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Abstract— With the rise of carbon emissions 
into the atmosphere on a worldly scale, there 
exists a need to improve the efficiency of the 
internal combustion engine. This research review 
seeks to answer that need through the use of 
chemical additives. Not only has published 
research shown that chemical additives can 
decrease carbon emissions and other 
particulates, but that they can also improve 
conductivity, modify friction, demulsify, dehaze, 
and other types of efficiency. Furthermore, 
research has also been conducted on mixtures of 
chemical additives with diesel and biodiesel fuel 
that will be discussed in this report to show even 
more possibilities of efficiency through the use of 
chemical additives. Therefore, the purpose of this 
research is to study the efficiency of chemical 
additives on internal combustion engines, as well 
as the plausibility of such a product to exist, in the 
hope of developing a device that can be brought 
to market in the near future. 
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I.  INTRODUCTION 

Internal combustion engines (ICE) produce an 
average of 4.6 metric tons of carbon dioxide per year, 
according to the EPA. In turn, this grandiose amount of 
carbon dioxide has escalated to the point where the 
average temperature of the world is rising. This rise of 
temperature has devastating effects on not only health 
and ecosystems, but also the economy, as weather 
keeps getting more extreme to cause frequent 
destruction. Though the solution to stop using internal 
combustion engines seems simple, it is not easy to 
implement, as many individuals do not have the means 
to change their routines. That being said, a need exists 
to improve the efficiency of the internal combustion 
engine so that this climate crisis can be resolved.  

It is believed that an engine utilizing chemical 
additives could be a solution to improving engine 
efficiency, as it would have the ability to handle the 
extreme conditions of heat, pressure, and possibly 
abrasion that combustion creates inside of a cylinder. 
Although this may seem like an easy improvement to 
the production of engines, the manufacturing of such a 
product can be quite difficult and expensive.  

Research findings have been conclusive that 
various additives could indeed be utilized in diesel and 
biodiesel fuels to improve environmental emissions 
and engine performance. However, there has yet to be 
a standardized fuel substitute on the market. This 
indicates that further research and ultimately 
production still needs to be done. Therefore, this paper 
seeks to limit the potential additives that could be 
brought to market into a comprehensive list, while 
questioning other additives that have yet to be tested, 
in the hopes of bringing a product to market sooner to 
help the internal combustion engine, and ultimately the 
climate crisis. 

II. BACKGROUND 

Because combustion is the driving force of engines, 
there exists a need to better the process, while limiting 
the amount of fuel required and byproducts emitted. 
One way to do this is to decrease the ignition delay in 
the engine. Ignition delay is the amount of time 
between the injection of fuel and the beginning of 
combustion, consisting of a physical and chemical 
delay of the system. The time of the fuel to be ready 
for combustion via injection is the physical delay, while 
the chemical delay is due to the temperature of the 
system and the properties of the fuel. Therefore, if the 
physical delay is improved by bettering the combustion 
chamber, injector, and injection pressure, then the 
ignition delay could be improved. Likewise, the 
chemical delay could be improved by bettering the fuel 
properties to have a higher cetane number, perhaps 
lighter weight, lower viscosity, higher exhaust gas 
temperature, greater fuel atomization, lower heating 
value, etc. Therefore, if an additive were added to the 
fuel to enhance these types of properties, better 
combustion will occur (1).   

The physical amount of fuel consumed also 
influences the amount of byproducts. The brake 
specific fuel consumption describes this parameter and 
is defined as the quantity of fuel used by an engine for 
each power output unit. By decreasing the amount of 
fuel required, there will be less harmful waste products 
emitted such as oxides of nitrogen (NOx), oxides of 
carbon (COx), and hydrocarbons (HC). Furthermore, 
by decreasing the amount of fuel required, the natural 
resource can be conserved. It should be noted that a 
concern by many researchers is that biodiesel may in 
fact increase fuel consumption due to its low energy 
content, in turn having a negative environmental effect 
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of nitrogen emissions occurs at higher temperatures 
than those of typical carbon emissions. Because 
oxygenated additives increase temperature peaks, this 
causes the oxides of nitrogen to form more easily. This 
increase of NOx has been seen in many case studies 
using oxygenated additives. However, there have also 
been case studies using oxygenated additives that 
have shown to decrease NOx due to the lower 
adiabatic flame temperature and larger enthalpy of 
vaporization.  This definitely begs the question of what 
the optimal parameters are of the engine, and no 
answer has been generated yet. Nevertheless, the 
production of NOx depends on the ignition conditions 
such as temperature which influences the equilibrium 
time constant of NOx in the reaction: 𝑂ଶ  𝑁ଶ ↔ 𝑁𝑂௫. 
Therefore, the increasing oxygen content in 
oxygenated additives allows for more opportunity for 
NOx to be generated. The increase in NOx due to the 
increased oxygen concentration was found in various 
case studies (32, 33). Yet, there were also case 
studies that found a decrease in NOx with the addition 
of oxygenated additives, particularly with esthers in 
diesel or biodiesel blends (34, 35). Other oxygenated 
additives that have been found to decrease NOx 
emissions include triacetine-biodiesel, EGM-diesel, 
ethanol-DEE, di methoxy ethane-diesel, and 1,4-
dioxane-diesel blend (36, 37, 38). Nevertheless, it 
appears there are far more case studies that find an 
increase in NOx when oxygenated additives are used. 
This poses as a problem for the biodiesel, which will 
be discussed further in section 5. However, as 
previously stated, changing other parameters such as 
load, injection type, and injection timing may be able to 
control this negative emission effect. A shorter ignition 
delay would also help contribute to decreasing the 
emissions. Furthermore, if additional subsystems were 
incorporated into the internal combustion engine, such 
as a lean NOx trap or adsorbent materials, the 
emission problem may be able to be avoided for all 
types of compounds (39). 

