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ABSTRACT: Alternative fuels and advanced technology vehiatlesseen by proponents as integral to improvibgmuair quality,
decreasing dependence on foreign oil, and redwemmgsions of greenhouse gases. However, majoebar+ especially economics —
currently prevent the widespread use of these fusdstechnologies. Because of these barriers tengdtential benefits, there is
continued congressional interest in providing inives and other support for their development amdroercializationTo overcome
this problem, it is very important to find alternatifuels.Increase in energy demand, stringent emission nandslepletion of oil
resources led to finding alternative fuels for ints# combustion engines. Many alternative fuels Bcohols, bio-diesel, liquid petroleum
gas (LPG), compressed natural gas (CNG), etc hese &lready commercialized in the transport setfoe main focus of this review
is to shed light on the importance of tyre pyradysil as an alternative fuel for diesel engineghia context, tyre pyrolysis
oil has recently been receiving renewed intedaghe present work performance characteristickeanissions are evaluated on single
cylinder four stroke diesel engine fuelling with9a020%, 30%, 40%, 50%, 60%, fiyre pyrolysisoil by volume. Due to high viscosity
and soot formation, above 60% was not talkkee pyrolysisoil- diesel blend. Experiments are carried outatiesel engine, which is a
single cylinder four stroke engine capable of depilg a power output of 7.5KW at 1500 rpm. Perfanogparameters such as Brake
Power, Specific Fuel Consumption, Indicated TherEféitiency, Brake Thermal Efficiency, Volumetridfieiency, Mechanical
Efficiency, Brake Mean Effective Pressure and |lathd Mean Effective Pressure are calculated baségeoexperimental analysis of the
engine. Emissions such as Carbon Monoxide, Hydrb@e are measured.
KEYWORDS: Emissions, trans-esterification, Interoainbustion enginél'yre pyrolysisoil and Efficiency

1. 1.INTRODUCTION
Compression ignition engines are employed partitia the
field of heavy transportation and agriculture on@mt of their
higher thermal efficiency and durability. Howevdiesel
engines are the major contributors of oxides abgign and
particulate emissions. Hence more stringent nomasnaposed
on exhaust emissions. Following the global energgiscin the
1970s and the increasingly stringent emission nptinessearch
for alternative renewable fuels has intensifiedst depletion of
fossil fuels demands an urgent need to carry adaech
work to find out the viable alternative fuels; arte
atmospheric pollutants are increasing, an ecodtiefuel
needs to be developed to meet the fossil fuelediepl. Thus
a lot of research has been done to recover eneogy\aste
materials, including materials that are not bio+aegble.
Such materials include biomass, municipal solidtess
industrial wastes, agri- cultural wastes and otbergrade
fuels, as well as high energy density materialh1sascrubber
and plastics. The tyre and tube wastes pose bigamaental
problem because rubber is an artificial polymer alisd not
biodegradable. The photo- degradation of rubberteviakes
more time as compared to biomass.

2. LITERATURE SURVEY
The gradual depletion of world petroleum resereseases in
prices of petroleum based fuels and environmerglitoon due
to exhaust emissions have encouraged studies tehsdar
alternative fuels. In view of these, vegetable lbds been
considered as alternative fuels for compressioitiggmengines.
Vegetable oils are renewable, nontoxic, biodegriedatmd have
low emission profiles. However, there are some thaaks
related to the use of straight vegetable oils ieseli engines
primarily due to their high viscosity, lower volié and lower
heat content. The high viscosity causes some prablén
atomization of injector systems and combustionylinders of
diesel engines. Also, in long term operations, higitosity of

vegetable oils may lead to ring sticking, formatioihinjector
deposits, development of gumming, as well as inatibjity
with lubricating oils.Different techniques have hegeveloped
to solve their high viscosity and low volatility gislems of
vegetable oils, such as preheating oils, blendindilation with
other fuels, Trans-Esterification and thermal ciaglpyrolysis
[1, 2, 10-12]. Trans-Esterification appears to Ibe tmost
promising technique which is a chemical processarfverting
vegetable oil into biodiesel fuel. Biodiesel canused as a blend
in diesel engines without modification. Detailed/iesvs about
trans-Esterification process are available in fterdture . The
price of edible vegetable oils is higher than tb&the diesel
fuel. Therefore, instead of using such oils, the o waste
vegetable oils and non-edible crude vegetable loéls been
considered as potential alternative fuels.

