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Abstract Shortage of conventional power sources, ordinary energizes and the unre-
fined petroleum extracts increases the cost of processed fuel. It is necessary to find
out fuel hotspots for viable use in automobile and industrial applications. Research
in this area of using oil extracted using pyrolysis process from the waste tyre and
mixed with biodiesel is attracting attention. In this survey, a single-cylinder four-
stroke conventional diesel enginewithwaste tyre pyrolysis oil and biodiesel mixtures
was performed. Testing on single-barrel four-stroke diesel motor by using biodiesel
synthesized with palm stearin oil from waste tyre pyrolysis oil is taken up in this
work. Analysis shows the rise in brake thermal efficiency (BTE) to the mix level. It is
also noted that pollution such as CO, HC and NOx is limited compared to traditional
diesel fuel.
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1 Introduction

Coal, petroleum products, natural gas and other fossil fuels are fast depleting due
to increase in vehicular population and industrial usage. Fuels and energy produced
using nuclear isotopes such as uranium, thorium and artificial radio-isotopes are good
alternatives to fossil fuels but have some limitations. Energy can be produced using
methanol, ethanol, butanol and other bio-alcohols and can be stored in electrical
form in batteries and fuel cells. Another source of energy production is by hydrogen,

P. Nagaraju (B) · M. Ravichandra
Department of Mechanical Engineering, Santhiram Engineering College, Nandyal, India
e-mail: nagaraju.pagidyala@gmail.com

M. L. R. C. Lahari
REVA University, Bangalore, India

P. H. V. S. T. Sai
Department of Mechanical Engineering, MRCET, Hyderabad, India

© Springer Nature Singapore Pte Ltd. 2021
A. Arockiarajan et al. (eds.), Advances in Industrial Automation and Smart
Manufacturing, Lecture Notes in Mechanical Engineering,
https://doi.org/10.1007/978-981-15-4739-3_82

945

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-4739-3_82&domain=pdf
mailto:nagaraju.pagidyala@gmail.com
https://doi.org/10.1007/978-981-15-4739-3_82


946 P. Nagaraju et al.

non-fossil natural gas, biomass and non-fossil methane. Biodiesel is considered to
be less harmful to the environment as it is biodegradable.

In India, every year million tyres are being thrown into garbage as scrap after
utilizing in automobiles. Direct burning of these scrap tyres emits a lot of dangerous
and dangerous gas like CO2, CO, smoke and NOx, etc. These waste tyres can be
utilized to produce pyrolysis oil and this can be blended to produce biodiesel. Fuel
produced by this method can be characterized by their physical and chemical param-
eters. Chemical and thermophysical properties of the blended diesel are to be evalu-
ated and can be compared with that of raw oil after refining and distillation process.
This blended diesel is considered to be useful for better engine performance and
increased efficiency. Experimental investigations are needed to make this process
still more viable and environmental friendly, which can bring significant economical
improvement [1–3].

2 Literature Survey

Ali et al. [4] reviewed the process of pyrolosis and extracted alternative diesel fuels
from vegetable oils and their blends in diesel and process of preparation, i.e. transes-
terification, dilution and micro-emulsion are reviewed. Murugan et al. [5] disclosed
emission features and efficiency of a direct injection and single-cylinder diesel engine
using 50, 30 and 10% of pyrolysis oil in diesel blends. It was noted that the engine’s
thermal brake effectiveness improvedwith enhanced concentration ofmixture. Emis-
sion gases and smoke content were discovered to be greater at greater loads due to
longer ignition delay and elevated aromatic content. Aydin et al. [6] recorded feasi-
bility process for the production of oil from waste tyres using pyrolysis and diesel
fuel by multiple desulphurization techniques. Sulphur content was reduced by using
CaO, Ca (OH) and NaOH catalysts. 34.25% lower sulphur content was reported
using 5% Ca (OH) catalyst compared to diesel. Al-Lal et al. [7] studied about pyrol-
ysis fuels and their desulphurization. Two desulphurization methods are tried in this
study and hydrogen was not used in these methods in order to obtain reduced sulphur
content. The desulphurization rate reported was 64%. De Marco Rodriguez et al. [8]
carried out chemical analysis and studied the behaviour of oil blends of tyre pyrol-
ysis in diesel. Higher portion of aromatics was found in the tyre oil bends and it
was observed to be a complex organic mixture. Carbon compounds of five to twenty
carbons are present in the mixture. Aromatics percentage varied between 34.7 and
75.6 with operating temperatures from 300 to 700 °C and aliphatics were about
19.8–59.2%.
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3 Fuel Preparation and Characteristics

