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Abstract

In this study, butanol, as an oxygenate additive @lomina as a nano metal particle, was mixed
with pure gasoline. Different blends were tested] aperational tests were done on an engine
with different engine speeds. Those additives vasléed to decrease air pollution due to the

higher oxygen content of butanol, which can makalmastion more complete, and nano metal
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additive, which has suitable potential to enhanogiree performance, especially Brake Specific
Fuel Consumption (BSFC). The results indicate #ualing the additives mentioned above to the
pure gasoline has led to an increase the engirierpemnce. In this regard, the engine power has
increased by 10% by adding alumina. Moreover, cambi the base gasoline with additives
enhances CO2 and reduces NOx and emissions of darthans. In this research, carbon
monoxide was diminished by adding alcohol up to 58%ome conditions, and the emitted
hydrocarbons through the atmosphere were declinedpbto 20%. Moreover, optimization
results showed that higher optimization is achiewben 5% of butanol and 1 g of alumina are
used. Under these conditions, the results of CQ, 80x and HC emissions were 1.099, 4.699,

113.9 and 77.5 ppm, respectively.

Keywords: Additives, Nano-particles, Pollution, Gasoline t&wl, ALO3

1. Introduction
Preserving energy sources and stricter environrhealias on controlling the engine's
output pollutants need cleaner ignition, completmisustion, and engine operation[1-4]. Within
the last recent years, energy demand has beeragect¢5] Although gasoline and diesel fuels
are interesting ones due to their energy, they mrehthe exhaust emissions that have restricted
their application. Hence, researchers[5-8] triedind some techniques to solve this problem.
Petroleum-based fuels such as diesel and gasdhlyeapsignificant role in transportation, and
finding a fuel with a better formulation is subgtah especially for environmental aspects[9—

11]. In this case, researchers tried to eliminlatsé fuels' drawbacks in the last decades, notably
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air pollution. It was concluded that blending alobbould eradicate this problem due to their
oxygen content [12]. Dwivedi et al. [13]worked amesearch study based on previous research
and suggested that biodiesel is a good alternadiv@iesel fuel due to its friendly environmental
properties. Dwivedi and Sharma [14] showed thabimglete combustion is the main reason for
air pollution that can be eliminated by improvingdiesel's cold flow property by blending
biodiesel with diesel. They reported that a cotwiflimprover such as Olefin-ester copolymer
and Octa-1 maleic anhydride copolymer could sdive problem.

Using additives for fuel is considered one of thesmeffective techniques for reducing fuel
consumption[15-19]. Additives are classified acawmgdto their applications. For example,
oxygenate additives such as ethanol, methanol, lartdnol may reduce air pollution by
completing combustion[20—22]. One of the mostaiie additives is a nanoparticle, which can
be applied to achieve this aim, and it can contebio disperse the additive into the fuel
homogeneously. The most crucial concern with fdssils is dispersing environmental pollutant
particles such as GOCO, NQ, and CH [23-28]. Within recent years, butanol lheen
identified as an alternative fuel for diesel fualed gasoline. As the conversion of butanol into
fuel is more toxic and costly, its production raseless than methanol and ethanol[29-32].
Hussein et al. [33] combined four additives, inehgdmethanol, ethanol, tertiary butyl alcohol,
and diizopropyl ether, in different volumes withsgéne. The results showed that speed, power,
efficiency, and mass discharge of fuel had beemeased by adding more additives to the
compound. In reverse, the consumption of specilldnd the equivalence ratio is reduced. The
mixture of the base gasoline with the additivesi¢eto increase carbon dioxide, hydrocarbons,

and carbon monoxide emissions.



Valiansari et al. [34] did the tests in two casésamplete partial loads. The full load test was
done at different speeds, and the partial load evdg done at the speeds of 2000 and 3000
rotation/min. In all of these tests, the ignitiomé was optimized. The results indicate that as
ethanol is increased in the compound, respiratfigiency, power, and engine velocity were
enhanced. The consumption of special fuel is deekat slow speeds, and it is increased at fast
speeds.

On the other hand, ethanol in the compound hageregl a remarkable reduction in unburnt
hydrocarbons. Carbon monoxide hydrocarbon has besrehow decreased, but the amount of
nitrogen oxide shows a slight increase. Finkertalet[2] blended ethanol with gasoline. The
results demonstrated that as the percentage ohadtlis enhanced in the blend, the ignition
parameters like the maximum pressure inside thiedsf, the maximum amounts of the first
derivation and the second pressure, and the reldest rate are enhanced. The brake power and
the output velocity in the high rotation of the gregwere increased. The consumption of the
particular fuel of engine brake is declined in ethlagasoline blends, whereas the brake thermal
efficiency and the engine volume performance haenlincreased. E5, E10, E15 and E20 were
practiced to reduce carbon monoxide pollutants @egto pure gasoline. Compared with pure
gasoline, the amount of carbon dioxide was incr@semuch as 3.87, 6.06, 6.76, and 10.14%,
respectively. Moreover, the unburnt hydrocarborypaht has been diminished up to 16.94%,
while the nitrogen oxide pollutant amount is in@e@ Elfaskhani[35] studied the operation and
pollutants from a spark-ignition engine with ethemoethanol- gasoline fuel. The tests included
the mixture with a low combination percentage dfaebl- methanol (3 to 10%) in benzene

compared to the mix of ethanol-gasoline and metlhgasoline and pure gasoline. The results
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demonstrated that when ethanol-methanol was usedUHC and CO gases emission was
remarkably reduced compared to pure gasoline. dia@nworker[36] deliberated the influence
of blending three additives (acetone, ethanol, lamgnol) with gasoline. They concluded that
ABE-gasoline blends with various ABE component asitiunder stoichiometric conditions
exhibited a reduction in the combustion phase, whiso decreased HC emission by increasing
acetone and decreasing butanol concentration.

