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ABSTRACT

In this research, an experiment is performed with three blends made up of
Pyrolysis waste engine oil. (PWEO), n-Pentonal and Diesel are used to compare
the performance and emission characteristics feature to that of pure diesel. These
approach deals with the converting waste oil into bio-diesel, as crude oil is major
challenging concern for us and our dependency for getting crude oil from other
countries is also increasing day by day. For this purpose, the PWEO is extracted
from the waste engine oil ky Pyrolysis Process to which Sodium Carbonate
(Na2COg3), Zeolite lime (CaO) can be used as a catalyst. Later, the ternary blends
built for retaining the Diesel percentage is different for three volumes, following to
the PWEO and n-Pentonal concentration was built for diverse volume as claimed
by these ternary blends, those developed blends are (D65-PWEO25-P10),(D55-
PWEO35-P10),(D45-PWEO45-P10) were extracted towards the analysis. From
the experimental test, the following conclusion is drawn amongst the tested fuel
which was observed that the blend (D65-PWEO25-P10) shows better performance
amongst all other blends and therefore the Brake thermal efficiency of that blend
had noticed about 1% decrease when compared with pure diesel at full load. When
the engine runs with (D65-PWEO25-P10) blend. NOx emission was found 20%
lower than pure diesel at full load. Then CO emission was found 10% lower than
pure diesel at full load. Then HC emission was found 15% lower than pure diesel

at full load. CO2 emission was found 10% lower than pure diesel at full load.
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CHAPTER 1

INTRODUCTION

1.1 HISTORY AND BACKGROUND

Developed within the 1890s by innovator Rudolph Diesel, the diesel motor has
ended up the motor of choice for control, unwavering quality, and tall fuel
economy, around the world. Early experimenters on vegetable oil powers included
the French government and Dr. Diesel himself, who imagined that unadulterated
vegetable oils may control early diesel motors for farming in inaccessible regions
of the world, where petroleum was not accessible at the time. Present day
biodiesel fuel, which is made by changing over vegetable oils into compounds
called greasy corrosive methyl esters, has its roots in investigate conducted within
the 1930s in Belgium, but today’s biodiesel industry was not set up in Europe until
the late 1980s.

The diesel motor was created out of a want to move forward upon wasteful,
lumbering and some of the time perilous steam motors of the late 1800s. The
diesel motor works on the vital of compression start, in which fuel is infused into
the engine’s barrel after discuss has been compressed to a tall weight and
temperature. As the fuel enters the barrel it self-ignites and burns quickly, driving
the cylinder back down and changing over the chemical vitality within the fuel into
mechanical vitality. Dr. Rudolph Diesel, for which the engine is named, holds the
primary obvious for the compression start motor, issued in 1893. Diesel got to be
known around the world for his imaginative motor which seem utilize a assortment

of fills.

1.1.1 Early Work

The early diesel motors had complex infusion frameworks and were outlined to run
on numerous distinctive powers, from lamp fuel to coal tidy. It was as it were a

matter of time some time recently somebody recognized that, since of their tall
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vitality substance, vegetable oils would make fabulous fuel. The primary open

show of vegetable oil based.

Diesel fuel was at the 1900 World’'s Reasonable, when the French government
commissioned the Otto company to construct a diesel motor to run on shelled nut
oil. The French government was curious about vegetable oils as a residential fuel
for their African colonies. Rudolph Diesel afterward did broad work on vegetable oll
fills and got to be a driving defender of such a concept, accepting that agriculturists
seem advantage from giving their possess fuel. Be that as it may, it would take
nearly a century some time recently such an thought got to be a broad reality. In
the blink of an eye after Dr. Diesel's passing in 1913 petroleum got to be broadly
accessible in a assortment of shapes, counting the lesson of fuel we know
nowadays as “diesel fuel’. With petroleum being accessible and cheap, the diesel
motor plan was changed to coordinate the properties of petroleum diesel fuel. The
result was an motor which was fuel productive and exceptionally effective. For the
following 80 a long time diesel motors would gotten to be the industry standard

where control, economy and unwavering quality are required.

1.1.2 Modern Engine and Fuel
Due to the far reaching accessibility and taken a toll of petroleum diesel fuel,
vegetable oil-based fills picked up small consideration, but in times of tall oil costs
and deficiencies. World War Il and the oil emergencies of the 1970’s saw brief
intrigued in utilizing vegetable oils to fuel diesel motors. Tragically, the more up to
date diesel motor plans seem not run on conventional vegetable oils, due to the
much higher consistency of vegetable oil compared to petroleum diesel fuel. A way
was required to lower the thickness of vegetable oils to a point where they may
well be burned appropriately within the diesel motor. Numerous strategies have
been proposed to perform this errand, counting pyrolysis, mixing with solvents, and
indeed emulsifying the fuel with water or alcohols, none of which have given a
appropriate arrangement. It was a Belgian innovator in 1937 who to begin with
proposed utilizing transesterification to change over vegetable oils into greasy
corrosive alkyl esters and utilize them as a diesel fuel substitution. The method of
transesterification changes over vegetable oil into three littler particles which are

much less gooey and simple to burn in a diesel motor. The transesterification
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response is the premise for the generation of present day biodiesel, which is the
exchange title for fatty acid methyl esters. With in the early 1980s concerns over
the environment, vitality security, and agrarian over production once more brought
the us vegetable oils to the cutting edge, this time with transesterification as the
favored strategy of creating such fuel substitutions.

Biodiesel can be used alone or blended with petrol & diesel in any proportions.
Biodiesel mixes can moreover be utilized as warming oil. The US National
Biodiesel Board characterizes "biodiesel" as a mono-alkyl ester. Biodiesel can be
utilized in unadulterated shape (B100) or may be mixed with petroleum diesel at
any concentration in most infusion pump diesel motors. Modern extraordinary high-
pressure (29,000 psi) common rail motors have strict production line limits of B5 or
B20, depending on producer. Biodiesel has distinctive dissolvable properties from
petrol & diesel, and will debase characteristic elastic gaskets and hoses in vehicles
(generally vehicles made some time recently 1992), in spite of the fact that these
tend to wear out actually and most likely will have as of now been supplanted with
FKM, which is nonreactive to biodiesel. Biodiesel has been known to break down
stores of buildup within the fuel lines where petrol & diesel has been utilized. As a
result, fuel channels may gotten to be clogged with particulates in case a speedy
move to unadulterated biodiesel is made. Hence, it is prescribed to alter the fuel
channels on motors and radiators in no time after to begin with exchanging to a
biodiesel mix. In 2005, Chrysler (at that point portion of DaimlerChrysler)
discharged the Jeep Freedom CRD diesels from the production line into the
European advertise with 5% biodiesel mixes, showing at slightest halfway
acknowledgment of biodiesel as an satisfactory diesel fuel added substance.In
2007, DaimlerChrysler shown its deliberate to extend guarantee scope to 20%
biodiesel blends if biofuel quality within the Joined together States can be
standardized. The Volkswagen Bunch has discharged a explanation showing that
a few of its vehicles are consistent with BS and B100 made from assault seed oil
and congruous with the EN 14214 standard. The utilize of the required biodiesel
sort in its cars will not void any guarantee. Mercedes Benz does not permit diesel
powers containing more noteworthy than 5% biodiesel (B5) due to concerns

almost "production shortcomings".



Mercedes-Benz Restricted Guarantee. Beginning in 2004, the city of Halifax, Nova
Scotia chosen to upgrade its transport framework to permit the armada of city
buses to run completely on a fish-oil based biodiesel. This caused the city a few
beginning mechanical issues, but after a few a long time of refining, the whole
armada had effectively been changed over. In 2007, McDonald's of UK declared it
would begin creating biodiesel from the squander oil by item of its eateries. This
fuel would be utilized to run its armada. The 2014 Chevy Cruze Clean Turbo
Diesel, coordinate from the production line, will be appraised for up to B20 (mix of
20% biodiesel / 80% customary diesel) biodiesel compatibility. British prepare
working company Virgin Trains West Coast claimed to have run the UK's to begin
with "biodiesel prepare”, when a Course 220was changed over to run on 80%
petrol and diesel and 20% biodiesel. The British lllustrious Prepare on 15
September 2007 completed its to begin with ever travel run on 100% biodiesel fuel
provided by Green Powers Ltd. Ruler Charles and Green Powers overseeing chief
James Hygate were the primary travelers on a prepare completely by biodiesel
fuel. Since 2007, the Regal Prepare has worked effectively on B100 (100%
biodiesel). Additionally, a state-owned short-line railroad in Eastern Washington
ran a test of a 25% biodiesel / 75% petrol and diesel mix amid the summer of
2008, acquiring fuel from a biodiesel maker sited along the railroad tracks. The
prepare will be fueled by biodiesel made in portion from canola developed in rural
locales through which the brief line runs.

In 2007, Disneyland started running the stop trains on B98 (98% biodiesel). The
program was ceased in 2008 due to capacity issues, but in January 2009, it was
declared that the stop would at that point be running all trains on biodiesel
fabricated from its claim utilized cooking oils. Typically a alter from running the
trains on soy-based biodiesel. In 2007, the notable Mt. Washington Cog Railroad
included the primary biodiesel train to its all-steam train armada. The armada has
climbed up the western inclines of Mount Washington in Modern Hampshire since
1868 with a top vertical climb of 37.4 degrees. On 8 July 2014, the at that point
Indian Railroad Serve D.V.Sadananda Gowda announced in Railroad Budget that
5% bio-diesel will be utilized in Indian Railways' Diesel Engines. A test flight has
been performed by a Czech fly flying machine totally fueled on bio diesel. Other

recent jet flights using biodiesel, however, have been using other types of
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renewable fuels. On November 7, 2011 Joined together Aircrafts flew the world's
to begin with commercial flying flight on a microbially inferred biofuel utilizing
Solajet™, Solazyme's algae-derived renewable fly fuel. The Eco-skies Boeing 737-
800 plane with 40 percent Solajet and 60 percent petroleum-derived fly fuel. The
commercial Eco-skies flight 1403 withdrawn from Houston's IAH airplane terminal
at 10:30 and landed at Chicago's ORD airplane terminal at 13:03. In September
2016, the Dutch hail carrier KLM.

