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Abstract :

In recent years, the depletion of fossil fuels has become a pressing concern with the world’s ever increasing
energy demands. The rapid consumption of fossil fuels, such as coal, natural gas, and oil has given rise to
significant environmental and economic consequences. These non-renewable energy sources are limited and their
extraction as well as usage contributes to pollution, harmful emissions eventually leading to global climate
change. To address this challenge, many researchers have been exploring the potential of nanofuel as a secondary
energy carrier. Nanofuels are a class of alternative fuels that incorporate nanoparticles to enhance combustion
efficiency, reduce emissions, and improve overall energy output. This paper presents an innovatory concept of
nanofuel wherein the enhancement of the fuel efficacy by suspension of nanoparticles in a liquid carrier is
described and major challenges are identified, which urges researchers in materials, chemistry, physics , and
engineering to collaborate across disciplines.
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1. Introduction :

With the growth in the field of nanotechnology , the synthesis of different materials in their nano form has found
an application in fuel synthesis.

Extensive scholarly exploration has discovered that nanoadditives markedly augment the combustion
characteristics of fuel. The integration of nanoparticles into fuel formulations originates multiple beneficial
outcomes such as fortified ignition qualities, enhanced fuel atomization, and a reduction in emissions of pollutants.
Moreover, metal oxides of reactive metals are blended with diesel to enhance its thermo-chemical properties. This
can be achieved by the following levels :

1) Pre-Treatment : The first level is the pre-treatment method, where the fuel’s thermo-chemical properties are
altered by adding property-enhancing substances like nanoparticles to the fuel.

2) Engine Modification : The second level is the modification of engine and combustion chamber geometry,
varying the fuel injection time, angle pressure, and mixing water with fuel during injection to reduce emission
characteristics of the engine.

3) Post-Treatment : The third level is the post-treatment wherein after the combustion, the exhaust gas is treated
in the catalytic converter and filtered through particulate filters to reduce the harmful components from the
exhaust gas.

The first level of treatment is more desirable as it involves only slight engine modifications, and thus the
technology becomes readily applicable for the existing vehicles. Fuel-borne catalyst proves to be a promising
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solution because it involves altering the fuel properties through the introduction of additives such as nanoparticles
which in turn will enhance the fuel properties resulting in better combustion.

Metals are potential energy carriers that, when oxidized, can release a significant amount of heat, much like
hydrogen and hydrocarbon fuels. For bulk materials, however, it is not feasible to realize a rapid chemical energy
release in a useful and controlled manner. Bulk metal oxidation, for example, is an extremely slow and almost
imperceptible process.

Pure bulk metals, like iron and aluminum, typically have oxide layers covering them, which need to be removed
for the reaction to proceed quickly.To initiate combustion in most of the metals, one requires an average
temperature of 1800-2000 °C to evaporate the oxide layer and reveal the bare, reactive metal underneath.

2. The Concept :

The size-dependence of most material’s properties is a well-known phenomenon in physics. Due to their large
surface area to volume ratio,small particles burn much more easily ; the oxidation could produce enough energy
for the particles to spontaneously ignite and combust particles.

Evidence suggests that 100 nanometer-sized metallic aluminum nanoparticles can ignite at 250 °C, which is much
lower than the bulk temperature. The lower ignition temperature creates a large window for the possible
widespread use of energetic particles.

Energy Density per litre of Fuels

Fig. 1 A graphical representation of Energy Density per Litre of Fuels emphasizing the competitive Energy
Density of mentioned Metals.