On the other hand, this blend triggers the enharoewf NOx emission. They showed that CO
was initially decreased and then increased. Thghtrbe influenced by two factors:1) increasing
the oxygen content of the blended fuel comparedetat gasoline and 2) reducing combustion
temperature. In other research work, Li and colleag[37] studied the influence of ABE-
Gasoline. They claimed that lower UHC and CO enaissiof ABE-Gasoline might be for the
sake of the effect of acetone. As the durationighfiér combustion of the new blend is likely to
promote oxidation, it reduces UHC and CO emissidiemn et al. [38] mulled over the influence
of the addition of n-butanol on gasoline. They mpd that this additive could reduce CO and
NOx emissions. They resulted in higher oxygen auré®d a large latent heat of vaporization of
n-butanol. They also illustrated that when the naBol is increased, the CO emissions are
enhanced at low engine speeds. Since the fuelt@ajaato the cylinder is improved at a low
speed and the high latent heat of vaporization-Btitanol decreases the cylinder's temperature,
the mixed gas combustion is insufficient to triggarenhancement in CO emissions. Chan et al.
[39] investigated the influence of blending Di-MgtiCarbonate(DMC) with gasoline on air
pollution and engine performance. The results adid that the blended fuel showed 30% less

unburnt hydrocarbon species and 60% less partecutatter (PM) emissions than pure gasoline.
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On the other hand, there is no remarkable differdmetween the BTE of DMC-Gasoline and
pure gasoline. D8 was significantly reduced. Heriices understood that DMC's fuel oxygen
content and its advantageous chemical structuremanely responsible for such reductions. They
suggested that less PM emission by blended fueblt&sned due to a decrease in the number of
particles to particle interactions (e.g., coagolatiaggregation, and agglomeration). Finally, it
was directed into smaller agglomerates. Other itapbrreasons for that reduction are the
oxygen presence in DMC, lower C/H ratio, the absewnt aromatic compounds, higher
oxygen/carbon (O/C) ratio, and C-C bonds. Some rothsearch about different gasoline's
additives has been displayed in Table 1.

This research's main objective was to study théuentes of different additives such as
nanoparticles and alcohol on fuel combustion. Aeptim of this study was to investigate the
impact of nanoparticle type and their rate on imprg engine performance and reducing
exhaust emissions. The current research aims tafyngdsoline to better fuel environmental
specifications and combustion performance. Therqgibhepose of this research is to achieve the
most optimum conditions from engine performance dodl properties and economic
perspectives. This research study aims to use a mdditive, and an oxygenate additive
simultaneously to improve engine performance addae hazardous air pollution, which is the

main novelty of this study.

Table 1. Influence of blending different additivaas Engine performance, Exhaust emission and fuglgsties

2. Materialsand Methods

In this research, butanol, which is four-carborohfil, has been used. Its chemical formula is



C4HgOH. Butanol is often used as a solvent in chensgathesis or as fuel. Table 2 summarizes

the specifications of the butanol used in this aese

Table 2. The Butanol specification

Al,O3 with a purity of 99.5% and a size of 20 nm havenbesed (Fig. 1.a). Some of its

specifications have been featured out in Table 3.

Fig. 1. The (a) Al203 particles, (b) dynamometett XtU7/GVC3 gasoline engine and (c) Analyzer for gakaust
detection

Table 3. The AIO; particles specification

It has been purchased from Mehregan shimi Compahigh represents the U.S Nano in Iran.
Dynamometer is an instrument that is used to telgvice from the power, velocity, and energy
consumption viewpoints in the industry. It also ols and tests the endurance of pieces that
connect it to the crankshaft of the engine. Furtteee, the dynamometer exerts resistance and
load to the engine at a different angular spee@ [6ad can be used by other brakes such as
electrical brake, water brake, or friction brake this system, the dynamometer is connected to
the engine by coupling, and the engines rotatelynamometer (Fig. 1.b). This rotation has been
connected to a dynamometer. We have utilized ardgnaeter chassis (130 kW) equipped with
an output refrigerant tower in our tests. Initiallye device is turned on by a switch that is @n th
control monitor (Fig. 1.c). Lastly, we run its prag in the computer connected to it and push
the Ignite bottom. After that, we push the staifte Tmost crucial point is that the lubrication

temperature shouldn't exceed 95 °C.

2.1. Equipment and Experiment Design
7



The experiments have been done in a laboratorytatngerature of almost 25 °C. A certain
percentage of each alcohol is added to the diasél Afterward, the second additive is added in
the intended amounts. Firstly, pure gasoline erpanis have been done at various engine
speeds (1500, 2000, 2500, and 3000). As the segartdof the experiment, the butanol was
added to the gasoline to calculate the influencthefalcoholic additive on gasoline emissions
and chemical-physical properties. Lastly, 1 g efraha has been added to the blend, and the
experiments have been done with these additives. Gasoline engine properties and two

leading equipment for measuring emissions are ffedtin Tables 4-6.

Table 4. properties of Gasoline engine used ireperiments
Table 5. Specification of AVL 465 analyzer
Table 6. Specification of MRU 1600-L analyzer

The results are modeled and optimized by DesigreBExgoftware and contribute to doing the
tests and the outcomes. Table 7 divulges experirdesign and the actual results for each

condition.

Table 7. The experiment design conditions andedlatsults for emission and engine performance

DOE (Design of Experiments) means to design exparis) including purposeful changes in the

input data or the specifications of a process teenl®e and examine the changes in the output
data or the results. Indeed, the operations inclmdehines, materials, methods, human, the
environment, and related measurements. It finabyl$ to produce production or service. DOE is
a scientific alternative that facilitates compretheg the process better and acquiring more

knowledge (schematically), and understanding imquiput. DOE is a reference for the



specialists (managers, engineers, and scientisk®) @eal with the improvement, product
development, and process. Most engineers are adqdawvith handling experiments related to
the operation of productions and processes. Whgmeers are dealt with determining the best
method for the investigation, they first think afyh costs and time consumption. If engineers
apply and perceive the concept of DOE, they undedshow to change uncompetitive products
into products with high quality and bring them bdokinternational competitions. The method
and application of this software in the preseneaesh are the same as our previous research

[16].

3. Resultsand Discussion
Based on the dynamometer gasoline tank's capaaiylit of the fuel compound was prepared
by specific ratios of gasoline, butanol, and theametals of aluminum oxide and injected into
the tank. According to the methodology's explamatjdhe amount of CQOCO, NQ and CH
pollutants and engine power were measured in vanotations from low gas to high gas (full
throttle). Table 7 displays the results of the expent. The number of the above parameters will

be elucidated in the following sections.

3.1. Pollutants
3.1.1. Carbon Monoxide (CO)

Holistically, the main factor of CO production iggarded as one of the most dangerous
pollutants for humans. Fossil fuels are not ultehaignited. It is expected that since gasoline
fuel has less (or even any) oxygen in its structadeling butanol to it can increase the amount of
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oxygen. Consequently, the CO production is incréa3éis enhancement was observed at the
beginning of the experiments when the engine wdd. dds the engine rotation, lubrication
temperature and engine temperature are boostésl,obbserved that the fuel reaction is done
faster. As a result, it is done more complete, #redcarbon oxides are changed into carbon
dioxides.
The results indicate that when the engine is calghart of the energy produced by the fuel
ignition heats the engine and burning is not elytidene. So, a great deal of € produced. In
another condition, the production amount of thidlytant is gradually decreased. Thus, it is
implied that produced fuel is efficient. Moreovieris recommended that spending some minutes
on heating the car engine dramatically contribtibethe environment (Fig. 2.a.). The software's
model indicates that: where A is butanol percentagkB is engine speed.