Research on the pyrolysis mechanism is very importer
reactor design and desired product profiles. Where ty
particles are heated in a pyrolysis reactor, pgisl occurs
when the par- ticles' surface reaches a certaipéeature7].
There are two stages in pyrolysis: primary pyraysind
secondary cracking. Vapour or volatile products &rst
produced from the waste tyres and are made up wfda
variety of hydrocarbons, that can then encounteorsagary
reactions. For the thermal decomposition of organic
polymers, four general mechanisms can be identifjed:
random chain scission; (ii) end chain scissioni) (@hain
stripping; and (iv) cross-linking8].Wey et al. showed that
pyrolysis is governed by the following parametei$;
temperature, (ii) retention time of the volatiée the reaction
zone, (iii) pressure and (iv) type of gaseous atmshere.
Cracking occurs at higher temperatures and engiiemary
products to be converted into compounds which mayeha
higher market value. One method is the aromatinatib
products generated by primary pyrolysis. Pyrolysisduces
maximum yields of aromatic components at tempeestur
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between 700 °C and 800 °C. Fuel oil was producidout
much gas at low tem- perature (below 500 °C) ared dimar
fraction was found to decrease as temperatureeased
from 300 to 720 °d9].Cui et al. found that the pyrolysis

kinetics of the scrap tyrebbers can be well represented by

the first-order irreversible decomposition reacsiorof its
components [10]. Fig. 1(a) and(b) gives some typical

thermogravimetric analysis (TGA) which were found t
provide valuable information on pyrolysis kineticand
mechan- isms of scrap tyre rubbétd]. Heating at a rate of
10 °C/min in nitrogen, the peak at the lowemperature
is caused by the decomposition of natural rublaed that
at the higher tem- perature is caused by the deositipn of
butadiene rubber (for a trunk tyrgsp].

curves of derivative thermogravimetry (DTG) and
Reactor Experimental conditions Maximum oil yield References
Temperature (°C) Oil (wt%) Char (wt%) Gas (wt%)

Fixed, batch 300-700 °C temperature; 15 °C mih heating rate; 700 38.5 43.7 17.8 [37]
175 g tyre

Closed batch reactor 350-450 °C temperature; 30 °C mih heating rate; 450 ~ 63 ~ 30 ~7 [37]
20 g tyre

Fixed bed, batch, internal fire 375-575 °C; 750 g tyre 475 55 36 9 [37]

tubes

Fixed bed, batch 300-720 °C temperature; 5 °C—8 °C mirheating 720 58.8 26.4 14.8 [21]
rate; 50 g tyre

Fixed bed, batch 400-700 °C temperature 500 40.2 47.88 11.86 [14]

6

Fixed bed, batch 950 °C temperature (max); ~ 2 °C mifh heating 950 20.9 40.7 23.9 [49]

Fixed bed, batch 500-100 °C temperature; 1200 mihheating rate 500 58.0 37.0 5.0 [41]

Fixed bed, batch 375-500 °C temperature; 10 °C mirheating rate; 425 60.0 ~30 ~10 18]
10 g tyre

Fixed bed, batch 450-600 °C temperature; 5 °C mihheating rate; 475 58.2 37.3 4.5 [34]
3 kg tyre

Moving screw bed 600-800 °C temperature; 3.5-8.0 kg hmass flow 600 48.4 39.9 11.7 [22]
rate

Fluidised bed 700 °C temperature; 200 kg hthroughput; whole 700 26.8 35.8 19 [25]
tyres

Fluidised bed 450-600 °C temperature; ~ 220 g*hhroughput; 450 55.0 42.5 2.5 [21]

Fluidised bed 740 °C temperature; 1 kg hthroughput; tyre 740 30.2 48.5 20.9 [25]
powder

Fixed, wire mesh, fast reactor390-890 °C temperature; 70-90 °CSeating 860 ~5 ~ 22 ~73 [30]
rate; 0.2 g