3.1 Preparation of Tyre Pyrolysis Oil

Fixed-bed type reactor was used to carry out pyrolysis process. Temperature was
varied between 350 and 400 °C. Condenser and a fractionating column were used in
this system to condensate and fractionate the fuel oils. Nitrogen gas was used in an
inert environment. Waste tyre was cleaned and cut into small pieces after removing
the unwanted iron wires. Figure 1 shows the flow chart for the development of
pyrolysis oil

Pyrolytic oil extracted from waste tyre using pyrolysis process was taken and
hydro-sulphuric acid of 8% by weight is added. The mixture was stirred using elec-
trical stirrer for 3–4 h. Temperaturewas preserved at 50 °C. The combination has been
permitted to settle for 40 h. By this time, the mixture was formed in two layers. Clear
and higher viscous oil was formed on the top and acidic sludge with non-viscous was
formed at the bottom. The viscous oil was then activated by using bentonite–calcium
oxide (CaO) treatment.

Pyrolytic oil treatedwith activated bentonite is taken in the ratio of 10–1. Pyrolytic
oil andCaO are taken in the ration of 20–1. These are added andmixed in an electrical
stirrer for 4 h maintaining 70 °C. The blend can be settled for 24 h and then cleaned
utilizing sample fabric. Healed pyrolytic oil was obtained and was distilled using
vacuum distillation. Table 1 illustrates the proportion of oil acquired from TPO.

Table 1 shows that the TPO percentage obtained from raw pyrolytic oil after
removing sludge initially is 66.9. After vacuum distillation, the percentage is 22.79.
The raw TPO sludge carries almost 77.21% of oil.

Fig. 1 Preparation of tyre pyrolysis oil—flow chart

Table 1 Percentage of oil obtained from tyre pyrolysis oil

Raw TPO After removing
sludge

Percentage oil After vacuum
distillation

Final percentage of
TPO

2150 1440 66.97 490 22.79
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Fig. 2 Flow chart of biodiesel production from palm stearin

3.2 Preparation of Palm Stearin Methyl Ester

Methyl esters obtained from vegetable oils with diesel mixtures are proven to be
effective appropriate fuels. Ethyl and isopropyl acids of shallow or uncooked palm oil
and palm stearin were synthesized utilizing synthetic transesterification responses.
The fuel properties were evaluated using different instruments. Alkyl esters had
higher viscosities in the range of 4.4× 10−6m2/s–5.2× 10−6 m2/s. Petroleum diesel
had viscosity value of 4.0 × 10−6 m2/s. But the SO2 emission from alkyl esters was
low compared to diesel. Figure 2 shows the flow chart of biodiesel production from
palm stearin.

3.3 Properties of TPO

(See Table 2).

Table 2 Properties of TPO
and diesel fuel

S. No. Properties TPO Diesel

1 Density at 25 °C, Kg/m3 845.6 820–860

2 Absolute viscosity at 25 °C, cp 1.51 1.91–2.90

3 Pour point, °C −6 −42–30
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Fig. 3 Experimental set-up

4 Experimentation

A vertical air-cooled 1C4S diesel engine is used for experimentation. Compression
ratio of 17.5:1 was maintained and 4.4 kW power developed at 1500 rpm. The engine
was combined with electric current dynamometer. Figure 3 shows the experimental
set-up. Five levels of load were applied, i.e. at 0, 25, 50, 75 and 100%. At all the five
load conditions, speed, airflow rate, fuel flow rate, exhaust gas temperature, combus-
tion characteristics and exhaust emissions of HC, CO and smoke were measured.
Horiba MEXA-584L model exhaust gas analyser with microprocessor control was
used to measure emission levels of CO and HC. Blend percentages of 20, 40 and 50
are experimented in this work.

