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ABSTRACT

The adulteration of petroleum products especially gasoline is a serious problem in many countries. The large
differencesin prices of gasoline, diesel and kerosene in Jordan are the main driving factor for adulteration. The fact
that kerosene is miscible in gasoline makes adulteration an easy task. The unhealthy and unethical practice of
adulteration of gasoline with cheaper kerosene or with diesel leads to severely damaging consequences on
automotives engines and increases vehicles emissions which are of a major concern to environmental. All engines
are designed and manufactured to run on specific fuel, they will emit substantially more pollutants if the fuel
specification is changed. When kerosene is added to various types of automotive gasoline, the octane quality will fall
below the octane requirements of engine and therefore engine knocking can occur. It is evident in this work that fuel
adulteration in Jordan is carried out mainly by blending kerosene into regular gasoline. The price of kerosene in
Jordan is much less than that of gasoline. This encourages greedy dealers to practice this illegal act. In this
research, the fractional digtillation analytical methods were utilized for detecting regular gasoline adulteration
methods of analysis have been optimized, samples have been collected from different gas stations in northern Jordan
and then tested. The method of analysis was simple, less expensive and very comparable to other high sophisticated
techniques.
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INTRODUCTION

Gasoline is a mixture of more than four hundredatitd and flammable liquid hydrocarbons rangingrird to 12
carbon atoms per molecule [1][2]. The liquid phdees not burn, only the vapors do. Gasoline hiesh point of -
7 °C and an auto ignition temperature of 307 °C I3l a mixture of paraffinic, naphthenic, oléinand aromatic
hydrocarbons. In addition to hydrocarbons, gasaise contains small amounts of sulfur, atmosphexagen, and
traces of nitrogen. This petroleum fraction distighin the temperature range of 30— 220[4J[5].

Gasoline is produced by blending different fuekaims coming from various production processes. Aperic
straight run cuts together with products from gdialreforming and cracking, isomerization etc.tardre the most
commonly used feeds for the production of the figalsoline. These fractions are referred to as wmesol
components. The blend recipes are determined $iattthe properties' specifications of the finaldliae are met

[6].

Gasoline is blended primarily to achieve physicpédfications for boiling range, vapor pressurejdation
stability, and octane with the goal being desirabigine performance, namely cold/hot starts, acaiibe, knock,
resistance to vapor lock, #%[8].A number of analytical techniques are aviaidato detect gasoline adulteration as
flash point, refractive index and density but iisthaper we are interested in fractional distidiati
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MATERIALS AND METHODS

Materials

The samples of regular gasoline, kerosene anduigested samples were collected from differentsgasons in
Irbid governorate in northern Jordan; Irbid congaimore than 175 gas stations which market mosstgpéuel such
as regular gasoline, super gasoline, diesel andskaee. These petroleum products are being supplieibrdan
Petroleum Refinery Company. So, in the same petioel,samples of pure regular gasoline and pure siitne
kerosene were taken directly from the Jordan Rairol Refinery company. Samples of regular gasolieeew
collected from 16 randomly chosen gas stationsonthern Jordan. Samples containers were pre-wakheaylass
bottles fitted with glass stoppers. The time of glimg and the gas stations symbol were documestadples were
then transported to the laboratory at Jordan Unityeof Science and Technology (JUST) for invedtaa

Sixteen gas stations have been given symbols G1,..G2for gas station 1 and gas station 2...., respayg, S
symbol represent pure regular gasoline standaitkscted directly from the Jordan petroleum refinat the same
date, then stored in a refrigerator for analysisefies of standards kerosene gasoline solutiorgng from O to
10% v/v were prepared by adding the appropriatanael of kerosene to 100 ml volumetric flask and cletal to
the mark by standard regular gasoline as showabie {(1).

Methods

Pure regular gasoline, pure kerosene and purpasihiterated regular gasoline (standards) and sampéze
distilled using a fractional distillation methodthe laboratories of Jordan University of Sciengd @echnology by
utilizing the ASTM D86 procedure. The apparatus leygd in fractional distillation composed of a roubottom
flask (250ml), fractional column, thermometer, censer, distillation adaptors, two graduated cylindand
aluminum foil.