CO = +1.83+ 0.11* A+ 1.18* B + 5.625E-003* B - 0.63* B’ 1

Fig. 2. The results of (a) CO and (b) CO2 emissiongrious conditions of engine speed and butpeotentages

in blended fuels

The results obtained from the models related te tection indicate that adding some
percentages of oxygen additive increases theseatants. Besides, the enhancement in engine
speed cause to improve the CO emission. This beh&ithe same as what Yacovitch and his
colleague observed before [47]. The Fig. 3.a isnshthat the used model is highly validated,

and the experimental and the results of this madelery close to each other.

Fig. 3. The results of predicted response versaiathual value of related experiments for (a) QP T0O,, (c) HC,

(d) NOx emissions in various conditions of engipeexd and butanol percentages in blended fuels
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The results taken from the software contribute doficm the used model. Furthermore, these

results indicated that the applied model has higdibility of co-efficiency.

3.1.2. Carbon Dioxide (CO,)

Generally, carbon dioxide cannot be directly coesed a pollutant for humans, but it might have
destructive long-term effects. It is the productadrthe ignition reaction. It is a type of pollutan
naturally produced by gasoline, although &Oproduced faster for excessive oxygen in the fuel
(by adding butanol). However, it makes no significdifference because this amount can be
simply supplied through air if excessive oxygema available. As expected, the amount of
producing CQhas been increased by accelerating the speedeih&@cement causes more,CO
production when the amount of air is increaseds Tinirement causes to increase the amount of
oxygen more than required for the production oboardioxides. It is evident that this factor led
to less HC. C@production is one of the reasons for this reduc(iéig. 2.b.). Moreover, it is
observed that the production rate of gllutant is enhanced when it is accompanied with
aluminum oxide. The main reason for this enhancéngethat alumina provides oxygen for

oxidation of CO, and this enhances the,@@issions [48].

CO,=+581-011* A+ 239*B-0.11* A* B -0.094 * B- 167* B’ @)

The results achieved from the related models is $leiction indicate that although accelerating
the speed considerably affects the decrease aaserof this gas like carbon monoxide, adding
more alcohol content causes enhancing (even nielgghis pollutant in this part.

Fig. 3.b illustrates that the applied model is hygéalidated. The experimental results and the
11



outcomes obtained from the model are remarkablgeclio each other. The p-value for the
achieved model is less than 5% (less than 0.0@®19arbon dioxide. The results taken from the
software contribute to confirm the used model. lremnore, these results indicated that the

model has high reliability of co-efficiency.

3.1.3. Hydrocarbons (HC)

The production of hydrocarbons is something inéWgan the fuel process. The fact is that when
the boiling point of the fuel solution gets lowéne amount of this pollutant becomes less and
the car efficiency gets more.
HC = +55.56- 0.063* A+ 40.80* B - 27.30* A* B+ 3450 * A" + 30.94* B’

-32.85* A'* B+ 32.06* A* B - 35.06* B’ 3
The outcomes show that as the pressure gets mdree@ccelerator pedal, the temperature goes
up. Indeed, the production amount of this pollutaas been increased. One more time, better
results have been achieved from the fuel contaialagninum oxide. The results taken from this

section reveal that increasing the speed has aeffeal on this gas's emission (Fig. 4.a).

Fig. 4. The results of (a) HC and (b) NOx emissiiongarious conditions of engine speed and butpeatentages

in blended fuels

Enhancing butanol content causes to increase ioxygen content of the blended fuel. In fact, it
leads to complete the combustion more[49]. In taise, HC is efficiently reduced. Initially, it

decreases the emission of this gas. Furthermorcieases this emission at high speeds.
Increasing the percentage of engine load can ieer#as pollutant. Fig. 3.c illustrates that the

model is highly validated. The experimental resaltsl the outcomes obtained from the model
12



are remarkably close to each other.

3.1.4. Nitrogen Oxides (NOx)

Oxygen and nitrogen react with each other at thgpégature of 1400 °C. This reaction usually
happens in the car's exhaust. Holistically, thepemature increase and the presence of oxygen
help enhance this gas with butanol's contribut@©ombustion chamber temperature has a direct

influence on NOx emission [50,51].
NOy = +235.88-33.38% A+ 135.04* B-22.63* A -50.63* B + 26.77* A" * B

-47.63* B’ (7)

In this section, the related models' results ingicthat although accelerating the speed
considerably affects the decrease or increaseisfgiés, adding more percentages of alcohol
increases (even much higher than previous sectibrsspollutant in this part. The reason for this
enhancement has been defined at the beginningsoédistion. The emission of nitrogen oxides
increases in two ways: 1)adding alcohol to hydndsomic cracks like diesel and gasoline: 2)
more heat is needed to run the engine when addetids. In fact, it provides the temperature
conditions for the production of this gas. 2) Adglialcohol causes to increase the oxygen
percentage in fuel (Fig. 4.b). Although oxygen cilmites to complete the ignition and reduce
the pollutants, its only drawback is increasing elkggen needed to be combined with nitrogen
(at the temperature mentioned above) so that #ssgyproduced. On the other hand, by blending
nanoparticles with gasoline and butanol, alumina as a catalyst and provides oxygen for CO

oxidation and absorbs it that causes NOx reducttmmsequently, NOx emissions are reduced
13



by applying alumina in blended gasoline [48,52].

Fig. 3.d discloses that the model has high validitotably, the experimental results and the
outcomes obtained from the model are remarkablyeclo each other. The results taken from the
software contribute to confirm the applied modelrtRermore, these results indicated that the
model has a high consistency of co-efficiency. phelue for the obtained model is less than

5% (0.0003) for nitrogen oxides, which confirms it.

3.2. The Engine Performance Results
This part's results are divided into two sectiohat thave been separately provided in the

following paragraphs.

3.2.1. power

Engine power is counted as one of the critical enfldiential factors in choosing an additive.

Adding oxygen additives can diminish the therméktefncy of the engine. This section includes
output energy, which is also known as the energysm The first table in this section presents
the results related to the output energy. Addifignshe results taken from the Design Expert

are as the following.
Power = +1247 - 073 * A - 064 * B- 016 * A* B + 032 * A"+ 080 * B

(8)

The results obtained from the laboratory and theiggeExpert indicate that speed acceleration

brings about a remarkable increase in this fastiereas enhancing the percentage of alcohol
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firstly makes a drastic reduction in this factoveRtually, this factor reflects a decreasing trend
at high percentages of the additive. It is notelpthat the highest phase has nothing to do with
using Nano- metal and oxygen additive. The inflgeraf alumina on engine power has
mentioned in Table 7. Blending alumina with gaseland butanol cause to enhance the engine
power. Due to the presence of the alumina, highaparation rates occur due to the micro-
explosion of the primary droplet, causing highegiea power [53].

