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ABSTRACT

All engines are manufactured to run on specific ofjag, the engine problems will occur if the gaseli
specifications is changed. When kerosene or degehdded to various types of automotive gasoline,octane
rating quality will fall below the octane requiremts of engine and therefore engine knocking camrmdaocking
is a spontaneous and extremely rapid ignition of tiesoline-air mixture in the combustion chambefhe
concurrent sudden build-up of high heat and presstar beyond that of normal combustion, creatst@ck wave
which is heard as a ping or a knock and causes dgnta the engine and reduce the engine efficieheyumber of
analytical techniques are available to detect gasohdulteration as flash point, refractive indexdadensity. But in
this research, the effect of adding domestic ker@te automotive gasoline on the research octameh®u rating
was accurately studied and investigated to seenthgnitude of an octane number depression then ékearch
octane number calibration curves were constructedidtect some suspected samples of automotiveirgasioat
were collected from different stations in Jordan.
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INTRODUCTION

Gasoline is a mixture of liquid, volatile and infimable petroleum-derived compounds, in the rang€4$C12
carbon atoms and boiling points in the range o£3@25 C. Many physical and chemical propertiesutitzed in
quality-control tests for gasoline and these tegtltide measurement of relative density, tempeeatequivalent to
10%, 50% and 90% distilled volume, final evapomatpmints, the flash point, octane numbers (MON R@N)

[1](2](3].

Knocking occurs when the automotive gasoline bypnsmaturely in a cylinder or explodes in an intérna
combustion engine, causing a distinctive high sowhéth resembles knocking, or pinging. An octanenhar is
a number which reflects a gasoline resistance ticking. Engine knock can cause damage to the engim it
indicates that the engine is not operating as iefitty [4]. Many engines are required to specifictame
rating recommendations. Octane numbers are obtdigddsting a gasoline in controlled conditions.oTvarious
types of octane number can be obtained: the rdseatane number (RON) or motor octane number (M{BN®].
These numbers are obtained by testing gasolinéfareht circumstances, with the MON applying mesteess on
the engine to see how automotive gasoline perforimard conditions. Two chemicals, heptane and &tare, are
used to calibrate the scale, with heptane being, z&nd iso-octane being 100, when a automotive ligasis
investigated in an engine, itis compared with entl of heptane and iso-octane to see which blerst otosely
matches the fuel performance, if the blend inclugl@¥ heptane and 80% iso-octane, for example, ubkvill
have an octane number of 80. Octane numbers cadjbsted by putting additives in the fuel whichhailjust the
level of knock [7][8][9].
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The increased demands on the high quality of aatiws gasoline as indicated by its octane numbieeséarch
octane number or RON and Motor octane number or jJ@shong others, have been placed. The RON accounts
for fuel performance under low severity engine afien while the MON for more severe operation timéght be
incurred at high speed or high load [5]. In praetihe octane of a gasoline is reported as an Antikiindex or
Pump Octane which is the average of RON and MONh BRON and MON are still determined in a standadiz
single cylinder, variable compression ratio (froml 4o 18:1), internal combustion engine followirtetstandard
methods ASTMD2699 [10] and D2700 [11], respectivéiost internalcombustion automobile engines, whether
they are four, six or eight cylinders, run on arfstroke cycle known as the Otto cycle. The fownlsts are: intake,
compression, combustion and exhaust. To put hénsimplest of terms, each of the vehicle's pistooges up and
down within a cylinder. As the piston moves to tw@tom of the cylinder, a mixture of fuel and dovis in, the
piston then moves upward, toward the top of théndgr, compressing the air and fuel mixture asoéesso
[12][13]. Both RON and MON are relative values lzhsa accepted standard fuel mixtures. As long sspitocess
works as described above, the engine runs smodhlyoccasionally the pressure of the piston itedllf cause the
air and gas mixture to ignite prematurely during tompression cycle, creating a smaller, less pgolvexplosion.
This is called preignition and it's the cause dfiea knock. The engine is operated at a constaedsRPMSs) for
both RON and MON and the compression is increasgitithe onset of knocking. Engine speed is sed(dt rpm
for RON and 900 rpm for MON. Petroleum industry lsays been used empirical performance standdris o
gasoline products, such as RON and MON. Only afésrchromatography became widely available, cortipoai
standards and constraints on gasoline’s compodite started to be applied [12][14][15][16].

