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1.1. General InformationGeneral Information

The most important refinery product is motorThe most important refinery product is motor
gasoline.gasoline.

Gasoline is mixtures of differentGasoline is mixtures of different
hydrocarbons with boiling ranges fromhydrocarbons with boiling ranges from
ambient temperatures to about 200 C.ambient temperatures to about 200 C.

The important qualities for gasoline are octane The important qualities for gasoline are octane 
number ( antiknock ),volatility ( starting and vapor number ( antiknock ),volatility ( starting and vapor 
lock) and vapor pressure. additives are often lock) and vapor pressure. additives are often 
used to enhance performance and provide used to enhance performance and provide 
protection against oxidations and rust formationsprotection against oxidations and rust formations ..



33

1.1.Physical and chemical properties1.1.Physical and chemical properties
Physical state   : liquidPhysical state   : liquid
Specific gravity : 0.72Specific gravity : 0.72--0.76 (water =1)0.76 (water =1)
Vapor density   : 3Vapor density   : 3--4 ( air =1)4 ( air =1)
Boiling point/range : 20 to 204 CBoiling point/range : 20 to 204 C
Vapor pressure/range : 300Vapor pressure/range : 300--500 mmHg at 500 mmHg at 
38C ( 0.438C ( 0.4--0.65 kg/cm) ,water 0.065kg/cm0.65 kg/cm) ,water 0.065kg/cm
Flash point : < 0 CFlash point : < 0 C
AutoflammabilityAutoflammability : > 340 C: > 340 C
Explosive limits :1.4Explosive limits :1.4 --7.6,7.6, volume %volume %
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The following are main hydrocarbon compounds in The following are main hydrocarbon compounds in 
gasolinegasoline

CAC.NoCAC.No..Conc.%Conc.%Component nameComponent name
163404163404--4400--1515Methyl tertiaryMethyl tertiary--ButylButyl

Ether (MTBE) Ether (MTBE) 
994994--0505--8800--1515TertiaryTertiary--Amyl Methyl Amyl Methyl 

Ether (TAME)Ether (TAME)
637637--9292--3300--1515Ethyl tertiaryEthyl tertiary--butyl ether butyl ether 

(ETBE)(ETBE)
108108--2020--3300--1515DiDi--isopropyl Ether (DIPE)isopropyl Ether (DIPE)
919919--9494--8800--1515TertiaryTertiary--Amyl Ethyl Ether Amyl Ethyl Ether 

(TAEE)(TAEE)
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6464--1717--5500--1010EthanolEthanol
MixtureMixture55--2020Pentane, all isomersPentane, all isomers
MixtureMixture55--2020Octane, all isomersOctane, all isomers

108108--8888--3311--2020TolueneToluene
13301330--2020--7711--1818XyleneXylene, all isomers, all isomers

MixtureMixture55--1515Hexane, other isomersHexane, other isomers

MixtureMixture55--1515HeptaneHeptane, all isomers, all isomers
MixtureMixture00--1010NonaneNonane, all isomers, all isomers
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MixtureMixture00--1010
7878--7878--4400--1010

00--1010
11--88
11--55
11--55

00--4.94.9

IsopentaneIsopentane

0.20.2--44

106106--9797--88nn--ButaneButane
110110--5454--33nn--HexaneHexane
108108--8787--22MethylcyclohexaneMethylcyclohexane

2555125551--1313--77TrimethylbenzeneTrimethylbenzene, all , all 
isomersisomers

7171--4343--22BenzeneBenzene
100100--4141--44EthylbenzeneEthylbenzene

NonaneNonane, all isomers, all isomers
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MixtureMixture11--33Hexane, all isomers Hexane, all isomers 
MixtureMixture

9696--3737--7711--33MethylcyclopentaneMethylcyclopentane
110110--8282--7711--33CyclohexaneCyclohexane

2555025550--1414--5511--33Ethyl methylbenzenes Ethyl methylbenzenes 
((EthyltoluenesEthyltoluenes))

