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The growth of carbon nanostructures from vegetable oils using a modified conventional approach is a simple and environmentally friendly technology with controllable features. The goal of this study is to develop a simple and environmentally friendly process for making carbon nanoparticles using commercially available, low-cost vegetable oils. The technique involves the controlled burning of “Mustard”, “Olive”, and “Linseed” oils using the traditional clay lamps and collecting the carbon soot on a ceramic plate. The prepared carbon nanoparticles were purified through sonication and subjected to characterization using powder X-ray diffraction, SEM, Fourier transformed infrared, Thermogravimetric and differential scanning calorimetric analyses. The average particle size of carbon nanoparticles as investigated by powder X-Ray Diffraction analyses was found to be 18, 24, and 57 nm for mustard, olive and linseed oils respectively. SEM analyses revealed the surface morphology of these carbon nanostructures as spherical particles. Thermogravimetric analysis (TGA) and Differential Scanning Calorimetry (DSC) providing knowledge about the thermal stability of these carbon nanoparticles. The synthesized carbon nanoparticles were screened for antibacterial activities against different species (e.g., Pseudomonas aeruginosa, Streptococcus haemolyticus, Proteus refrigere and Staphylococcus aureus) and fruitful results have been obtained.
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HIGHLIGHTS

1) The construction of carbon nanomaterials from vegetable oils through the modified green method with controllable properties.
2) The technique involves the controlled burning of natural oils using traditional clay lamps and collecting the carbon soot on a ceramic plate.
3) Powder X-Ray Diffraction investigations revealed that the average particle size of carbon nanoparticles is in the range of 18–57 nm.
INTRODUCTION
In the current age, nanomaterials have found greater attention in the scientific community due to their wide applications in almost all current fields of technology such as chemical, manufacturing, medical, agricultural, and water purification (Iqbal, 2020; Gautam et al., 2022; Ma et al., 2022). The importance of such materials is due to their unique physical, electrical and mechanical properties (Iqbal et al., 2021; Zhu et al., 2021; Yang et al., 2022). They have been extensively used in manufacturing, fuel cells, molecular sieves, electric nano-conductors, Li-ion secondary batteries, hydrogen adsorbents and many more fields (Iqbal et al., 2020; Khan and Alaie, 2022). Carbonaceous materials, such as activated carbon, are widely used in water and wastewater treatment, chemical processing, and gas purification and separation because they are porous adsorption materials with abundant micropores (0–2 nm), mesopores (2–50 nm), and macropores (>50 nm) with high specific areas. (Sher et al., 2021; Mokhtari-Farsani et al., 2022; Zhang et al., 2022a).
Carbon nanotubes, fullerenes, and nanofibers are examples of carbon-based nanomaterials that have potential applications in biosensing, nanotechnology, and drug delivery (Shoaib et al., 2017; Liu et al., 2022; Rani et al., 2022). CNPs, a novel family of carbon-based nanomaterials with intriguing photoluminescence characteristics, have just been identified (Chattopadhyay et al., 2022; Nadeem et al., 2022). Nanodiamonds or materials generated from carbon nanotubes and graphite laser ablation are among the nanoparticles (Liu et al., 2007; Bahadur et al., 2021). Arc discharge, laser vaporization, and chemical vapor deposition are all recognized carbon nanomaterial manufacturing processes (Bakhshandeh et al., 2022; Liu et al., 2022). Besides this, the scientific world is always in search of far simpler and more economical methods of synthesis (Li D. et al., 2022). The different methods for the synthesis of carbon nanomaterial are broadly classified into two groups, called Physical and Chemical activation methods (Mei et al., 2022). Pyrolysis (or Carbonization) is followed by controlled oxidation to activate the carbon in the presence of an activating agent such as steam, carbon dioxide, or other gases. The pyrolysis method of organic compounds and oils is one of the growing methods of nano-material synthesis (Zhang et al., 2022b). Vegetable oils are an important natural raw material in the food sector (Bahadur et al., 2019; Chawla et al., 2022). They are complex mixtures whose primary components are triglycerols of saturated and unsaturated fatty acid units.
Their widespread availability, low cost, and ease of conversion into valuable chemicals and novel materials have piqued the public’s interest in their utilization. With carbon chains ranging from 6 to 20 carbon atoms, these fatty acids can be saturated or unsaturated. (Li H. et al., 2022).The simplicity is the attraction and continuous 6–8 h of pyrolysis is the investment of this experiment (Jayaprakasan et al., 2013). Carbon nanoparticles from three different seed oils (mustard, olive, and linseed oils) were prepared. The simple combustion method was found to be equally efficient as others for example chemical vapor deposition, electric arc discharge, and laser ablation methods, etc. This facile and cheaper method yielded the carbon particles in the nano range from the above-mentioned oils (Shenderova et al., 2002; Wang et al., 2002; Valcárcel et al., 2008; Lu et al., 2009). After the preparation of carbon nanoparticles, they were characterized by different techniques such as Thermogravimetric analysis (TGA), powder X-Ray Diffraction (XRD), and Differential Scanning Calorimetry (DSC), Scanning Electron Microscope (SEM), and Fourier Transform Infra-Red spectroscopy (FTIR) (Frackowiak and Béguin, 2002; Scida et al., 2011).