Installing fractional distillation apparatus shoudd correct; every part should be fixed tightlyptevent leakage.
The fractional column was rolled by aluminum fod tminimize transferring heat from the column to the
surroundings. The receiving graduated cylinderhat énd of condenser was immersed in the beaked fillith
cooled water. The tip of the condenser touchesner wall of receiving graduated cylinder angvés covered by
aluminum foil. A 100 ml of pure regular gasolinemure kerosene or standard of adulterated regalsolige was
put in the round bottomed flask and heated slowlg aontinuously using a heating mantle. The proeess
observed carefully until the first drop of condeestell from the lower end of the condenser tulés tvas then
recorded as the initial boiling point. The thermeenaeadings at 5% to 90% recovered were recoraditi final
boiling point. The distillation curves for standarand samples were constructed. To visualize thdtsebetter, the
temperature should be on the Y-axis and the volafrtee distillate on the X-axis. A distillation cwg will clearly
show the boiling point of each distillate of sangte standards and their respective percentagenesiu

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

1) Replicate analysis for each sample by the sapparatus, method and conditions, to improve tlaitgwf the
result and reliability.

2) The results obtained by the fraction distilatimethod were compared to results from automasiilldr that it
exists at the Jordan Petroleum Refinery Compamyl tamples.

3) Periodic testing of the pure regular gasofitendard was used for the unadulterated sample,k@nosene and
standards to verify reliability and reproducibilidy apparatus and method.

RESULTS AND DISCUSSION

Five accurately blended regular gasoline standarel® prepared in the laboratory in addition to pregular
gasoline and pure kerosene were primarily testethbyfractional distillation method. The distillati curves for
each standard were constructed. Sixteen samptbae oégular gasoline collected from randomly chages stations
in Irbid area were tested by fractional distillatiorheir distillation curves compared to those windards to find
suspected samples

Fractional distillation curves for samples were stanmcted in the laboratory in Jordan UniversitySzfience and
Technology at atmospheric pressure using instmstim American Society of Testing and Materials (ASTM)
method D86The relationship of temperature readings corredgonfirst drop , 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90% and 95% of the distilled volume welatted, this represented by figure (1) and talile The
distillation curve can, in simple terms, be repnésé by three points: T10 relates to cold staritgbir 50 relates to
cold drivability and T90 relates to combustion clemdeposit, which represent the temperature athwt, 50 and
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90% vaporization of gasoline initial volume occ@s shown in table (2). These temperatures chaizettre
volatility of the fuel’ light, medium and heavy frions. These fractions, in turn, effect the engirdifferent
operating regimes[9][10][11].
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Figure 1 Distillation Curve for Standards.

Table 1 The Relationship Between the Temperatureend the Distilled Volume of all Standards.

Temperature °C (average)
Distilled Regular Pure (2%). (4%). (6%). (8%). (10%).
Volume (%) | gasoline| Kerosene| Standard| Standard| Standard| Standard| Standard
0% 36 140 40 41 41 43 43
10% 50 150 51 54 57 58 59
20% 55 161 57 59 61 63 64
30% 61 168 63 66 67 69 71
40% 65 173 69 72 74 76 78
50% 73 180 78 83 85 87 91
60% 87 186 93 97 100 104 107
70% 100 190 114 118 122 125 130
80% 125 195 135 140 140 142 144
90% 136 202 143 149 151 153 154
95% 141 228 148 154 155 157 159

Table 2 The Differences in the Results that Obtairteby the Fractional Distillation among the Standard.

Characteristics Standard (2%) Standard (4%) Stdn@46) | Standard (8%) Standard (10%0)
Initial boiling point (°C) 38-41 38-41 39-41 42-43 42 - 44
Temp at 10% distilled volume ( °C| 50 - 52 52 -54 55 - 57 57 - 60 58 - 60
Temp at 50% distilled volume ( °C| 77-80 82-85 4-87 86 - 89 89-91
Temp at 90% distilled volume ( °C| 141 - 144 14150 150 -152 152 - 155 153 - 155
Final boiling point (°C) 147 -149 153 - 155 15456 157 - 158 158 - 160
Volume of the loss (ml) 3to4 3to4 3to4 3to 2t03
Volume of total recovery (ml) 96 to 97 96 to 97 @7 97 - 97.5 97 to 98
The volume of remained liquid (ml| 1-2 1-2 2- 2-3 2-3

ASTM D86 is a creditable method that employed i pletroleum refineries fayperation of the distillation towers
is based on volatility and compositional data af#di from this D86 distillationAlso, gasoline specifications
include the D86 boiling range. The distillation cheteristics are critically important for both amtotive and
aviation gasoline, affecting starting, warm-up, aeddency to vapor lock at high operating tempeeatur at high
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altitude, or both. The presence of high boilingmp@omponents in these and other fuels can sigmifig affect the
degree of formation of solid combustion deposi®j[[13].

Table 3 The Relationship Between the Temperaturenal the Distilled VVolume of G8 Sample.

Distilled Volume (%) | Temperature °C
0% 42
10% 59
20% 64
30% 70
40% 78
50% 89
60% 106
70% 128
80% 142
90% 154
95% 159

Table 4 The Relationship Between the Temperatureral the Distilled Volume of G15 Sample.

Distilled Volume (%) | Temperature °C
0% 43
10% 61
20% 65
30% 75
40% 79
50% 91
60% 110
70% 132
80% 145
90% 157
95% 162
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Figure 2 The Comparison Between 8% Standard and G8ample

The average initial boiling point of regular gaseliwas nearly 36°C. It is the first drop fallen meafter 5 to 7
minutes after heating started, The distillationgaess continued to 139°C, which is corresponds & @istilled
volume. 139°C is the maximum temperature reachethgluistillation. After the distillation of the pe regular
gasoline was finished, a dark yellow oily liquidmained in the flask with a volume of about 2 mlisTremaining
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liquid was more viscous than regular gasoline.idt mbt evaporate even at higher temperatures.rvexted to a
dark brown or black color.

This residual liquid was formed by chemical degtmaeaof the gasoline during the distillation prosespecially at
high temperature; One important consequence ofddgradation is the gum formation (polymerizationtloé

olefins) that increases the average molecular weaiglthe hydrocarbons [14][15]. The major reastm$orm the

gum are olefins content and some catalytic facibisigh temperatures. Leaded gasoline [14][15]fH]has high
olefin content, since its main components come ffluial catalytic cracking refinery units. In constathe olefin
content in unleaded gasoline is relatively low.

The volume of the sample before the fractionalilthiion was 100 ml, and volume of the residue (yum
distillation flask was nearly 3 ml, the total reeoy from the test equaled 97 ml, the differencevben the volume
of the original sample and the total recovery whagivalent about 3 ml referred to volume loss.
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Figure 3 The Comparison Between 10% Standard and GlSample

The volatility of regular gasoline is very high bese of the presence of low boiling point and highor pressure
compounds such as butane and its isomer (BP -297) If the distillation is carried out at room tparature nearly
25°C this may lead to evaporation of some reguémoline from a round bottomed flask, i.e. befoegibning

heating or before the temperature reaches anlifitiding point which needs at least 5 minutes. d&ame is
produced from the fractional distillation of crudié and its boiling temperature range is 140-280CGemically, it

is composed of paraffin, naphthene and aromaticdoatbons; therefore, the composition of keroseneery

complex [18][19].

The samples of the pure kerosene were distilleal laboratory by fractional distillation at an atmberic pressure
and room temperature, the initial boiling tempematwas 140 °C (average). The time from first aggtian of heat
to initial boiling point was between 12-16 min. Theerall time to complete distillation of the puterosene was
about 70 minutes. The maximum thermometer readimgng the distillation process was 228 °C, at thimperature
the volume distilled approached 95%. Table (1) fignate (1) show relationships between the thermemetadings
and the percentage evaporated. The volume of rémgaiiquid in the distillation flask was about 4r8l; its
appearance and odor were similar to that formethbydistillation of the regular gasoline. The tatatovery was
up-to 99.5 ml. The amount of the loss was 0.5my0ahd the overall time of the distillation excegdme hour.
Table (4) represents the major differences betwleepure kerosene and the pure regular gasolitidadiens.

Tables (1 and 2) show the relationship betweentéhgperature and distilled volume of standards ardpges.
Figure (1) illustrates the distillation curves ¢drsdards and samples. The same procedure is applésth sample.
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The results of fractional distillation analysis sfeal that G8 & G15 samples were adulterated as slimovables (3,
4) , which indicate to the G8 sample was adultératith the kerosene and its percentage nearly 8.5

sample was adulterated with kerosene and its pegens close to 10%, which assured by comparistween

distillation curve of the samples and standardfiestrated in figures (2,3). These results wesnalonfirmed by an
octane number determination technique [7].

CONCLUSION

Results show that 2 samples out of 16 were susgectadulterated by 8% and 10 %. The fractionatiltiition
method used in analysis is simple, cheap, accupagejse and effective for detecting adulteratietween 2 to
10%, but it failed to detect kerosene concentraitingasoline below 1%. The method needs simple rajpps that
are available in most chemistry labs, but it issic@nsumingit requires at least 40 min for each sample.

Acknowledgment
The authors acknowledge the support of Deanshipsgfarch, Jordan University of Science & Technalogy

REFERENCES

[1]. Lanzer T, Meien O, Yamamoto Euel, 2005 84, 1099.

[2]. Jude C, Igwe, Kalu E, Agbaeze, Anthony I, kband Christopher WAsian Journal of Plant Science and
Research, 2012 2, 643.

[3]. Lori C, HasselbringJournal of Hazardous Materials, 2006 130, 64.

[4]. Rita C, Pereira C, Vanya MBuel. 2006 85, 1860.

[5]. Dauda MS, Odoh Rper Chemica Snica, 2012 3, 745.

[6]. Nikos P, Vassilis PG;uel Processing Technology. 2006 87, 505.

[7]. Murty BS, Rao RNFuel Processing Technology. 2004 85, 1595.

[8]. Aina T, Folayan CO, Pam GM¥dvancesin Applied Science Research, 2012 3, 1915.

[9]. Richard MU, Edward MH, Allen DUStout. Intern. J. Environ. Anal. Chem. 2002 83, 1.

[10]. Hincks R, Petrol & Qil. 2004 154, 16.

[11]. Auwal A, Oche A, Abdulhamid Hdvances in Applied Science Research, 2012 3 ,611.

[12]. George ETFue and Lubricants Handbook, United State of Americ2003 pp 3.

[13]. ASTM, Sandard Method for Distillation of Petroleum Products. 1982 pp 8.

[14]. Lilian CC, Carlos 1Y, Oscar FMZhemometrics and Intelligent Laboratory System. 2005 76, 55.
[15]. Yufeng L, Hua Z, Tom MFuel. 2006 58, 465.

[16]. Azeh Y, Umar M, Sani MDer Chemica Snica, 2011, 2, 181.

[17]. Kafilzadeh F, Afrough R, Johari H, Tahery Bfyropean Journal of Experimental Biology, 2012 2, 62
[18]. Blackmore DR, Thomas Auel Economy of the Gasoline Engine. 1977, 1, 55.

[19]. Vinicius LS, Eustaquio VR, Castro CC, Perd¥fB, Isabel CPEnergy & Fuels. 2005 19, 2350.
[20]. Hoeil C, Min SK, Joon SLVibrational Spectroscopy. 1999 20, 155.

[21]. Hojat G, Seung WB, Qasim SBogmbust. Sci. and Tech. 2006 178, 1669 .

175
Pelagia Research Library