Vacuum 450-600 °C temperature; batch (100 g) 550 47.1 36.9 16 [28]

Vacuum 500 °C temperature: pilot scale semi continous 500 56.5 33.4 10.1 [28]

Drop tube reactor 450-1000 °C temperature; 30 g'tthroughput 450 37.8 35.3 26.9 [29]

Rotary kiln 550-680 °C temperature; 4.8 kg hthroughput 550 38.1 49.09 2.39 [23]

2

Rotary kiln 450-650 °C temperature; 12—15 kg*hhroughput 500 45.1 41.3 13.6 [23]

Circulating fluidized bed 360-810 °C temperature; 5 kg hthroughput 450 ~52 ~28 ~15 [26]

Conical spouted bed 425 & 500 °C 500 ~62 ~35 ~3 [24]

In the present investigationTyre pyrolysisoil was considered
as a potential alternative fuel for compressioritign engines.
Specifications of theTyre pyrolysisoil investigated and
compared with other vegetable oils and this wabtwc
motivation behind the research in this project. €hgine tests
were carried out on a direct injection diesel eadirelled with
diesel fuel and10%, 20%, 30%, 40%, 50% and 60%re
pyrolysisoil -diesel blends by volume.

3. ANALYSISOF TYRE PYROLYSISOIL
The Fourier Transform Infrared Spectroscopy (FToRgrs a
quantitative and qualitative analysis for orgamd &organic
TABLE NO 1.1 Propertiesof Tyre pyrolysis ail

samples. The spectra produce a profile of the sampl
distinctive molecular fingerprint that can be usedcreen and
scan samples for many different components. Ittifies
chemical bonds in amolecule by producing an inftare
absorption spectrum. The FTIR is an effective aticy
instrument for detecting functional groups and ehterizing
covalent bonding formation. The FTIR test was eariout with
Perkin Elmer Spectrum ONE equipment which has a sgage
of 450-4000 cm-1with a resolution of 1.0 cm-1. HER
analysis of TPO revels that, the functional grotgspnt are
almost aromatics and hydrocarbons.

PROPERTIES

DIESEL Tyrepyrolysisail

Kinematic viscosity at 40 °C (cSt)

2.68 9
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Density at 15 °C (kg/m®) 823 907
Flash point (°C) 56 40
GROSS CALORIFIC VALUE ( kcal/kg) 10000 10,200

4. SPECIFICATION OF THE PROBLEM
In the present work the performance characteristios
emissions are evaluated on single cylinder fourkstrdiesel
engine air cooled, which is capable of developingoaver
output of 7.5kW at 1500rpm, fuelling with 10%, 20%4)%,
40%, 50%, 60%, for Tyre Pyrolysis Oil by volume. éto
high viscosity and soot formation, above 60% wastaken in
Tyre Pyrolysis Oil- diesel blend. The Performanegameters

such as Brake Power, Specific Fuel Consumptionicéted
Thermal Efficiency, Brake Thermal Efficiency, Voletnic
Efficiency, Mechanical Efficiency, Brake Mean Effae
Pressure, Indicated Mean Effective Pressure areuledé¢d
based on the experimental analysis of the engingsdons
such as Carbon Monoxide, Hydro Carbons are measured

5. EXPERIMENTAL SETUP

experiment.
4. Always the engine was started with no load
condition

The experimental setup is fabricated to fulfill the

objective of the present work. The various comptser
the experimental set up including modification arewn
in fig no.1.

Various Parts of Experimental Setup

1. Alamgair Engine

2 Alternator

3. Diesel Tank

4. Air Filter

5. Three Way Valve

6. Exhaust Pipe
7.Probe

8. Exhaust Gas Analyser
9. Alternative Fuel Tank
10. Burette

11. Three Way Valve

12. Control Panel
a. EXPERIMENTAL PROCEDURE

Before starting the engine, the lubricating oildev

in the engine is checked and it is also ensured ala
moving and rotating parts are lubricated.
The various steps involved in the setting of thpeziments

are
1. The Experiments were carried out after installation
of the engine
2. The injection pressure is set at 200 bar for the
entire test.
3. Precautions were taken, before starting the

5. The engine was started at no load condition and
allowed to work for at least 10 minutes to
stabilize.

6. The readings such as fuel consumption, spring
balance reading, cooling water flow rate,
manometer reading etc., were taken as per the
observation table.