Considerably, the highest amount related to engmergy is when no additive is used. It is
precisely the time in which the higher output egeiggobtained at the speed of 3000, which is
equal to 13.79 (Fig. 5 a). The results taken froenesign Expert contribute to confirm the used
model. Furthermore, these results indicated theatted model has high co-efficiency reliability
(based on p-value) (Fig. 5 b). The used model haglavalidity co-efficiency. The p-value for
the obtained model is less than 5% (less than 6)0@0 the brake power. Thus, it contributes to
confirming it.

Fig. 5. The results of (a) Power in various cowmaisi of engine speed and,®k loading percentages in blended

fuels, and (b) predicted response versus the actlia¢ of related experiments

3.2.2. BSFC (Brake Specific Fuel Consumption)
The BSFC (Brake Specific Fuel Consumption) or efficiency in the engine is a measurement
for the amount of fuel in kilograms consumed by émgine in one hour for 1kW brake power
production [54]. BSFC is affected by three factdtee amount of additive, the useful output
power, and the engine rotation amount. Racopouidshis research group in the other research
[55-57] expounded the influence of combining norrbatanol on the fuel efficiency and

concluded that adding the alcohol mentioned aboidsel fuel tends to increase the amount of
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fuel efficiency in the engine. Additionally, thixmeriment showed that fuel engine efficiency is
declined by enhancing the engine output power. Ralos et al. dissected the effect of blending
ethanol with diesel. Their experiments indicateal s the engine load amount is increased, the
amount of fuel efficiency in the engine is enhanced

Blamurgun and Nalini [58] worked on the increaseeafine performance by using normal
propanol and normal butanol. They observed thatngddny one of these additives increases
fuel efficiency. They also concluded that incregdime engine output power tends to reduce fuel
efficiency. Furthermore, they reported that whea #ngine's output power reaches its half
amount in all volume percentages of alcohol, thewm of fuel efficiency in pure diesel is more
than different diesel-alcohol compounds. In theipeximents, the effect of normal propanol
enhances the engine's fuel performance more thamahdutanol. If the fuel is directed to burn
completely, the fuel efficiency can be boostedhe éngine. This definition conveys that more
oxygen alcohol with smaller branches can improvs #pecification much more. Therefore,
methanol is more likely to enhance fuel efficienteience, it can boost fuel efficiency in the
engine in similar conditions. It is observed thie# BSFC amount is increased by adding ethanol
to diesel fuel. This increase is caused by addihgr®l to the compound.

As a consequence, the percentage of oxygen fual gpeThis is considered the most critical
factor for completing the ignition. As a resultniakes the fuel burn entirely. More clearly, fuel
is going to burn completely. This is while addingran compounds, specifically nitromethane,

increases this specification.
Fuel con.=+1.65+0.87* A+0.58* B+0.26* A * B-0.69* 24042 * A2 * B

(©)
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The results are taken from the laboratory and soBwpresent that speed acceleration
considerably enhances this factor. Initially, iragiag the percentage of alcohol declines this
factor drastically. Lastly, this factor resumes iitgreasing trend in the high percentages of
additive. It is noteworthy that the highest phasehen nano metal has been used. It means that
nano metals prevent heat waste and increase thgroveér, and they sharply enhance the
amount of the used efficiency. The highest amowag melated to adding one gram of nano metal
and 15% alcohol at the speed of 300, which is equ&2.303. The results taken from the
software contribute to confirm the model used is 8tudy. Furthermore, these results indicated
that the model has a high reliability of co-effioay due to the p-value. The amount of the p-

value for the achieved model is less than 5% foFBD

3.3. Results Related to Optimization
The minimum and maximum limits and boundaries fbresponses have been summarized in
Table 8 to optimize the objective parameters. Basedhe modeling procedure in optimum

conditions, the optimization results and the priedicesponses are presented in Table 9.

Table 8. The upper and lower limits and weightdignificant parameters and responses to find optirnanditions.

Table 9. The optimization results and the predicesphonses based on the modeling procedure

The outcomes achieved from the optimization resatts as the following according to the
priorities mentioned above. Henceforth, 6 caseg leen suggested, and the first one is the best
suggestion of all. Due to the optimization resalisl the related optimum conditions, it could be
found that the lower percentage of ;@4 is appropriate for exhaust emission engine

performance. Also, the engine from 1700 to 1800 rngnthe best condition to reduce air
17



pollution and enhance engine performance. In th&ecair pollution can be reduced more due to
lower engine temperature in the lower engine lo@te results display that a higher percentage
of nanoparticles should be used at higher speedthe optimal condition, optimal responses
(CO, CQ, HC, NQ emissions, power, and fuel consumption were 1.2, 47.5, 113.8 ppm,
13.5 kW, and 0.17, respectively) were obtained egipy butanol-gasoline fuel blended with

5wt. Percentage of AD; in engine speed of 1700 rpm.

4. Conclusion
Modeling and optimizing the gasoline-butanob®@$ combustion process are performed by
statistical analysis. AD3; percentage and engine speed are the control $aictdhis study. Six
cubic models for CO, C£ HC, NQ, emissions, and power and fuel consumption were
developed.
Based on the results, conclusions of this reseaelsummarized as below:
1. Our findings show that adding butanol oxygenateitadd causes to diminish HC
emissions, while it enhances the nitrogen compaunds
2. Blending alumina, like a nano metal additive, causeimprove the output power. On the
other hand, increasing AD; showed a negative effect on BSFC.
3. Improving the speed in all percentages of the ¢pation tends to enhance the exhaust
emissions except HC. On the other hand, the erggired showed different behaviors in
NOx, CO, and C@ emissions. Although the enhancement in this ratesex the
enhancement of the mentioned emission at the lspeed, the enhancement of this rate

reduced those emissions at a higher speed.
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4. The optimization outcomes results revealed that iietter to use alumina nanometal to
enhance energy and efficiency (which is more @itifor us) due to each factor's
importance. In this case, when 5wt % of butanohwiitg of alumina (1700 rpm engine
speed) parameters are applied, the highest engnfiermance with a possible minimum

amount of CO, Cg HC, and NQ@ emissions were obtained.

References

[1]

(2]
(3]

[4]

[5]

[10]

[11]

[12]

B. Deng, Q. Li, Y. Chen, M. Li, A. Liu, J. RalY, Xu, X. Liu, J. Fu, R. Feng, The effect of airéf ratio on the
CO and NOx emissions for a twin-spark motorcycleodjae engine under wide range of operating coatt;
energy. 169 (2019) 1202-1213. https://doi.org/1061jCenergy.2018.12.113.

