×10-5 M at different pH values 

of dye solution for the time interval of 160 minutes under the irradiation of UV light using catalyst 

dose of 15 mg (a)  pH 5 (b) pH 7 (c)  pH 9 (d) pH 11  
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Figure 6: Evaluation of degradation kinetics  (a) linear plot of natural logarithm of concentrations 

like Co initial and Ct after certain intervals of time in MB  concentration of 0.7 ×10-5 M with various 

catalyst doses of 5, 10 and 15 mg for the time interval of 140 minutes  (b)  linear plot of natural 

logarithm of concentrations like Co initial and Ct after certain intervals of time in MB  concentration 

of 2.3×10-5 M with various catalyst doses of 5, 10 and 15 mg for the time interval of 210 minutes  

(c)  linear plot of concentrations like Co initial and Ct after certain intervals of time in MB  

concentration of 0.7 ×10-5 M with various catalyst doses of 5, 10 and 15 mg for the time interval 

of 140 minutes  (d) linear plot of concentrations like Co initial and Ct after certain intervals of time 

in MB  concentration of 2.3 ×10-5 M with various catalyst doses of 5, 10 and 15 mg for the time 

interval of 140 minutes  (e) degradation efficiency of MB  concentration  0.7 ×10-5 M with various 

catalyst doses of 5, 10 and 15 mg for the time interval of 140 minutes (f) degradation efficiency of 

MB  concentration  2.3 ×10-5 M with various catalyst doses of 5, 10 and 15 mg for the time interval 

of 210 minutes 
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Figure 7: Evaluation of degradation kinetics  (a) linear plot of natural logarithm of concentrations 

like Co initial and Ct after certain intervals of time in MB  concentration of 2.3 ×10-5 M with 15 

mg for the time interval of 150 minutes for pH values 5, 7, 9 and 11  (b)  linear plot of 

concentrations like Co initial and Ct after certain intervals of time in MB  concentration of 2.3 ×10-

5 M with various catalyst dose of 15 mg for the time interval of 150 minutes  for pH values 5, 7, 9 

and 11   (c) degradation efficiency of MB  concentration  2.3 ×10-5 M with catalyst dose of 15 mg 

for the time interval of 150 minutes for pH values 5, 7, 9 and 11 
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Scheme 2: Shows the proposed reaction mechanism of MB onto luminescent carbon material 
prepared from yogurt 
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Figure 8: Evaluation of degradation kinetics  (a) linear plot of natural logarithm of concentrations 

like Co initial and Ct after certain intervals of time in MB  concentration of 2.3 ×10-5 M with 15 

mg for the time interval of 210 minutes in the presence of different scavenger  (b)  linear plot of 

concentrations like Co initial and Ct after certain intervals of time in MB  concentration of 2.3 ×10-

5 M with a catalyst dose of 15 mg for the time interval of 210 minutes  in the presence of different 

scavenger  (c) degradation efficiency of MB under the environment of different scavengers in MB 

concentration of 2.3×10-5 M using a catalyst dose of  15 mg under the irradiation of UV light. 
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Figure 9: (a) UV-visible absorbance spectra of MB concentration of 2.3×10-5 M without the use 

of photocatalyst for the time interval of 210 minutes under the irradiation of UV light, (b, c) 

reaction kinetics with the photocatalyst (d) degradation efficiency without the photocatalyst   
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Figure 10: UV-visible absorbance spectra in MB concentration of 2.3×10-5 M  for understanding 

the reusability of carbon material for the time interval of 160 minutes under the irradiation of UV 

light using catalyst dose of 15 mg (a)  Cycle-1 (b) cycle-2 (c)  cycle-3 (d) %photodegradation 

efficiency  
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Figure 11: (a) Cyclic voltammetry curves at various scan rates in 2.3×10-5 M solution of MB, 
(b) linear fitting of current density at various scan rate, (c) EIS spectrum of as prepared carbon 
material  in  2.3×10-5 M solution of MB 
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Figure 12: Particle size distribution of as prepared carbon material from yogurt using nano sizer  

 

 

Table 1: Summary of obtained results with carbon material from yogurt 

Sample 

Dose 

Dye con: Constant (K)  Dye con: Constant (K) Scavengers Constant (K) 

5mg  

2.3 ×10-

5M 

3.83×10-3 

min-1 

 

0.7×10-

5M 

1.19×10-2 min-1 EDTA 2.80644E-4 

10mg 6.08×10-3 

min-1 

1.80×10-2 min-1 C6H8O6 3.93772E-4 

15mg 6.63×10-3 

min-1 

2.57×10-2 min-1 NaBH4 3.45494E-4 

pH study 

pH-11  7.10×10-3 min-1 
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pH-9 2.3 ×10-5M 9.10×10-3 min-1 

pH-7 1.06×10-2 min-1 

pH-5 1.56×10-2 min-1 

 

Table 2: Comparative analysis of proposed study with published results on the degradation of MB 

Catalyst Dye % removal Time  Light Source Ref. 

Bio-CDs Methylene Blue 94.2% 45 min Visible light 88 
N-CQDs Methylene Blue 97% 260 min UV light 89 
TiO2–CQDs  Rhodamine-B 77% 150 min Visible light 90 
NCQDs Methylene Blue 77% 90 min Sun light 91 
NCQDs/TiO2 Methylene Blue 86.9% 420 min Visible Light  92 
S, N-CQDs/TiO2 Acid red 88 77.2 180min Visible Light 93 
CDs/TiO2 Methylene Blue 90% 120 min Visible Light 94 
CQDs/Bi2MoO6 Rhodamine-B 97.1% 50 min Solar Light 95 
Cl-CQDs Methylene Blue 56% 240 min Solar light 96 
CQDs 2-nitrophenol (2-

NP) 
80.79% 120 min Sun light 97 

CQDs Methyl Orange 68.9% 120 min Visible light 98 
TiO2-MCDs Methylene Blue 83% 120 min Visible Light  99 
G-CDs Methyl violet 63.6% 90 min Visible light 100 
luminescent 
carbon material 

Methylene Blue 99.7% 140 min UV light Present 

work 

 

 

 

 

 

 

 

 