7. The load on the engine was increased by 20% of
FULL Load using the engine controls and the
readings were taken as shown in the table.

8. Step 3 was repeated for different loads from
no load to full load.

9. After completion of test, the load on the
engine was completely relieved and then the
engine was stopped.

10. The results were calculated theoretically and
tabulated.

The above experiment is repeated for various
loads on the engine. The experimental procedure is
similar as foresaid. While starting the engine, filnd
tank is filled in required fuel proportions up tts i
capacity. The engine is allowed to run for 20 nfiam,
steady state conditions, before load is performed.

There was no separation of diesel and Tyre
Pyrolysis Oil blends even at B50 and B60. f diesel.

Finally, the engine is run by blend (200 atm) at
various loads and the corresponding observatians ar
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noted.

The test is carried on the single cylinder Cl Eedior the

following fuel blends:

1.100% Diesel

2.10% Tyre Pyrolysis Oil + 90% Diesel
3.20% Tyre Pyrolysis Oil + 80% Diesel
4.30% Tyre Pyrolysis Oil + 70% Diesel
5.40% Tyre Pyrolysis Oil + 60% Diesel
6.50% Tyre Pyrolysis Oil + 50% Diesel
7.60% Tyre Pyrolysis Oil + 40% Diesel

6. 6.RESULTSAND DISCUSSIONS

Experiments were conducted when the engine waketlelith
Tyre Pyrolysis Oil and their blends with diesepioportions of
20:80, 30:70 and 40:60 (by volume) which are gdhecalled
as TPO-20, TPO-30 and TPO-40 respectively. Therarpat
covered a range of loads.

The performance of the engine was evaluated ingerfrbrake
specific fuel consumption, brake thermal efficiermayd
volumetric efficiency. The emission characteristi€she engine
were studied in terms, concentration of HC and T results
obtained for Tyre Pyrolysis Oil and their blendshndiesel were
compared with the results of diesel used as fuel.

TABLE NO 1.2 Performance And Emission Test Results At Pure Diesel

Load [Speed [Time [BPP [TFC |.P [F.P |Heat |BSFC [bth [ith Mmmechmvol [BMEP [IMEP [CO HC
| nput

S.NO kgls Kg/ kW

W Rpm [Sec kW [100 kW kW |kw | % % % % kN/m?  kN/m? P6vol ppm

4

1 1000 775 [8.41 | 1.28 2.04 235 1.47 898 061 148R72 [51.19] 50.90| 209.51 414.83 0.109 O
2 2000 [734 |6.13 | 2220 2.84 3.4F 147 12.36 0.4p 9182B.06 |62.29| 54.12 371.17 588.98 0.222 2
3 3000 [725 |4.33 | 3.10 4.02 4.3 1.27 17.29 0.4F 31875.06 [70.69| 56.54 528.2% 752.46 0.334 6
4 4000 [709 [3.98 | 3.89 4.28 4.9p 1.27 18.36 0.4B 12Q2v.15 |75.69| 61.14 669.69 895.18 0.096 1
5 5000 [705 |3.34 | 4.18 5.31 52p 1.27 2277 0.45 918M.07 |76.43| 63.87] 742.12 969.91 0.083 O
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TABLE NO 1.3 Performance And Emission Test Results At TPO 10%

