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Candle Soot Modified Superhydrophobic/ Superoleophilic Surfaces for Qil-Water
Separation: A review

Mehejbin R. Mujawar!, Shivaji R. Kulal'*
'Department of Chemistry, Raje Ramrao Mahavidyalaya,
Jath Dist.- Sangli (MS) India

* srkulalresearch(@gmail.com

Abstract-

Over many years, the oceanic oil spill accidents and the discharging of immense oil levels in the
surroundings of most industries worldwide have been a serious environmental problem. Oil and organic
pollutants in water has a severe problem for aquatic life and human being. There is a need to develop technology
for oil-water separation because the spilled oil affects the ecological and environmental system. Recently,
superhydrophobic/superoleophilic sponges, metal meshes, membranes, and porous materials have played
crucial roles in separating oil from oil-water mixture. The micro and nanopores of the substrate facilitate to
entry of liquid into it and superhydrophobic/superoleophilic properties of the substrate surface resist water and
allow oil to enter into the porous substrate. Candle soot has the advantages of cost-effectiveness and production
scalability over other carbons like graphene, carbon nanotubes, carbon nanodots, etc. in their synthesis. Candle
soot-coated superhydrophobic materials have outstanding water repulsion and oil absorption capacity, high
selectivity, chemical inertness, and excellent recyclability. This paper discusses applications of candle soot-
coated superhydrophobic materials for oil-water separation.

Keywords: Candle soot, oil-water separation, sponge, stainless steel mesh, and superhydrophobic.

Introduction-

During the past few years, water pollution resulting from oil spillage and industrial
organic pollutants has emerged as a serious issue on a global scale, imposing threats to the ecosystem,
human health, and economic growth. To overcome this challenge, many efforts have been made to
develop efficient absorbents such as activated candle soot nanoparticles, carbon nanotube sponges,
carbon nanodots sponges, candle soot/polymer composites, and graphene sponges for separating and
removing the contaminants from water. Among all these absorbents, candle-soot-based absorbents
demonstrate superior efficiency in the removal of oils. However, the high production costs of these
absorbents limit their wide adoption. Candle soot generated from incomplete combustion of
hydrocarbons has demonstrated the advantages of cost-effectiveness and production scalability over
CNTs, and graphene and activates carbons in their synthesis [1-4]. However, candle soot-coated
superhydrophobic materials are the best solution for these. The superhydrophobic surfaces on which
water achieves a water contact angle higher than 150° and sliding angle less than 5° are attracting the
minds of researchers due to their efficient oil-water separation abilities [5-8]. Different strategies used
to form hierarchical structures such as sol-gel coating, chemical vapor deposition, plasma etching,
template processing, lithographic patterning, etc. have been adopted [9-10].

Carbon soot (CS) generated from incomplete combustion of paraffin wax has demonstrated the
advantages of cost-effectiveness and production scalability over carbon nanotubes (CNTs), graphene,
and activated carbons in  their = synthesis. = Hence, the carbon  soot-coated
superhydrophobic/superoleophilic surfaces show excellent oil-water separation ability compared to
carbon nanotubes, carbon nanodots, and graphene [11].

Song et al. [12] have fabricated carbon soot (CS) coated mesh using the dip-coating method.
The cleaned stainless-steel mesh (SSM) was subsequently dipped in the glue solution for 10 min and
CS-dispersion, and finally dried at 80°C to obtain the CS-glue coated mesh. The CS coating is closely
packed because of using superglue (EVO-STIK Serious Glue) as a binder. The CS-glue-coated mesh
revealed a separation efficiency higher than 99.95%. Even after 20 cycle separation tests, it was shown
excellent @fsdbitty ald @ithbility. The different chemical methods are used for the fabrication of the
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superhydrophobic/superoleophilic meshes/sponges for efficient oil-water separation. As the carbon
nanotubes are hydrophobic and show a strong affinity toward oil, Lee et. al. [13] adopted the chemical
vapor deposition (CVD) technique to deposit vertically aligned CNTs on stainless steel (SS) mesh. The
as-prepared SS-CNT mesh effectively separates oil from water-in-oil emulsions with an efficiency
higher than 80%. Gu et al. [14] prepared polystyrene (PS) and carbon nanotubes coated
superhydrophobic/superoleophilic membranes. The as-prepared superhydrophobic/ superoleophilic
membrane shows mechanically robust PS-CNT surface shows excellent oil separation from oil-water
mixture with good repeatability and separation efficiency of more than 99%. The electrospinning
technique can be effectively used to form superhydrophobic/superoleophilic surfaces. Wang et.al. [15]
prepared the polyurethane (PU) sponge from hydrophilic to superhydrophobic by dip coating it from
the nanocomposite of CNT/poly- (dimethyl siloxane) (PDMS). The as-prepared
superhydrophobic/superoleophilic sponge shows the continuous removal of various oils such as
Soybean oil, motor oil, diesel, n-hexadecane, gasoline, and n-hexane from the surface of the water with
high separation efficiency.

In this article, we will discuss the simple, low-cost, rapid, and innovative methods for the
fabrication of superhydrophobic/superoleophilic carbon soot nanoparticle-coated sponges and meshes
for efficient oil-water separation application.

2. Recent Developments for Effective Oil-Water Separation:
2.1 Superhydrophobic-Superoleophilic Sponge:

Gao et al. obtained the candle soot (CS) particles from a combustion flame and dispersed
them in 1,2-dichloroethane (DCE). The superhydrophobic/superoleophilic melamine sponge was
prepared by a uniform coating of as-grown CS-DCE solution using the dip-coating method. The growth
of carbon soot was performed using a combustion flame process in the open-air using ethylene (C2H4)
and Oxygen (O») as precursors with a flow ratio of 5:3. The carbon soot sponge was prepared by dip-
coating. First, 25 mg of as-grown carbon soot was dispersed in 20 mL for sonication. Then, a melamine
sponge, which was cleaned with acetone and dried in an oven (80°C), was immersed in the carbon soot
dispersion. The carbon soot-coated melamine was again dried in the oven at 80°C for 2 h (Fig. 1). The
candle soot sponge demonstrates high absorption capacities (up to 80 times its weight) solvents with a
recyclability of more than 10 times. These research results are promising in environmental remediation
for large-scale, low-cost removal of oils from water [16].

Fig. 1. Schematic showing the carbon soot-sponge preparation by dip-coating and carbon soot sponge
before & after oil absorption. Photographs demonstrating the removal of an oil droplet from water
using a CS-sponge [16], with permission from American Chemical Society, Copyright 2014.

A piece of commercial polyurethane sponge was cleaned and dried in an oven at 70°C for 30
min. The grown straw soot on the glass slide was collected by shaving soot from the glass using a
spatula. The superhydrophobic sponge was prepared by a dip-coating method in a colloidal suspension
of soot inwan.ethanal medium. The magnetic properties of the samples were detected at room
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temperature using a vibrating sample magnetometer. After that, the cleaned polyurethane sponge was
dipped into the straw soot dispersion and dried; the hydrophobic sponge was obtained that floated on
the water surface versus the non-modified sponge. The magnetic hydrophobic sponge was obtained by
immersing the hydrophobic sponge in 20 mL of absolute ethanol containing magnetic nanoparticles
(Fig. 2). The prepared sponge showed excellent superhydrophobicity with a water contact angle as
high as 154°. Experiments showed that the amount of the absorbed oil was about more than 30 times
of sponges' weight; it has 30 times recyclability and the advantage of magnetic separation [17].
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Fig. 2. Schematic illustration of preparation of modified polyurethane sponge and oil separation
process. Images reprinted from [17], with permission from Elsevier, Copyright 2017.

Hydrophobic candle soot (CS) particles can be collected easily and cost-effectively from the
candle flame. Li et al. [18] obtained the hydrophobic CS particles by incomplete combustion of
hydrocarbons from the mid-candle flame. The polyurethane sponge was immersed in a mixture of CS,
hydrophobic silica nanoparticles, and PU resin to achieve stable superhydrophobicity. The CS-SiO»-
PU sponge showed excellent oil separation capacity from hot water and acidic, alkaline, and salt
solutions. The CS-Si02-PU sponges could absorb various oils efficiently and selectively, and show a
high absorption capacity that is up to 65 times its weight. Furthermore, the CS-SiO2-PU sponge
possesses stable superhydrophobicity and excellent ability of selective absorption to oil even at various
harsh conditions, including acid (1M HCI) and alkali (1M NaOH), and salt (1M NaCl) aqueous
solutions at mechanical agitation condition, hot water, and ice/water mixtures. The CS-SiO-PU sponge
combination with a vacuum system could continuously absorb and remove oil from the water surface.
As shown in (Fig. 3a), the contact angle of a colored water droplet on the PU sponge is nearly 100°
and the colored kerosene droplet contact angle is about 0°. However, the CS-SiO,-PU sponge shows
superhydrophobicity and superoleophobicity simultaneously (Fig. 3b). The kerosene droplet was
absorbed by the CS-SiO2-PU sponge immediately when it was dropped on the surface of the sponge,
while the water droplet stayed on the surface of the as-prepared sponge and kept its spherical shape.
As shown in (Fig. 3¢ and d), the water contact angle on the CS-SiO2-PU sponge is up to 155° and the
SA is as low as 7°. Therefore, the water was repelled by the as-prepared sponge, whereas the oil
absorbed through the sponge quickly.
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| (c) (d)

Fig. 3. (a and b) Schematic illustration of the fabrication of the wettability of the pristine PU sponge
and the CS-SiO»-PU sponge to water and oil droplets, respectively. (¢ and d) The CA and SA of water
on the CS-Si0,-PU sponge, respectively [18], with permission from J. Sol-Gel Sci Technol., Copyright
2017.