5 Results and Discussion

Combination of CO and NOx of pedal capacity and difference of smoke density,
BTE and BSFC with BP are evaluated.

5.1 Carbon Monoxide Versus BP

The variation of CO emission with BP is revealed in Fig. 4. This can be seen in
the CO pollution decreases with enhance in load. CO emission values obtained are



950 P. Nagaraju et al.

Fig. 4 Variation of carbon
monoxide
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Fig. 5 Variation of Nox with
BP

0.03, 0.03, 0.04 and 0.02 at full load conditions for fuels of diesel, TPO20, TPO40,
TPO50 and pure biodiesel, respectively. At full load, CO emission using tyre oil
blend TPO20 is decreased compared to diesel fuel.

5.2 NOx Versus BP

NOx emission values variationwith brake power is exhibited in Fig. 5. NOx pollution
increases with augment in load. NOx emission values at full freight are 1568, 1692,
1860 and 1701 ppm for fuels of diesel, TPO20, TPO40, TPO50 and pure biodiesel,
respectively. The NOx emission, at full load, using tyre oil blend TPO20 is increased
compared to the other blends.

5.3 Smoke Density Versus BP

It shows smoke density variety with brake strength. As load increases, smoke density
reduces in relation to diesel. The emissions of smoke at complete load are 26, 45, 48
and 31 mg/m3 for diesel, TPO20, TPO40, TPO50 and pure biodiesel fuels, respec-
tively. The smoke density emission using tyre oil blend TPO20 is decreased when
compared to the other blends at full load conditions (Fig. 6).
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Fig. 6 Variation of smoke
density with BP

Fig. 7 Difference of brake
thermal efficiency with BP

5.4 Brake Thermal Efficiency Versus BP

Brake thermal efficiency variationwith brake power is shown in Fig. 7. Brake thermal
efficiencies obtained at full load are 33.69, 28.1, 26.73, 26.58 and 26.56% for fuels of
diesel, TPO20, TPO40, TPO50 and pure biodiesel, respectively. The brake thermal
efficiency using tyre oil blend TPO20 is decreased compared to the diesel at full load
conditions.

5.5 BSFC Versus BP

Figure 8 displays variations in specific fuel consumption with brake energy. The
emissions are decreasing as the load rises. The SFC levels at steaming pile are 0.33,
0.53, 0.30, 0.31, 0.30, 0.31 and 0.31 kg/kw-hr for diesel, TPO20, TPO40, TPO50
and pure biofuel successively. At max power environments, the SFC using tyre oil
blend TPO20 is decreased compared to the diesel.
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Fig. 8 Change of specific
fuel consumption with BP

6 Conclusion

Experimentation is conducted to examine and evaluate the effect of palm stearin
methyl ester (PSME) fuel injection pressure, exhaust gas quality and stricter emission
levels that used a single-cylinder constantCI engine compressor ratio. The by-product
of palm derived oils (palm stearin) could be useful alternate for producing biodiesel
with less harm to environment. PSME of about 98.10% yield was obtained from
refined, bleached and deodourized (RBD) palm stearin. Brake thermal efficiency and
rise in specific fuel efficiency are decreased across the engine installation usingPSME
relative to diesel fuels. Decline in CO, HC emissions and smoke density is noted for
PSME throughout engine operation relative to baseline operation. It is observed that
better performance and emission characteristics of the engine can be obtained with
TPO addition to PSME. It can be shown that direct injection pressure plays a crucial
role in emission reduction and improving engine performance PSME-TPO fuel is
best suited for CI engine.
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