287287--9292--3311--22CyclopentaneCyclopentane
9191--2020--330.10.1--22NaphthaleneNaphthalene
9595--1313--660.50.5--1.51.5IndeneIndene

103103--6565--110.50.5--1.51.5nn--PropylbenzenePropylbenzene
100100--4242--5500--11StyreneStyrene
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2.Quantities of Consumed gasoline 2.Quantities of Consumed gasoline 
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LEDED, UNLEDED GASOLINE CONSUMPTION
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FCC UnitFCC Unit

Fluidized Catalytic Cracking Unit
RON 88-89(without additives)  

16%

Vacuum H.G.Oil

Catalyst

Spent Catalyst

Catalyst Additive

Slurry Recycle

Utilities
Cooling Water
Service Water
Boiler Feed Water
Electricity
Steam
Fuel Gas
Turch Oil
Instrument Air
Refinery Air

Utilities
Cooling Water
Service Water
Steam
Condensate
Instrument Air
Refinery Air

Catalyst Fine

Products
Fuel Gas
LPG
FCC Gasoline
L.C.Oil
Slurry

Oily Water 
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Naphtha Hydrotreater N.H.T
SRG ( LN) RON 70
(without additives)

22%.

Feed
Topp.1 Gasoline
Topp.1 Naph. & LPG
Topp.2 Gasoline
Topp.2 Naph. & LPG
Tpp.3 over head
UNIBON over head
UNIBOM LPG
CDU-3 Over Head
Plat. H2 rich gas
Naphtha from Sour Tanks
Naphtha from Sweet Tanks

Catalyst

NAPHTHA HYDROTREATER UNITNAPHTHA HYDROTREATER UNIT

Utilities
Cooling Water
Service Water
Boiler Feed Water
Electricity
Steam
Fuel Gas
Fuel Oil
Instrument Air
Refinery Air

Utilities
Cooling Water
Service Water
Condensate
Fuel Oil
Instrument Air
Refinery Air

Products
Fuel Gas
H2 rich gas
LPG
Gasoline
Light Naphtha
Heavy Naphtha
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PLATFORMER UNIT
RON 92

(without additives)
62 %

Heavy Naphtha
From N.H.T Unit

Catalyst

PLATFORMER UNITPLATFORMER UNIT

Products
Fuel Gas
Sweet Fuel Gas
H2 Gas
LPG
Gasoline Platformate

Chemicals
Propolyne Dichloride
Phosphate

Utilities
Cooling Water
Service Water
Boiler Feed Water
Electricity
Steam
Fuel Gas
Fuel Oil
Instrument Air
Refinery Air

Utilities
Cooling Water
Service Water
Steam
Condensate
Fuel Oil
Instrument Air
Refinery Air
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3. Research Octane Number (RON) 
Octane is a measure of a fuels tendency to 
knock in a test engine when compared to 
other fuels .
Knocking occurs when the fuel/air mixture 
explodes on the compression stroke of the 
engine cycle, ie before the application of the 
spark. This creates a loud knocking noise 
within the engine and can lead to engine 
damage.
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Research Octane Number (RON) is 
determined in the test engine at a relatively 
low speed (600 rpm). This is to simulate city 
driving at low speed with frequent 
acceleration.
Motor Octane Number (MON) is measured 

at higher speed (900 rpm) which simulates 
highway driving.
For most fuel components RON is greater 
than MON.
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4. FUEL ADDITIVES4. FUEL ADDITIVES
TEL & TML.TEL & TML.
TetraTetra--ethyl lead and. Tetraethyl lead and. Tetra--methyl lead as methyl lead as 
fuel additives have been used to reduce the fuel additives have been used to reduce the 
knocking tendencies of gasoline since 1922.knocking tendencies of gasoline since 1922.
A typical lead content of 0.4g/l, A typical lead content of 0.4g/l, boostesboostes aa
gasoline's RON by about 6 units.gasoline's RON by about 6 units.