Yue et al. fabricated the superhydrophobic surface using PVDF and candle soot via the sugar
template method. It was shown the water contact angle of 158° and roll-on angle of < 6°. The oil
quickly absorbed by the superhydrophobic sponge shows the superoleophilic property. The sponge
shows excellent oil-water separation properties even after 25 cycles. The strong elasticity and high
stretching resistance confirm that the modified superhydrophobic surface is highly mechanically
durable. The modified sponge maintains an 89% recovery rate even after 10 cycles. The absorption
capability recovered up to 96% without an obvious change in the morphology of the sponge surface.
This method was used to prepare a photothermal, porous PVDF/CS sponge with structural, chemical,
and mechanical properties [19]. Fig. 4 shows the preparation process of the porous PVDF/candle soot
sponge. In short, sugar particles were placed into a PVDF/DMF/CS solution mixture, followed by sugar
templates being removed via water dissolving. It is important to note that a simple sugar-templating
process was used for the formation of a superhydrophobic sponge, it requires only a simple as well as
eco-friendly preparation process.
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Fig. 4. Schematic illustration of the fabrication of porous PVDF/candle soot sponge using sugar
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2.2 Superhydrophobic/Superoleophilic Mesh:

Li et. al. [20] deposited hydrophobic CS particles on a SS mesh by holding it in the mid-flame
of a paraffin candle and then spray-coated the hydrophobic silica nanoparticles (50 nm) on it. The as-
prepared carbon soot/silica nanoparticles (CS/Si02) hybrid mesh revealed strong repellence toward
pure water and droplets of pH ranging from 1 to 14, whereas the oil drops quickly spread on the surface.
The hybrid mesh revealed the strong ability to separate various oils and organic liquids mixed in pure
water, hot water (92°C), and strong corrosive solutions (1M HCIl, NaOH, and NaCl) with more than
98% separation efficiency. The oil/water separation was performed as shown in Fig. 5. Because of the
excellent mechanical flexibility of the stainless-steel mesh, the mesh was folded into a three-
dimensional structure and then coated with CS and hydrophobic silica for oil/water separation. The
coated mesh was placed on a beaker and a mixture of kerosene and water was poured onto the three-
dimensional superhydrophobic mesh, as shown in Fig. § (a-c). Kerosene was dropped into the beaker,
while water was repelled and retained above the mesh. Fig. Sd exhibited that there are no oily droplets
were present in the water. After the separation, a nearly equal amount of water and kerosene were
collected, which suggested the extremely high separation efficiency of the coated mesh as shown in
Fig. Se.

Fig. 5. Schematic illustration of the separation process of oil (kerosene)/water mixture based on the CS
and silica overlap coated mesh. (a-b) water is dyed with methylene blue and oil is dyed with Oil Red
O and then they are mixed before separation. (c-d) the separation process of the oil/water mixture using
the overlap-coated mesh. (e) The water and oil volume remained nearly the same after separation [20],
with permission from RSC Nanoscale, Copyright 2016.

Cao et al. [21] wused the electrodeposition technique for the formation of
superhydrophobic/superoleophilic copper meshes and then held it above candle flame to deposit carbon
soot (CS) nanoparticles. The agglomerated CS nanoparticles formed a chain-like rough hierarchical
structure on which the water drop exhibited a contact angle higher than 153°. The CS deposited copper
mesh quickly separated various oils such as silicone oil, cyclohexane, n-hexane, n-heptane, petroleum
ether, and liquid paraffin from oil-water mixtures with oil separation efficiency greater than 90% even
after 30 separation cycles. The rough mesh was placed at 1.5 cm height of the flame of a burning candle
for deposition for 5 minutes, the whole preparation process is shown in the Fig. 6, the superhydrophobic
mesh surface was formed by using candle soot.
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Fig. 6. Schematic illustration of the preparation process of super-hydrophobic and super-oleophilic
copper mesh, and the application in oil-water separation [21], with permission from Colloids and
Surfaces A: Physicochem. Eng. Aspects, Copyright 2017.

Zulfigar et al. [22] deposited cheaply available sawdust on polychloroprene adhesive-coated
SS mesh with subsequent deposition of silicone polymer by dip coating. Thereafter, a thin layer of CS
particles was applied to the as-prepared mesh by holding it above a candle flame. The carbon soot (CS)
nanoparticles uniformly deposited on silicone-covered SD exhibited highly rough and porous
morphology required for superhydrophobicity and superoleophobicity. As depicted in Fig. 7, a
superhydrophobic SS mesh easily and rapidly separates the oil-water mixture. No trace of water was
observed in separated oil confirming its potential in oil-water separation capability. Apart from
excellent oil-water separation efficiency (>95%), the superhydrophobic SS mesh exhibited good
recyclability, reusability, and mechanical stability. The potential of these coatings for oil/water
separation is shown in Fig. 7. The figure typically shows a mesh coated with superhydrophobic material
holding water without any leakage. The superhydrophobic mesh was used for the separation of oil from
oil-water mixtures as shown in Fig. 7. The mesh readily separated the oil while blocking the flow of
water through its pores. The water content was not found in the separated oil, which confirms the
excellent superhydrophobic/superoleophilic properties. The steel mesh with excellent mechanical
stability modified with durable superhydrophobic coating can be used as a medium for oil/water
separation.
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Fig. 7. Schematic illustration of a superhydrophobic mesh demonstrating (a) the separation of oil/water
mixture and (b) collection of oil from oil/water mixture [22], with permission from Colloids and
Surfaces A: Physicochem. Eng. Aspects, Copyright 2017.

To achieve a robust, transparent, and superhydrophobic coating, the substrate was first
thoroughly washed with ethanol and deionized water thoroughly and dried in an oven at 60°C. The
cleaned substrate was then placed over the candle flame until a few microns thick layer of soot was
deposited. Subsequently, the soot-coated substrate together with SiCls was placed in a drier for
chemical vapor deposition for about 2 h. Finally, a superhydrophobic coating was obtained on the
substrate caused by stable oxane bonds formed between abundant hydroxyl radicals on the silica shell
and silane. Furthermore, to investigate the oil-water separation application of this transparent, robust,
and superhydrophobic coating, a rounded stainless-steel mesh was utilized as a substrate to perform
the modification (Fig. 8). The rough surface formed by accumulating candle soot nanoparticles showed
a significant superhydrophobicity with a water contact angle of 154.4° and it remained good oil flow
rate and oil-water separation efficiency even after 6 times reuses [23].
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Fig. 8. Schematic of preparation and properties of the transparent and robust superhydrophobic coating
and oil-water separation. Images reprinted from [23], with permission from Nature, Copyright 2022.
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The stainless-steel mesh was ultrasonically cleaned using acetone, ethanol, and deionized
water for 5 min, respectively, and then dried in a blast oven at 80°C for 10 min. Then, it was put on the
candle flame with a height of 1.5 cm to collect candle soot and the whole process continued for 15
seconds. Then, the prepared sample was immersed in PDMS and xylene solution of 1.5 g PDMS
dissolved in 50 mL xylene. Then, the mesh was placed in a blast oven at 80°C for 10 min. Secondly,
repeat the collection process of candle soot and then put it in a blast oven at 80°C for 120 min. The as-
prepared mesh was named SH-M and the schematic for the preparation process is shown in Fig. 9. The
SH-M can show a highly superhydrophobic surface such as a water contact angle is 156° and a sliding
angle of less than 5° [24].

Fig. 9. (a) Schematic for the preparation process of composite adsorbent material (CAM) from the SH-
M square boat and polymer foam, as well as its application of magnet drive for oil/water separation;
(b) SH-M square boat immersion in water by force; (c—¢) picture of the magnet drive CAM oil
adsorption process [24], with permission from Progress in Organic Coatings, Copyright 2019.