EXPERIMENTAL
Materials
Three different samples of seed oils (Mustard, Linseed and Olive oils) were purchased from an open shop and were used as such.
Preparation of Seed Oils Soot
Firstly, different seed oils including mustard, olive, linseed, and castor oils were placed in a chemical laboratory lamp having a combustible cylindrical wick or cotton. These lamps were left for 36 h for absorption of respective seed oils is carried out by cotton or wick. After lighting the lamp with a match and allowing it to burn, a china dish was placed above the flame of the lamp so that carbon soot should be collected above the lamp. After the collection of 5–10 g of carbon soot, the experiment was terminated.
Characterization of Carbon Nanoparticles
The carbon nanoparticles synthesized by combustion of seed oils (mustard, olive, linseed and castor) were analyzed by different techniques. Particle size determination of deposited black materials was confirmed by powder x-ray diffraction analysis (Biscoe and Warren, 1942; Jiang et al., 1999). Similarly, EDS, TGA, DSC, SEM and FTIR techniques were also applied to determine the surface morphology and thermal stability of the carbon Nanoparticles (Pang et al., 1993; Tang et al., 2004). Finally, biological applications of carbon nanoparticles were analyzed such as antimicrobial, carcinogenic, respiratory problems, skin exposure and other biomedical fields (Kang et al., 2008; Arias and Yang, 2009; Yang et al., 2010; Dong et al., 2012).
RESULTS AND DISCUSSIONS
The burning of seed oils to form carbon nanoparticles is a thermal decomposition technique. In this technique, the formation of other substances is observed by the breakdown of seed oils (Mustard, Olive, Linseed, and Castor oil) flame. After the thermal decomposition technique, air-borne particles were analyzed to be extremely small and always show individual existence. The resulting carbon nanoparticles were finally tested for their biological activities such as antimicrobial, carcinogenic, respiratory problems (Lam et al., 2004; Warheit et al., 2004; Shvedova et al., 2005) and skin exposure (Sato et al., 2005; Murray et al., 2009).
The powder XRD results/spectra of carbon Nanoparticles (Kril and Birringer, 1998) (Figure 1) produced from mustard oil determine that two Bragg diffraction peaks are observed at near 2θ = 25.010°, 43.770°, and 45.237°. The XRD spectrum of carbon nanoparticles synthesized by olive oil determines that three Bragg diffraction peaks are observed at near 2θ = 24.620°, 45.088°, and 52.116°. The XRD analysis of carbon nanoparticles prepared with linseed oil showed that two Bragg diffraction peaks (Buhrke et al., 1998) are observed at near 2θ = 24.855° and 44.086° (Tables 1–3).
[image: Figure 1]FIGURE 1 | XRD spectra of carbon nanoparticles synthesized by Mustard oil (MO), Olive oil (OO) and Linseed oil (LO).
TABLE 1 | XRD spectral data for mustard oil.
[image: Table 1]TABLE 2 | XRD spectral data for olive oil.
[image: Table 2]TABLE 3 | XRD spectral data for linseed oil.
[image: Table 3]A scanning electron microscope (SEM) is used to determine the surface morphology of carbon nanoparticles, depending on the fact that SEM permits ideal visualization (Figure 2). SEM is a special kind of electron microscope in which the production of images of the sample occurs after scanning it with an electron gun (Mcmullan, 1995). After spreading the carbon nanoparticles samples on glue-covered aluminum stubs, the imaging of stub mounted samples were done on a scanning electron microscope (JSM-6490, JEOL, Japan) carried out at 20 KV. After obtaining the images of samples, surface morphology was determined at various magnifications from 550 to 25,000 times. Seed oils samples were observed by scanning electron microscope (SEM) at “Center for advance studies in physics” (CASP) in G.C. University Lahore. After careful analysis, images of seed oils samples (mustard, olive, linseed, and castor oil) were taken at different locations and different magnifications.
[image: Figure 2]FIGURE 2 | SEM micrographs of carbon nanoparticles synthesized from (A) mustard oil (B) olive oil and (C) linseed oil.