1919

4.1. What is TEL ?4.1. What is TEL ?

TetraTetra--ethyl lead is a lead ethyl lead is a lead 
atom bonded to a tetrahedral atom bonded to a tetrahedral 
arrangement of ethyl groups.arrangement of ethyl groups.
The CThe C--PbPb bond is quite weak bond is quite weak 
and in the hot environment of and in the hot environment of 
an internal combustion an internal combustion 
engine it fragments engine it fragments 
producing lead and ethyl producing lead and ethyl 
radical which can help radical which can help 
termination the combustion termination the combustion 
process by radical reactions.process by radical reactions.
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4.2 H&E IMPACT4.2 H&E IMPACT

LEAD deposits poison catalytic converters LEAD deposits poison catalytic converters 
and exhaust oxygen sensors, so exhaust and exhaust oxygen sensors, so exhaust 
gases cannot be removed.gases cannot be removed.
Reduced mental capacity in children and Reduced mental capacity in children and 
high blood pressure in adults.high blood pressure in adults.
In 1990 the U.S. Congress prohibited the In 1990 the U.S. Congress prohibited the 
addition of lead to gasoline, effective addition of lead to gasoline, effective 
January 1,1995. January 1,1995. 
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5. OXYGENATY ADDETIVES5. OXYGENATY ADDETIVES

Oxygenates are hydrocarbon compounds Oxygenates are hydrocarbon compounds 
which contains oxygen atoms.which contains oxygen atoms.

Tow types of oxygenates are commonly Tow types of oxygenates are commonly 
added to gasoline Alcohols and Ethers.added to gasoline Alcohols and Ethers.

Oxygenated fuels are used to reduce ozone Oxygenated fuels are used to reduce ozone 
forming smog ,hazardous carbon monoxide forming smog ,hazardous carbon monoxide 
pollution and other toxic air pollutants.pollution and other toxic air pollutants.
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AlcoholsAlcoholsEthersEthers
CAS #CAS #CompoundCompoundCAS #CAS #CompoundCompound
6767--5656--11MethanolMethanol108108--2020--33DIPEDIPE (Di(Di-- IsoIso--

PropylPropyl--EtherEther

6464--1717--55EthanolEthanol919919--9494--88ETAEETAE (Ethyl(Ethyl--
TertiaryTertiary--AmylAmyl
EtherEther

5757--6565--00TBATBA (Tertiary(Tertiary
Butyl Alcohol; Butyl Alcohol; 
22--MethylMethyl--22--
Propanol)Propanol)

637637--9292--33ETBEETBE (Ethyl(Ethyl--
TertiaryTertiary--ButylButyl--
EtherEther
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6767--6363--00IPAIPA ((IsoIso PropylPropyl
Alcohol, 2Alcohol, 2--
Propanol)Propanol)

994994--0505--88TAMETAME
(Tertiary(Tertiary--AmylAmyl--
MethylMethyl--EtherEther

7171--2323--88nn--PropanolPropanol (1(1--
Propanol)Propanol)

16341634--0404--
44

MTBEMTBE
(Methyl(Methyl--
TertiaryTertiary--ButylButyl
EtherEther

7171--3636--33nn--ButanolButanol
(normal butyl (normal butyl 
alcohol, 1alcohol, 1--
Butanol)Butanol)

7878--8383--11isoiso--ButanolButanol
(isobutyl alcohol, (isobutyl alcohol, 
22--MethylMethyl--11--
PropanolPropanol))
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..

5.1 What is MTBE 5.1 What is MTBE 

MTBE is the most MTBE is the most 
widely used fuel widely used fuel 
oxygenate, due to its oxygenate, due to its 
combination of combination of 
technical advantages technical advantages 
and supply and supply 
availability.availability.
MTBE delivers high MTBE delivers high 
octane value at octane value at 
relativity low cost.relativity low cost.