A stainless-steel mesh was placed above the wick and soot was collected on the surface. The
10 nm carbon nanoparticles were coated onto the stainless-steel mesh. Then, we used a chemical vapor
deposition method to form a more stable layer of SiO2/carbon on the stainless-steel mesh. Finally, the
SiOz/carbon stainless steel mesh was modified with PFO and PDA-PFO, respectively to form the
superhydrophobic/superoleophobic and oleophobic/superhydrophilic mesh membrane (Fig. 10).
Separation experiments show that these superhydrophobic/superoleophobic or
oleophobic/superhydrophilic mesh membranes can be used to selectively separate oil-water with a high
flux of more than 930 L m? h'! and a collecting efficiency of over 97%. Furthermore, the repetitions
of the separation experiments demonstrate that these superhydrophobic/superoleophilic or
oleophobic/superhydrophilic mesh membranes are durable, stable, and reusable, making them
encouraging candidates for practical oil-polluted water treatment [25].

SURESH SOPANRAO PATIL

| attest to the accuracy and authenticity of this
document

15.01.2025 10:32

PRINCIPAL, RAJE RAMRAO MAHAVIDYDYALA,

Development 6f°Thdia Issues and Challenges pg. 90



ISBN No. 978-93-341-3927-3

PFOTS
Mowve d

- - Candle son Siﬂi.l'r.uﬂlr 001 —_—

D Gl

|

|

a

Fig. 10. Process of superhydrophobic and oleophobic mesh membranes preparation: (a) coating

stainless steel mesh with carbon nanoparticle (candle soot), (b) carbon nanoparticle coated stainless

steel mesh, (c) SiO2/carbon stainless steel mesh, (d) PFOTS modified SiO»/carbon stainless steel mesh,

(e) PDDA-PFO modified SiO2/carbon stainless steel mesh [25], with permission from RSC Adv.,
Copyright 2017.

Mesh prepared with a PFCS coating can be used to separate oil. After cutting a piece of iron
mesh and coating the mesh with paraffin wax, a metal sheet was patched onto the back of the mesh
with sot from a candle flame a superhydrophobic mesh coating is oleophilic, and a water drop cannot
penetrate through the mesh, but Polydimethylsiloxane (PDMS) oil can as be shown in Fig. 8, shows a
side view of the drops. While the water drop remains on the mesh, the PDMS oil drop with a low
surface tension passes through the mesh and dongles from the mesh. The mixture of water and PDMS

oil was easily separated with the mesh. This mesh can be effective in oil collection systems and
functional filtration systems [26].
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Fig. 11. A scheme for the fabrication of a stable superhydrophobic surface by using only a candle and
a superhydrophobic mesh prepared with a PFCS coating [26], with permission from Carbon, Copyright
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2.3 Superhydrophobic/Superoleophilic Foam:
The superhydrophobic and superoleophilic surface was fabricated by candle soot coating

and sequential modification with PDMS. Nickel foam was cleaned by alternate ultra-sonication in
ethanol and Milli-Q water three times and then dried in the oven. Afterward, the surface to be coated,
in our case a nickel foam, is held above the flame of a paraffin candle. About 5 min. After the ignition
of the candle, a steady flame was obtained with a total flame height of 4 cm. Ni foam (5 cm x 5 cm)
was mounted in the flame envelope 3.5 cm above the candle. The growth process lasted for 2 min for
the one side and then for another 2 min for the other side with Ni foam moving back and forth, after
which the Ni foam was taken out from the flame. Deposition of a soot layer turns the nickel foam black.
The candle soot-coated nickel foam was placed into a petri dish in which a mixture of hexane, PDMS
pre-polymer, and thermal curing agent was poured in a ratio of 100:10:1 by weight. The candle soot-
coated nickel foam with the absorbed mixture was then cured at 80°C for 4 hours as shown in Fig. 12.
The prepared nickel foam showed excellent superhydrophobicity with a water contact angle as high as
152°. These research results show evidence that the coating of candle soot can be applied to a wide
variety of heat-resistant surfaces and is effective for the separation of water and oil mixture [27].

Fig. 12. Preparing superhydrophobic and superoleophilic nickel foam and Experiment process images
of the water purification using superhydrophobic and superoleophilic nickel foam [27], with

permission from RSC Adv., Copyright 2014.

The Nickel foam was cut into several small pieces of 3 cm x 3 cm and then placed in an
ultrasonic cleaner with ethanol for 30 min washed with deionized water 3 times and dried in an oven
at 60°C. The stable suspension liquid was obtained by adding 0.1 g CNPs, 1 g PDMS, and 0.1 g curing
agent to 50 mL n-hexane, and then ultrasonic treatment at 30 kHz for 1 h. The clean and dried Ni foam
chips are immersed in the above suspension and left at ambient temperature until the solvent evaporates
to dryness, afterwards, the mixture of CNPs and PDMS is uniformly deposited on the inside and surface
of the Ni foam. Then, place it in a muffle furnace at 100°C for 1 h. to make it solidify. Finally, five of
the above prepared small pieces were pressed into the NF/CNP-PDMS with a size of 3 cm x 3 cm x 2
mm by pressing the machine (Fig. 13). It can show superhydrophobic properties with a WCA of 153°
and an oil contact angle of nearly 0°. It shows the substrate is superhydrophobic and easily separates
the oil from water [28].
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Fig. 13. Schematic diagram of NF/CNP-PDMS composite preparation [28], with permission from
Colloids and Surfaces A: Physicochem. and Eng. Aspects, Copyright 2021.

The fabrication process is firstly, CNTs were dispersed in THF by sonication for 30 min.
Then, PS (Polystyrene) and CA (Cinnamic Acid) were dissolved in the CNTs-THF dispersion. The
mixture was stirred for 2 h and sonicated for 30 min to reach homogeneity. Subsequently, distilled
water was poured into the suspension to induce phase inversion and form the PS/CNTs/CA foam. The
foam was dried and then immersed in isopropyl alcohol for 3 h to remove the CA. The PS/CNTs foam
was obtained after drying. For comparison the pure PS foam was fabricated by the same two-step
strategy (Fig. 14). It can show a water contact angle of 161.2° and excellent water repellence, with
great application potential in the treatment of oil spills [29].
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Fig. 14. (a) Schematic illustration of the fabrication process of the PCF; (b) photograph of the
PS/CNTs/CA foam in water; (c) photograph of the PCF in isopropyl alcohol [29], with permission
from J. Eny=€heny FngeGopyright 2021.
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Conclusion:

As this review highlights, candle soot nanoparticles are unique in that, their fabrication
requires little control of external parameters. It is very economical beneficial, facile, and
straightforward to synthesize. Candle soot-coated sponge/mesh for use in oil-water separation has
been developed by using CS nanoparticles and different polymers. The candle soot synthesis, candle
soot coated sponge/mesh preparation, procedures are simple, cost-effective, and scalable. The
absorption/separation investigation demonstrates that the candle soot sponge/mesh is highly efficient
and stable in absorbing a wide range of oil and organic solvents. It can be believed that the candle-
soot-coated superhydrophobic materials are very useful for oil-water separation. It shows various
tremendous results with candle soot-polymer composite in various mechanical conditions. Candle soot
nanoparticles show a significant surface area-to-volume ratio and high electronic and ionic
conductivity. Candle soot is produced by simply burning candles and hence, it is eco-friendly,
economical, and useful. Candle soot-coated sponge/mesh can show stability, durability, reusability,
and reproducibility.

References:

1. L. Feng, Z Yan, X. Shi, F. Sultonzoda (2018). Anti-icing/frosting and self-cleaning performance of
superhydrophobic aluminum alloys, Applied Physics A, 124,142.

2. Y. Li, Z. Zhang, B. Ge, X. Men, & Q. Xue (2016). One-pot, template-free synthesis of robust superhydrophobic
polymer monolith with adjustable hierarchical porous structure. Green Chem., 18, 5266-5272.

3. S. Latthe, R. Sutar, A. Bhosale, S. Nagappan, C. Ha, K. Sadasivuni, S. Liu, R. Xing (2019). Recent developments in
air-trapped superhydrophobic and liquid-infused slippery surfaces for anti-icing application, Progress in Organic
Coatings, 137, 105373.

4. L. Feng, J. Wang, X. Shi, C. Chai (2019). Superhydrophobic copper surface with mechanical, chemical, and UV
durability along with corrosion resistance and self-cleaning effect, Applied Physics A 125, 261.

5. X Zhao, T. Hua, J. Zhang (2018). Superhydrophobic coatings with high repellency to daily consumed liquid foods
based on food grade waxes, Journal of Colloid and Interface Science, 515, 255-263.

6. M. R. Mulay, A. Chauhan, S. Patel, V. Balakrishnan, A. Halder, R. Vaish (2019). Candle soot: Journey from a
pollutant to a functional material, Carbon, 13773, 1-69.

7. S.Wu, Y. Du, Y. Alsaid, D. Wu, M. Hua, Y. Yan, B. Yao, Y. Ma, X. Zhu, X. He (2020). Superhydrophobic photothermal
ice phobic surfaces based on candle soot, PNAS Latest Articles, 17, 1-7.