Heat
Load [Speed [Time B.P [TFC |.P F.P |Input [BSFC thh Lmh L|mechL|vo| BMEP |IMEP [CO HC
S.NO
kals Kagl kW
W Rpm [Sec kW 10 kW [kw [kw | % % % (% kN/m? [kN/m? bvol |ppm
4
1 1000 |727 8.18 | 1.14| 1.71] 152 1.05 6.088 0.51 723R¢.42 |65 51.97| 213.33 302.02 0.171 O
2 2000 |711 6.46 | 2.03| 2.36| 251 1.05 12.37 0.483 1921.63 |79 53.34| 363.43 471.44 0.162 O
3 3000 |700 5.15 | 2.82| 3.02| 3.40 1.05 13.96 0.39 220233.87 |81 55.82| 521.66 629.82 0.146 O
4 4000 |690 451 | 3.37| 4.38 4.027 1.(1)5 17.84 0.48 072022.33 | 83 57.39| 647.66 716.09 0.129 O
5 5000 |681 391 | 428 | 4.86] 4.51B 1.1)5 21.63 0.4p 351920.98 |88 60.32| 753.2§ 836.47 0.109 O
TABLE NO 1.4 Performance And Emission Test Results At TPO 20%
Heat
Load |Speed [Time B.P [TFC |[.P |F.P |Input BSFC mbth ith mechmvol BMEP |IMEP |CO HC
S.NO

W Rpm [Sec kW |kais kW [kw |kw Ko/ kW % % % kN/m? |kN/m? [%vol |ppm
*10* h
1 1000 |735 8.9 1.24| 1.88| 1.74 1.05 7.79 0.51 15[8P.67 |69 53.76| 209.58| 289.70 0.001L O

2 2000 (724 6.38 | 2.07| 2.63] 25¢y 1.05 11.08 0.46 1183.88 |78 58.39| 356.96 439.3p 0.003 O

3 3000 |712 470 | 285 3.61f 3.35 1.05 1514 0.42 11821.73 |81 61.19| 501.75 585.6p 0.005 O

4 4000 |699 4.24 | 3.71 4 421 1.05 1690 0.34 21{74.562 |85 64.21| 661.95| 752.50 0.007 O

5 5000 (684 3.31. 4.08 [5.11 [4.58 [1.05 [21.52 [0.44 [18.65 [20.98 88 60.48 [745.16 |837.70 |0.006 |0

TABLE NO 1.5 Performance And Emission Test Results At TPO 30%

Load [Speed [Time [BP [TFC [P [FP |Heat [BSFC [ybth Mmith mmechpvol [BMEP [|MEP [CO [HC

SN W Rpm [Sec kW l*<g/s4 kw kW L%Ut Kg/ kW [% % % % kN/m?  [kN/m? [%vol [ppm
1 1000 [721 |6.93 | 1.01 1(2).181 226 1.15 9.88h 0.68] 2192B.64 |41 | 47.96] 207.70 414.30 0.002 1
2 2000 710 [6.30 | 1.91] 2.411] 3.1p 1.15 10.93 0.41| 751729.07 [58 | 52.65] 361.97 573.76 0.003 2
3 3000 [697 |4.73 | 265 324 | 401 1.15 1434 0.36| 618277.98 [63 |53.93| 509.34 724.97 0.008 3
4 4000 (680 |3.87 | 340 3.96 | 4.65 1.15 17.41] 0.35] 420%.34 |71 |55.74| 65854 879.97 0.006 2
5 5000 [669 |3.49 | 410 4.63 | 535 1.15 21.44 0.30] 5026.10 [75 |61.09] 799.1] 1017809 |4