Likewise, to the oxides of nitrogen emissions (NOx), 
hydrocarbon (HC) emissions were also generally found 
to increase when oxygenated additives were tested in 
comparison to neat diesel fuel. Specifically, alcohol 
oxygenated additives at low loads allow for an 
increased HC level as seen in various case studies. 
This is unfortunate but could perhaps be avoided with 
traps or adsorbent materials, as referenced for oxides 
of nitrogen. That being said, altering other parameters 
like speed and load can be a simple fix to decrease 
HC emissions, and this has already been seen for 
alcohols at high loads and speeds in diesel by Sayin et 
al. for example (40). It was found that ethanol and 
methanol blends had less HC emissions than neat 
diesel by about 40% when run at high loads and 
speeds (40). It should also be noted that when 
reducing the premix burn will also reduce the HC 
emissions (41). Again, the parameters that are run for 
each individual engine influence so many effects.  

Although the oxides of nitrogen and hydrocarbon 
emissions have generally been found to increase in 
most cases of oxygenated additives, the particulate 
matter emissions have generally been shown to 
decrease. Particulate matter (PM) contributes to the 

SMOG effect, as discussed previously, and is 
considered to be unwanted solid and liquid matter 
such as soot. Not only does this affect the mechanical 
efficiency of the engine, it also is problematic for the 
environment. Significant reductions of particulate 
matter have been observed when oxygenated 
additives have been used in alcohol-diesel blends (42). 
In the case study by Imtenan et al., a definitive 
negative relation was found between oxygen content 
and PM; as oxygen concentration increased, PM 
decreased (43). Another significant oxygenated 
additive that has been shown to decrease PM is 
dimethyl ether due to its carbon bonds not being 
bonded to other carbon and just oxygen and hydrogen. 
Another method to be used in conjunction with 
oxygenated additives is alcohol fumigation, where the 
alcohol is premixed with the intake air. This just 
reiterates the fact that optimal parameters must be 
used in conjunction with additives to further decrease 
emissions and increase efficiency.  

2) Oxygenated Additive Power Effects 
Overall, looking at the positives of oxygenated 

additives, aside from decreasing the amount of carbon 
emissions into the atmosphere, there is also an 
increase in power generally when additional oxygen 
molecules are added to the system. When more 
oxygen is added to the system, the viscosity 
decreases. This allows for better atomization as 
discussed previously, allowing for better combustion 
as well as brake specific fuel consumption. That being 
said, a lower viscosity mixture increases the latent 
heat of vaporization, decreasing the compression 
stroke temperature, and perhaps increases the 
volumetric efficiency to decrease the work required for 
compression. Although the brake specific fuel 
consumption generally decreases when using 
oxygenated fuel additives, the brake thermal efficiency 
has not shown any general leadings. On the contrary, 
the brake thermal efficiency was found to be greater in 
some studies and less in others in comparison to 
diesel when used in conjunction with oxygenated fuel 
additives (29). Therefore, more research is needed to 
define a scope of advantages and disadvantages of 
oxygenated additives, as the term encompasses so 
many different chemical compounds. 
     One oxygenated additive that has not been 
researched as much in the United States is 
nitroparaffins. Although the name may appear 
misleading, it is indeed classified as an oxygenated 
additive. One study conducted at the Tarbiat 
Modarres University in Tehran by Moghaddam et al., 
showed promising results of increasing brake thermal 
efficiency while decreasing soot levels when using the 
nitroparaffins nitromethane (NM) and nitroethane 
(NE). The additives followed the same trend 
discussed throughout this report, decreasing viscosity 
with increasing cetane index and oxygen content. 
Specifically, the nitromethane is prone to inducing pre-
ignition due to its heat sensitivity, promoting better 
combustion and thus brake thermal efficiency. The 
results can be seen in Figure 16 and their operating 
modes are defined in Figure 17 (44). 
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