Contracted Altair Fills to supply all KLM flights leaving Los Angeles Worldwide Air
terminal with biofuel. For the following three a long time, the Foremost, California-
based company will pump biofuel straightforwardly to the air terminal from their
adjacent refinery. Biodiesel can moreover be utilized as a warming fuel in
residential and commercial boilers, a blend of warming oil and biofuel which is
standardized and saddled marginally in an unexpected way from diesel fuel utilized
for transportation. Bioheat fuel may be a restrictive mix of biodiesel and
conventional warming oil. Bioheat may be a enrolled trademark of the National
Biodiesel Fuel [NBB] and the National Oil-heat Investigate Organization together
[NORA] within the U.S., and Columbia Fills in Canada. Warming biodiesel is
accessible in different mixes. ASTM 396 recognizes mixes of up to 5 percent
biodiesel as comparable to immaculate petroleum warming oil. Mixes of higher
levels of up to 20% biofuel are utilized by numerous shoppers. Investigate is
underway to decide whether such mixes influence execution. More seasoned
heaters may contain elastic parts that would be influenced by biodiesel's
dissolvable properties, but can something else burn biodiesel without any
transformation required. Care must be taken, in any case, given that varnishes
cleared out behind by petrol and diesel will be discharged and can clog channels-
fuel sifting and incite channel substitution is required. Another approach is to begin
utilizing biodiesel as a mix, and diminishing the petroleum extent over time can
permit the varnishes to come off more continuously and be less likely to clog.
Much obliged to its solid dissolvable properties, in any case, the heater is cleaned
out and by and large gets to be more proficient. A specialized term paper depicts
research facility investigate and field trials venture utilizing unadulterated biodiesel
and biodiesel mixes as a warming fuel in oil-fired boilers. During the Biodiesel
Expo 2006 within the UK, Andrew J. Robertson displayed his biodiesel warming oil
investigate from his specialized paper and proposed B20 biodiesel may decrease
5



UK family CO2 emanations by 1.5 million tons per year. Unused York City has
passed a comparative law. In 2001, UC Riverside introduced a 6-megawatt backup
control framework that's totally by biodiesel. Backup diesel generators permit
companies to dodge harming power outages of basic operations at the cost of tall
contamination and emanation rates. By utilizing B100, these generators were able
to basically kill the items that result in exhaust cloud, ozone, and sulfur outflows.
The utilize of these generators in private regions around schools, healing centers,
and the common open result in significant decreases in noxious carbon monoxide.

And particular matter.

Transesterification of a vegetable oil was conducted as early as 1853 by Patrick
Duffy, four decades some time recently the primary diesel motor got to be
utilitarian. Rudolf Diesel's prime show, a single 10 ft (3.05 m) press barrel with a
flywheel at its base, ran on its own control for the primary time in Augsburg,
Germany, on 10 Admirable 1893 running on nothing but shelled nut oil. In
recognition of this occasion, 10 Admirable has been pronounced "Worldwide
Biodiesel Day". It is regularly detailed that Diesel planned his engine to run on
shelled nut oil, but this is often not the case. Diesel expressed in his distributed
papers, "at the Paris Presentation in 1900 (Piece Universelle) there was appeared
by the Otto Company a little Diesel motor, which, at the ask of the French
government ran on arachide (earth-nut or pea-nut) oil (see biodiesel), and worked

so easily that as it were a couple of individuals were aware of it.

The motor was built for utilizing mineral oil, and was at that point worked on
vegetable oil without any modifications being made. The French Government at
the time thought of testing the pertinence to control generation of the Arachide, or
earth-nut, which develops in significant amounts in their African colonies, and can
effortlessly be developed there." Diesel himself afterward conducted related tests
and showed up steady of the thought. In a 1912 discourse Diesel said, "the utilize
of vegetable oils for motor fills could appear immaterial nowadays but such oils
may gotten to be, within the course of time, as critical as petroleum and the coal-
tar items of the show time." Despite the far reaching utilize of petroleum-derived
diesel fills, intrigued in vegetable oils as fills for inner combustion motors was
detailed in a few nations amid the 1920s and 1930s and afterward amid World War
6



II. Belgium, France, ltaly, the Joined together Kingdom, Portugal, Germany, Brazil,
Argentina, Japan and China were detailed to have tried and utilized vegetable oils
as diesel fills amid this time. A few operational issues were detailed due to the tall
thickness of vegetable oils compared to petroleum diesel fuel, which comes about
in destitute atomization of the fuel within the fuel splash and frequently leads to
stores and coking of the injectors, combustion chamber and valves. Endeavors to
overcome these issues included warming of the vegetable oil, mixing it with
petroleum-derived diesel fuel or ethanol, pyrolysis and splitting of the oils. On 31
Admirable 1937, G. Chavanne of the College of Brussels (Belgium) was allowed a
obvious for a "Method for the change of vegetable oils for their employments as
fills" (fr. "Procédé de Change d’Huiles Végétalesen Vue de Leur Use comme
Carburants”) Belgian Patent 422,877. This obvious portrayed the alcoholysis
(regularly alluded to as transesterification) of vegetable oils utilizing ethanol (and
notices methanol) in arrange to isolated the greasy acids from the glycerol by
supplanting the glycerol with brief straight alcohols. This shows up to be the
primary account of the generation of what is known as "biodiesel" nowadays.
Usually similar (copy) to the protected strategies utilized within the 18th century to
form lamp-oil, and may be motivated by a few ancient chronicled oil lights, in a few
places. More as of late, in 1977, Brazilian researcher ExpeditoParente concocted
and submitted for obvious, the primary mechanical prepare for the generation of
biodiesel. This handle is classified as biodiesel by universal standards, conferring
a "standardized character and quality. No other proposed biofuel has been
approved by the engine industry." As of 2010, Parente's company Tecbio is
working with Boeing and NASA to certify bioquerosene (bio-kerosene), another

item delivered and protected by the Brazilian researcher.

Investigate into the utilize of transesterified sunflower oil, and refining it to diesel
fuel benchmarks, was started in South Africa in 1979. By 1983, the method for
creating fuel-quality, engine-tested biodiesel was completed and distributed
universally. An Austrian company, Gaskoks, gotten the innovation from the South
African Agrarian Engineers; the company raised the primary biodiesel pilot plant in
November 1987, and the primary industrial-scale plant in April 1989 (with a
capacity of 30,000 tons of rapeseed per annum). All through the 1990s, plants
were opened in numerous European nations, counting the Czech Republic,

Germany and Sweden.



France propelled neighborhood generation of biodiesel fuel (alluded to as diester)
from rapeseed oil, which is blended into normal diesel fuel at a level of 5%, and
into the diesel fuel utilized by a few captive armadas (e.g. open transportation) at a
level of 30%. Renault, Peugeot and other producers have certified truck motors for
utilize with up to that level of halfway biodiesel; tests with 50% biodiesel are
underway. Amid the same period, countries in other parts of the world moreover
saw neighborhood generation of biodiesel beginning up: by 1998, the Austrian
Biofuels Organized had recognized 21 nations with commercial biodiesel ventures.
100% biodiesel is presently accessible at numerous ordinary benefit stations over

Europe.

Due to its clean outflows profile, ease of utilize, and numerous other benefits,
biodiesel is rapidly getting to be one of the quickest developing elective fills within
the world. With negligible appropriation biodiesel is taken a toll competitive with
petroleum diesel, and millions of clients have found and delighted in the benefits of
the fuel. The future of biodiesel lies within the world’s capacity to create renewable
nourish stocks such as vegetable oils and fats to keep the taken a toll of biodiesel
competitive with petroleum, without supplanting arrive necessary for nourishment
generation, or pulverizing common biological systems within the prepare. Making
biodiesel in a sustainable way, will permit this clean, renewable, and taken a toll
successful fuel to assist ease the world through expanding deficiencies of

petroleum, whereas giving financial and natural benefits well into the 21st century.

1.2 PYROLYSIS PROCESS

Pyrolysis for the most part comprises in warming the fabric over its decay
temperature, breaking chemical bonds in its atoms. The parts ordinarily gotten to
be littler atoms, but may combine to deliver buildups with bigger atomic mass,
indeed shapeless covalent solids. In humerous settings, a few sums of oxygen,
water, or other substances may be display, so that combustion, hydrolysis, or
other chemical forms may happen other than pyrolysis appropriate. In some cases
those chemical are included intentioned, as within the burning of kindling, within
the conventional make of charcoal, and within the steam breaking of unrefined oil.
Alternately, the beginning fabric may be warmed in a vacuum or in an dormant
environment to dodge unfavorable chemical reactions. Pyrolysis in a vacuum also
8



lowers the boiling point by products, improving their recovery.

When natural matter is warmed at expanding temperatures in open holders, the
taking after forms for the most part happen, in progressive or covering stages:
Below almost 100 °C, volatiles, counting a few water vanish. Heat-sensitive
substances, such as vitamin C and proteins, may somewhat alter or break down
as of now at this organize. At approximately 100 °C or marginally higher, any
remaining water that is merely ingested within the fabric is driven off. Water caught
in precious stone structure of hydrates may come off at to some degree higher

temperatures.

This prepare devours a parcel of vitality, so the temperature may halt rising until
this arrange is total. A few strong substances, like fats, waxes, and sugars, may
liquefy and isolated. Between 100 and 500 °C, numerous common natural

particles break down.

Most sugars start decomposing at 160—-180 °C. Cellulose, a major component of
wood, paper, and cotton fabrics, decomposes at about 350 °C. Lignin, another
major wood component, begins breaking down at approximately 350 °C, but

proceeds discharging unstable items up to 500 °C.

The decomposition products usually include Carbon dioxide as well as a large
number of organic compounds. Gasses and unstable items take off the test, and a
few of them may condense once more as smoke. By and large, this handle
moreover retains vitality. A few volatiles may light and burn, making a obvious
flame. The non-volatile buildups regularly gotten to be wealthier in carbon and
frame huge disarranged atoms, with colors extending between brown and dark. At
this point the matter is said to have been "charred" or "carbonized".