8. N. Celik, I. Torun, M. Ruzi, A. Esidir, M. S. Onses (2020). Fabrication of robust superhydrophobic surfaces by one-
step spray coating: Evaporation driven self-assembly of wax and nanoparticles into hierarchical structures,
Chemical Engineering Journal, 396, 125230.

9. I Torun, M. Ruzi, F. Er, M. S. Onses (2019). Superhydrophobic coatings made from biocompatible
polydimethylsiloxane and natural wax, Progress in Organic Coatings, 136, 105279.

10.S. Wu, Y. Du, Y. Alsaid, D. Wu, M. Hua, Y. Yan, B. Yao, Y. Ma, X. Zhu, X. He (2020). Superhydrophobic photothermal
ice phobic surfaces based on candle soot, PNAS Latest Articles, 17, 1-7.

11. K. Seo, M. Kim, & D. Kim (2014). Candle-based process for creating a stable superhydrophobic surface. CARBON,
68, 583 — 596.

12.J. Song, N. Liu, J. Li, Y. Cao, & H. Cao (2022). Facile Fabrication of Highly Hydrophobic Onion-Like Candle Soot-
Coated Mesh for Durable Oil/Water Separation. Nanomaterials, 12, 761-772.

13. C. Lee, N.Johnson, J. Drelich, & Y. Yap (2011). The performance of superhydrophobic and superoleophilic carbon
nanotube meshes in water—oil filtration. CARBON, 49, 669 — 676.

14.J. Gu, P. Xiao, J. Chen, F. Liu., Y. Huang, G. Li, J. Zhang, & T. Chen (2014). Robust preparation of
superhydrophobic polymer/ carbon nanotube hybrid membranes for highly effective removal of oils and separation
of water oil emulsions. J. Mater. Chem. A, 2, 15268—15272.

15.C. Wang, & S. Lin (2013). Robust Superhydrophobic/Superoleophilic Sponge for Effective Continuous Absorption
and Expulsion of Oil Pollutants from Water. ACS Appl. Mater. Interfaces, 5, 8861-8864.

16. Y. Gao, Y. Zhou, W. Xiong, M. Wang, L. Fan, H. Golgir, L. Jiang, W. Hou, X. Huang, L. Jiang, J. Silvain, Y. Lu
(2014). Highly Efficient and Recyclable Carbon Soot Sponge for Oil Cleanup. ACS Appl. Mater. Interfaces, 6, 5924—
5929.

17. F. Beshkar, H. Khojasteh, M. Niasari (2017). Recyclable Magnetic Superhydrophobic Straw Soot Sponge for Highly
Efficient Oil/Water Separation. J. Colloid Interface Sci., 497, 57—65.

18. J. Li, Z. Zhao, R. Kang, Y. Zhang, W. Lv, M. Li, R. Jia, L. Luo (2017). Robust superhydrophobic candle soot and
silica composite sponges for efficient oil/water separation in corrosive and hot water. J Sol-Gel Sci Technol, 1-10.

19. X. Yye, 7. Zhane, T Zhang, D. Yang, J. Xu, & F. Qiu (2021). Simply realizing durable PVDF/candle soot foam with
excelfpreseiarabsarpiiss for solar-assisted recovery of heavy oil spills. Elsevier, 7, 1-7.

15.01.2025 10:32
PRINCIPAL, RAJE RAMRAO MAHAVIDYDYALA,

Development of°Thdia Issues and Challenges pg. 94



ISBN No. 978-93-341-3927-3

20. J. Li, R. Kang, X. Tang, H. She, Y. Yang, & F. Zha (2016). Superhydrophobic meshes that can repel hot water and
strong corrosive liquids are used for efficient gravity-driven oil/water separation. Nanoscale, 8, 7638—7645.

21. H. Cao, J. Fu, Y. Liu, & S. Chen (2018). Facile Design of Superhydrophobic and Superoleophilic Copper Mesh
Assisted by Candle Soot for Oil Water Separation. Colloids Surf. A Physicochem. Eng. Asp., 537, 294-302.

22. U. Zulfigar, S. Hussain, T. Subhani, I. Hussain, & H. Rehman (2018). Mechanically robust superhydrophobic
coating from sawdust particles and carbon soot for oil/water separation. Colloids Surf. A Physicochem. Eng. Asp.,
539, 391-398.

23. B. Chen, R. Zhang, H. Fu, J. Xu, Y. Jing, G. Xu, B. Wang, & X. Hou (2022). Efficient oil-water separation coating
with robust superhydrophobicity and high transparency. Scientific Reports, 8, 1-9.

24. X. Zhang, Y. Pan, Q. Gao, J. Zhao, Y. Wang, C. Liu, C. Shen, X. Liu (2019). Facile fabrication of durable
superhydrophobic mesh via candle soot for oil-water separation. Progress in Organic Coatings, 136, 105253.

25. D. Liu, Y. Yu, Xi. Chen and Y. Zheng (2017). Selective separation of oil and water with special wettability mesh
membranes. RSC Adv., 7, 12908—12915.

26. K. Seo, M. Kim, D. Kim (2014). Candle-based process for creating a stable superhydrophobic surface. Carbon, 68,
583-596.

27.F. Zhao, L. Liu, F. Ma and L. Liu (2014). Candle soot coated nickel foam for facile water and oil mixture separation.
RSC Adv., 4, 7132.

28. Y. Wang, S. Zhao, Z. Guo, J. Huang, W. Liu (2021). Multi-layer superhydrophobic nickel foam (NF) composite for
highly efficient water-in-oil emulsion separation. Colloids and Surfaces A: Physicochem. and Eng. Aspects, 628,
127299.

29. W. Shan, J. Du, K. Yang, T. Ren, D. Wan, H. Pu (2021). Superhydrophobic and superoleophilic polystyrene/carbon
nanotubes foam for oil/water separation. J. Env. Chem. Eng., 9, 106038.

SURESH SOPANRAO PATIL
| attest to the accuracy and authenticity of this
document

15.01.2025 10:32
PRINCIPAL, RAJE RAMRAO MAHAVIDYDYALA,

Development 6T°Thdia Issues and Challenges pg. 95



ISBN No. 978-93-341-3927-3

Development
of India

Issues and Challenges

Editoy
Dr. 0. A. Sonone




INDEX

Chapter . Page
No. Title of Chapter Name of Author(s) No.
01 The Physics of Climate Change: Challenges and Dr. A. V. Bagde, 1
Economic Implications for India Prof. N. Y. Uparwat
02 From Classroom to Career: Effective Skill Dr. Kishorkumar G. 10
Development Strategies Gaikawad
03 Vocational Training for a Stronger Workforce Dr. Sanjeev Kumar 15
04 ch1a.1 Ir}eqqallty: Caste, Tribe and Religion-Based Prof. Sandeep A. Meshram 2
Discrimination
05 MSMEs =T SHRE 2TeaT G SR =regTor 29
The Impact of the Environment on Shaping of Bhandarkar S.V.
06 Civilizations and the Relationship Between the Bansule S.R. 38
Environment and Civilization: an Overview Tidke D. M.
Deforestation and Wildlife Conservation:
07 Understanding the Impact and Pathways to Dr. Humeshwar D. Anande 46
Sustainability
08 | 31 3 HTs IR F=S1d TTET <. Wil JRdTe G5 50
National Education Policy (NEP) 2020 and .
09 Physical Education Dr. Jyoti Sengar >4
10 TEARTCT TN T SATIh TR FiEhidh Teaa = 58
27, faaes ures
11 Role of Biotechnology in Environmental Pollution Ujwala W. Fule 63
Control
12 | T e Tieiierder el SeEmdtET e . WL Sved 67
13 Crucial Role in Interlinked Challenges of Bansule S.R. and 7
Deforestation and Wildlife Conservation in India Bhandarkar S.V.
14 MSME Sector and Their Challenges in Indian Somnath Chakraborty 77
Perspective Simran Duley
Candle Soot Modlﬁed Superhydrophoblc/ _ | Mehejbin R. Mujawar
15 Superoleophilic Surfaces for Oil-Water Separation: .. 83
. Shivaji R. Kulal
A review
Effect of Malathion in the Testis and Ovary of . .
16 Fresh Water Crab (Barytelphusa Cunicularis, g;.:ﬁ;gi;gl;a 96
Westwood 1836) J v
17 Robots can be a friend of journalist S. S. Arsad 107
18 Approach towards English Language in NEP 2020 | Dr. Manohar A. Wasnik 109
19 Role of Dr. Babasaheb Ambedkar in National 112
Development and Women Empowerment Dr. Rajat R Mandal
Habit of Reading: A Source to Boost an All Round . .
20 Well Being in Children Dr. Navita N Malani 116
21 Kolkata Tramways: Sustainable Transport or Not Marcelline Salome Gomes 119