F. YUksel, B. Yuksel, The use of ethanol-gaselblend as a fuel in an Sl engine, Renew. En&2gy2004)
1181-1191. https://doi.org/10.1016/j.renene.20081A

A. Elfasakhany, Exhaust emissions and perforeanf ternary iso-butanol-bio-methanol-gasoline and
butanol-bio-ethanol—gasoline fuel blends in spgrition engines: Assessment and comparison, Enéfy.
(2018) 830—-844. https://doi.org/10.1016/j.energy&05.120.

C. Tornatore, L. Marchitto, G. Valentino, F. g&sito Corcione, S.S. Merola, Optical diagnosti€sthe
combustion process in a PFI Sl boosted enginedugith butanol-gasoline blend, energy. 45 (2012}-287.
https://doi.org/10.1016/j.energy.2012.03.006.

O.D. Samuel, M.O. Okwu, S.T. Amosun, T.N. Vern$aA. Afolalu, Production of fatty acid ethyl estdrom
rubber seed oil in hydrodynamic cavitation reac8itudy of reaction parameters and some fuel priggetnd.
Crops Prod. 141 (2019) 111658. https://doi.org/Q06lj.indcrop.2019.111658.

C. Tornatore, F. Bozza, V. De Bellis, L. TeownsG. Valentino, L. Marchitto, Experimental andnmerical
study on the influence of cooled EGR on knock tewge performance and emissions of a downsized spark
ignition engine, energy. 172 (2019) 968—-976. hitgei.org/10.1016/j.energy.2019.02.031.

P. Shrivastava, T.N. Verma, O. David Samuel,Pugazhendhi, An experimental investigation on eagi
characteristics, cost and energy analysis of Cinenfuelled with Roselle, Karanja biodiesel andhtsnds,
fuel. 275 (2020) 117891. https://doi.org/10.1016¢1.2020.117891.

O.D. Samuel, M.O. Okwu, Comparison of Respoisseface Methodology (RSM) and Artificial Neural
Network (ANN) in modelling of waste coconut oil gthesters production, Energy Sources, Part A Ratove
Util. Environ. Eff. 41 (2019) 1049-1061. https:/idwg/10.1080/15567036.2018.1539138.

O. David Samuel, M. Adekojo Waheed, A. Tahegr®and, T.N. Verma, O.U. Dairo, B.O. Bolaji, A.zaf,
Prandtl number of optimum biodiesel from food inglias waste oil and diesel fuel blend for diesegiee,
Fuel. 285 (2021) 119049. https://doi.org/10.101162).2020.119049.

O.D. Samuel, M. Gulum, Mechanical and corrasioroperties of brass exposed to waste sunflower oi
biodiesel-diesel fuel blends, Chem. Eng. Commun. 6 20 (2019) 682-694.
https://doi.org/10.1080/00986445.2018.1519508.

P. Shrivastava, S. Salam, T.N. Verma, O.D. &&mExperimental and empirical analysis of an Igire
operating with ternary blends of diesel, karanjad aroselle biodiesel, fuel. 262 (2020) 116608.
https://doi.org/10.1016/j.fuel.2019.116608.

P. Verma, S. Stevanovic, A. Zare, G. DwivediC. Van, M. Davidson, T. Rainey, R.J. Brown, ZRistovski,
An overview of the influence of biodiesel, alcohaad various oxygenated additives on the partieutzatter
emissions from diesel engines, Energies. 12 (201fs://doi.org/10.3390/en12101987.

19



[13] G. Dwivedi, S. Jain, M.P. Sharma, Impact as@yof biodiesel on engine performance - A revi®enew.
Sustain. Energy Rev. 15 (2011) 4633—-4641. https:0y/10.1016/j.rser.2011.07.089.

[14] G. Dwivedi, M.P. Sharma, Impact of cold flowoperties of biodiesel on engine performance, Reisstain.
Energy Rev. 31 (2014) 650-656. https://doi.org/Q06Yj.rser.2013.12.035.

[15] A. Fayyazbakhsh, V. Pirouzfar, Comprehensivergiew on diesel additives to reduce emissioneaene fuel
properties and improve engine performance, Renewusta$h. Energy Rev. 74 (2017).
https://doi.org/10.1016/j.rser.2017.03.046.

[16] A. Fayyazbakhsh, V. Pirouzfar, Investigatimg influence of additives-fuel on diesel engingrenance and
emissions: Analytical modeling and experimental  idation, Fuel. 171 (2016).
https://doi.org/10.1016/j.fuel.2015.12.028.

[17] S. Khorramshokouh, V. Pirouzfar, Y. Kazerouhi,Fayyazbakhsh, R. Abedini, Improving the Projgsrand
Engine Performance of Diesel-Methanol-NanopartiBlend Fuels via Optimization of the Emissions and
Engine Performance, Energy and Fuels. 30 (201f)s#idoi.org/10.1021/acs.energyfuels.6b01856.

[18] M. Hashemzehi, V. Pirouzfar, H. NayebzadehA#hosseini, Application of response surface meitiogy to
optimize high active Cu-Zn-Al mixed metal oxide fedated via microwave-assisted solution combustion
method, Adv. Powder Technol. 31 (2020) 1470-14@@sh/doi.org/10.1016/j.apt.2020.01.010.

[19] M. Hashemzehi, V. Pirouzfar, H. NayebzadehARhosseini, Effect of synthesizing conditions the activity
of zinc-copper aluminate nanocatalyst prepared myawave combustion method used in the esterificati
reaction. Fuel, Volume 263, 2020, 116422.

[20] F. Zamankhan, V. Pirouzfar, F. Ommi, M. Valiasi, Investigating the effect of MgO and CeO2 rheta
nanoparticle on the gasoline fuel properties: eitgdirmodeling and process optimization by surface
methodology. Environ Sci Pollut Res 25, 22889—-22@IA 8).

[21] M. Hashemzehi, V. Pirouzfar, H. NayebzadehA#hosseini, Application of response surface meltiogy to
optimize high active Cu-Zn-Al mixed metal oxide fedated via microwave-assisted solution combustion
method. Advanced Powder Technology, Volume 31,eg5WApril 2020, Pages 1470-1479.

[22] S. Heydari, V. Pirouzfar (2016). The influenasynthesis parameters on the gas selectivitypeamoheability
of carbon membranes: empirical modeling and proagstimization using surface methodology. RSC
Advances, 6(17), 14149-14163.

[23] F. Zamankhan, V. Pirouzfar, F. Ommi, M. Valilasi, Investigating the effect of MgO and CeO2 rheta
nanoparticle on the gasoline fuel properties: eitgdirmodeling and process optimization by surface
methodology, Environ. Sci. Pollut. Res. 25 (2018329-22902. https://doi.org/10.1007/s11356-018-2066

[24] W.M. Yang, H. An, S.K. Chou, K.J. Chua, B. Moh V. Sivasankaralingam, V. Raman, A. MaghboulL,i,]
Impact of emulsion fuel with nano-organic additivaas the performance of diesel engine, Appl. Eneigy2
(2013) 1206-1212. https://doi.org/10.1016/j.apene@ 3.02.027.