Fig:1.1: Pyrolysis Setup

At 200-300 °C, in the event that oxygen has not been avoided, the carbonaceous
buildup may begin to burn, in a exceedingly exothermic response, frequently with
no or small unmistakable fire. Once carbon combustion begins, the temperature
rises suddenly, turning the buildup into a shining coal and discharging carbon
dioxide and/or monoxide. At this arrange, a few of the nitrogen still remaining
within the buildup may be oxidized into nitrogen oxides like sulfur and other
components like chlorine and arsenic may be oxidized and volatilized at this
organize. Once combustion of the carbonaceous buildup is total, a fine or strong
mineral buildup (fiery remains) is regularly cleared out behind, comprising of
inorganic oxidized materials of tall softening point. A few of the fiery remains may
have cleared out amid combustion, entrained by the gasses as fly fiery debris or
particulate emissions. Metals display within the unique matter as a rule stay within
the cinder as oxides or carbonates, such as potash. Phosphorus, from materials

such as bone, phospholipids, and nucleic acids.
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Fig: 1.2: Pyrolysis Reaction

Figure 1.1 Carbon and carbon-rich materials have alluring properties but are
non-volatile, indeed at tall temperatures. Subsequently, pyrolysis is utilized to
deliver numerous sorts of carbon; these can be utilized for fuel, as reagents in
steelmaking (coke), and as auxiliary materials. Charcoal could be a less smoky
fuel than wood. A few cities boycott, or utilized to boycott, wood fires; when
inhabitants as it were utilize charcoal (and similarly-treated shake coal, called
coke) discuss contamination is significantly diminished. In cities where individuals
don't for the most part cook or heat with fires, usually not required. Within the mid-
20th century, "smokeless" enactment in Europe required cleaner-burning methods,
such as coke fuel and smoke-burning incinerators as an viable degree to diminish
discuss contamination. The coke-making or "coking" handle comprises of warming
the fabric in "coking broilers” to exceptionally tall temperatures (up to 900 °C or
1,700 °F) so that those atoms are broken down into lighter unstable substances,
which take off the vessel, and a permeable but difficult buildup that's generally
carbon and inorganic fiery debris. The sum of volatiles changes with the source
fabric, but is ordinarily 25-30% of it by weight. High temperature pyrolysis is
utilized on an mechanical scale to change over coal into coke. This can be
valuable in metallurgy, where the higher temperatures are vital for numerous
forms, such as steelmaking. Unstable by-products of this prepare are too
frequently valuable, counting benzene and pyridine. Coke can moreover be
delivered from the strong buildup cleared out from petroleum refining. The first
vascular structure of the wood and the pores made by getting away gasses
combine to create a light and permeable fabric. By beginning with a thick wood-like
fabric, such as nutshells or peach stones, one gets a frame of charcoal with
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especially fine pores (and thus a much bigger pore surface zone), called actuated
carbon, which is utilized as an adsorbent for a wide run of chemical substances.
Biochar is the buildup of fragmented natural pyrolysis, e.g., from cooking fires.
They are a key component of the terra preta soils related with antiquated innate
communities of the Amazon bowl. Terra preta is much looked for by neighborhood
agriculturists for its prevalent ripeness and capacity to advance and hold an
improved suite of advantageous microbiota, compared to the ordinary ruddy soil of
the locale. Endeavors are underway to reproduce these soils through biochar, the
strong buildup of pyrolysis of different materials, generally natural squanders.
Carbon fiber is fibers of carbon that can be utilized to form exceptionally solid
yarns and materials. Carbon fiber things are regularly produced by turning and
weaving the required thing from fiber of a appropriate polymer, and after that
pyrolyzing the fabric at a tall temperature (from 1,500-3,000 °C or 2,730-5,430
°F).The first carbon fibre was made from rayon, but polyacrylonitrile has become
the most common starting material. For their first workable electric lamps, Joseph
Wilson Swan and Thomas Edison used carbon filaments made by pyrolysis of
cotton yarns and bamboo splinters, respectively. Pyrolysis is the reaction used to
coat a preformed substrate with a layer of pyrolytic carbon. This is typically done in
a fluidized bed reactor heated to 1,000-2,000 °C or 1,830-3,630 °F. Pyrolytic
carbon coatings are used in many applications, including artificial heart valves. The
equations in Fig 1.7 are the complete reactions involved in transesterification

process (Marchetti, Miguel, & Errazu et al., 2007).

1.3 WASTE ENGINE OIL

Most of the waste engine oil biodiesel have the following properties:

e Converting discarded waste engine oil into fuel helps to solve a significant
waste engine oil problem. By recycling this waste engine oil, we reduce the
expected harmful environmental and sanitary connection between the waste

engine oil
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e Generating fuel from waste engine oil will work for the economy. Waste
engine oil to Fuel conversion plants make economic sense and may help
create economic growth. Individuals may begin seeing a squander item
being a potential cash creator, and this makes a difference alter
discernments. As an elective to littering, individuals will sort and reuse

squander motor oil.

e Turning waste engine oil into fuel fosters resource conservation. The task

helps avoid over-reliance on conventional fuels.

e By using waste engine oil to create fuel, plants can bring about reducing the
emissions of greenhouse gases. Waste engine oil uses minimize the
guantity of fossil fuel used to generate energy. Typically, waste engine oil to

fuel conversion plants also reuse the gases produced during pyrolysis.

e Waste engine oil to Fuel conversion plants can create a cleaner-burning fuel
mainly because waste engine oil as low sulfur content. The approach
supplies a win-win situation the place where a waste technique is recycled

to aid solve sulfur-related problems.

1.4 n-PENTONAL
n-pentonal is also known as amyl alcohol. It is an alcohol and combined with 5
carbon atoms. The molecular formula is (CsH120). The molecular weight of n-
pentonal is 88.1482.This n-pentonal is a colorless liquid, unstable liquid with a soft
to fairly strong odour. n-pentonal is mixed with common organic solvent and it is
also used as intermediate for chemical mixtures. It is used to manufacture for
paints, antioxidants, pesticides and pharmaceuticals. And 30 to 45% of n-pentonal
is mixed with biodiesel for the purpose of blends. It is used for safety in diesel
engines without any engine modifications. Mostly n-pentonal used internal
combustion engines for the reduction of CO, HC, NOx and smoke emissions. The
main drawback of n-pentonal to irritate the eyes, skin and respiratory tract. When
we devour the substance may cause vomiting and also aspiration pneumonitis. It
also effect of nervous system. Actually n-pentonal is stored under nitrogen. The
storage temperature is not above upto 40°C and moisture are eliminate. Under

these surroundings, storage, a storage firmness of 12months can be anticipated.
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1.5 ENGINE TESTING

The variable compression proportion could be a strategy to alter with regard to the
compression proportion of an IC engine while the motor is in working. This is often
done to be more prominent in fuel effectiveness with regard to shifting loads. VCR
motors perform over the cylinder at TDC to be adjusted. Best loads require foot
ratios to tall the control, whereas foot loads require more noteworthy proportions to
grow productivity, that's to lesser the fuel. For the Car segment as the motor is
working to the stack and operations. Exploratory examination has been carried out
on an stable ClI motor. This pintle round and hollow part gives rise to extra
turmoiled within the fly fuel and roses fuel puncture within the discuss within the
start compartment which helps predominant A/F blends. The maker supports
injector weight as 197.4 atm. The infusion portion is reliably cleansed, reviewed,
and redressed by the service-providers. The fuel infusion minute could be a 0.4-
radian wrench point earlier to TDC. The motor has an opening sort of start
compartment and over up sort valves worked by push pole. Two distinctive fuel

holders, one for mix and another for diesel, with a fuel controlling framework are
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utilized. The fuel utilization is measured by an optical sensor. The wind current
sensor is utilized to degree the discuss utilization. Torque is controlled by a
dynamometer known as an vortex current. By modification, the input to the
dynamometer the required loads and speediness of motor are accomplished. A
transducer known as piezoelectric is settled within the start compartment to watch
the start weight. A charged enhancer is utilized to attain the signals from the
transducer. The AVL five gas analyzer is worked to calculate the motor discharged

constituents like Oxides of nitrogen.

1.6 DEFINITION OF THE PROBLEM

There are various social, economic, environmental and technical issues with
biofuel production and use, which have been discussed in the popular media and
scientific journals. These incorporate: the impact of directing oil costs, the
"nourishment vs fuel" talk about, destitution decrease potential, carbon outflows
levels, maintainable biofuel generation, deforestation and soil disintegration,
misfortune of biodiversity, impact on water assets, the conceivable alterations
fundamental to run the motor on biofuel, as well as vitality adjust and productivity.
Fuel oil from squander motor oil has higher sulfur substance than typical diesel,
but no require as well stress almost this, since numerous businesses are prepared
with environment assurance gadgets to scrubber the smoke delivered within the
warming prepare.Besides, the other advantage of fuel oil from waste engine oil is
higher flash point. The flash point of fuel oil from waste engine oil is 67C, and
flash point of normal diesel is about 52[1C. Flash points mainly influence on the
fuel oil transportation, but it is already proved by our customers in different areas in
the world that the fuel oil transportation is not a problem. It concluded that not all
biofuels perform similarly in terms of their impact on climate, vitality security and
environments, and recommended that natural and social impacts have to be be

evaluated all through the complete life-cycle.
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1.7 OBJECTIVE OF THE STUDY

The objective of this study performs with three blends made up of PWEO, n-
pentonal and Diesel are used to compare the performance and emission
characteristics feature to that of pure diesel and PWEO. These approach deals
with the converting waste oil into biodiesel, as crude oil is major challenging
concern for us and our dependency for getting crudeoil from other countries is also
increasing day by day. For this purpose, the PWEO is extracted from the waste
engine oil by Pyrolysis Process to which Sodium Carbonate (NA2CO3), Zeolite,
lime(CaO) can be used as a catalyst. Later, the ternary blends were built by
retaining the Diesel percentage is the different percent constant by its volume,
following to the PWEO and n-Pentonal concentration was built by its diverse
volume as claimed by these ternary blends, those developed blends are (D65-
PWEO25-P20),(D55-PWEO35-P10),(D45-PWEO45-P10) were extracted towards
the analysis. These methods are usually found the sprinkle blending technique
was used to produce the blends since it is the most overused method apart from
being the least costly one. The blends were mixed completely without any

separation of layer by layer while testing the samples.

Further, the selection of our research continues to be Pyrolysis waste engine Oll
among those ternary blends with diesel to the analysis of Performance and
Emission Characteristics. Spearheading work in Europe and South Africa by
analysts such as Martin Mittelbach encouraged improvement of the biodiesel fuel
industry within the early 1990s, with the U.S. industry coming on more gradually,
due to lower costs for petroleum diesel. Pacific Biodiesel became one of the
primary biodiesel plants within the Joined together States in 1996, building up a
biodiesel generation operation to reuse utilized cooking oil into biodiesel on the
island Maui in Hawaii. The biodiesel industry got to be a family title within the U.S.
after the fear monger assaults brought about in verifiably tall oil costs and an
expanded mindfulness of vitality security. As of 2005, worldwide biodiesel
production had reached 1.1 billion gallons, with most fuel being produced in the
European Union, although biodiesel projects worldwide have been on the rise due

to rising unrefined oil costs and concerns over worldwide warming.
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From the experimental test, the following conclusion is drawn amongst the tested
fuel which was observed that the blend (D65-PWEO325-P10) shows better
performance amongst all other blends and therefore the Brake thermal efficiency
of that blend had noticed about 14.06% and 30.77% increases when compared

with pure diesel at full load.