Debalina Mukherjee

SURESH SOPANRAO PATIL
| attest to the accuracy and authenticity of this

document

15.01.2025 10:32
PRINCIPAL, RAJE RAMRAO MAHAVIDYDYALA,
JATH DIST-SANGLI




ISBN No. 978-93-341-3927-3
Chapter No. 15

Candle Soot Modified Superhydrophobic/ Superoleophilic Surfaces for Qil-Water
Separation: A review

Mehejbin R. Mujawar!, Shivaji R. Kulal'*
'Department of Chemistry, Raje Ramrao Mahavidyalaya,
Jath Dist.- Sangli (MS) India

* srkulalresearch(@gmail.com

Abstract-

Over many years, the oceanic oil spill accidents and the discharging of immense oil levels in the
surroundings of most industries worldwide have been a serious environmental problem. Oil and organic
pollutants in water has a severe problem for aquatic life and human being. There is a need to develop technology
for oil-water separation because the spilled oil affects the ecological and environmental system. Recently,
superhydrophobic/superoleophilic sponges, metal meshes, membranes, and porous materials have played
crucial roles in separating oil from oil-water mixture. The micro and nanopores of the substrate facilitate to
entry of liquid into it and superhydrophobic/superoleophilic properties of the substrate surface resist water and
allow oil to enter into the porous substrate. Candle soot has the advantages of cost-effectiveness and production
scalability over other carbons like graphene, carbon nanotubes, carbon nanodots, etc. in their synthesis. Candle
soot-coated superhydrophobic materials have outstanding water repulsion and oil absorption capacity, high
selectivity, chemical inertness, and excellent recyclability. This paper discusses applications of candle soot-
coated superhydrophobic materials for oil-water separation.

Keywords: Candle soot, oil-water separation, sponge, stainless steel mesh, and superhydrophobic.

Introduction-

During the past few years, water pollution resulting from oil spillage and industrial
organic pollutants has emerged as a serious issue on a global scale, imposing threats to the ecosystem,
human health, and economic growth. To overcome this challenge, many efforts have been made to
develop efficient absorbents such as activated candle soot nanoparticles, carbon nanotube sponges,
carbon nanodots sponges, candle soot/polymer composites, and graphene sponges for separating and
removing the contaminants from water. Among all these absorbents, candle-soot-based absorbents
demonstrate superior efficiency in the removal of oils. However, the high production costs of these
absorbents limit their wide adoption. Candle soot generated from incomplete combustion of
hydrocarbons has demonstrated the advantages of cost-effectiveness and production scalability over
CNTs, and graphene and activates carbons in their synthesis [1-4]. However, candle soot-coated
superhydrophobic materials are the best solution for these. The superhydrophobic surfaces on which
water achieves a water contact angle higher than 150° and sliding angle less than 5° are attracting the
minds of researchers due to their efficient oil-water separation abilities [5-8]. Different strategies used
to form hierarchical structures such as sol-gel coating, chemical vapor deposition, plasma etching,
template processing, lithographic patterning, etc. have been adopted [9-10].

Carbon soot (CS) generated from incomplete combustion of paraffin wax has demonstrated the
advantages of cost-effectiveness and production scalability over carbon nanotubes (CNTs), graphene,
and activated carbons in  their = synthesis. = Hence, the carbon  soot-coated
superhydrophobic/superoleophilic surfaces show excellent oil-water separation ability compared to
carbon nanotubes, carbon nanodots, and graphene [11].

Song et al. [12] have fabricated carbon soot (CS) coated mesh using the dip-coating method.
The cleaned stainless-steel mesh (SSM) was subsequently dipped in the glue solution for 10 min and
CS-dispersion, and finally dried at 80°C to obtain the CS-glue coated mesh. The CS coating is closely
packed because of using superglue (EVO-STIK Serious Glue) as a binder. The CS-glue-coated mesh
revealed a separation efficiency higher than 99.95%. Even after 20 cycle separation tests, it was shown
excellent @fsdbitty ald @ithbility. The different chemical methods are used for the fabrication of the
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superhydrophobic/superoleophilic meshes/sponges for efficient oil-water separation. As the carbon
nanotubes are hydrophobic and show a strong affinity toward oil, Lee et. al. [13] adopted the chemical
vapor deposition (CVD) technique to deposit vertically aligned CNTs on stainless steel (SS) mesh. The
as-prepared SS-CNT mesh effectively separates oil from water-in-oil emulsions with an efficiency
higher than 80%. Gu et al. [14] prepared polystyrene (PS) and carbon nanotubes coated
superhydrophobic/superoleophilic membranes. The as-prepared superhydrophobic/ superoleophilic
membrane shows mechanically robust PS-CNT surface shows excellent oil separation from oil-water
mixture with good repeatability and separation efficiency of more than 99%. The electrospinning
technique can be effectively used to form superhydrophobic/superoleophilic surfaces. Wang et.al. [15]
prepared the polyurethane (PU) sponge from hydrophilic to superhydrophobic by dip coating it from
the nanocomposite of CNT/poly- (dimethyl siloxane) (PDMS). The as-prepared
superhydrophobic/superoleophilic sponge shows the continuous removal of various oils such as
Soybean oil, motor oil, diesel, n-hexadecane, gasoline, and n-hexane from the surface of the water with
high separation efficiency.

In this article, we will discuss the simple, low-cost, rapid, and innovative methods for the
fabrication of superhydrophobic/superoleophilic carbon soot nanoparticle-coated sponges and meshes
for efficient oil-water separation application.

2. Recent Developments for Effective Oil-Water Separation:
2.1 Superhydrophobic-Superoleophilic Sponge:

Gao et al. obtained the candle soot (CS) particles from a combustion flame and dispersed
them in 1,2-dichloroethane (DCE). The superhydrophobic/superoleophilic melamine sponge was
prepared by a uniform coating of as-grown CS-DCE solution using the dip-coating method. The growth
of carbon soot was performed using a combustion flame process in the open-air using ethylene (C2H4)
and Oxygen (O») as precursors with a flow ratio of 5:3. The carbon soot sponge was prepared by dip-
coating. First, 25 mg of as-grown carbon soot was dispersed in 20 mL for sonication. Then, a melamine
sponge, which was cleaned with acetone and dried in an oven (80°C), was immersed in the carbon soot
dispersion. The carbon soot-coated melamine was again dried in the oven at 80°C for 2 h (Fig. 1). The
candle soot sponge demonstrates high absorption capacities (up to 80 times its weight) solvents with a
recyclability of more than 10 times. These research results are promising in environmental remediation
for large-scale, low-cost removal of oils from water [16].

Fig. 1. Schematic showing the carbon soot-sponge preparation by dip-coating and carbon soot sponge
before & after oil absorption. Photographs demonstrating the removal of an oil droplet from water
using a CS-sponge [16], with permission from American Chemical Society, Copyright 2014.

A piece of commercial polyurethane sponge was cleaned and dried in an oven at 70°C for 30
min. The grown straw soot on the glass slide was collected by shaving soot from the glass using a
spatula. The superhydrophobic sponge was prepared by a dip-coating method in a colloidal suspension
of soot inwan.ethanal medium. The magnetic properties of the samples were detected at room
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temperature using a vibrating sample magnetometer. After that, the cleaned polyurethane sponge was
dipped into the straw soot dispersion and dried; the hydrophobic sponge was obtained that floated on
the water surface versus the non-modified sponge. The magnetic hydrophobic sponge was obtained by
immersing the hydrophobic sponge in 20 mL of absolute ethanol containing magnetic nanoparticles
(Fig. 2). The prepared sponge showed excellent superhydrophobicity with a water contact angle as
high as 154°. Experiments showed that the amount of the absorbed oil was about more than 30 times
of sponges' weight; it has 30 times recyclability and the advantage of magnetic separation [17].

' 5-1r.:w soot ' Fe 43 NP5 '

Sponge ,,-=
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W
— @
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seperation Magaatic
hydrophobic sponge
v _—

Fig. 2. Schematic illustration of preparation of modified polyurethane sponge and oil separation
process. Images reprinted from [17], with permission from Elsevier, Copyright 2017.