After SEM analyses of carbon nanoparticles, it was determined that the surface morphology of carbon nanoparticles synthesized by seed oils (mustard, olive, linseed and castor oil) was non-uniform (Mcmullan, 1953; Oatley et al., 1966). In the SEM micrograph, a few grains of carbon nanoparticles were indicated. These non-uniformed spherical carbon particles range from 8–77 nm but the majority of them have a particle size of 19 nm. Carbon nanoparticles produced by the combustion of seed oils are a mixture of a few nanoparticles and carbon in their elemental form. These SEM micrographs indicated that all carbon nanoparticles were magnified to 5500, 12,000, and 18,000 times. These soot particles manufactured from seed oils are tiny and due to their nanometric range, their antimicrobial activity is further enhanced (Smith and Oatley, 1955; Giri, 1957).
The thermal stability of carbon nanoparticles was determined by using the TGA technique in the temperature range of 0–500°C (Figure 3). Four different samples of carbon nanoparticles (Mustard, olive, Linseed, and Castor oil) were analyzed separately to determine their weight loss as a function of temperature (Coats and Redfern, 1963). After a brief TGA analysis of carbon nanoparticles, it was investigated that carbon nanoparticles synthesized by mustard oil show 60% loss in weight as the temperature is increased from 0–500°C and it is the highest weight loss observed in all seed oils samples as confirmed by its TGA spectra. Similarly, carbon nanoparticles synthesized by olive oil were tested for their thermal stability which revealed that these nanostructured materials indicate only 10% weight loss after enhancement of temperature from 0–500°C. Surprisingly, carbon nanoparticles produced by combustion of linseed oil after TGA analysis did not show the same trend as given by mustard oil. The minimum weight loss was observed in these particles which was only 4% even upon temperature variation of 0–500°C. Finally, carbon nanoparticles synthesized by combustion of castor oils showed the same trend as observed in the case of olive oil upon TGA analysis. These carbon nanoparticles also indicated 10% weight loss when the temperature is increased from 0–500°C. All these thermal stability facts are verified from their thermal gravimetric analytical spectra (Coats and Redfern, 1963).
[image: Figure 3]FIGURE 3 | TGA and DSC spectra of carbon nanoparticles by (A) mustard oil, (B) olive oil and (C) linseed oil.
The chemical composition and structure identification of carbon nanoparticles was determined by FTIR analysis (Figure 4). The additional advantage of this technique is that detection of various functional groups is also investigated by this analytical tool. After FTIR analysis of mustard oil soot, it was indicated that we obtain a complicated mixture of various carbon nanoparticles, carbon in an elemental form, and some other species. Dry carbon nanoparticles after synthesis by mustard oil were fed to the FTIR instrument for the identification of functional groups. After obtaining the FTIR spectrum, it was observed that various functional groups of oxygen and hydrocarbon are present in it. In the mustard oil FTIR spectrum, the appearance of various peaks confirmed different functional groups [44]. The first peak at 3410 cm−1 (m) indicates O-H stretching and secondly a very slight peak at 1670 cm−1clearly justifies the C=C stretching of aromatic hydrocarbons. Similarly, peaks near 1465 cm−1. Similarly, several other peaks are observed in mustard oil spectra which further confirm the presence of other functional groups such as a peak near 1400 cm−1 indicating C-H bending in CH3 and 1118 cm−1 determine the identification of C-O stretching. During this technique, signals of C-O and O-H may appear due to some environmental moisture that contaminates the sample, and hence it was reported that synthesized carbon nanoparticles are a complex mixture of some percentage of hydrocarbons and little amount of oxygen (0.01%). Finally, it was determined that highly pure carbon nanoparticles are produced combustion of seed oils (Kiss-Eröss, 1976).
[image: Figure 4]FIGURE 4 | FTIR spectra of carbon nanoparticles synthesized by mustard oil.
CONCLUSION
Synthesis of carbon nanoparticles was carried out by a very simple and cheaper method (combustion method) of different samples of seed oils including mustard oil, olive, linseed and castor oil. Scanning electron microscope (SEM) indicated that spherical carbon nanoparticles differ from each other in their particle size. The average particle size of carbon particles from mustard oil, olive oil and linseed oil was determined to be 18 nm, 24 and 57 nm respectively. The powder x-ray diffraction confirmed that these particles contained a small percentage of hexagonal graphite in combination with a high percentage of amorphous carbon nanoparticles. After completing the chemical characterization of these carbon nanoparticles with the help of XRD, SEM, TGA and FTIR analyses, their biological activities were tested like antimicrobial activity, carcinogenic, lungs exposure (respiratory problems) and skin exposure and produced excellent results. Hence, it is finally concluded that the synthesis of carbon nanoparticles by combustion of seed oils (Mustard, olive, linseed and castor oil) is not only the cheaper method but also provides an excellent platform for testing the biological activities of carbon nanoparticles.
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