Next to the comparison with pure diesel, NOx emission was found to 180ppm and
450ppm lower when the engine runs with (D65-PWEO25-P10) blends. The
pentonal was mixed along with the blends of PWEO and Diesel in different

proportions keeping the amount of diesel at different percent by volume.

17



CHAPTER 2
LITERATURE SURVEY

2.1 INTRODUCTION

The use of biodiesel and research an experiment on ternary blends made of n-
Pentonal, diesel and pyrolysis waste engine oil was conducted to compare the
emission, performance and combustion characteristics to that of pure diesel and
Pyrolysis waste engine oil. Within the show investigate work, all the ternary mixes
were arranged by keeping the diesel weight rate as 65%,55% 45% by volume, the
Pyrolysis squander motor oil and Pentonal concentrations were shifted by volume

and the created mixes were utilized for the comprehensive examination.

The brake thermal efficiency was observed to be significantly higher for the
Pentonal blends; especially for 1% Pentonal is closer to that of pure diesel at

elevated brake mean effective pressures.

Too, the brake particular fuel utilizations are watched to be lower than that of
immaculate CIME. Outflows such as hydrocarbon, smoke darkness and carbon

monoxide were found to be altogether lower than the diesel.

Be that as it may, the NOx and carbon dioxide outflows for liguor mixes remained
hardly higher compared to diesel. A noteworthy change within the combustion
characteristics such as the in-cylinder weights and were watched when compared
to immaculate biodiesel. Hence, from the comes about, it is suggested that the
15% of n-Pentonal mixes with advance ponder can reasonably be a potential

elective for unadulterated diesel.
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2.2 LITERATURE OF BIODIESEL

Venkatesan. S.P et.al. (2018) This ponder endeavors to recognize the ideal
dosing level of aqueous aluminum oxide nanofluid in diesel to move forward
combustion and motor execution additionally to overcome the motor emanation
issues particularly, the oxide of nitrogen, smoke, and the particulate matter. The
aqueous aluminium oxide (aluminium oxide nanoparticle aqueous 5 wt % sus-
pension) is used as a nanofluid. The dosing level of nanofluid is changed from 30
cc to 60 cc in steps of 10 cc for the execution think about. Fuel mix properties such
as calorific value, density, kinematic thickness, and streak point are decided
utilizing ASTM standard test strategies.Among all blends, the Dp50AN appeared a
most extreme enhancement of around 5.9% in brake warm proficiency (BTE) and
exceptional diminishment in NOx, smoke, HC, and CO as 15.6%, 22.34%, 31.82%,

and 13.79%, individually, at most extreme evaluated control yield.

Ananthakumar. S et.al. (2016)Directly plastics are major donors in strong
squander which has higher thermal energy. Squander plastics can be changed
over into interchange fuel by pyrolysis which can supplant diesel in compression
start motors. The display think about bargains with the execution, combustion and
outflow characteristics of variable compression proportion motor fueled with plastic
oil, diesel and its mixes with diethyl ether as an added substance. Three mixes 2.5,
7.5 and 12.5 % were tried in variable compression proportion motor. Squander
plastic oil mix, unadulterated plastic oil and diesel were considered for comparison.
This ponder uncovers that brake warm effectiveness increments for all the mixes
when compression proportion increments from 12 to 20. The particular fuel
utilization of the mixes and plastic oil were higher than the diesel. But the brake
warm efficiency for all the blends, plastic oil was comparatively lower than that of
diesel. The directed emanations of the variable compression proportion motor
beneath changing loads and compression proportion for distinctive mixes were
talked about.

Babu et.al. (2017) The point of this paper is to examine the combustion, execution
and emanation characteristics of diesel motor fuelled with biodiesel-diesel- n-

pentanol and biodiesel-diesel-n-hexanol mixes without motor adjustment. Based
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on the fuel characterization, B90-D5-P5, B85-D5-P10, B90-D5-H5 and B85-D5-
H10 were chosen for assist test examination. The most reduced brake particular
vitality utilization of 12.64 MJ/kWh was gotten for B90-D5-H5 mix at full stack
condition. The greatest brake warm effectiveness of 31.0% was gotten in B90-D5-
H5 mix. The B85-D5-H10 fuel incorporates a greatest warm discharge rate of
44.53 J/°CA. The most reduced carbon monoxide emanation of 0.74% vol was
obtained from B85-D5-P10. At 100% stack, slightest unburned hydrocarbons
outflow of 74 ppm was gotten in B85-D5-P10 mix. The most extreme nitric oxide
spread of 910 ppm was gotten in B85-D5-H10. Hence, this paper talks about the
reasonability of prescribing biodiesel-diesel-alcohol mixes to fulfill long-standing

time vitality requests of the world.

Kaimal et.al. (2016) An test examination was performed to survey the impacts
utilizing diethyl ether added substance in a diesel motor fuelled with squander
plastic oil. The varieties within the execution, combustion and emanation
characteristics of the motor utilizing plastic oil and its 5%, 10% and 15% mixes with
DEE were inspected and compared with reference fuel. The test comes about
appear that the brake warm effectiveness increments with expanding rate of DEE
within the mixes additionally BSEC decreased significantly whereas utilizing mixed
powers. The combustion was postponed for DEE mixes when compared to
flawless plastic oil and diesel. A extreme decrease within the levels of smoke and
NOX was noted for mixes at greatest brake control. There was an advancement
within the CO outflows whereas working with PO-DEE mixes, in any case the UHC
emanations were marginally higher. PD15 appeared superior execution and

combustion characteristics with cleaner emanations.

Venkatesan. S.P et.al (2019) The new fuel mix as a green fuel by blending watery
zinc oxide nanofluid with diesel to progress diesel motor combustion and execution
is the point of this ponder. Changing the nanofluid dosing level in diesel from 30 cc
to 60 cc, four mixes are arranged and their properties are measured. Engine
performance tests are conducted with the blends and the best blend is identified as
D + 50ZN. The enthusiastic nanoparticles show within the watery nanofluid have

huge surface range per unit volume, it shows tall catalytic action with hydrocarbon
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causing oxidation of hydro- carbon additionally miniaturized scale blast marvels of
watery nanofluid mix. Subsequently, the fuel is totally burnt amid the combustion
period. Among all blends, The D + 50ZN showed a maximum improvement of
about 5.38% in brake thermal efficiency and remarkable reduction in NOX, smoke,
HC, and CO is observed as 12.97%, 22.08%, 24.54%, and 10.34%, individually at

most extreme appraised control yield.

Senthilkumar. P et.al. (2016) Fast requesting of routine fossil fills, expanding
costs and natural issues is the major issues for a substitute fuel. In this show think
about, the squander plastic oil blended with 10% vol and 20% vol of Jatropha
methyl ester (JME) oil utilized as fuel for the DI diesel motor and the combustion,
execution and outflow characteristics were examined. The test comes about
shown that the brake warm efficiencies of squander plastic oil-JME mixes at full
stack conditions are higher as compared to that of squander plastic oil. BTE
expanded by approximately 2.24% with PJ20 operation at full stack compared to
squander plastic oil. The CO and HC outflows were diminished with increment in
rate of JME in squander plastic oil mixes. HC and CO emanations for PJ20
operation are around 11 ppm and 0.13% lower than squander plastic oil at full
stack individually. The NOx outflow was somewhat expanded with increment in
rate of JME in squander plastic oils. The NOx outflow was somewhat expanded
with increment in rate of JME in squander plastic oils. NOx emanation is 20 ppm
higher for PJ20 operation than squander plastic oil. Smoke outflow diminished by

approximately 11.4% within the case of PJ20 compared to squander plastic oil.

Ramesh. A et.al. (2019) an experiment on ternary mixes made of n-hexanol,
diesel and Calophylluminophyllum methyl ester was conducted to compare the
emanation, execution and combustion characteristics to that of unadulterated
dieseland Calophylluminophyllum methyl ester.Within the display inquire about
work, all the ternary mixes were arranged by keeping the diesel weight rate as a
consistent at 50% by volume, the Calophylluminophyllum methyl ester and
hexanol concentrations were shifted by volume and the created mixes were
utilized for the comprehensive investigation. The brake warm proficiency was
watched to be essentially higher for the hexanol mixes; particularly for 40%

hexanol is closer to that of unadulterated diesel at hoisted brake cruel successful
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weights. Outflows such as hydrocarbon, smoke murkiness and carbon monoxide
were found to be altogether lower than the diesel. Be that as it may, the NOx and
carbon dioxide emanations for liquor mixes remained imperceptibly higher
compared to diesel. Therefore, from the results, it is suggested that the 30% and
40% of n-hexanol mixes with encourage think about can reasonably be a potential

elective for immaculate diesel.

Damodharan. D et.al. (2018) Urban arranging and advancement may be a
conclusive figure that increments the car numbers which leads to expanded vitality
request over the globe. In arrange to meet the heightening prerequisites of vitality,
it is vital to discover practical choices. Waste plastic oil (WPO) is one such elective
which has double benefits because it diminishes the natural contamination caused
by plastic squander and it might conceivably meet the vitality necessity along side
fossil powers. The study attempted to reduce emissions from a DI diesel engine
with WPO using 30% by volume of n-pentanol with fossil diesel (WPO70P30).
Smoke density for (WPO70P30) was found to be twice lower than that of neat
WPO at standard injection timing of 23°CA BTDC at any given EGR rate,
(WPO70P30)appeared most reduced smoke and carbon monoxide outflows than
diesel and WPO whereas conveying BTE'’s higher than WPO and closer to diesel
at all EGR and infusion timings. In any case, NOx and HC emanations expanded
with n-pentanol expansion. It was concluded (WPO70P30) can be utilized in a DI
diesel motor at the motors progressed infusion timing for superior execution than

diesel with a slight punishment in NOx out flows.

Venkatesan. S.P et.al. (2019) A Thermodynamic examinations are performed on
diesel motor with diverse sorts of nano fluid mix operations. Three best blends, i.e.,
D + 50ZN, D + 50AN, D + 50CN are chosen for exergy analysis. The impacts of
nanofluid on diesel are inspected from the moment law point of view. Accessibility
conditions are connected to both diesel and nanofluid mix modes at changing
motor loads, and exergy terms such as brake work accessibility, debilitate gas
accessibility, cooling water accessibility, and irreversibility are calculated and
compared. There is an increase in exergy efficiency with an increase in load for all

fuel blends tested. The nanofluid blend operations are favoured thermodynamically
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at all loads. For diesel at full load, 26.88% of the fuel exergy is converted to brake
power. At same load, nanofluid blend modes have resulted higher exergy
efficiency of 28.22, 28.78, 29.16% for D + 50ZN, D + 50AN, D + 50CN,
respectively, due to the higher brake work availability and decreased destruction
availability.