Hydrophobic candle soot (CS) particles can be collected easily and cost-effectively from the
candle flame. Li et al. [18] obtained the hydrophobic CS particles by incomplete combustion of
hydrocarbons from the mid-candle flame. The polyurethane sponge was immersed in a mixture of CS,
hydrophobic silica nanoparticles, and PU resin to achieve stable superhydrophobicity. The CS-SiO»-
PU sponge showed excellent oil separation capacity from hot water and acidic, alkaline, and salt
solutions. The CS-Si02-PU sponges could absorb various oils efficiently and selectively, and show a
high absorption capacity that is up to 65 times its weight. Furthermore, the CS-SiO2-PU sponge
possesses stable superhydrophobicity and excellent ability of selective absorption to oil even at various
harsh conditions, including acid (1M HCI) and alkali (1M NaOH), and salt (1M NaCl) aqueous
solutions at mechanical agitation condition, hot water, and ice/water mixtures. The CS-SiO-PU sponge
combination with a vacuum system could continuously absorb and remove oil from the water surface.
As shown in (Fig. 3a), the contact angle of a colored water droplet on the PU sponge is nearly 100°
and the colored kerosene droplet contact angle is about 0°. However, the CS-SiO,-PU sponge shows
superhydrophobicity and superoleophobicity simultaneously (Fig. 3b). The kerosene droplet was
absorbed by the CS-SiO2-PU sponge immediately when it was dropped on the surface of the sponge,
while the water droplet stayed on the surface of the as-prepared sponge and kept its spherical shape.
As shown in (Fig. 3¢ and d), the water contact angle on the CS-SiO2-PU sponge is up to 155° and the
SA is as low as 7°. Therefore, the water was repelled by the as-prepared sponge, whereas the oil
absorbed through the sponge quickly.
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Fig. 3. (a and b) Schematic illustration of the fabrication of the wettability of the pristine PU sponge
and the CS-SiO»-PU sponge to water and oil droplets, respectively. (¢ and d) The CA and SA of water
on the CS-Si0,-PU sponge, respectively [18], with permission from J. Sol-Gel Sci Technol., Copyright
2017.

Yue et al. fabricated the superhydrophobic surface using PVDF and candle soot via the sugar
template method. It was shown the water contact angle of 158° and roll-on angle of < 6°. The oil
quickly absorbed by the superhydrophobic sponge shows the superoleophilic property. The sponge
shows excellent oil-water separation properties even after 25 cycles. The strong elasticity and high
stretching resistance confirm that the modified superhydrophobic surface is highly mechanically
durable. The modified sponge maintains an 89% recovery rate even after 10 cycles. The absorption
capability recovered up to 96% without an obvious change in the morphology of the sponge surface.
This method was used to prepare a photothermal, porous PVDF/CS sponge with structural, chemical,
and mechanical properties [19]. Fig. 4 shows the preparation process of the porous PVDF/candle soot
sponge. In short, sugar particles were placed into a PVDF/DMF/CS solution mixture, followed by sugar
templates being removed via water dissolving. It is important to note that a simple sugar-templating
process was used for the formation of a superhydrophobic sponge, it requires only a simple as well as
eco-friendly preparation process.

S :
1T 0 Candle soot
PVDF
1 Sugar
ARG g,
| II - I.. : [}
L \ 'J.' ":'I dissolving
o i ‘::—" 0
PYDF/candle soot
Sugar template PVDF/candle soot : ‘::n; o
casting L

Fig. 4. Schematic illustration of the fabrication of porous PVDF/candle soot sponge using sugar
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2.2 Superhydrophobic/Superoleophilic Mesh:

Li et. al. [20] deposited hydrophobic CS particles on a SS mesh by holding it in the mid-flame
of a paraffin candle and then spray-coated the hydrophobic silica nanoparticles (50 nm) on it. The as-
prepared carbon soot/silica nanoparticles (CS/Si02) hybrid mesh revealed strong repellence toward
pure water and droplets of pH ranging from 1 to 14, whereas the oil drops quickly spread on the surface.
The hybrid mesh revealed the strong ability to separate various oils and organic liquids mixed in pure
water, hot water (92°C), and strong corrosive solutions (1M HCIl, NaOH, and NaCl) with more than
98% separation efficiency. The oil/water separation was performed as shown in Fig. 5. Because of the
excellent mechanical flexibility of the stainless-steel mesh, the mesh was folded into a three-
dimensional structure and then coated with CS and hydrophobic silica for oil/water separation. The
coated mesh was placed on a beaker and a mixture of kerosene and water was poured onto the three-
dimensional superhydrophobic mesh, as shown in Fig. § (a-c). Kerosene was dropped into the beaker,
while water was repelled and retained above the mesh. Fig. Sd exhibited that there are no oily droplets
were present in the water. After the separation, a nearly equal amount of water and kerosene were
collected, which suggested the extremely high separation efficiency of the coated mesh as shown in
Fig. Se.

Fig. 5. Schematic illustration of the separation process of oil (kerosene)/water mixture based on the CS
and silica overlap coated mesh. (a-b) water is dyed with methylene blue and oil is dyed with Oil Red
O and then they are mixed before separation. (c-d) the separation process of the oil/water mixture using
the overlap-coated mesh. (e) The water and oil volume remained nearly the same after separation [20],
with permission from RSC Nanoscale, Copyright 2016.

Cao et al. [21] wused the electrodeposition technique for the formation of
superhydrophobic/superoleophilic copper meshes and then held it above candle flame to deposit carbon
soot (CS) nanoparticles. The agglomerated CS nanoparticles formed a chain-like rough hierarchical
structure on which the water drop exhibited a contact angle higher than 153°. The CS deposited copper
mesh quickly separated various oils such as silicone oil, cyclohexane, n-hexane, n-heptane, petroleum
ether, and liquid paraffin from oil-water mixtures with oil separation efficiency greater than 90% even
after 30 separation cycles. The rough mesh was placed at 1.5 cm height of the flame of a burning candle
for deposition for 5 minutes, the whole preparation process is shown in the Fig. 6, the superhydrophobic
mesh surface was formed by using candle soot.
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Fig. 6. Schematic illustration of the preparation process of super-hydrophobic and super-oleophilic
copper mesh, and the application in oil-water separation [21], with permission from Colloids and
Surfaces A: Physicochem. Eng. Aspects, Copyright 2017.

Zulfigar et al. [22] deposited cheaply available sawdust on polychloroprene adhesive-coated
SS mesh with subsequent deposition of silicone polymer by dip coating. Thereafter, a thin layer of CS
particles was applied to the as-prepared mesh by holding it above a candle flame. The carbon soot (CS)
nanoparticles uniformly deposited on silicone-covered SD exhibited highly rough and porous
morphology required for superhydrophobicity and superoleophobicity. As depicted in Fig. 7, a
superhydrophobic SS mesh easily and rapidly separates the oil-water mixture. No trace of water was
observed in separated oil confirming its potential in oil-water separation capability. Apart from
excellent oil-water separation efficiency (>95%), the superhydrophobic SS mesh exhibited good
recyclability, reusability, and mechanical stability. The potential of these coatings for oil/water
separation is shown in Fig. 7. The figure typically shows a mesh coated with superhydrophobic material
holding water without any leakage. The superhydrophobic mesh was used for the separation of oil from
oil-water mixtures as shown in Fig. 7. The mesh readily separated the oil while blocking the flow of
water through its pores. The water content was not found in the separated oil, which confirms the
excellent superhydrophobic/superoleophilic properties. The steel mesh with excellent mechanical
stability modified with durable superhydrophobic coating can be used as a medium for oil/water
separation.
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Fig. 7. Schematic illustration of a superhydrophobic mesh demonstrating (a) the separation of oil/water
mixture and (b) collection of oil from oil/water mixture [22], with permission from Colloids and
Surfaces A: Physicochem. Eng. Aspects, Copyright 2017.

To achieve a robust, transparent, and superhydrophobic coating, the substrate was first
thoroughly washed with ethanol and deionized water thoroughly and dried in an oven at 60°C. The
cleaned substrate was then placed over the candle flame until a few microns thick layer of soot was
deposited. Subsequently, the soot-coated substrate together with SiCls was placed in a drier for
chemical vapor deposition for about 2 h. Finally, a superhydrophobic coating was obtained on the
substrate caused by stable oxane bonds formed between abundant hydroxyl radicals on the silica shell
and silane. Furthermore, to investigate the oil-water separation application of this transparent, robust,
and superhydrophobic coating, a rounded stainless-steel mesh was utilized as a substrate to perform
the modification (Fig. 8). The rough surface formed by accumulating candle soot nanoparticles showed
a significant superhydrophobicity with a water contact angle of 154.4° and it remained good oil flow
rate and oil-water separation efficiency even after 6 times reuses [23].
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Fig. 8. Schematic of preparation and properties of the transparent and robust superhydrophobic coating
and oil-water separation. Images reprinted from [23], with permission from Nature, Copyright 2022.
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The stainless-steel mesh was ultrasonically cleaned using acetone, ethanol, and deionized
water for 5 min, respectively, and then dried in a blast oven at 80°C for 10 min. Then, it was put on the
candle flame with a height of 1.5 cm to collect candle soot and the whole process continued for 15
seconds. Then, the prepared sample was immersed in PDMS and xylene solution of 1.5 g PDMS
dissolved in 50 mL xylene. Then, the mesh was placed in a blast oven at 80°C for 10 min. Secondly,
repeat the collection process of candle soot and then put it in a blast oven at 80°C for 120 min. The as-
prepared mesh was named SH-M and the schematic for the preparation process is shown in Fig. 9. The
SH-M can show a highly superhydrophobic surface such as a water contact angle is 156° and a sliding
angle of less than 5° [24].