[25] B.E. T., A. J.0., O. B.U., O.D. Samuel, Carbdanotubes: Building Blocks of Nanotechnology Depehent,
J.Nanotech. Prog. Int. 6 (2016) 28-46.

[26] C. Jin, M. Yao, H. Liu, C.F.F. Lee, J. Ji, Bress in the production and application of n-butasoa biofuel,
Renew. Sustain. Energy Rev. 15 (2011) 4080-41@6s:htdoi.org/10.1016/j.rser.2011.06.001.

[27] A.C. Hansen, Q. Zhang, P.W.L. Lyne, Ethanasai fuel blends - A review, Bioresour. Technol.(2605)
277-285. https://doi.org/10.1016/j.biortech.200400%.

[28] V. Pirouzfar, M. Omidkhah (2016). Mathematicabdeling and optimization of gas transport throaghoon
molecular sieve membrane and determining the mpdelmeters using genetic algorithm. Iranian Polymer
Journal, 25(3), 203-212.

[29] L. Wei, C. Yao, Q. Wang, W. Pan, G. Han, Comstinn and emission characteristics of a turboctthdjesel
engine using high premixed ratio of methanol andesel fuel, fuel. 140 (2015) 156-163.
https://doi.org/10.1016/j.fuel.2014.09.070.

[30] Z. Sahin, O.N. Aksu, Experimental investigation of #fects of using low ratio n-butanol/diesel fuetidls
on engine performance and exhaust emissions inbadbarged DI diesel engine, Renew. Energy. 77501
279-290. https://doi.org/10.1016/j.renene.201493..0

[31] J.C. Escobar, E.S. Lora, O.J. Venturini, E¥&fez, E.F. Castillo, O. Almazan, Biofuels: Envinoent,
technology and food security, Renew. Sustain. BnerdRev. 13 (2009) 1275-1287.
https://doi.org/10.1016/j.rser.2008.08.014.

20



[32] A.K. Agarwal, Biofuels (alcohols and biodiesealpplications as fuels for internal combustionieag, Prog.
Energy Combust. Sci. 33 (2007) 233-271. https:4dgi10.1016/j.pecs.2006.08.003.

[33] H.S. Ylcesu, T. Topgil, C. Cinar, M. Okur, &ff of ethanol-gasoline blends on engine performaa
exhaust emissions in different compression ratidgpl. Therm. Eng. 26 (2006) 2272-2278.
https://doi.org/10.1016/j.applthermaleng.2006.08.00

[34] M. Valihesari, V. Pirouzfar, F. Ommi, F. Zanidman, Investigating the effect of Fe203 and TiO&aparticle
and engine variables on the gasoline engine pedoce through statistical analysis, fuel. 254 (2Q15618.
https://doi.org/10.1016/j.fuel.2019.115618.

[35] A. Elfasakhany, Investigations on the effeat®ethanol-methanol-gasoline blends in a sparki@mniengine:
Performance and emissions analysis, Eng. Sci. Téchran Int. J. 18 (2015) 713-719.
https://doi.org/10.1016/].jestch.2015.05.003.

[36] Y. Li, L. Meng, K. Nithyanandan, T.H. Lee, Yin, C. fon F. Lee, S. Liao, Experimental investiga of a
spark ignition engine fueled with acetone-butartbbaol and gasoline blends, energy. 121 (2017) 43-5
https://doi.org/10.1016/j.energy.2016.12.111.

[37] Y. Li, Z. Ning, C. fon F. Lee, J. Yan, T.H. eegEffect of acetone-butanol-ethanol (ABE)—gasobtends on
regulated and unregulated emissions in spark-@mnitiengine, energy. 168 (2019) 1157-1167.
https://doi.org/10.1016/j.energy.2018.12.022.

[38] Z. Tian, X. Zhen, Y. Wang, D. Liu, X. Li, Comltion and emission characteristics of n-butansbiae
blends in SI direct injection gasoline engine, Rene Energy. 146 (2020) 267-279.
https://doi.org/10.1016/j.renene.2019.06.041.

[39] J.H. Chan, A. Tsolakis, J.M. Herreros, K.X.llka C. Hergueta, S. Sittichompoo, M. Bogarra, Gustion,
gaseous emissions and PM characteristics of Di-M&tarbonate (DMC)-gasoline blend on gasoline Direc
Injection (GDI) engine, fuel. 263 (2020) 116742pkt//doi.org/10.1016/j.fuel.2019.116742.

[40] C.S. Lim, J.H. Lim, J.S. Cha, J.Y. Lim, Comative effects of oxygenates-gasoline blended fosishe
exhaust emissions in gasoline-powered vehicles, Ehviron. Manage. 239 (2019) 103-113.
https://doi.org/10.1016/j.jenvman.2019.03.039.

[41] P. lodice, G. Langella, A. Amoresano, Ethaimogasoline fuel blends: Effect on fuel consumptind engine
out emissions of Sl engines in cold operating cioo, Appl. Therm. Eng. 130 (2018) 1081-1089.
https://doi.org/10.1016/j.applthermaleng.2017.10.09

[42] V.K. Kareddula, R.K. Puli, Influence of plastbil with ethanol gasoline blending on multi cgar spark
ignition engine, Alexandria Eng. J. 57 (2018) 258589. https://doi.org/10.1016/j.aej.2017.07.015.

[43] 1. Yilmaz, M. Tatan, Investigation of hydrogen addition to methagasoline blends in an Sl engine, Int. J.
Hydrogen Energy. 43 (2018) 20252—-20261. https:/dgi10.1016/j.ijhydene.2018.07.088.

[44] S. Manigandan, P. Gunasekar, S. PoorchilamBaNjthya, J. Devipriya, G. Vasanthkumar, Effetaddition
of hydrogen and TiO2 in gasoline engine in variexisaust gas recirculation ratio, Int. J. Hydrogeetgy. 44
(2019) 11205-11218. https://doi.org/10.1016/j.ijengd.2019.02.179.

[45] W. Li, C. Zou, Deep desulfurization of gasairby synergistic effect of functionalize8-CD-TiO2-Ag
nanoparticles with ionic liquid, fuel. 227 (2018)1+-149. https://doi.org/10.1016/j.fuel.2018.04.083.

[46] W. Lei, W. Wenya, N. Mominou, L. Liu, S. Li, Itda-deep desulfurization of gasoline through agisephase
in-situ hydrogenation and photocatalytic oxidatioAppl. Catal. B Environ. 193 (2016) 180-188.
https://doi.org/10.1016/j.apcatb.2016.04.032.