Yilmaz, N., and A. Atmanli. (2017)Alcohols are viable options for utilize in diesel
motors. Higher alcohols, as constrained to lower-chain alcohols (methanol and
ethanol) have a promising future for diesel motors. 1-Pentanol, a higher-chain
liquor, has superior fuel characteristics and can be made of biomass. The point of
the show ponder was to assess the motor execution and debilitate outflow
characteristics of a diesel motor with diesel-1-pentanol mixes. For exploratory
utilize, fuel mixes were arranged by including 1-pentanol (5%, 10%, 20%, 25% and
35% by volume) into diesel to realize mixes of D95Pen5, D90Pen10, D80Pen20,
D75Pen25 and D65Pen35.In arrange to decide motor characteristics, motor tests
were performed at four motor loads (0, 1.5, 2.25 and 3 kW) with a steady motor
speed (2000 rpm). The expansion of l-pentanol to diesel diminished lower
warming esteem and cetane number (CN) of the mixes. The higher idle warm of
dissipation of 1-pentanol caused a cooling impact in-cylinder, decrease in
combustion effectiveness and increment in carbon monoxide (CO) and
hydrocarbon (HC) emanations. Too, the expansion of 1-pentanol to diesel had a
noteworthy affect on the increment of oxides of nitrogen (NOx) emanations.
However, the D95Pen5 blend does. Hold potential as a promising candidate for
diminishing deplete gas temperature, CO and NOx emanations, but at the cost of

expanding HC emissions.

Rajesh Kumar, B., and S. Saravanan. (2016)This ponder endeavors to attain
concurrent lessening of smoke, hindered infusion timing and diesel fuel
reformulation (with moo cetane number alcohols) to empower a somewhat
premixed low temperature combustion (LTC) mode in DI diesel engine. Two higher
alcohol/diesel mixes, B40 (40% iso-butanol-60% diesel) and P40 (40% n-
pentanol-60% diesel) mixes were arranged and tried beneath the combination of
three EGR rates (10%, 20% and 30%) and two infusion timings (23° and 21° CA
BTDC) at tall loads and consistent motor speed. Two higher alcohol/diesel mixes,
B40 (40% iso-butanol-60% diesel) and P40 (40% n-pentanol-60% diesel) mixes
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were arranged and tried beneath the combination of three EGR rates (10%, 20%
and 30%) and two infusion timings (23° and 21° CA BTDC) at tall loads and
consistent motor speed. Comes about show that B40 gives a longer start delay,
higher top weight and higher premixed warm discharge rate than P40. B40 has
predominant EGR resilience and superior impact on NOx-smoke trade-off when
compared to P40. The combination of moo EGR, late infusion and higher
alcohol/diesel mixes can accomplish somewhat premixed LTC and diminish smoke

and NOx emanations at the same time.

Paul Daniel, M., K. B. Kareddula Vijaya (2017)The objective of this investigate
was to think about the execution and outflow characteristics of utilizing squander
plastic pyrolysis oil in diesel motor without any motor alteration. The motor utilized
in this think about could be a four-stroke single-cylinder naturally suctioned diesel
motor (compression start). Within the display work, the engine fuelled with mixes of
diesel fuel (DF) with plastic oil within the proportion of 90:10 (blend10%), 80:20
(blend20%), 70:30 (blend30%), and 50:50 (blend50%) are tentatively measured
the efficiencies and emanations, dissected the execution, and compared comes
about with that of DF.

Mani, M., and G. Nagarajan. (2009)Environmental concern and accessibility of
petroleum fills have caused interface within the explore for interchange fills for
inside combustion engines. Squander plastics are vital materials within the present
day world and application within the mechanical field is persistently expanding. In
this setting, squander plastics are right now getting recharged intrigued. As an
elective, non-biodegradable, and renewable fuel, squander plastic oil is getting
expanding consideration. The squander plastic oil was compared with the
petroleum items and found that it can moreover be utilized as fuel in compression
start motors. Tests were Performed at four injection timings (23°,20°,17° and 14°
BTDC).When compared to the standard infusion timing of 23° BTDC the impeded
infusion timing of 14° BTDC brought about in diminished oxides of nitrogen, carbon
monoxide and unburned hydrocarbon whereas the brake thermal efficiency,

carbon dioxide and smoke increased under all the test conditions.
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Khalife, E., et.al. (2017) Consumption of fossil fuel assets and rigid outflow orders
has impelled the explore for improved diesel motors execution and cleaner
combustion. One of the leading approaches to unravel these issues is to utilize
biodiesel/diesel added substances. The impacts of each category on the motor
execution (i.e., brake particular fuel utilization (BSFC) and brake warm productivity
(BTE)) and emanations (i.e., CO, NOx, HC, and PM) were only summarized and
discussed. Moreover, different procedures utilized for including water like water-
diesel emulsion, coordinate water infusion, and including water into the gulf
complex were outlined and their aces and cons were totally scrutinized. At last,
openings and impediments of each added substance considering both motor
execution and combustion kindness were sketched out to direct future investigate

and advancement within the space.

Ghadikolaei, M. A., et al. (2018) This experimental study is conducted to
investigate the combustion, performance and emissions of a diesel engine with
different alternative fuels under five engine loads and at an engine speed of
1800 rpm. Seven powers, counting diesel (D), squander cooking oil biodiesel (B),
methanol (M), ethanol (E), 2-propanol (Pr), n-butanol (Bu) and n-pentanol (Pe))
were utilized to deliver six mixed fills, named as DB, DBM, DBE, DBPr, DBBu and
DBPe. Each mixed fuel has the same oxygen substance of 5.0% and exceptionally
near carbon and hydrogen substance and LHV.

Emiroglu, A. O., and $. Mehmet. (2018) The results showed that the ignition
delay of the alcohol blends is longer than D100 due to the low cetane number of
the alcohol fuels.Their peak barrel weights are higher compared to the diesel fuel
for all motor loads. In expansion, the greatest warm discharge rates of the liquor
mixes are higher than diesel fuel due to the longer start delay and over the top
oxygen substance of alcohols. D100 has the most reduced brake particular fuel
utilization and the most noteworthy brake warm effectiveness compared to liquor
mixes for all motor loads since of the higher warming esteem. B10, E10, and M10
take after D100 separately in agreement with the warming values of the powers.
Moreover, liquor causes a slight increment in nitrogen oxides (NOx) emanations
whereas causing a lessening in smoke and carbon monoxide (CO) outflows.

Demirbas (2004) This paper portrays non-catalytic pyrolysis of plastic squander
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materials. Three sorts of squander plastics were utilized in this consider:
polystyrene (PS), polyethylene (PE) and polypropylene (PP). Beneath pyrolysis
conditions, plastic squanders can be deteriorated into three divisions: gas, fluid
and strong buildup. The fluid items are ordinarily composed of higher bubbling
point hydrocarbons. In arrange to get valuable gasoline-range hydrocarbons from
the pyrolytic oil, fragmentary refining is favored for item division. More profitable
chemical crude materials counting benzene, toluene and other condensed fragrant
hydrocarbons may be gotten by refining the pyrolytic oil. The comes about
appeared that squander PS yielded higher fluid, and squander PE and PP yielded
higher vaporous items. The overwhelming pyrolytic fluid item of PS squander was

styrene.

Devarajan, Y., et.al. (2018) Biodiesels from the mustard oil promise to be an
alternative to the conventional diesel fuel due to their similarity in properties. N-
Octanol is dispersed to neat Mustard oil biodiesel in the form of emulsions at
different dosage levels of 10, 20 and 30% by volume. Three emulsion fuels
prepared for engine testing constitutes of 90% of biodiesel and 10% of n-Octanol
(M90010), 80% of biodiesel and 20% of n-Octanol (M80020) and 70% of
biodiesel and 30% of n-Octanol (M70030) by volume respectively. Exploratory
comes about appear that expansion of n-octanol encompasses a positive impact
on execution, combustion and outflow characteristics owing to its inbuilt oxygen
substance. N-octanol was found to be the way better oxidizing catalyst because it

was more viable in decreasing HC and CO emanation.
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CHAPTER 3

AIM AND SCOPE OF THE PROJECT

3.1 AIM

Biodiesel, which is an alternative fuel, which plays an important role in the
reduction of particulate matter suspended into the atmosphere in our present work.
An experiment on ternary blends made up of Pyrolysis Waste Engine Oil (PWEOQO),
n-Pentonal and Diesel are used to compare the performance and emission
characteristics to that of pure diesel and PWEO. The main aim of this project deals

with solving the two major issues:

1) Waste engine oil management, which is the challenge for industries across the

world.

2) Reduction of diesel dependency.

3.2 SCOPE

This project shows some light on the possibility of manufacturing liquid fuels
whichcouldbeusedasfeedstockrefineryforfurthermodification.Byusingthistechnology
we could solve the waste engine oil problem and also significantly reduce the
landfills-which are the cause of infertility of Agriculture land. Biodiesel also solves
sustainability issues which causes an environment imbalance as it is an good

alternative renewable fuel.
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CHAPTER 4

MATERIALS AND EQUIPMENTAL METHODS

4.1 MATERIALS
For the preparation of the those blends diesel, Pyrolysis waste engine oil, n -

Pentonal, beaker, stirrer are required for this current work.
The work has been classified into following stages:

e Preparation of waste engine oil using pyrolysis process.
e Preparation of(1) D65-PWEO25-P20 (2) D55-PWEO35-1030(3) D45-PWEO45-
P10blends.

e Checking of physical properties for those blends.

e Engine testing analysis

4.2 BIODIESELPRODUCTION FROMWASTE ENGINEOIL

This study is to extract bio diesel from scrap lubrication engine oil by the process
of pyrolysis refining (or) distillation. Testing of this bio fuel is carried out in internal
combustion engine. In this process waste oil is collected and it is purified from
contaminates like carbon black, dirt, metal granule, some gum like substance and
various impurities will be refined in this process of purification. To obtain good
results we need some additives like Calcium oxide (Cao) Sodium Carbonate
(NaCO3) to know Viscosity, Flash Point, Density, Calorific value, Sulphur content,
distillation temperature. These refined samples of oil are mixed a part with the
additives of mass basis from 2%, 4%, 6%, 8%, and 10%. These blended specimen
are exposed to pyrolysis distillation method to obtain fuels to be used in diesel
engines. In this process to convert waste engine oil to biodiesel by the pyrolysis

distillation method to add some catalyst in the process.
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4.3 BLENDS PREPARATION

B1l= D65PEO25P10 — Diesel (65%)+PEO (25%)+Pentonal (10%) by volume

B2=D55PEO35P10 — Diesel (55%)+PEO (35%)+Pentonal (10%) by volume

B3=D45PEO45P10 — Diesel (55%)+PEO (45%)+Pentonal (10%) by volume

All blends made were stable, and no separation in the stages was seen while testing
the samples and finally engine analysis Has been done by pouring required amount

of blend into the engine.