Fig. 9. (a) Schematic for the preparation process of composite adsorbent material (CAM) from the SH-
M square boat and polymer foam, as well as its application of magnet drive for oil/water separation;
(b) SH-M square boat immersion in water by force; (c—¢) picture of the magnet drive CAM oil
adsorption process [24], with permission from Progress in Organic Coatings, Copyright 2019.

A stainless-steel mesh was placed above the wick and soot was collected on the surface. The
10 nm carbon nanoparticles were coated onto the stainless-steel mesh. Then, we used a chemical vapor
deposition method to form a more stable layer of SiO2/carbon on the stainless-steel mesh. Finally, the
SiOz/carbon stainless steel mesh was modified with PFO and PDA-PFO, respectively to form the
superhydrophobic/superoleophobic and oleophobic/superhydrophilic mesh membrane (Fig. 10).
Separation experiments show that these superhydrophobic/superoleophobic or
oleophobic/superhydrophilic mesh membranes can be used to selectively separate oil-water with a high
flux of more than 930 L m? h'! and a collecting efficiency of over 97%. Furthermore, the repetitions
of the separation experiments demonstrate that these superhydrophobic/superoleophilic or
oleophobic/superhydrophilic mesh membranes are durable, stable, and reusable, making them
encouraging candidates for practical oil-polluted water treatment [25].
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Fig. 10. Process of superhydrophobic and oleophobic mesh membranes preparation: (a) coating

stainless steel mesh with carbon nanoparticle (candle soot), (b) carbon nanoparticle coated stainless

steel mesh, (c) SiO2/carbon stainless steel mesh, (d) PFOTS modified SiO»/carbon stainless steel mesh,

(e) PDDA-PFO modified SiO2/carbon stainless steel mesh [25], with permission from RSC Adv.,
Copyright 2017.

Mesh prepared with a PFCS coating can be used to separate oil. After cutting a piece of iron
mesh and coating the mesh with paraffin wax, a metal sheet was patched onto the back of the mesh
with sot from a candle flame a superhydrophobic mesh coating is oleophilic, and a water drop cannot
penetrate through the mesh, but Polydimethylsiloxane (PDMS) oil can as be shown in Fig. 8, shows a
side view of the drops. While the water drop remains on the mesh, the PDMS oil drop with a low
surface tension passes through the mesh and dongles from the mesh. The mixture of water and PDMS

oil was easily separated with the mesh. This mesh can be effective in oil collection systems and
functional filtration systems [26].

araffin wax
Candle) Substrate

Superhydrophobic

Candie [
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Fig. 11. A scheme for the fabrication of a stable superhydrophobic surface by using only a candle and
a superhydrophobic mesh prepared with a PFCS coating [26], with permission from Carbon, Copyright
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2.3 Superhydrophobic/Superoleophilic Foam:
The superhydrophobic and superoleophilic surface was fabricated by candle soot coating

and sequential modification with PDMS. Nickel foam was cleaned by alternate ultra-sonication in
ethanol and Milli-Q water three times and then dried in the oven. Afterward, the surface to be coated,
in our case a nickel foam, is held above the flame of a paraffin candle. About 5 min. After the ignition
of the candle, a steady flame was obtained with a total flame height of 4 cm. Ni foam (5 cm x 5 cm)
was mounted in the flame envelope 3.5 cm above the candle. The growth process lasted for 2 min for
the one side and then for another 2 min for the other side with Ni foam moving back and forth, after
which the Ni foam was taken out from the flame. Deposition of a soot layer turns the nickel foam black.
The candle soot-coated nickel foam was placed into a petri dish in which a mixture of hexane, PDMS
pre-polymer, and thermal curing agent was poured in a ratio of 100:10:1 by weight. The candle soot-
coated nickel foam with the absorbed mixture was then cured at 80°C for 4 hours as shown in Fig. 12.
The prepared nickel foam showed excellent superhydrophobicity with a water contact angle as high as
152°. These research results show evidence that the coating of candle soot can be applied to a wide
variety of heat-resistant surfaces and is effective for the separation of water and oil mixture [27].

Fig. 12. Preparing superhydrophobic and superoleophilic nickel foam and Experiment process images
of the water purification using superhydrophobic and superoleophilic nickel foam [27], with

permission from RSC Adv., Copyright 2014.

The Nickel foam was cut into several small pieces of 3 cm x 3 cm and then placed in an
ultrasonic cleaner with ethanol for 30 min washed with deionized water 3 times and dried in an oven
at 60°C. The stable suspension liquid was obtained by adding 0.1 g CNPs, 1 g PDMS, and 0.1 g curing
agent to 50 mL n-hexane, and then ultrasonic treatment at 30 kHz for 1 h. The clean and dried Ni foam
chips are immersed in the above suspension and left at ambient temperature until the solvent evaporates
to dryness, afterwards, the mixture of CNPs and PDMS is uniformly deposited on the inside and surface
of the Ni foam. Then, place it in a muffle furnace at 100°C for 1 h. to make it solidify. Finally, five of
the above prepared small pieces were pressed into the NF/CNP-PDMS with a size of 3 cm x 3 cm x 2
mm by pressing the machine (Fig. 13). It can show superhydrophobic properties with a WCA of 153°
and an oil contact angle of nearly 0°. It shows the substrate is superhydrophobic and easily separates
the oil from water [28].
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Fig. 13. Schematic diagram of NF/CNP-PDMS composite preparation [28], with permission from
Colloids and Surfaces A: Physicochem. and Eng. Aspects, Copyright 2021.

The fabrication process is firstly, CNTs were dispersed in THF by sonication for 30 min.
Then, PS (Polystyrene) and CA (Cinnamic Acid) were dissolved in the CNTs-THF dispersion. The
mixture was stirred for 2 h and sonicated for 30 min to reach homogeneity. Subsequently, distilled
water was poured into the suspension to induce phase inversion and form the PS/CNTs/CA foam. The
foam was dried and then immersed in isopropyl alcohol for 3 h to remove the CA. The PS/CNTs foam
was obtained after drying. For comparison the pure PS foam was fabricated by the same two-step
strategy (Fig. 14). It can show a water contact angle of 161.2° and excellent water repellence, with
great application potential in the treatment of oil spills [29].
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Fig. 14. (a) Schematic illustration of the fabrication process of the PCF; (b) photograph of the
PS/CNTs/CA foam in water; (c) photograph of the PCF in isopropyl alcohol [29], with permission
from J. Eny=€heny FngeGopyright 2021.
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Conclusion:

As this review highlights, candle soot nanoparticles are unique in that, their fabrication
requires little control of external parameters. It is very economical beneficial, facile, and
straightforward to synthesize. Candle soot-coated sponge/mesh for use in oil-water separation has
been developed by using CS nanoparticles and different polymers. The candle soot synthesis, candle
soot coated sponge/mesh preparation, procedures are simple, cost-effective, and scalable. The
absorption/separation investigation demonstrates that the candle soot sponge/mesh is highly efficient
and stable in absorbing a wide range of oil and organic solvents. It can be believed that the candle-
soot-coated superhydrophobic materials are very useful for oil-water separation. It shows various
tremendous results with candle soot-polymer composite in various mechanical conditions. Candle soot
nanoparticles show a significant surface area-to-volume ratio and high electronic and ionic
conductivity. Candle soot is produced by simply burning candles and hence, it is eco-friendly,
economical, and useful. Candle soot-coated sponge/mesh can show stability, durability, reusability,
and reproducibility.
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Abstract:

According to various international reports, Al-empowered education is one
of the emerging fields in education and pedagogy. There is an utmost need to
examine more prudently and critically the opportunities and challenges brought by
Al generated apps in literary study and creation. The paper aims at exploring and
analysing multiple challenges in the use of Al-empowered education for the study of
literature. The entire world especially the developed countries are on the threshold of
a new era in the way of learning especially through Al-empowered education. Al is
a booming and leading technological domain, but in the developing countries like
India, it is very challenging to integrate Al-empowered education at the grassroots
of rural and remote area.

Key words: Al-empowered education, literature, NEP-2020, upskilling teachers,
pedagogy.
Introduction:

Presently, the potential rise of technological advances and considerable increase
in the use of Al in diverse sectors has become a debating point and huge controversy. In
the current digital age, Al offers immense opportunities to make human life a lot easier.
Al is a booming and leading technological domain capable of altering every aspect of
our social interactions (Bostrum, 2017). The use of Chatbot, Google Assistant,
Alexa, Gemini, ChatGPT are seriously discussed Al-oriented apps especially in the
field of education.

In the current digital era, the use of artificial intelligence in the educational
sector is widely discussed topic at international level. Presently, Al is many steps
ahead of human intelligence. We know that its capacity of endurance is superior to
human being. The AI works consistently without rest. It does not get easily distracted
by external factors. There is an effective and wider use of Al in education sector
especially in the developed countries like USA, Japan, etc. In educational sector, Al
seems to have already begun initiating new teaching and learning solutions that
are currently under trial (Bostrum, 2017). The entire world especially the developed
countries are on the threshold of a new era in the way of learning especially through
Al-empowered education.
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Importance of Al in Education:

There is a considerable increase in the use of Artificial Intelligence (Al)
technologies in education sector. The field of Al in education (AIEd) has
demonstrated technological advances and innovations in education sector (Roll &
Wylie, 2016). One of the biggest benefits of Al in education is the personalised
learning according to the preferences of each student. Here, a student can learn
according to his or her own preferences, pace, time, capability and interest.
Presently, it has offered multiple useful applications such as intelligent machine
tutors for content delivery, feedback provision, and progress supervision (Bayne, 2015).
Besides, diverse Al-empowered educational technologies can be used to study and
analyze classroom dynamics and students’ active engagement in teaching-
learning process (Tsai et al., 2020).

Many scholars are promoting the application of Al-empowered education for
effective outputs as there is a noticeable rapid growth of AIEd in research sector.
Challenges in the Context of India:

Basically, the Al-empowered education ecosystem requires advanced
infrastructures and a boosting ambience of thriving innovators. In NEP-2020, there is
a discussion on the integration of essential subjects like artificial intelligence
education in concerted curricular and pedagogical initiatives. In order to strengthen
and make Indian ecosystem of research very robust, NEP-2020 underscores that the
nation will require a significant expansion of its research capabilities and output
across disciplines like machine learning, artificial intelligence, biotechnology,
and expanding digital marketplace(Govt. of India, NEP-2020, 44). The challenge of
advanced infrastructures and a boosting ambience for Al-empowered education
especially in rural and remote area of India is the first and foremost challenge in
education sector.

The second challenge is the smooth and effective collaboration between
Al and teachers in India. It is very challenging to leverage the best attributes of both
machines and teachers for effective and fruitful results in remote and rural India. To give
the best attributes, teachers in India should adopt the optimistic standpoint towards
Al. They should be well trained and oriented about the use of Al in education. There is
need to remove and bridge the digital divide through training programmes. So there is
need of upskilling teachers for better collaboration between Al and teachers in India.

It is really challenging to know that AI can really understand the literature
or the meaning between the lines. Ironical statements, the meaning between the lines,
inter-textual references, and emotional references are some areas in literature where
the Al-empowered elucidation becomes more doubtful. As the Al, presently, is at a
threshold of development, it is more challenging for the educators and learners to
make effective use of Al-based pedagogical study.

We know that Al is an artificial flower without smell made of synthetic
material. Al cannot distinguish between the impacts of social changes on the writing.
Al cannot createsasnews~andannovative perspective towards a literary text. It only works
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field of human feelings and emotions, it has some limitations too. Al is a tool. It
cannot give human touch. It can be more useful in the form of data. Understanding
genuine emotions reflected in literary works like novels, poems, etc. is one of the
essential challenging tasks for Al tools. Data theft is a serious concern in the use
of Al-empowered applications. Due to the digital identity theft issue, it is very
challenging to convince the teachers and students about the use of such apps.

Pedagogy should not be unnecessarily affected by the use of Al-
empowered education. Al should support, enhance, innovate and make the teaching-
learning more fruitful instead of replacing it. This is unavoidable concern among the
teachers. Affordable and easy access technology though internet is also one of the major
challenges in India.

In brief, it is pretty clear that the potential application of artificial intelligence
is huge and vast. It is need of the hour to learn Al tools and applications; therefore,
Indian teacher should advocate new modern styles of teaching and make the teaching-
learning process very fruitful. We can say that in the context of India, artificial
intelligence is capable of complementing the genius of the human brain, but it has
some limitations of offering quality education based on the overall needs of a learner
from diverse sectors especially in Indian society.
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Abstract:

According to various international reports, Al-empowered education is one
of the emerging fields in education and pedagogy. There is an utmost need to
examine more prudently and critically the opportunities and challenges brought by
Al generated apps in literary study and creation. The paper aims at exploring and
analysing multiple challenges in the use of Al-empowered education for the study of
literature. The entire world especially the developed countries are on the threshold of
a new era in the way of learning especially through Al-empowered education. Al is
a booming and leading technological domain, but in the developing countries like
India, it is very challenging to integrate Al-empowered education at the grassroots
of rural and remote area.

Key words: Al-empowered education, literature, NEP-2020, upskilling teachers,
pedagogy.
Introduction:

Presently, the potential rise of technological advances and considerable increase
in the use of Al in diverse sectors has become a debating point and huge controversy. In
the current digital age, Al offers immense opportunities to make human life a lot easier.
Al is a booming and leading technological domain capable of altering every aspect of
our social interactions (Bostrum, 2017). The use of Chatbot, Google Assistant,
Alexa, Gemini, ChatGPT are seriously discussed Al-oriented apps especially in the
field of education.

In the current digital era, the use of artificial intelligence in the educational
sector is widely discussed topic at international level. Presently, Al is many steps
ahead of human intelligence. We know that its capacity of endurance is superior to
human being. The AI works consistently without rest. It does not get easily distracted
by external factors. There is an effective and wider use of Al in education sector
especially in the developed countries like USA, Japan, etc. In educational sector, Al
seems to have already begun initiating new teaching and learning solutions that
are currently under trial (Bostrum, 2017). The entire world especially the developed
countries are on the threshold of a new era in the way of learning especially through
Al-empowered education.
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Importance of Al in Education:

There is a considerable increase in the use of Artificial Intelligence (Al)
technologies in education sector. The field of Al in education (AIEd) has
demonstrated technological advances and innovations in education sector (Roll &
Wylie, 2016). One of the biggest benefits of Al in education is the personalised
learning according to the preferences of each student. Here, a student can learn
according to his or her own preferences, pace, time, capability and interest.
Presently, it has offered multiple useful applications such as intelligent machine
tutors for content delivery, feedback provision, and progress supervision (Bayne, 2015).
Besides, diverse Al-empowered educational technologies can be used to study and
analyze classroom dynamics and students’ active engagement in teaching-
learning process (Tsai et al., 2020).

Many scholars are promoting the application of Al-empowered education for
effective outputs as there is a noticeable rapid growth of AIEd in research sector.
Challenges in the Context of India:

Basically, the Al-empowered education ecosystem requires advanced
infrastructures and a boosting ambience of thriving innovators. In NEP-2020, there is
a discussion on the integration of essential subjects like artificial intelligence
education in concerted curricular and pedagogical initiatives. In order to strengthen
and make Indian ecosystem of research very robust, NEP-2020 underscores that the
nation will require a significant expansion of its research capabilities and output
across disciplines like machine learning, artificial intelligence, biotechnology,
and expanding digital marketplace(Govt. of India, NEP-2020, 44). The challenge of
advanced infrastructures and a boosting ambience for Al-empowered education
especially in rural and remote area of India is the first and foremost challenge in
education sector.

The second challenge is the smooth and effective collaboration between
Al and teachers in India. It is very challenging to leverage the best attributes of both
machines and teachers for effective and fruitful results in remote and rural India. To give
the best attributes, teachers in India should adopt the optimistic standpoint towards
Al. They should be well trained and oriented about the use of Al in education. There is
need to remove and bridge the digital divide through training programmes. So there is
need of upskilling teachers for better collaboration between Al and teachers in India.

It is really challenging to know that AI can really understand the literature
or the meaning between the lines. Ironical statements, the meaning between the lines,
inter-textual references, and emotional references are some areas in literature where
the Al-empowered elucidation becomes more doubtful. As the Al, presently, is at a
threshold of development, it is more challenging for the educators and learners to
make effective use of Al-based pedagogical study.

We know that Al is an artificial flower without smell made of synthetic
material. Al cannot distinguish between the impacts of social changes on the writing.
Al cannot createsasnews~andannovative perspective towards a literary text. It only works
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field of human feelings and emotions, it has some limitations too. Al is a tool. It
cannot give human touch. It can be more useful in the form of data. Understanding
genuine emotions reflected in literary works like novels, poems, etc. is one of the
essential challenging tasks for Al tools. Data theft is a serious concern in the use
of Al-empowered applications. Due to the digital identity theft issue, it is very
challenging to convince the teachers and students about the use of such apps.

Pedagogy should not be unnecessarily affected by the use of Al-
empowered education. Al should support, enhance, innovate and make the teaching-
learning more fruitful instead of replacing it. This is unavoidable concern among the
teachers. Affordable and easy access technology though internet is also one of the major
challenges in India.

In brief, it is pretty clear that the potential application of artificial intelligence
is huge and vast. It is need of the hour to learn Al tools and applications; therefore,
Indian teacher should advocate new modern styles of teaching and make the teaching-
learning process very fruitful. We can say that in the context of India, artificial
intelligence is capable of complementing the genius of the human brain, but it has
some limitations of offering quality education based on the overall needs of a learner
from diverse sectors especially in Indian society.
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