[47] T.l. Yacovitch, Z. Yu, S.C. Herndon, R. Miakge, D. Liscinsky, W.B. Knighton, M. Kenney, C. Sidnard,
P. Pringle, Exhaust Emissions from In-Use Genexéathon Aircraft, 2016. https://doi.org/10.17226622.

[48] M. Amirabedi, S. Jafarmadar, S. Khalilarya,permental investigation the effect of Mn203 nartipke on
the performance and emission of Sl gasoline fualighl mixture of ethanol and gasoline, Appl. Therfang.
149 (2019) 512-519. https://doi.org/10.1016/j.dpplinaleng.2018.12.058.

[49] A. Elfasakhany, A.F. Mahrous, Performance andssions assessment of n-butanol-methanol-gadiénds
as a fuel in spark-ignition engines, Alexandria EngJ. 55 (2016) 3015-3024.
https://doi.org/10.1016/j.ae}.2016.05.016.

[50] M.E.M. Soudagar, A. Afzal, M.R. Safaei, A.M.avlokar, A.l. EL-Seesy, M.A. Mujtaba, O.D. SamueA. |
Badruddin, W. Ahmed, K. Shahpurkar, M. Goodarzigstigation on the effect of cottonseed oil blendti
different percentages of octanol and suspended MW@Ahoparticles on diesel engine characteristics, J

21



Therm. Anal. Calorim. (2020). https://doi.org/100¥0s10973-020-10293-x.

[51] P. Shrivastava, T.N. Verma, O. David Samuel,Pugazhendhi, An experimental investigation onireng
characteristics, cost and energy analysis of Cinenfuelled with Roselle, Karanja biodiesel andhitsnds,
fuel. 275 (2020) 117891. https://doi.org/10.1016¢l.2020.117891.

[52] H. Taghavifar, B.K. Kaleji, J. Kheyrollahi, Aication of composite TNA nanoparticle with bidiahol blend
on gasoline fueled Sl engine at different lambdatiosa fuel. 277 (2020) 118218.
https://doi.org/10.1016/j.fuel.2020.118218.

[53] T. Shaafi, R. Velraj, Influence of alumina mgarticles, ethanol and isopropanol blend as aeditith diesel-
soybean biodiesel blend fuel: Combustion, engimeopmaance and emissions, Renew. Energy. 80 (2035} 6
663. https://doi.org/10.1016/j.renene.2015.02.042.

[54] T.S. Singh, U. Rajak, O.D. Samuel, P.K. Chaiya K. Natarajan, T.N. Verma, P. Nashine, Optatian of
performance and emission parameters of directtiojediesel engine fuelled with microalgae Spiralif..) —
Response surface methodology and full factorial hoeét approach, fuel. 285 (2021) 119103.
https://doi.org/10.1016/j.fuel.2020.119103.

[55] D.C. Rakopoulos, C.D. Rakopoulos, E.C. Kakaias. Giakoumis, Effects of ethanol-diesel fuedrids on
the performance and exhaust emissions of heavy dutjiesel engine, Energy Convers. Manag. 49 (2008)
3155-3162. https://doi.org/10.1016/j.enconman.20R823.

[56] D.C. Rakopoulos, C.D. Rakopoulos, E.G. Giak@jm.M. Dimaratos, D.C. Kyritsis, Effects of butardiesel
fuel blends on the performance and emissions dfjla-¢peed di diesel engine, Energy Convers. Mabag.
(2010) 1989-1997. https://doi.org/10.1016/j.encom2@10.02.032.

[57] E.G. Giakoumis, C.D. Rakopoulos, A.M. Dimast®.C. Rakopoulos, Exhaust emissions with ethanai-
butanol diesel fuel blends during transient operatA review, Renew. Sustain. Energy Rev. 17 (2QR&)-
190. https://doi.org/10.1016/j.rser.2012.09.017.

[58] T. Balamurugan, R. Nalini, Experimental inugation on performance, combustion and emission
characteristics of four stroke diesel engine usliggel blended with alcohol as fuel, energy. 78.MB56—
363. https://doi.org/10.1016/j.energy.2014.10.020.

22



Table 1. Influence of blending different additivaas Engine performance, Exhaust emission and fuglesties

Research group/

Additives

Exhaust Emission

Desulfurization

reference number Alcohol %Alcohol Nano and Other additives UHC NOx Cco COo2
rate
3 - - 0.46 0.36 0.62 -
Lim etal [40] Ethanol 6 ! ! 0.41 0.4 0.55 |
10 - - 0.39 0.48 0.56 -
1 s H - 1.48 0.156 8.4 298
lodice et al41] 20 ! ! 1.02 0.123 6.8 283
Ethanol
30 - - 1.28 0.117 7 262
Ethanol ] 15PPO5E i 28.48% -0.41% | -24.11% i
Kareddula et al [42]
i 0 15 PPO i 52.63% -24.23%| -9.70% i
5 H : -12% | 1449 ppn| i H
5 Hydrogen 6 - - - - -
Yilmaz et al [43] Methanol 5 Hydrogen 15 i i i i 12.06%
15 : : i -40% i g i
15 Hydrogen 6 - - - - -
15 Hydrogen 15 - - 2296 ppm  0.09% -
butanol 30 - 5/46 g/kWh| 12.26 25.28 -
Yuanxu Li et al [37]
ethanol 30 - 4.87 13.14 28.96
EGR* + 0% + - -
| | | m e |
Hydrojen 0% PP PP
EGR + 20% +
- - - 260 ppm| 2.40% -
Hydrojen 0%
T-EGR20%| 20% + .
- - - .| TiO2 5% - - 1.03% -
+Hydrojen o
Manigandan et a{44]
EGR +
t i i 0% + 59 t 126 ppm t t
Hydrojen
EGR + 20% +
H 5 i H H H 1.20% H
Hydrojen 5%
T-EGR20%
- - . 20% + 5% TiO2 5% : : : - :
+Hydrojen
i g : i TiO2 5% 57.44% i i g i
Lietal [45] B-CD-TiO2-
i 5 5% TiO2 5% 100% i i i i
Ag
- - ZSM-5 + FCC gasoline 75% - - - -
- - NiO/TiO2-ZSM-5 + FCC gasoline 97% i i i i
wang et al [46]
ZrO2/NiO-TiO2-ZSM-5 + FCC
H g 99% H H i H

gasoline




Table 2. The Butanol specification

Specifications Values
Molar mass 74.122 g/mol
Density 0.8098 g/cm3 (20 C)
Melting point -89.5C« 184 K «-129 F
Boiling point 243 F,390 K, 117.2C

Solubility in water

7.7 g/100 mL (20 C)

Refractive index (nD)

1.399 (20 C)