S4MP Al QUAD CAMERA

Shot by Raghu =

Fig: 4.1: Ternary Blend
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Control Waste oil tank
panel

Fig: 4.2: Pyrolysis Of Waste Engine Oil

Pyrolysis is the process in which waste engine oil is rapidly heated to 450-500°C
in the furnace by adding an additive such as Sodium Carbonate(Na2CO3) zeolite,
and lime(CaO) to speed up the process so that the waste engine oil is in Liquid-
state is converted into Gaseous state. The obtained gas is allowed to pass into the
condenser so that the gas is allowed to cool to get the waste engine oil and that ol
is collected in the tin, the complete process takes place around 2-3days to extract
oil. The word pyrolysis is predicted from the Greek words "pyro" which meant to
fire and "lysis" which means separating a material. It is an uncomplicated, cheap
technology for processing wide diversities of stockpiles. It decreases the wastes
going to landfills and greenhouse gas effects and it reduces the risk of water
pollution. This researchmakes use of biodiesel obtained from WEO along with n-
Pentonal as an additive to the diesel-blend. Based on the less demand for
availability of the materials was acquired, and the needed mixtures were made. A

suitable methodology wasapproved for testing the blends for further research.
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4.4.

PHYSICOCHEMICAL PROPERTIES OF BLENDS

Table 4.1: Physical and Chemical Properties of Blends

Properties Diesel |D65PWEO25P10| D55PWEO35P10 | DA5PWEO45P10
Density (g/cc) 0.824 0.801 0.794 0.742
Kinematic
Viscosity @ 2.426 0.78 0.720 0.812
40°C
Calorific Value
45273.35 43797.6 42899.28 37517.066
(kJ/kg)
Flash point by
PMCC 55 51 51 52
METHOD

4.5 EXPERIMENTAL EQUIPMENT AND METHOD

4.4.1 Engine Setup

Variable compression proportion may be a innovation to alter the compression
proportion of an inner combustion engine while the motor is in operation. This is
often done to extend fuel productivity whereas beneath changing loads. Variable
compression motors allow the volume over the cylinder at best dead centre to be
changed. Higher loads require lower proportions to extend control, whereas lower
loads require higher proportions to extend productivity, i.e. to lower fuel utilization.
For car utilize this should be done as the motor is running in reaction to the stack

and driving requests.

The 2019 Infiniti QX50 is the primary commercially accessible vehicle that
employments a variable compression proportion motor. Gasoline motors have a
constrain on the most extreme weight amid the compression stroke, after which
the fuel/air blend detonates instead of burns. To realize higher control yields at the
same speed, more fuel must be burned and so more discuss is required. To
realize this, turbochargers or superchargers are utilized to extend the gulf weight.

This would result in explosion of the fuel/air blend unless the compression
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proportion was diminished, i.e. the volume over the cylinder made more

noteworthy.

This could be done to a more noteworthy or lesser degree with gigantic increments
in control being possible. The down side of this can be that beneath light stacking,
the engine can need control and torque. The arrangement is to be able to differ the
channel weight and alter the compression proportion to suit. This gives the leading
of both universes, a little proficient motor able of great power on request. In
expansion, VCR permits free utilize of distinctive powers other than petrol e.g. LPG
or ethanol. Barrel relocation is changed by employing a water powered framework
associated to the wrench shaft, and balanced agreeing to the stack and speeding

up required.

4.4.2 Setup Features

CR changing without ceasing the engine

No change in Combustion chamber geometry

e Arrangement for duel fuel test

e PV plots, execution plots and arranged results

e Online estimations and execution analysis

e Data logging, altering, printing and send out, Configurable graphs
e |IP, IMEP, FP indication

e Combustion analysis

4.4.3 Technical Specifications

e Product: VCR Motor test setup 1 barrel, 4 stroke, Diesel (Com.)

e Product code: 234, 234H*

e Engine: Make Kirloskar, Sort 1 barrel, 4 stroke Diesel, water cooled.

e Power3.5kW at 1500rpm, stroke 110mm, bore 87.5mm, 661cc.

e CR17.5, Adjusted to VCR motor CR 12 to 18, Item 234H:Type Hydraulic.

e Dynamometer: Item 234: Sort vortex current, water cooled.
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Propeller shaft: With all inclusive joints

Air box: M S manufactured with opening meter and manometer
Fuel tank: Capacity 15 lit with glass fuel metering column
Calorimeter: Sort Pipe in pipe

Piezo sensor: Run 5000 PSI, with moo commotion cable

Crank point sensor: Determination 1 Degree, Speed 5500 RPM with TDC
pulse.

Data securing gadget: NI USB-6210, 16-bit, 250kS/s.

Load marker: Advanced, Run 0-50 Kg, Supply 230VAC

Load sensor: Stack cell, sort strain gage, run 0-50 Kg

Fuel stream transmitter: DP transmitter, Extend 0-500 mm WC
Air stream transmitter: Weight transmitter, Extend (-) 250 mm WC
Software: "Enginesoft LV" Motor execution examination software
Rotameter: Motor cooling 40-400 LPH; Calorimeter 25-250 LPH
Pump: Sort Monoblock

Overall measurements: W 2000 x D 2500 x H 1500 mm

Fig: 4.3: The Layout of the Engine Test Bench
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Table 4.2: Engine Details

Cooling Water-Cooled Engine
Model Kirloskar TV1

No. of Cylinders 1

Rated Speed (rpm) 1500

Power 3.50kW

Power rating 4.7 hp.

Cylinder Bore 87.50mm

Stroke Length 110.00mm
Connecting Rod Length 234mm

Compression Ratio 18.00

Swept Volume 661.45cc

Overall Dimensions 2000 X 2500 X 1500 (Length X Width X Height)

Combustion parameters of engine

The combustion parameters of the engine are mentioned in Table 4.3

Table 4.3: Combustion Parameters of engineS

The Specific Gas Constant (kJ/kgK) 1.00
Air density (kg/m”3) 1.17
Adiabatic Index 1.41
Polytrophic Index 1.33
Cycles 10
Cylinder Pressure Reference 6
Smoothing 2
TDC Reference 16
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Performance parameters of engine

The performance parameters of the engine are mentioned in Table 4.4.

Table 4.4: Performance Parameters of engine

Orifice Diameter (mm) 20.00
Orifice Coefficient of Discharge 0.60
Dynamometer Arm Length (mm) 185
Fuel Pipe (mm) 12.40
Ambient Temperature (°C) 27
Pulses Per Revolution 360

The engine setup consists of a single-cylinder four-stroke diesel engine which is

connected to the following components:

o Hydraulic dynamometer (Load)
J Panel box

o Air box

o Fuel tank

o Manometer

o Fuel measuring unit

. Digital speed indicator

o Temperature indicator

The above-mentioned components are the major parts that are necessary for the
working of the test rig. The eight major components present serves various use in
the different operations conducted in the test rig. Proper maintenance of these
components in this engine test setup is necessary for the efficient working of the

system.
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The variable compression proportion could be a strategy to adjust with regard to
the compression proportion of an IC engine while the motor is in working. Typically
done to be more prominent in fuel productivity with regard to changing loads. VCR
motors perform over the cylinder at TDC to be adjusted. Beat loads require foot
ratios to tall the control, whereas foot loads require more prominent proportions to
extend proficiency that's to lesser the fuel. For the Car division as the motor is
working to the stack and operations. Test investigation has been carried out on an
stationary ClI motor. This pintle round and hollow portion gives rise to extra
turmoiled within the fly fuel and roses fuel pierce within the discuss within the start
compartment which helps predominant A/F blends. The maker supports injector
weight as 197.4 atm. The infusion portion is reliably cleansed, reviewed, and
rectified by the service-providers. The fuel infusion minute could be a 0.4-radian
wrench point earlier to TDC. The engine has an unlocking type of ignition
compartment and above up type valves functioned by shove rod. Two distinctive
fuel holders, one for mix and another for diesel, with a fuel controlling framework
are utilized. The fuel utilization is measured by an optical sensor. The wind stream
sensor is utilized to degree the discuss utilization. Torque is controlled by a
dynamometer known as an whirlpool current. By change, the input to the
dynamometer the required loads and speediness of motor are accomplished. A
transducer known as piezoelectric is fixed in the ignition compartment to observe

the ignition pressure.

Fig: 4.4. AVL Smoke and Gas Analyzer Meter
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The above-mentioned components are the major parts that are necessary for the
working of the test rig. The eight major components present serves various use in
the different operations conducted in the test rig. Proper maintenance of these
components in this engine test setup is necessary for the efficient working of the

system.

A charged intensifier is utilized to attain the signals from the transducer. The AVL
five gas analyzer is worked to calculate the motor discharged constituents like
Oxides of nitrogen, Hydro-carbon, Carbon-monoxide, Carbon-dioxide, and

Oxygen. Smoke murkiness is additionally anticipated by AVL smoke gage.

The AVL Smoke Meter employments the channel paper strategy to decide channel
smoke number (FSN characterized concurring to ISO 10054) and sediment
concentration in mg/m3. The variable examining volume and warm conditioning of
the debilitate gas guarantees an greatly tall reproducibility and a wide extend of

applications.

The most ranges of application are combustion optimization on model motors, and
outflow observing up to the begin of arrangement generation and from that point.
In expansion, the instrument can perform sediment or dark carbon mass
concentration estimations in crude debilitate gas (e.g. upstream of a DPF) in line
with ISO 8178-3 benchmarks. With its simple integration into an robotization
framework and inaccessible support alternatives, the AVL Smoke Meter decreases

working costs, benefit times and preparing periods.