Fuel containing nanoadditives can greatly increase engine performance, lower emissions, and improve
combustion efficiency. Because of their catalytic qualities, metal oxides are frequently employed as nanoadditives.
The following is a list of practical metal oxides that are often taken into account for these kinds of uses :
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Specific Benefits in

Metal Oxide Chemical Formula | Key Properties .
y Frop Fuel Applications
Enhances
. combustion
High oxygen storage ..
Cerium Oxide CeO capacit excellent efficiency,  reduces
2 pactty, € CO and HC
redox properties ..
emissions, acts as an
oxygen buffer
Promotes complete
Effective catalyst, | combustion, reduces
Iron Oxide Fe20s, FesOa improves combustion | soot formation,
efficiency improves thermal
efficiency
Reduces NOXx
Photocatalytic emissions, enhances
Titanium Dioxide TiO2 properties,  reduces | oxidation of
harmful emissions unburned
hydrocarbons
. . Improves combustion
Catalytic activity, ron:ess reduces CO
Zinc Oxide Zn0O enhances combustion P ’ .
. and particulate
efficiency .
emissions
Acts as a support
. . Thermal stability, | material for other
Aluminum Oxide AlOs . . y .
catalytic properties catalysts, improves
dispersion of fuel
.. . Enhances fuel
Catalytic in oxidation -
. : . oxidation,  reduces
Copper Oxide CuO reactions, improves
. CO and hydrocarbon
fuel combustion ..
emissions
Promotes oxidation
Enhances fuel
oxidation, leads to of co and
Manganese Oxide MnO: ’ - hydrocarbons,
more efficient
. reduces NOXx
combustion ..
emissions
. . Facilitates complete
Catalytic properties, . P
. . . L combustion, reduces
Nickel Oxide NiO aids in complete fuel .
. soot and particulate
combustion
matter
Catalytic and thermal | Enhances
. . roperties, improves | combustion
Magnesium Oxide MgO prop . P .
combustion efficiency, acts as a
efficiency thermal stabilizer
. L ) High surface area for | Improves dispersion
Silicon Dioxide Si02 g . . P P
catalytic  reactions, | of fuel, enhances
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enhances combustion | catalytic activity of
other additives
Vanadium Oxide | V20s Strong catalytic | Reduces NOXx
properties, improves | emissions, enhances
combustion oxidation of
processes unburned
hydrocarbons

Let us look at the pros and cons of the above tabulated Metal Oxides in order to filter out the most feasible
candidates.

Cerium oxide offers significant advantages as a nanoadditive in fuel, particularly in improving combustion
efficiency and reducing emissions. However, its cost, potential health and environmental risks, and technical
challenges in production eliminates its use as nanoadditives in fuel.

As far as Titanium oxide is concerned, care must be taken to manage the photocatalytic activity's reliance on UV
light, possible health and environmental hazards, dispersion issues, and engine compatibility issues. To maximize
its advantages and minimize its disadvantages, more study and adherence to regulations are necessary.

Manganese oxide's catalytic behavior can vary depending on the circumstances surrounding combustion. It is
challenging to optimize fuel formulations for dependable and repeatable increases in combustion efficiency and
emission reductions because of this variability, which can result in inconsistent performance.MnO2 offers
marginal gains in combustion efficiency or emission reductions, but these are outweighed by the possible health,
environmental, and engine-related risks.

Nickel oxide (NiO) is unsuitable as a nanofuel additive due to its potential carcinogenicity and environmental
toxicity, along with its limited catalytic benefits compared to safer alternatives.

Magnesium oxide is ruled out as an alternative due to its comparatively low catalytic activity and a deposit
formation risk that could reduce engine performance.

Silicon dioxide is not quiet suitable because of its inert nature,not offering noteworthy catalytic activity and
potential for abrasive wear on engine components.

Significant toxicity and the ability to produce corrosive byproducts harmful to the engine parts eliminates
Vanadium oxide.