MATERIALS AND METHODS

Materials

The Octane Number Instrument that available in @ofgetroleum Refinery was employed to investigageoctane
number for standards and samples. It holds thesefgmtions: Range of measurement: 50~100 octamebers,
Range of compression ratio: 4:1~12:1, Inner diametecylinder: 65mm, Piston stroke: 100mm, Rotgteesi of
engine: 900+9r/min (MON) 600+6r/min (RON) and Pow&)00W.

Two types of automotive gasoline ( regular gasoliidRON and super gasoline 95 RON), which serietarfdards
kerosene gasoline solutions ranging from 0 to 1@%were prepared in the laboratory by adding therepriate

volume of kerosene to 100 ml volumetric flask andnpleted to the mark by standard regular and sgasoline

types in addition to pure regular, pure super gasand pure kerosene, the source of standardsangles was
Jordan Petroleum Refinery. Samples containers weravashed 1L glass bottles fitted with glass stoppThe

time of sampling and the gas stations symbol weichented, samples were then transported to tloedary at

Jordan University of Science and Technology (JU®)investigation. Pure regular and Pure super lgaso
standards collected directly from the Jordan Petrol Refinery at the same date, then stored inrayeedtor for

analysis.

To estimate the analytical precession and accluaadyto assure the proper quality of analyticalltesbe following
necessary measures were performed:

1) Replicate analysis for each sample by the sa@pparatus, method and conditions, to improve ttaditguof the
results and reliability.

2) Periodic testing of the pure regular and sg@esoline standards were used for the unadultessmples and
the standards to verify reliability and reproduliipiof apparatus and method.

Methods

A research octane number determination instrumendvailable at Jordan Petroleum Refinery aborat®he
determination based on comparing the knocking sitgrof gasoline with standard mixtures of isooetaand n-
heptane that would have the same anti-knockingaigpas the fuel under test: the percentage, bymel of 2,2,4-
trimethylpentane in that mixture is the octane namiif the fuel. For example, gasoline with the s&mecking
intensity as a mixture of 87% isooctane (100 ONJ &8% (0 ON) heptane would have an octane ratfr@y oA
rating of 87 does not mean that the gasoline cosfaist iso-octane and heptane in these proportmnghat it has

the same detonation resistance properties. Thdatds and samples were tested under same condityoresearch
octane number determination instrument, every stahdaind sample was tested more than once to obtain
reproducible and accurate average reading reseatahe number rating.
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RESULTS AND DISCUSSION

In Jordan , two main types of gasoline are soldh service stations: regular gasoline with a Rese®ctane
Number of 87 (87 RON) , and super gasoline witreadarch Octane Number of 95 (95 RON) for newer. ddmsse
two types are prone to adulteration especially veltleaper domestic kerosene leading to substarttaiges in
research octane number. According to tables 1 ambiéh show decreasing RON as amount the domestiskne
in the regular and super gasoline standards ineseathis can be attributed to composition and typés
hydrocarbons present in the kerosene mixture.

Gasoline is a mixture of paraffinic, naphthenigttoncentration of olefinic, and aromatic hydraeans. Cracking,
isomerization, and other processes can be usedctease the octane rating of gasoline to aboutA8@-knock
agents may be added to further increase the octdimg. Tetraethyl lead, Pb{Bs),, was one such agent,. The
switch to unleaded gasoline has required the adddf more expensive compounds, such as aromatitighly
branched alkanes, to maintain high octane numgy1[8][19][20].