The AVL Smoke Meter incorporates a shop air purge alternative. It permits you to
cleanse the whole gas way with shop discuss from the inlet to the estimation
square, back to the inspecting test. It offers the next pressure compared to
cleansing with the diaphragm pump. This has the key advantage of lessening
particulate deposits within the gadget as well as within the test lines. In this
manner, cleansing with compressed discuss guarantees a better reproducibility of

measured values and decreases hang-up impacts.
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SL. |LOA |BREAK THERMAL | BREAK SPECIFIC FUEL | MECHANICAL
NO |D EFFICIENCY CONSUMPTION (kg/kw) | EFFICIENCY
(kg) | (%) (%)
Dies | Sam- | Sam | Sam- | Die | Sam | Sam- | Sam-|Di |Sa |Sam |Sam
el 1 -2 3 -1 2 3 m -2 -3
1
0 0 0 0 0 0 0 0 0
0 0 0
2 41
3 15.05 | 14.14 | 13.17 | 14.06 | 0.65 | 0.62 0.6 0.6 |.8 41 | 40 41
4 5
3
6 22.17 | 22.11 | 20.40| 22.01 |041| 039 | 0.38 | 0.38 |60| 59 | 58 58
4 68
9 27.85 | 27.36 | 25.24 | 27.22 | 0.32| 0.31 | 031 | 0.31 | .8 68 | 67.7 68
8
5
12 | 31.05 | 30.94 | 28.46 | 30.77 | 0.30 | 0.28 | 0.27 | 0.27 |74| 739 | 73.9 73
4
5

Table 4.5 Performance Parameters of Ternary blends
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Some specifications of the smoke meter given below:

Load Diesel D65PWEO25P10 D55PWEO35P10 D45PWEO45P10
NOx |[CO |H |CO2 [NOx |[CO |H |CO2 |[NOx |[CO |H |[CO2 |[NO |CO |HC | CO2
C C C X
0 140 |0.05 |27 | 153|131 |0.05|15 |1.05 137 |0.06 |13 |{1.65|139|0.0 |14 (1.0
4 9
3 268 [0.38 |33 |3.27 | 240 | 0.06 |26 | 2.08 | 244 |0.03 |24 |2.82|255|0.0 |24 |29
3 6
6 555 |0.03 |33 |4.81 370 |0.04 (28 |3.32 |375 |0.02 |27 |3.75|381|0.0 |25 |3.9
2 2
9 897 |0.03 |37 |64 |477 |0.04 |31 [4.45 481 |0.04 |29 (455|471 |0.0 |28 |4.8
3 5
12 1125 [ 0.06 |51 |9.01 |514 |0.12 |34 [6.35 |533 |0.10 {31 |6.05|585|0.0 |30 |6.1
9 5
Table 4.6: Emission Parameters
Table 4.7: Crank Angle Encoder
Supply 24V DC (Regulated + 15%)
Output 0-8v
Resolution 2048 Steps (11-Bit)

Max Loop Resistance

500 ©

Body Machined Aluminum body with anodized finish
Shatft Stainless steel (SS-304) of 10mm dia x 22mm Length
Mounting Servo/Face is mounted with 3 screws of the M4, 120

degrees apart on a PCD of 50,60mm dia
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CHAPTER 5

RESULTS AND DISCUSSION

5.1 INTRODUCTION

This research focused on utilizing the Waste engine Oil (WEO) effectively in a
light-duty direct injection (DI) diesel engine that is predominantly used in the Indian
agricultural sector. This approach is critical from the environ- mental perspective as
it provides a solution to two major issues: (1) waste engine oil , which is a
challenge for industries across the world and (2) reduction of diesel dependency
using fuel derived from waste engine oil as an alternative fuel for diesel engines.
For this purpose, PWEO was extracted from mixed waste engine oil viacatalytic
pyrolysis in a lab- scale extraction unit. Later, the effects of oxygenated, renewable
n-Pentonal addition with baseline diesel and PWEO were investigated. Three
ternary blends were prepared by splash blending n-Pentonal with PWEO and
diesel: (1) D65-PWEO025-P10, (2) D55-PWEO35-P10, and (3) D45-PWEO45-
P10. The performance and tailpipe emission characteristics of DI diesel engine
when fueled with these ternary blends were then analyzed in comparison with both
neat PWEO and diesel operation. Results indicated that D65-PWEO25-P10

presented lower NOx and smoke emissions with 20% against diesel.

Brake thermal efficiency (BTE) was found to deteriorate with increasing n-Pentonal
fraction to the blend. D65-PWEO25-P10 presented the lowest BTE among the
blends, but it showed 1% decreased BTE when compared to diesel. Reformulation
of PWEO with n-Pentonal derived from biomass feedstock presents an attractive

opportunity to utilize both a recycled and a renewable fuel in diesel engines.
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5.2 ENGINE TESTING ANALYSIS
5.2.1 Performance Characteristics

5.2.1.1 Brake Thermal Efficiency

The below Figure 5.1 depicts the variation of BTE with respect to ternary blends at
different load circumstances against baseline diesel. From low load to full load,
BTE varies from (15-31%) for diesel, (14.06-30.77%) for D65-PWEO25-P20,
(13.17-28.45%) for D55-PWEO35-P30, and (14-30.05%) for D45-PWEO45-P10,
respectively. The BTE of the test engine increased with the load for all the test
fuels because more fuel is inserted in the interior part of the cylinder as a load
summit leading to more enunciate ignition which releases a huge amount of heat
results in greatest of BTE. Inclusion with the ternary blends, D65-PWEO25-P10
shows better BTE percentage.

w
(&)
|

w
o
|

N
(&)
|

N
(@)
|

=1
(&)
|

—m— diesel
& D65PWEO25P10

BREAK THERMAL EFFICIENCY (%)

10 A A— D55PWEOQO35P10
v D45PWEQO45P10
5 -
0 -
T T T T ) ) :
0 2 4 6 8 10 12
load(kg)

Fig: 5.1: Brake Thermal Efficiency
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5.2.1.2 Specific Fuel Consumption

Figure 5.2 presents the variation of brake-specific fuel consumption with respect to
ternary blends at different load circumstances. From low load to full load, brake-
specific fuel consumption varies from (0.065-0.3kg/kW-hr) for diesel, (0.609-0.278
kg/kW-hr) for D65-PWEO25-P20, (0.6-0.275kg/kW-hr) for D55-PWEO35-P10, and
(0.605-0.277 kg/kW-hr) for D45-PWEOA45-P10, respectively. Fig. 5.2 clearly
displays that as load increases, there seen a decrease in brake-specific fuel
consumption for all test fuels. It was observed that increasing n-pentonal fraction in
the blend had certainly decreased the cetane number which prolongs the ignition
delay period causing more fuel to take part in combustion fuel to produce the

equivalent brake power output.

©
~
|

0.6 -
—m— diesel
— e D65PWEO25P10
0.5+ —A— D55PWEQ35P10
v D45PWEQ45P10

o
»
1

0.3 . .
.

02 T T T I I
2 4 6 8 10 12

BREAK SPECIFIC FUEL CONSUMPTION(kg/kW-hr)

load(kg)

Fig: 5.2: Brake Specific Fuel Consumption
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5.2.1.3 MECHANICAL EFFICIENCY

Figure 5.3 presents the variation of Mechanical Efficiency for ternary blends at
different load circumstances. From low load to full load Mechanical Efficiency
varies from 41.85 to 74.05 kg/kwWh for D65PWEO25P10, 40 to 73.25 kg/kWh for
D55PWEO35P10, and 40 to 73.21 kg/kWh for DA5PWEO45P10, respectively.

Figure 5.3 displays that as load increases, there seen a decrease in Mechanical
Efficiency for all test fuels. It was observed the fuel is inserted in the part of the
cylinder as a load summit leading to more enunciate ignition which release a huge
amount of heat results in greater of mechanical efficiency. Inclusion with ternary

blends, D65PWEO25P10 shows better mechanical efficiency percentage.
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Fig: 5.3: MECHANICAL EFFICIENCY
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5.2.2 Emission Characteristics

5.2.2.1 NOx Emission

The NOx formation is generally reliant on the internal temperature of the cylinder,
the oxygen centralization, and the gas domiciles the time it takes for the reaction to
take place. The NOx emission for ternary blends with respect to engine load is
illustrated in Fig. 5.4. The NOx emission from inferior to top load varies from (195-
1180 PPM) for diesel, (180-450 PPM) for D65-PWEO25-P10, (190-470 PPM) for
D55-PWEQO35-P10, and (185-480 PPM) for D45-PWEO45-P10, respectively. It
was observed for diverse loads that the blend with lesser n-Pentonal percentage
D65-PWEO25-P10 shows less NOX compared with other blends against pure

diesel.
1200 [ DIESEL
1 I D45PWE045P10
i [ D55PWEO35P10
1000 [ D65PWEO25P10
< 800
o
28
> 600 -
O
2
400 -
200 1
o

LOAD(kg)

Fig: 5.4: NOx Emission against Various Load
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5.2.2.2 Carbon monoxide emission

Carbon monoxide emission for ternary blends according to engine load is illustrated
in Fig. 5.5. CO emission from inferior to top load varies from (0.057-0.06 %) for
diesel, (0.04-0.12 %) for D65-PWEO25-P10, (0.06-0.11%) for D55-PWEO35-P10
and (0.04-0.95 %) for D45-PWEQO45-P10, respectively. This may be due to sweet-
smell present in the PWEO which worsen the normal ignition process leading H20
shows a little lesser percentage when compared with diesel to increased CO
emission. Among the ternary blends the blend D65-PWEO25-P10 shows a little
lesser percentage when compared with diesel.

0.12 - [ ] D65PWEO25P10
[ D55PWEO35P10
[ D45PWE0O45P10
0.10 4 [ |DIESEL

0 3 6 9 12
LOAD (kg)

Fig: 5.5: Carbon monoxide Emissions at Varying Loads
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5.2.2.3 Hydrocarbon emissions

HC emission can be taken as a quantification of ignition quality. HC emission for
ternary blends according to engine load is provided in Fig. 5.6 HC from inferior to
top load varies from (27-52 ppm)for diesel, (30-62 ppm) for D65-PWEQO25-
P10,(36-65 ppm) for D55-PWEO35-P10, and (38-70 ppm) for DA45-
PWEO45P10, respectively. The blend D65-PWEO25-P10 shows better results
when compared to the diesel.
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Fig: 5.6: Hydrocarbon Emissions with Increase in Varying Load
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5.2.2.4 Carbon dioxide emission

. CO2 emission can be taken as quantification of less quantity. Coz2 emission for
ternary blends according to engine load is provided in Fig.5.7 COz from inferior to
top load varies from 1.8 to 9.5 ppm for diesel, 15 to 6.3 ppm for
D65PWEO25P10, 1.8 to 6 ppm for D55PWEO35P10, and 2 to 6.1 ppm for
D45PWEO45P40, respectively. PWEO and most of CO2 emission were higher
when compared to the basis of diesel. The blend D65PWEO25P10 shows better

results.