So, we are left with Iron oxide, Aluminium oxide and Copper oxide (all of them being quite abundant and easily
available) as the suitable nanoadditives from the above listed metal oxides.
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3. Effects of adding Metal-oxide nanoparticles on fuel properties :
The effects of adding nanoaparticles can be reviewed on the basis of the following parameters :

(i) Impact on Performance
(a) Iron Oxide

Iron oxide nanoparticles have the potential to enhance engine performance overall and increase engine
power by optimizing the combustion process leading to the enhancement of engine power. It also minimizes
carbon buildup and soot, which keeps engine internals cleaner and may even increase engine longevity.
(b) Aluminium Oxide

Aluminum oxide nanoparticles enhance combustion, which may result in more power and smoother
operation of the engine.
(c) Copper Oxide

enhances the combustion chamber's internal heat transfer, which may result in increased thermal
efficiency and decreased heat loss.

Impact on Combustion
(a) lron Oxide

Iron oxide nanoparticles serves as a catalyst to encourage complete and more effective fuel combustion,
which ensures better energy extraction from the fuel.
(b)Aluminium Oxide

Aluminium oxide serves as an excellent support material for other catalytic agents, enhancing the overall
catalytic activity and efficiency of the combustion process.Apart from this, it also improves the stability of the
flame during combustion, resulting in more consistent and reliable engine operation.
(c) Copper Oxide
Helps in reducing the formation of soot and particulate matter by enhancing combustion dynamics and optimizing
fuel-air mixture combustion.

Impact on Emission
(@) Iron Oxide

By promoting complete combustion, iron oxide nanoparticles help reduce emissions of harmful gases like
CO, HC, and NOx, contributing to better environmental performance.
(b)Aluminium Oxide

Aluminum oxide promotes more thorough fuel combustion, which lowers the production of particulate
matter.It Enhances the conversion of nitrogen oxides (NOX) into less harmful gases through improved combustion
efficiency and selective catalytic reduction (SCR) effects. Through enhanced oxidation process, it promotes cleaner
combustion by reducing the emission of unburned hydrocarbons (HC) and carbon monoxide (CO).
(c) Copper Oxide
Facilitates the oxidation of carbon monoxide (CO) to carbon dioxide (CO:), reducing CO emissions from the
engine exhaust.
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4. Inferences from previous research work :

(a) As per the research carried out by C. Syed Aalam, C.G. Saravanan, B.Premanand, wherein Influence of Iron
Oxide Nanoparticles(IONP) fuel additive on Exhaust Emissions and Combustion Characteristics of CRDI System
Assisted Diesel Engine was studied ; following are the takeaways :
(i) Brake Thermal Efficiency was enhanced marginally with the use of Iron(ll,111) Oxide nanoparticles.
(ii) IONP blended diesel showed a remarkable 52% reduction in HC compare to the neat diesel fuel.
(iii) IONP fuel additive was found to reduce CO emission upto 52%.
(iv) A slight increase was recorded in the Nox emission though.
(v) The decrease in the emissions is proportional to the dosing level of IONP nanoparticles in the diesel and
optimum dosing level of 50 ppm of catalytic nanoparticles was reocrded.

Hence, Iron(ll,111) Oxide nanoparticles is efficient in enhancing the engine performance, combustion and
reducing the harmful emissions.

(b) In one of the research work, the impact of mixing pure diesel with two different small-sized Al203
nanoparticle concentration (50 and 100 ppm) was studied on engine emissions and performance parameters.
Following is the conclusion that can be drawn from the study’s findings :

(i) The inclusion of Al203 nanoparticles significantly reduced the NOx emission from pure diesel. In addition,
HC and CO concentrations were reduced when nanoparticles were used with pure diesel fuel.

5. Conclusion

Nanofuel presents both opportunities as well as risks. The concept discussed here could turn out to be a
competent energy carrier against the current hydrogen and battery technologies. It has a potential to reduce the
carbon footprint and enhance the engine performance parameters.
On the other hand, there are difficult obstacles to overcome, from production and combustion to regeneration.
To address these issues, more technological advancement and a thorough investigation of mechanisms are needed,

necessitating close interdisciplinary cooperation between researchers in the fields of nanomaterials, chemistry,
physics, and engineering.
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