TABLE NO 1.6 Performance And Emission Test Results At TPO 40%
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Load [Speed [Time BP [TFC |.P [F.P [Heat [BSFC [ybth [ith Mmmechmvol [BMEP |MEP [CO HC
S.NO I nput
W Rpm [Sec kW |kas kW [kw kW  [Kg/ kW% % % % kN/m?  kN/m? [%vol [ppm
*10* h
1 1000 [732 | 7.09 | 1.14] 2.03] 214 1| 875 0534 136592451 |55.86| 201.57| 372.19 0.001 O
2 2000 [720 |6.14 | 2.01] 262 320 1| 1123 041 18[19672|59 |59.03| 354.19| 562.30) 0.004 O
3 3000 |708 |[4.84 | 2.37] 331 398 1| 1413 039 191632 (65 |61.5 | 470 682.95 0.002 0
n 4000 |697 |4.72 | 356 4.02] 476 1| 1599 033 22[73® |71 [66.7 | 6545 | 870.12 0.034 0
5 5000 |689 |3.17 | 4.21] 475 542 1| 1976 031 21|3655|76 |57.3 | 778.36| 1001.91.017 |0
TABLE NO 1.7 Performance And Emission Test Results At TPO 50%
Load [Speed [Time B.P [TFC |.P |F.P [Heat [BSFC Wbth mith mmec mMvol [BMEP |IMEP [cO HC
S.NO I nput h
W  [Rpm [Sec kW |kas kW kw kw Kg ™ P % % [kN/m® kN/m® [%vol |ppm
*10* kW h
1 100C [720 830 [1.11 [1.9¢ 231 [1 [816 [0.51 [13.47 [27.82 |47 [51.68 [207.84 [409.95 [0.0(18/0
2 2000 (709 |6.10| 2.04 252 3.2 1| 11.26 0.44 14.822|60 |[54.21| 371.84 577.03 0.003 O
3 3000 |[686 |5.56| 2.74 296 4.05 1| 12.84 034 20.12%8B|67 |[56.94| 507.92 714.57 0.003 1
4 400C 679 435 [3.31 [352 [465 [I  [1544 [0.36 [2238 [29.3C [71  [60.2C |648.61 [833.04 [0.0(4 [0
5 500C [666 [3.67 {420 415 [540 1 (1871 [0.34 2299 [27.23 |75  [62.64 [802.3C [101¢.27/0.0C7 [0
TABLE NO 1.8 Performance And Emission Test Results At TPO 60%
Load [Speed [Time [B.P [TFC |.P |[F.P |Heat [BSFC Mmbth mith mmechipvol [BMEP |[IMEP [CO [HC
S.NO I nput
W  [Rpm [Sec kW |kagis kW kw kw [Kg % % % % kN/m® |kN/m® %vol |[ppm
*10* kW h
1 1000 |725 |8.32| 1.13 1.87 1.73 1.25 808 0.51 143837 (41 |55.39 203.19| 466.44 0.001 O
2 2000 |708 |6.4 | 1.91 2.3 254 1.25 1095 0.44 1731603 |52 |56.33| 349.69| 614.18 0.002 0
3 300C [71C [4.9¢ [256 [3.17 [3.35 [1.25 [1332 [0.39 [2002 [30.92 59  [60.75 [498.1¢ [765.33 [0.00Z [3
4 4000 (687 |4.31| 3.26 353 4.19 1.p5 158 0.35 &332.31(69 |61.47 660.23] 932.16 0.002 O
5 500C 681 [366 .19 [417 [48 [1.25 1755 [0.21 [23.12 [31.67 |68  [63.62 [757.81 [1032.76/0.001 [0
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» In friction power all blends ofyre pyrolysis all blends oftyre pyrolysisoil are very less
oil and diesel performs almost same but with when compared to diesl in some part loads the
small difference diesel tops the list. emission are zero whetyre pyrolysisoil is

» In mechanical efficiency the blends ojre used.
pyrolysis oil 10 and 20 performs best when 7. CONCLUSIONS
compared with all other blends and diesel. The conclusions are made from the results obtamed

» In case BMEP all blends ayre pyrolysisoil the experiment conducted using diesel engine irchvhi
including diesel the performance is almost Tyre pyrolysisoil is used as fiel.From the above
equal. analysistyre pyrolysisoil is best substitute for diesel in

» From part load 1000 to 30@9re pyrolysisoil all formats since performance is almost same ipal
10 performs best and at part load 5090e loads..Mainly in the case emissidyse pyrolysisoil is
pyrolysisoil 50 serves the best. best when compared with diesel.From all the above

» At an average the diesel performs best in BSFC resultstyre pyrolysisoil 60 has best charactersitics it
but at higher loadsyre pyrolysisoil 10 gives better for the usage as fuel.
the best.

» In indicated thermal efficiency thetyre
pyrolysisoil 60 performs the best at all parts REFRENCES
load.Eventyre pyrolysisoil 50, 40 and 30
performs better than diesel. [1] Murugesan A, Umarani C, Subramanian R,

» In IMEP expect the blends dfre pyrolysis Nedunchezhian N. Bio-diesel as an alternative fiorel
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» In emission of pollutants such as CO and HC tyre recycling practices in the United States,Jagah
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