10 -

[ |D85PWEO25P10

[ D55PWEO35P10

o [ |D45PWEO45P10
[ I DIESEL

LOAD(kg)

Fig: 5.7: Carbon dioxide emission
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CHAPTER 6

SUMMARY AND CONCLUSION

In our present work, a comprehensive study has been conducted in a diesel engine
using n-pentonal as additive with diesel and Pyrolysis waste engine at various
concentrations under various loads. The n-Pentonal 10% used with same
concentrations of three samples of same volume during the experimental test. The
engine was running normally with those ternary blends without any difficulties. From

the experimental test, the following conclusion are drawn:-

[1] Among the tested fuel it was observed that D65-PWEO25-P10 blend shows
better performance among the three blends and therefore the brake
thermal efficiency of that blend found to be 1% lower when compared with

pure diesel at full load.

[2] When compared with pure diesel NOx emission was found to be 20% lower.
When the engine runs with D65PWEO25P10 blend at full load.

[8] When compared with pure diesel CO emission was found to be 10% lower.
When the engine runs with D65PWEO25P10 blend at full load.

[4] When compared with pure diesel HC emission was found to be 15% lower.
When the engine runs with D65PWEO25P10 blend at full load.

[5] When compared with pure diesel CO2 emission was found to be 10% lower.
When the engine runs with D65PWEO25P10 blend at full load.

[6] Recycling and refining are applicable processes for upgrading of petroleum
based wastes by converting them into reusable products such as gasoline,

Diesel fuel and Heavy oils.

48



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

REFERENCES

Ananthakumar, S., S. Jayabal, and P. Thirumal, (2016), “Investigation on
Performance, Emission and Combustion Characteristics of Variable
Compression Engine Fuelled with Diesel, Waste Plastics Oil Blends.”
Journal of the Brazilian Society of Mechanical Sciences and Engineering 39
([In en]). 19-28. d0i:10.1007/s40430-016-0518-6.

Babu, D., and R. Anand, (2017), “Effect of Biodiesel-Diesel- N -Pentanol and
Biodiesel-Diesel- N -Hexanol Blends on Diesel Engine Emission and
Combustion Characteristics.” ([In en]). Energy 133:761-76. doi:10.1016/,.
energy.2017.05.103.

Balaji, A., Sundar Raj, C., Karthikeyan B. and Premkumar, R. (2013),
“Performance And Emission Analysis of Plastic Blended Diesel On C.I.
Engine”, International Journal of Mechanical Engineering Research &
Applications (IJMERA), ISSN: 347-1719, Vol. 1 Issue 4, September — 2013,
78-83.

Damodharan, D., A. P. Sathiyagnanam, B. R. Kumar, and K. C. Ganesh,
(2018), “Cleaner Emissions from a Di Diesel Engine Fueled with Waste
Plastic Oil Derived from Municipal Solid Waste under the Influence of N-
Pentanol Addition, Cold EGR, and Injection Timing.” Energy Conversion
and Management. ([In en]). 131:117-26. doi:10.1007/ s11356-018-1558-5.

David Chiaramonti, Anja Oasmaa and Yrj6 Solantausta, (2007), Power
Generation Using Fast Pyrolysis Liquids from Biomass, Renewable and
Sustainable Energy Reviews, Vol. 11, Issue 6, 1056-1086.

De Poures, M., A. P. Victor, S. D. Rana, B. Rajesh Kumar, and S.
Saravanan,(2017), “1-Hexanol as a Sustainable Biofuel in Di Diesel Engines
and Its Effect on Combustion and Emissions under the Influence of Injection
Timing and Exhaust Gas Recirculation (EGR).” ([In en]). Applied Thermal
Engineering 113:1505-13. doi:10.1016/ j.applthermaleng.2016.11.164.

Demirbas, (2004), “Pyrolysis of Municipal Plastic Wastes for Recovery of
Gasoline-Range Hydrocarbons,” Journal of Analytical and Applied Pyrolysis,
Vol. 72, 2004, pp. 97-102. doi:10.1016/j.jaap.2004.03.001.

Devarajan, Y., D. B. Munuswamy, B. Nagappan, and A. K. Pandian,(2018),
Performance, Combustion and Emission Analysis of Mustard Oil Biodiesel
and Octanol Blends in Diesel Engine. Heat and Mass Transfer 54 (6):1803—
11. [In en]. doi:10.1007/s00231-018-2274-X.

Emiroglu, A. O., and $. Mehmet, (2018), “Combustion, Performance and
Emission Characteristics of Various Alcohol Blends in a Single Cylinder
Diesel Engine.” ([In en]). Fuel 212:34-40. doi:10.1016/j.fuel.2017.10.016.

49



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Ghadikolaei, M. A., C. S. Cheung, and K.-F. Yung, (2018), “Study of
Combustion, Performance and Emissions of Diesel Engine Fueled with
Diesel/Biodiesel/Alcohol Blends Having the Same Oxygen Concentration.”
([In en]). Energy 157:258-69. doi:10.1016/j.energy.2018.05.164.

Hawash, S., Kamal, N., Zaher, F., Kenawi, O., ElI Diwani, G., (2009),
“BioDiesel fuel from Jatropha oil via non-catalytic supercritical methanol
transesterification. Fuel 2009;88: p.579-582.

Kaimal, V. K., and P. Vijayabalan, (2016), “An Investigation on the Effects of
Using DEE Additive in a DI Diesel Engine Fuelled with Waste Plastic Oil.”
([In en]). Fuel 180:90-96. doi:10.1016/j.fuel.2016.04.030.

Kalargaris, 1., G. Tian, and G. Sai,(2017), “The Utilisation of Oils Produced
from Plastic Waste at Different Pyrolysis Temperatures in a DI Diesel
Engine.” ([In en]). Energy 131:179-85. doi:10.1016/j.energy.2017.05.024.

Khalife, E., M. Tabatabaei, A. Demirbas, and M. Aghbashlo,(2017), “Impacts
of Additives on Performance and Emission Characteristics of Diesel Engines
During Steady State Operation.” ([In en]). Progress in Energy and
Combustion Science 59:32—78. doi:10.1016/j.pecs.2016.10.001.

Kumar S, Prakash R, Murugan S, Singh RK., (2013), Performance and
emission analysis of blends of waste plastic oil obtained by catalytic
pyrolysis of waste HDPE with diesel in a Cl engine. Energy Convers
Manag2013;74:323e31.

Mani, M., and G. Nagarajan, (2009), Influence of Injection Timing on
Performance, Emission and Combustion Characteristics of a DI Diesel
Engine Running on Waste Plastic Oil. Energy 34 (10):1617-23. [In en].
doi:10.1016/j.energy.2009.07.010.

Nilamkumar. S. Patel, (2013), “Waste Plastic Oil as a Diesel Fuel in the
Diesel Engine”, International Journal of Engineering Research & Technology
(IJERT), ISSN:2278-0181, Vol. 2 Issue 3, March — 2013.

OzlemOnay, (2007), Influence of Pyrolysis Temperature and Heating Rate
on the Production of Bio- Oil and Char from Safflower Seed by Pyrolysis,
Using a Well-Swept Fixed-Bed Reactor, Fuel Processing Technology, 88,
(5), 523-531.

Passamonti FJ, SedranU. , (2012), Recycling of waste plastics into fuels.
LDPE conver- sion in FCC. Appl Catal B Environ 2012;125:499e506.

Paul Daniel, M., K. B. Kareddula Vijaya, D. Prasad, and R. K. Puli, (2017),
Performance and Emission Characteristics of Diesel Engine Operated on
Plastic Pyrolysis Oil with Exhaust Gas Recirculation. International Journal of
Ambient Energy 38 (3):295-99. [In en]. doi:10.1080/01430750.
2015.1086677.

50



[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Rajesh Guntur and P. Ravi Kumar, (2011), “Experimental Investigations on
the Performance and Emission Characteristics of a Diesel Engine Fuelled
with Plastic Pyrolysis Oil — Diesel Blends”, International Journal of
Manufacturing Science and Engineering, Vol 2, 2011, 35-40.

Rajesh Kumar, B., and S. Saravanan, (2016), “Effects of Iso-Butanol/Diesel
and N-Pentanol/Diesel Blends on Performance and Emissions of a DI Diesel
Engine under Premixed LTC (Low Temperature Combustion) Mode.” ([In
en]). Fuel 170:49-59. doi:10.1016/j.fuel.2015.12.029.

Ramesh. A , B. Ashok , K. Nanthagopal, (2019), “Influence of hexanol as
additive with Calophylluminophyllum biodiesel for CI engine applications .”
([In en]) doi: 10.1016/j.fuel.2019.03.072.

Ramesha, D. K., G. Prema Kumara, A. V. T. Lalsaheb, H. A. M. Mohammed,
and M. A. Kasma,(2016), An Experimental Study on Usage of Plastic Oil and
B20 Algae Biodiesel Blend as Substitute Fuel to Diesel Engine.
Environmental Science and Pollution Research 23 (10):9432-39. [In en].
doi:10.1007/s11356-015-5981-6.

Senthilkumar, P., and G. Sankaranarayanan, (2016), “Effect of Jatropha
Methyl Ester on Waste Plastic Oil Fueled DI Diesel Engine.” Journal of the
Energy Institute 89 [In en]. Fuel 249:472-485. do0i:10.1016/}.joei.
2015.07.006.

Sunbong Lee, Koji Yoshida & Kunio Yoshikawa, (2015), “Application of
Waste Plastic Pyrolysis Qil in a Direct Injection Diesel Engine”, Energy and
Environment Research, , ISSN 1927-0569, Vol 5, Issue 1, March 2015.

Troger, N., D. Richter and R. Stahl (2013). Effect of feedstock composition
on product yields and energy recovery rates of fast pyrolysis products from
different straw types. Journal of Analytical and Applied Pyrolysis 100, 158-
165.

Venkatesan.S.P et.al, (2018), “Combustion Performance Study of
Aqueous Aluminium Oxide Nanofluid Blends in Compression Ignition
Engine.”Journal of Energy Resources Technology by ASME, Vol.141, ([In
en]). 042203(1-7). doi: 10.1115/1.4042086.

Venkatesan.S.P et.al, (2019), “Combustion, performances, and emissions
characteristics of diesel engine fuelled with diesel-aqueous zinc oxide
nanofluid blends.”"Energy sources, part a: recovery, utilization, and
environmental effects. doi: 10.1080/15567036.2019.166693315567036.

Venkatesan.S.P et.al, (2019), “Thermodynamic Analysis of Diesel Engine
Fuelled with Aqueous Nanofluid Blends .” Lecture Notes in Mechanical
Engineering, doi: 10.1007/978-981-13-2718-6_43.

51