Regardless of the crude oil source or processisiy, the major components of all kerosenes amedbred and
straight chain paraffins and naphthenes (cyclofiagdf which normally account for at least 70% by
volume, aromatic hydrocarbons in this boiling rangach as alkylbenzenes (single ring) and alkylttzgdbnes
(double ring) do not normally exceed 25% by volunfierosene streams, olefins are usually not ptestemore
than 5% by volume [14][21]. The flash point of keeoe is between 37 and 65 °C (100 and 150 °F), and
its autoignition temperature is 220 °C (428 °F)][18s we know the RON of straight chain paraffinsvery low
such as n-hexane (ON = 24) , n-octane (ON= -19)randnane (ON= -17) [22][23]. Thus the high corications

of paraffines and naphthenes components in domlestasene bring down its research octane numther effects

of blending gasoline with domestic kerosene aree@®ed density, decreased volatility and reducéghecrating
[14].

Tables (1 and 2) and figures (1 and 2) exhibitdffect the domestic kerosene on research octamberating of
regular gasoline and super gasoline. When adding®R8mestic kerosene to regular gasoline (87 Qi) super
gasoline (95 ON), their original research octaneiner were clearly dropped to be 85.9 and 93.5 easgely. This

indicates that domestic kerosene has a capalilitgduce octane number even though its amountadl.sh9% of

kerosene depressed the research octane numbeiBth%and 89.6 for regular and super gasoline otisiedy. To

obtain the more reproducible and accurate dataiethemarch octane number tests for standards ofaregnd super
gasoline were repeated under same circumstanegstthth readings were adopted precisely.
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Figure 1: The Relationship Between the % KerosenaiRegular Gasoline and the Research Octane Numbef Begular Gasoline
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Table 1 : Research Octane Number of Standards for &ular Gasoline

% Kerosene in Regular Gasoline Research Octane Blumb
87
85.5
84.5
83.5
82.5
81.5

=
o|®|o|~[INO

Table 2 : Research Octane Number of Standards foruper Gasoline

% Kerosene in Super Gasoline  Research Octane Number
95
93.5
92.5
91.5
90.0
89.5

=
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Figure 2: The Relationship Between the % KerosenaiSuper Gasoline and the Research Octane Number Stiper Gasoline

As it is noticed that there was a logical and setjgk dropping of research octane number of twoesypf

automotive gasoline resulted from increasing an®uwritthe adulterant (domestic kerosene). This ptgpeas

utilized to detect the adulteration and estimaegitantity. Although the Jordan Petroleum Refirdggends on a
number of analytical techniques that available ¢tedt gasoline adulteration as flash point, reifvacindex and
density, gas chromatography- mass spectrometryander Transform Near Infrared or FT-NIR.

Calibration curves were constructed for standardsegular and super gasoline, which representsréisearch
octane number of standards against the percenfatye domestic kerosene in the regular and supsslige, this
shown in figures (3 and 4). Samples were collectadiomly from the gas stations in Irbid ( northeegion of
Jordan ) and tested by research octane numbdustsated by table 3. The quality and quantity ddleerant were
estimated by the calibration curves.
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Figure 3 : Calibration Curve of Research Octane Nurber of Regular Gasoline Standards
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Figure 4 : Calibration Curve of Research Octane Nurber of Super Gasoline Standards

The results of research octane number analysisesthdivat G8 & G10 samples were adulterated as shovables
(3) , which indicate to the G8 sample was adulegtawith the kerosene and its percentage nearlyB%%.G10
sample was adulterated with kerosene and its pergens close to 10%, which assured by calibratimve of the
standards as illustrated in figures (3). Forturyatgliper gasoline samples were an unadulterateskeTtesults were
also confirmed by an fractional distillation andhdity techniques.
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Table 3 : Research Octane Number of the Samples

Samples (Regular Gasoling) Research Octane Number
RG1 87
RG2 87
RG3 87
RG4 87
RG5 87
RG6 86.5
RG7 87
RG8 82.5
RG9 87
RG10 80.5

Samples ( Super Gasoling Research Octane Number
SG1 95
SG2 94,5
SG3 95
SG4 94.5
SG5 95
SG6 95
SG7 94.5
SG8 94.5
SG9 95
SG10 95

CONCLUSION

Results show that 2 samples out of 20 were susgectdulterated by 8% and 10 %. The researcmeatamber
method used in analysis is an accurate, fast fiactige for detecting adulteration between 2 t84lMut it needed
to large amount of sample. The method is requicedpecial apparatus that are available in JordarolEem
Refinery.
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