Viscosity

3 ¢cP (25 C)

Table 3. The AlO;particles specification

Specifications ‘ VEE
Density (g/cm3) 3.95-4.1
Melting point (°C) 2072
Boiling point ("C) 2977
Molecular weight (g/mole) 101.96
Type Powder




Table 4. properties of Gasoline engine used irepeeriments

Rated power (hp)/speed (rpm 97/6000
Maximum torque (Nm)/speed (rpm) 148/3500
Cylinder number 4
Compression ratio 9.25:1
Engine volume 1761
Table 5. Specification of AVL 465 analyzer
Measurement range Resolution
Opacity 0~100 % 0.10%
Acceleration time 0~5s 0.05s
Speed 250~7200 1/min 1 1/min
Oil temperature 0~120°C 1°C
CO 0~10% Vol. 0.01 %Vol.
HC 0~20 000 ppm vol. 1 ppm Vol.
02 0~25 % Vol. 0.01 %Vol.
Ignition angle TDC sensor - 60~100° ca 0.1°ca
Strobe 0~60° ca 0.1°ca
Dwell angle 0~100 ¥ 1%
Table 6. Specification of MRU 1600-L analyzer
Measurement range Resolution
0O, 0~25 % Vol. 0.01 %Vol.
(6{0) 0~15 % Vol. 0.01 %Vol.
HC 0~20000 ppm 1 ppm.
NO 0~2000 ppm 1 ppm.
Excess Air calculated according to Brett
Schneider
Temperature - 40~ 650°C 0.1°C
Speed 400~10000 1/min 1 I/min




Table 7. The experiment design conditions andedla¢sults for emission and engine performance

] Response
Variable :
EMISSION (ppm) Engine Performance Other
Run %Bu Power | Tor | Fue
rom | CO | CO2 | HC | NOy LAM | coC 02
tanol (KW) con.
1 o 150C | 1.71| 4.€ | 10€ | 154 13.1 | 32 | 1.667¢| 2.1 | 3.94¢ | 122
2 3 o 2000 | 1.61 52 | 101| 163| 13.69 322.1436| 2.1| 355 11.4
()]
3 8 250C | 2.0€ | 6.€ | 10€ | 245 | 13.71 | 32 | 2.225.| 1.6z | 3.4¢ | 9.Z
4 300C | 2.61| 6.7 | 103 | 30z | 13.7¢ | 32 | 2.86¢ | 1.5 | 4.21 | 8.t
5 ; 5 150C | 0.8¢ | 5.1 88 | 12% | 12.5¢ | 32 | 0.091 | 2.3t | 2.21 | 12.F
6 | < S o 200C | 1.1% | 5.z 70 | 28¢ 134 | 32 | 0.234:| 2.2t | 2.68 | 12.]
7 % _‘g 2500 | 1.75| 6.6 85 344 | 13.24) 32 0.349| 1.69| 3.14 95
8 | O 3000 | 1.84| 6.7 88 369| 13.85 32 0.4109| 1.66| 3.23 9.4
9 o 150C | 1.12| 5.1 93 60 13.08 | 32 | 0.029 | 2.3¢ | 2.7 | 12.¢t
1C o o 200C | 1.3 5 77 | 18€ | 13.7¢ | 32 | 0.0€ | 2.2¢ | 3.1F | 12.¢
11 8 250C | 2.17| 6. 93 | 30z | 13.4¢ | 32 | 0.157 | 1.5¢ | 3.65 | 9.1
12 < 300C | 2.28 | 6.€ 95 | 30€ | 13.7: | 32 | 0.48: | 1€ | 3.81 | 9.z
13 + 150C | 1.45| 4.¢€ 68 | 10z 12.2 | 32 | 1.13€ | 2.2¢ | 345 | 12.F
14 2 o 200C | 1.37| 5.1 62 | 163 | 12.7¢ | 32 | 1.439¢| 2.2¢ | 3.18 | 12.£
15 *g - 250C | 2.z | 6.5 76 | 27€ | 12,12 | 32 | 1.673¢| 1.65 | 3.7¢ | 94
16 o 300C | 2.2¢| 6.5 84 | 27C | 12.6€ | 32 | 2337 | 1.6z | 3.91 | 94
17 ;’, 150C | 1.27| 5 21E 3 11.9¢ | 32 | 1.543¢| 2.3z | 3.0¢ | 13
18 = 0 200C | 1.67| 5.1 92 | 14t | 12.2: | 32 | 1.498¢| 2.11 | 3.7 12
19 § - 2500 | 2.2Z | 6.2 92 | 21: 12.1 | 32 | 1.978¢| 1.6¢ | 3.91 | 1C
2C U] 300C | 2.61| 6.2 | 101 | 22€ 11.¢ | 32 | 2.302:| 1€ | 444 | 94




Table 8. The upper and lower limits and weightdignificant parameters and responses to find optirnanditions.

Constraints
Lower Upper Lower Upper

Name Goal Limit Limit Weight Weight Importance
Percentage of Is in range 5 15 1 1 3
Engine speed IS in range 1500 3000 1 1 3
CO minimize 1.12 2.61 1 5 5

CO2 minimize 4.9 6.8 1 2 2

HC minimize 62 215 1 4 3

NOX minimize 3 306 1 4 4

Power  maximize 11.9 13.79 5 1 5

Fuel con. minimize 0.006 2.337 1 3 3

Table 9. The optimization results and the predicesghonses based on modeling procedure in optinoumaliteons

Number ~ ©eicenage Esr“)ge'gg co coz HC NOX Power Fuel con,  Desiavily
1 5 1699 1.099 4.699 77.5 113.9 13.55 0.1696 0.563
2 5 1674 1.095 4.705 78.3 108.1 13.52 0.1733 0.562
3 5 1640 1.096 4.727 79.6 100.5 13.47 0.1782 0.555
4 5 1778 1.130 4.730 76.2 132.6 13.62 0.1582 0.547
5 6.34 3000 2.301 6.598 89.7 291.3 13.45 0.7978 070.0
6 15 3000 2.496 6.208 98.6 235.3 12.05 2.2442 0.000



Fig. 1. The (a) Al203 particles, (b) dynamometer and XU7/GV C3 gasoline engine and (c) Analyzer for gas exhaust

detection
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Synthesis of modified fuels from Butanol + Al,O3 Nano particles

Modeling of the emissions, modified fuels properties and engine performance
Verification and accuracy analysis are performed for models

New blend formulations increase engine performance and reduce air pollutions
Novel blended fuel enhances CO, and reduces NOx, hydrocarbons and CO



Declaration of interests

The authors declare that they have no known competing financial interests or personal relationships
that could have appeared to influence the work reported in this paper.

[(IThe authors declare the following financial interests/personal relationships which may be considered
as potential competing interests:




