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ABSTRACT

In this study gasoline samples were collected from Khartoum refinery from Fluid Catalytic Cracking unit (FCC), the
Reformate Gasoline unit (RFG) and finished product. The Oxygenated were prepared from the finished gasoline
plus the ethanol in a different blend ratios, such as 5 % of ethanol (E5), 7.8 % of ethanol (E7.8), and 10 % of
ethanol (E10). The analysis carried out on the gasoline samples and the blends. The analysis done in this study is
the main properties of gasoline that have direct impact on the environment, etc. Gas chromatography was used to
analyze the olefins and aromatics hydrocarbon groups and benzene component. Octane number, Reid Vapor
Pressure (RVP) and sulphur content were measured, etc. The result shows the aromatics content of the Sudanese
gasoline produced from Khartoum refinery was of a good quality worldwide, especially when it compared with the
British, the World Wide Fuel Charter (WMFC), the Emirate, and the Indian standard specifications. Which is a
better environmental outcome will be achieve. Also the current Sudanese gasoline has an intermediate value of
benzene, olefins and sulphur contents when it compared with the British and the WWFC specifications as a high
standard, and the Emirate and the Indian specifications as a low standard. On the present study the octane number
of the current Sudanese gasoline produced at the Khartoum refinery is found to be low when it is compared with the
WWFC and the British standard specifications, also the existing gum of the Sudanese gasoline is within the
international specification. The result present of study shows that the adding of the ethanol to the gasoline obtained
a greatest improvement in octane number, e.g. the use of 10% ethanol will increase the octane number to 3.6 points.
Also there are noticeably decreasing in aromatics, benzene and sulphur contents, and there is a major reduction of
olefins substantially with the ethanol volume, which is to somewhat a better environmental outcome will be achieve.
The RVP of the blends E5, E7.8 & E10, are within the range of the RVP of the Sudanese standard specifications.

INTRODUCTION

The petroleum products from crude oil

Crude oil contains hundreds of different types yddocarbons all mixed together, which is considexge@d complex
mixture of many different components. The sepamatibthese components into useable products byrfgetie

crude oil and the different components are pulledhy their vaporization temperatures is knownefsing. The

refining is started by the fractional Column Distiion Unit (CDU) and the Vacuum Distillation ColurJnit

(vDU).

The resulting fractions are either sent directlythe product pools or processed further to makentho more

valuable products.
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Gasoline

The most important refinery product is motor gassliwhich is a blend of hydrocarbons with boiliagges from
ambient temperatures to about 400 °F. The impogaalities for gasoline are octane number (antikhoolatility
(starting and vapor lock), and vapor pressure. thami are often used to enhance performance anddero
protection against oxidation and rust formation (ieud Ahmed R. 2003)

ASTMD 4814, Specification for Automotive Spark-itjph Engine Fuel, defines gasoline as a volatil&tane of
liquid hydrocarbons, containing small amounts afiides,( R.L.Furey,et al. 1993)

According to ( James G. Speight, 1980) gasolinesgentially a complex mixture of hydrocarbons that below
180 °C (355 °F), or at most below 200 °C (390°H) #me hydrocarbons of gasoline in this boiling mfgll into
three general types:

Paraffin’s which include cycloparaffins and isoftines

CH3-CH2-CH2- CH2-CH2-CH3 n-hexane;
CH3-CH2- CH(CH2)-CH3 i-hexane

Olefins CH3-CH2- CH2- -CH2-CH2=CH2 hexene

Aromatics

Benzene C6H6

Gasoline Nomenclature
Different nomenclatures have been in common useany region and countries, as follow:

Gasoline is generic at tioernational name

Motor spirit is an old name

Mogas and gas in USA have had macknt use

Petrol English-spemkcounties

Benzin German-speakingd other countries
Essence French-speakingiries

Gasolina Spanish and Pomtggu speaking countries.
Benzeen Sudan.( Alan. G. Luca 2001)

The History of Gasoline

In the late 19th Century the most suitable fuelstii@ automobile were coal tar distillates andlibleter fractions
from the distillation of crude oil. During the epar20th Century the oil companies were producingoljas as a
simple distillate from petroleum, but the autometigngines were rapidly being improved and requaetore
suitable fuel.

In the year 1910s, laws prohibited the storaggasline on residential properties, Charles F.dfitty modified
an IC engine to run on kerosine. However the kems$ielled engine would "knock" and crack the oyén head
and pistons. He assigned Thomas Midgley Jr. toicarthat the cause was from the kerosine dropletsiaing on
combustion as they presumed. Midgley demonstrdtatithe knock was caused by a rapid rise in presafier
ignition, not during preignition as believed by BXauffman 1989). This then lead to the long sedoctantiknock
agents, in tetra ethyl lead.

In the mid-1920s gasolines were 40 - 60 Octanegalme sulfur in the gasoline inhibited the octameaacing
effect of the alkyl lead, the sulfur content of thermally-cracked refinery streams for gasolines westricted. By
the 1930s, the petroleum industry had determinad tthe larger hydrocarbon molecules (kerosene)ahathjor
adverse effects on the octane of gasoline, and e&reloping consistent specifications for desirexpprties. In the
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1940s catalytic cracking was introduced, and gasatibmpositions became fairly consistent betweands during
the various seasons.

The 1950s saw the start of the increase of the pessjn ratio, requiring higher octane fuels. Oeteatings, lead
levels and vapour pressure increased, whereas sualfitent and olefins decreased. Some new refipingesses (
such as hydrocracking ), specifically designed rovigle hydrocarbons components with good lead mespa@nd
the octane were introduced.

Minor improvements were made to gasoline formufetido improve yields and octane until the 1970shenv
unleaded fuels were introduced to protect the estheatalysts that were also being introduced fatirenmental
reasons. From 1970 until 1990 gasoline were slalvgnged as lead was phased out, lead levels pliedimmttane
initially decreased and then remained 2-5 numbenget, vapour pressures continued to increase alfigr aind
olefins remained constant, while aromatics incréase

In 1990, the US Clean Air Act started forcing magompositional changes on gasoline, resultinglimpneting
vapour pressure and increasing oxygenate levels.

These changes will continue into the 21st Centliegause gasoline use in Sl engines is a majortjpoilgsource.
Comprehensive descriptions of the changes to gestiis century have been provided by (L.M.Gibb33)9

The move to unleaded fuels continues worldwide, éx@r several countries have increased the aromagig®nt
(up to 50%) to replace the alkyl lead octane enbiemcThese highly aromatic gasoline’s can resullamage to
elastomers and increased levels of toxic aromatisgons if used without exhaust catalysts.

What is ethanol

Ethanol, CH3CH2OH, is an alcohol, a group of cheincompounds whose molecules contain a hydroxyligre
OH, bonded to saturated a carbon atom .The cleadn of alcohol depends on the alkyl group to clhihe
hydroxyl group is attached:

R-OH  C2H5-OH

The common name of ethanol is ethyl alcohol, aedctiemical structure of ethanol is shown below.

Ethanol
H H
| I
H-C-C-0OH
[
H H

Properties of ethanol (so as to be used as fuel)

Ethanol is a known 'octane enhancer' and 'oxygenée octane enhancer is a component added tol getr
increase, the research octane number and to reshgiee knock. An oxygenate is a fuel octane compbne
containing hydrogen, carbon and oxygen in its mdbacstructure.

Ethanol is by far the most common alcohol usedasoine blend component as been described by (Aahucas
2001).

02 wt% 35
RON (research octane number) 111
RVP kPa 17
Boiling point, °C 78

Ethanol (ethyl alcohol) is a clear, colorless l@jwiith a faint odor, and it has a high latent hefataporization
Ethanol can be manufactured.
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Ethanol could be used as an automotive fuel b¥f iss®l can be mixed with petrol to form an ethapeifol blend,
the most common uses are:

10% ethanol (known as E10). 85% ethanol (knowk&); this blend is used in some states of the tbraquires
particular vehicle technology known as 'FlexibleFliechnology' (FFT).

20 - 24% ethanol (known as E22); this blend, useBrazil, requires specific vehicle optimizatioms-€alibration
and component changes) for 22% ethanol and 100&hetliE100), this is also used in Brazil and reggiivehicle
technology dedicated to the fuel, (Petrol EnvirontmA&ustralia 2002) .

ASTM D 4814

It is the standard specification for automotivergggnition engine fuel, there are several testhndtencompassed
in the ASTM D 4814 specification. It should also ha&ted that in addition to ASTM standard, some gletrm
companies and pipeline operators may have spetifiawhich go beyond the ASTM guidelines. For amste,
some refiners may specify a higher minimum motdae or use of specific deposit control additiveariy Wide
Fuel Charter, (World — Wide Fuel Charter. DEC.2002)

World —Wide Fuel Charter

Manufactures who own Fuel Quality Document (WWF(&)a

1. European Automobile Manufacturers Association (AGEA

2. Alliance of Automobile Manufacturers AssociationMB),

3. Engine Manufacturers (EMA),

4. Japan Automobile Manufacturers Association (JAMW)¢Id Wide Fuel Charter. DEC.2002).

The Sudanese standard specification of motor gasoé

Table (1) The Sudanese Standard Specification of @y gasoline

Properties Specifications| Test Method
Density at 1% kg/n? Report ASTM D 1298
Research Octane (RON) min. 90 ASTM D 2699

max.
Lead content g/l 0.013 ASTM D 3237
DISTILLATION
10% recovered °C max. 70
50% recovered °C max. 120
90% recovered °C max. 190
FBP °C max. 205 ASTMD 86
20% - 10% evaporatedC min. 8.0
Residue 9 max. 2.(
R.V.P: Kps
1st Nov--31Mar. 45-------- 80
1stApr---310ct. 40-------- 67 ASTMD 323

mIEX|st|ng Gum mg/100 max. 5.0 ASTMD 381
Induction Period minutes min. 244 ST D 525
Sulfur Content %m max. 0.1 ASTM5453
Doctor Test negative IP30 or ASTM D 4952
Copper Strip Corrosion Rating max No. 1 ASTM D 130

Source: Sudanese Petroleum Corporation, General directerorate of Down Stream Operation
MATERIALS AND METHODS

Samples collection
In this study gasoline samples were collected fkdrartoum refinery from Fluid Catalytic Cracking u@CC), the
Reformat Gasoline unit (RFG) and finished product.

Finished product was the blended of gasoline preducom different production units like FCC and RFhd
ready for the end user.
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The samples collected were:
Gasoline produced from FCC unit.
Gasoline produced from RFG unit.

Finish gasoline.

The samples prepared were:

Oxygenated samples prepared by different blendsati finished gasoline and ethanol, as follows
1. 5 % of Ethanol (E5).

2. 7.8 % of Ethanol (E7.8).

3. 10 % of Ethanol (E10).

Gasoline consisted almost entirely of a mixturénydrocarbons derived from Crude oil and boilingwesn 25°C

to 220°C (G. D. Hobson,1984) the separation amantization of hydrocarbon group of gasoline idiclifit
because it deals with a large number of very simifemlecules. Therefore, the most typical method tfoe
compositional analysis of total paraffinic, naphtiteand aromatic hydrocarbons is Gas Chromatogra(ibyR.P.
Thichaut 1999 and Dan, C.V, Joseph C.R 2000, ] JARNdrade, S, 1995) Gas Chromatography is the most
powerful and typical separation method for the cosifional analysis of a complex mixture of petrateu
hydrocarbon (] Newsd, M. 1997), (Min-Sik , K1,et&he advantage of GC/FID is its sensitivity to adi range of
hydrocarbon compounds. Flame lonization Detectoes destructive detection system because the anayte
combusted during detection (Environmental Medi&8)9

Gas Chromatography (GC) ASTM D 5134

The GC used is PIONA analyzer model Varian CP 38itl0 flame ionization detector (FID) which is usteddetect
compounds that produce ions when burned. The flamiatained by burning air and hydrogen, the FIRié&al for
analyzing hydrocarbons.

An auto sampler model CP 8410 is mounted abovetke of the GC. The column used is WCOT fusedasili
100M *0.25mm ID , coated CP Sil PONA. The softwased in this model called Star Workstation.

The operating conditions
Column temperature programming

Initial temperature 35°C

Hold time 15 min.
Program rate 1°C /min
2nd temperature 60° C

Hold time 20 min.
Program rate 2°C /min
Final temperature 200° C
Hold time 10 min.

The detector

Temperature is set at 300° C
Fuel gas is hydrogen (30ml/min)
Oxidizing gas is Air (300ml/min)
The injector

Temperature is set at 275°C
Split ratio is 200:1
Sample size is 0.2uL

Carrier gas helium He (column flow rate 5ml/min)

Standard is a PIANO ID KIT from Alpha PIONA Caldifon standards SUPELCO contain 135 components of
hydrocarbon of different groups (paraffin, iso-gfira aromatic, naphthene , and olefin)
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Figure (1) Diagram of the GC

Microliter Syringe f

(or Autosampler, Sample
sample valve) l

Gas flow control system

Detector

g Septum [ feeee--- Amplifier
Injector [ [TT77777
] Makeup 1l0w T
[N L
Capillary coloumn W
Split flow

Column oven

Carriergas —»

Fig.
9 Chromatogram

Procedure
The operating conditions of the gas chromatograptewadjusted as it listed above.

The detector turned on, the flame ignited and tfséesns allowed to equilibrate.

0.2uL of the PIANO ID KIT standard injected.

The chromatogram of the standard produced.

The Retention Time (RT) and Area (A) of each congmirpeak measured.

The weights (W) injected were known from the certife of the standard.

The ratio of A/W is calculated for each peak, tlaiso known as Response Factor (RF) of the componen

. The identification of the components based on comspa of the Retention Time (RT) of the unknown
component of the sample with that obtained fromkith@wvn component from the standard.

9. The weight of each component in the sample canabrilated by dividing its area by the its RespoRaetor

(RF)

NN E

The result of the analysis of the samples showtrainle (2)

Table (2) The hydrocarbon groups content in vol%n different type of gasoline by gas

chromatography

Ave. Vol%

E5 E7.8 E10 Finish G RFG RFCC
Aromatics 16.09 15.35 15.32 16.82 43.77 12.90
Iso-Paraffins 3141 30.94 31.00 36.02 34.54 33.95
Naphthenes 8.69 8.49 8.25 6.92 0.89 8.72
Olefins 27.22 26.20 23.78 28.54 3.64 34.15
Oxygenates 4.96 8.29 10.24 0.17 0.01 0.67
Paraffins 9.76 9.02 8.99 9.61 16.71 6.63
Unknowns 1.90 1.73 2.41 1.92 0.44 2.98

Table () BTEX content in vol% in deferent type of gasolincby gas chromatograph

Ave. Vol%

E5 E7.8 E10 Finish G RFG RFCC
Benzene 1.26 1.23 1.09 1.31 2.16 1.06
Toluene 3.51 3.34 3.20 3.37 11.60 1.49
Ebenzen 0.8¢ 0.7¢ 0.7¢€ 0.81 2.61 0.54
m-Xylene 2.96 2.75 2.73 2.85 7.35 1.92
p-Xylene 1.02 0.95 0.95 1.03 2.40 0.57
0-Xylene 1.41 1.30 1.27 1.35 4.11 0.93
Total 11.01 10.35 10.00 10.72 30.30 6.52

BTEX is Benzene, Tolune, Ebenzene, Xylene
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Ried Vapour Pressure ASTM D 323
ASTM D 323 — test method for vapor pressure of @etrm products D 323 cannot be used to measuresiier
pressure of gasoline containing ethanol

ASTM D 4953 — test method for vapor pressure objas and gasoline-oxygenate blends (dry method).

Vapour pressure of all volatile fractions is measlipy the RVP apparatus at (38 £ 0.1 °C). The gtpsiconsist of
two chambers. The lower chamber is in the formytihdrical bomb for holding the test sample. Abdkies, there is
air chamber which is a hollow cylindrical spacesigaed to posses four times the bomb volume. Th@tation of
the chamber is fitted with bourdon gauge for pressindication.

For the test, the bomb was first filled with thengde up to the brim and immediately the valve wksed and
connected to the air chamber. The apparatus wasiigeth in a water bath kept at 38+ 0.1°C. The maximu
pressure indicated by the gauge was counted d&dideVapour Pressure of the sample.

Table (4) The RVP of the blending components andrfished gasoline

RFG| FCC| FINISH[ ES E7.8 E1p
[ RV.P@37.8°C(kP: | 545 [ 58 | 62 64 | 64 64

Standard test method for research octane number spdrk-ignition engine fuel ASTM D 2699

This test method employ a Cooperative Fuel ResefZétR) single-cylinder, variable-compression, kntest

engine. The engine was operated under differentctesditions of speed, mixture temperature, andkspdvance
for each method. The compression ratio of thedegine was adjusted to produce a knock of starmadintensity
for the test gasoline — the gasoline being ratéebnTthe primary reference fuel whose knock intgnmeiatches that
of the test gasoline at the set compression ra#ie identified. The octane number of the referenet Wwas the
octane number of the test gasoline.

The series of primary reference fuels were blendhainal heptane (octane number defined equal to) zerd
isooctane (2, 2, 4-trimethylpentane — an octanebmirdefined equal to 100). The octane number df paary
reference fuel was equal to the volume percerdarfdtane it contains.

Table (5) The octane number of the blending compongs and finished gasoline

RFC | FCC | FINISH | E5 | E7.€ | EAC
[ Octane number RON  90.5 906 90.1 926 929 937

API Gravity
ASTM D 1298 — standard practice for density, refatilensity (specific gravity), or API gravity ofutte petroleum
and liquid petroleum products by hydrometer method.

The API gravity is measured in degrees and is tatled using the formula
API Gravity = (141.5/SG) - 131.5

FOR D 1298, the sample was placed in a cylinderthadappropriate hydrometer was lowered into thepda.
After temperature equilibrium had been reached, dample temperature and hydrometer scale reading we
recorded. The Petroleum Measurement Tables weie toseonvert the recorded value to the value agaadsrd
temperature such as 60°F or 15°C.

Table (6) The density in g/cm3 of the blending congnents and finished gasoline

Finish | E5 E7.8 E10
Density g/cm3 max.| 0.721p 0.7260 0.7262 0.7276

Sulfur content ASTM D 4294 by energy dispersive X-ray fluorescence spectromé&he X-ray fluorescence
spectrometry instrument (XRF), used is bench t&>analyser model Lab-X 3500 , contain a small Xitge,
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using helium gas supply for optimum analytical perfance .The Lab-X 3500 fitted with Oxford instrurtse
analytical software package.

The sample was placed in the beam emitted from -aayXsource. The resultant excited characteristimdation
was measured, and the accumulated count was cothpé@tecounts from previously prepared calibratgamples
to obtain the sulfur concentration in mass %. Twougs of calibration standards were required tonsie
concentration range 0.015 to 5 mass % sulfur (0t6Ib61 and 0.1 to 5.0 %). The result shown ingg#B)
Procedure

Table (7) The sulfur content of the blending compoents and finished gasoline

Finish | E5 E7.8 E10
Sulphurwt % | 0.0245 0.0236 0.01%8 0.0146

Existent gum unwashed ASTM D381 test

Existent gum, as already available in solutiortpibe separated by evaporation of the volatile Igzesoln this test
first the beaker was weighted empty; a sample ahbGvas evaporated with the aid of a heated jetipfwhile the
sample was marinated at 160 — 166 OC. After theanegion of the sample the residue was weightedallsgum
content should not exceed 6 — 10 milligrams permQ@f gasoline.

Table (8) Existing gum of the blending componentsral finished gasoline

Finist | E5 | E7.6 | E1C
| Existing gum, mg/100mi ma | 0.€ 2] 1z Jos

ASTM distillation ASTM D 86

In this test 100ml of sample was distilled in ansi@rd flask at a uniform rate of 4- 5 ml per ni@rhe distillate
was condensed, in a brass tube condenser, surbbydewater bath kept at 0 oC by ice — water métiirst drop
from the condenser was available in 5 to 10 minafésr heating started, at which the recorded teatpee was
mentioned as initial boiling point (IBP) of the salm The vapor temperature was recorded at eamessive 10 cc
distillate collected in a measuring cylinder. Thsttcontinues in the same way till 95% of fraci®eondensed. At
this juncture, the heat intensity may be increasedbtained the maximum boiling point also knowneas point
(EP). The result shown in Table (9).

Table (9) Distillation of the blending components iad finished gasoline

FINISH | E5 | E7.8] EI10
IBP @ Deg. C. 51 37 36 39
10% recovery Deg. C 52 5( 5( 5p
50% recovery Deg. C 93 88 79 A
90% recovery Deg. C| 157 155 155 1B3
EBP recovery Deg. C 180 179 178 180
Final recovery 98 97 97 99
Residue by volume 1.4 1.8 1.1 0/9

Colour
This is only for the purpose of identification Wween grades ,in the Sudan there is only one tymmsbline sold ,
ant it is not specified in the Sudanese standaedipations.

Doctor test ASTM D 4952

This test method primarily for the detection of rosptans in gasoline. Sulphur present as mercaptamgdrogen
sulfide in distillate fuels and solvents can attacény metallic and non- metallic materials. A negatesult in
doctor test ensures that concentration of thesgooamds is insufficient to cause such problems mmad use.

In a test tube 10ml of the sample was mixed withl®f sodium plumbite solution and was shacked ragsly, for
15 seconds . A small quantity of powdered sulplias added , and was shacked again for 15 secomdshad
been settled for 2 minutes. It was observed thapsaremained unchanged | n colour and the sulfitmed was
bright yellow which, indicates a NEGATIVE resuligarding the presence of sulphur.

72
Scholars Research Library



Osman Hussein Elaminet al Arch. Appl. Sci. Res., 2015, 7 (10):65-75

Copper strip corrosion ASTM D 130
Elemental sulphur , mercaptans and hydrogen sidghihich are present in petroleum fuels are cioeo®
engine parts and therefore are controlled.

In this test a clean and smoothly polished coppep svas immersed in the gasoline sample, whisthen
maintained at temperature 50°C for 3 hours. Thp was moved from the gasoline sample, washel adetone
(solvent free of sulphur) . It is then when companéth the ASTM copper strip corrosion standardndClass No.
1.

RESULTS AND DISCUSSION

The Sudanese gasoline blended with the ethanoiffefeht ratios. The octane number increased nakilsefrom
90.1 for the finished gasoline to 93.7 when addifigo ethanol to the finished gasoline. Also theriadsease in the
octane number by 92.6 and 92.9 for the additioB%fand 7.8% ethanol to the finished gasoline ragpy (Table
(5)). From these additions it is concluded thatatdition of 10% (E10) to the gasoline enhancedtiiane number
which is became approximately near the best valfilse WWFC, and the British standard. Moreoverdhdition
of 10% ethanol to the finished gasoline makes valuectane number and much better than the Indiandard
specifications.

The olefin content decreased with the increase of the peagentf ethanol, the average of it by volume is 2%2

in E5, 26.20% in E7.8 and 23.78% in E10 (Table.(Z))e benzene and aromatics contents decreasedheith
increase of the percentage of ethanol, which i&,118.824 for finish, 1.26, 16.09 for E5, 1.23,3Efor E7.8 and

1.09, 15.32 for E10 respectively. The benzene cdraéthe gasoline blends is found over the allderabnge of

the WWFC, British and Emirates standard specificetj but it is much better than that of the Etesand India

standard it were much better .

The Reid Vapor Pressure(RVP) property of the Sudanese gasoline producad Khartoum refinery is 62 kPa it
increased by 2 kPa to 64 when measuring the RMReoblends E5, E7.8 & E10, which is within the ramaj the
RVP of the Sudanese standard specifications.

When comparing the wt% of the sulphur content & ¢hrrent Sudanese gasoline with the blended gasatiis
found that the increasing of ethanol percent dese@she sulphur content.

The existing gumlevel in gasoline manage by the Sudanese , thisiBand the WWFC Standards is maximum
5.0 mg/100mlas shown in table (3.2), while in terent Sudanese gasoline produced from Khartoumengfwas
found 0.8 mg/100ml, and the gasoline blends EB,lEAd E10 were found 2.5,1.2 and 0.8 respectivehch are

in the range of these standards above. The gurhifetree Emirate Standard is maximum 4.0 mg /100ml.

The copper corrosionrecommended by the Sudanese, the British and WWé-@/Standards is of Class 1 (3 hours
at 50°C) , and also the current Sudanese gasotosuped from Khartoum refinery and the gasolinentite(ES5,
E7,8 and E10) were found the same as recommendgut lsgandards above Class which is 1.

The distillation property of gasoline based on the ambient temperaif the market. The WWFC classify each its
categories in five different classes depend orrdhge of temperature.

The distillation of the current Sudanese gasofimduced from Khartoum refinery and the gasolirents (E5,
E7,8 and E10) are found within the range of theaBede standard as shown in Table (1) and WWFC argtdg
class A (the ambient temperature). It was fourad there a reduction of temperatures occurrederfriimt end of
the distillation.

Doctor test in this test thecurrent Sudanese gasoline produced from Khartodimerg and the gasoline blends
(E5, E7,8 and E10) were found Negative. A negategult in doctor test ensures that concentratiorthete
compounds is insufficient to cause such problemimmal use, which are matching the Sudanese stinda
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Table (10) Standard specifications

WWFC British Emirates India Sudan
Aromatics % v/v max. 35.00 42.00 45.00 45.00
Benzene % v/v max. 1.00 1.00 3.00 5.00
Olefin % viv._max. 10.00 18.00 30.00 30.00
Octane Number (min) 95.0 95.0 97.0 87.0 90.
RVP kPa 45.00-60.0( 60.00 60.00
Density g/cm3 max. 0.7800 0.7750 0.7700 0.7500
Sulphur Content wt% max. Sulphur free 0.015 0.1 10.
Existing gum, mg/100ml max. 5.0 5.0 4.0 5.0
Doctor test Negative Negati

Sudan 1st.Nov.-- 31Mar.  1st Apr. --31 O¢t.
RVP kPa 45 --- 80 40 --- 67
CONCLUSION

The current Sudanese gasoline is roughly equivgliéatthe WWFC categoryl and much better than tidiah
specifications.

From this study the octane number of the currediaBase gasoline produced from Khartoum refinefgusd low
as compared with the WWFC and the British standgekifications, and is much better than that of theian
standard specification,

The current Sudanese gasoline has a very goodfispon value of the aromatics content world wigtgecially
when compared it with the British and the WWFC did specifications. Also the current Sudaneseligasbas
an intermediate value of benzene content and otefitent when compared with the British, WWFC staddand
the Emirate, the Indian standard.

The sulphur content by wt% in the current Sudamgasmline is much better than that of the Emiraaedard and
slightly near the range of the British and overaliewable range the WWFC.

Other analysis like unwashed existing gum and coppeosion of the Sudanese gasoline are withirBttitesh and
the WWFC standards

The result presented in this study shows that dlaitian of ethanol to the gasoline obtained a g&aimprovement
in octane number, e.g. the use of 10% ethanol iwdtease the octane number to 3.6 points. Alsoetlze

noticeably decreasing in aromatics, benzene anphsulcontents, and there is a major reduction efird

substantially with the ethanol volume, which isstomewhat a better environmental outcome will béeagh Due to
the one of the major properties of gasoline the R¥iEre is an increase in it by 2 kPa when blendliitg ethanol,
which is still in the range of the Sudanese natistendard, which determined to be 67 kPa.

Recommendations:

1. The Sudanese petroleum corporation should selétztbtel and compatible option with relevant interoaal
standard for Sudanese national fuel quality spgcial setting limit of aromatics, olefins, and lzme content of
gasoline, and to be implemented in national basis.

2. Economical studies should be useful to determirevibibility study of using oxygenated fuel (by @ugl one of
the ratios of ethanol recommended in the study).

3. Since the FCC unit in Khartoum refinery is the majmducer of gasoline, it is important to imprdte quality
of FCC gasoline by reducing the olefin contentl stith high octane number. This can be done by ajpamnal
modification to FCC unit or by significant investmeto the refinery configuration by adding alkytati unit
(alkylate is an excellent blending component fghhbctane number, free of lead, benzene and oléefmrelatively
clean but expensive).

4. Since the reformat unit is the main producer ofvaatics (about 43%), operational modification toorefat unit
require to reduce the aromatics content. Isoméoisgbrocess also can play apart on reducing of atiom
(Isomerate is a sulfur free, low olefin, aromaticsl benzene, high octane, super clean but expénsive

These solutions will be specifically depending uplea refinery configurations and governmental ratiahs.
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