Methyl TertiaryMethyl Tertiary--Butyl EtherButyl Ether
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Physical and chemical propertiesPhysical and chemical properties

LeadedLeaded
gasolinegasoline

OxygenateOxygenate
gasoline (max gasoline (max 
15%v MTBE)15%v MTBE)

MTBEMTBE

MixtureMixtureMixtureMixture88.1588.15MolecularMolecular
weightweight

BoilingBoiling
point Cpoint C

MeltingMelting
point Cpoint C

2020--2102102020--2102105555

------109109
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< 0< 0< 0< 0--2525Flash point CFlash point C

Min.340Min.340Min.340Min.340425425AutoignItionAutoignItion
temp. Ctemp. C

1.41.4--7.67.61.41.4--7.67.61.51.5--8.58.5FlammabilityFlammability
limits %limits %

0.720.72--0.780.780.720.72--0.770.770.740 g/ml0.740 g/mlR. Density R. Density 
@20C@20C

450450--500500450450--600600
@38C@38C

245 mmHg245 mmHgV. Pressure V. Pressure 
@ 20C@ 20C

BTX EB BTX EB 
2.6g/l2.6g/l

MTBE 23g/lMTBE 23g/l
BTX EB BTX EB 
2.6g/l2.6g/l

4242 g/lg/l atat
25C25C

WaterWater
solubilitysolubility
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5.2. Benefits of MTBE in gasoline5.2. Benefits of MTBE in gasoline

The important reason for the widespread The important reason for the widespread 
use of MTBE is feedstock flexibility.use of MTBE is feedstock flexibility.
Air quality benefits :Air quality benefits :

-- more complete fuel combustionmore complete fuel combustion
-- reduction of olefins, aromaticsreduction of olefins, aromatics

.                   and benzene levels.                   and benzene levels
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The use of reformulated gasoline containing 10The use of reformulated gasoline containing 10--
15 % MTBE, reduced the pollutants as following :15 % MTBE, reduced the pollutants as following :

2020--25 %25 %COCO
1010--15 %15 %Unburned hydrocarbons Unburned hydrocarbons 

30 %30 %Particulate matterParticulate matter

2020--30 %30 %BenzeneBenzene

5 %5 %Nitrogen oxidesNitrogen oxides
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6. EXPOSUR LIMITS6. EXPOSUR LIMITS
MTBE : 40 ppm ( TLV) , ACGIHMTBE : 40 ppm ( TLV) , ACGIH

Carcinogenic : IRAC (NO)Carcinogenic : IRAC (NO)
: OSHA ( NO ): OSHA ( NO )
: NTP ( NO ): NTP ( NO )
: ACGIH ( A3 ) : ACGIH ( A3 ) possible for animalspossible for animals

BENZENE : 0.1BENZENE : 0.1--0.5 TWA & 10.5 TWA & 1--5 STEL 5 STEL 
(ACGIH,OSHA,NIOSH EPA and NTP(ACGIH,OSHA,NIOSH EPA and NTP))

CarcinogenicCarcinogenic : yes : yes 
(ACGIH,OSHA,NIOSH,EPA  and NTP(ACGIH,OSHA,NIOSH,EPA  and NTP))
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7. SUMMARY7. SUMMARY

Appling effective control programs during Appling effective control programs during 
handling MTBE is the convenient way to handling MTBE is the convenient way to 
achieve requirements related to Health, achieve requirements related to Health, 
Safety & Environment.Safety & Environment.
Using MTBE in gasoline is only temporarily.Using MTBE in gasoline is only temporarily.
Through 4Through 4thth Expansion Project reformate Expansion Project reformate 
gasoline will by produced.gasoline will by produced.
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TWATWA: time weighted average: time weighted average
ACGIHACGIH: American conference of governmental industrial : American conference of governmental industrial 
hygienistshygienists
NTPNTP : national toxicology program: national toxicology program
IRACIRAC :: International Agency for Research on Cancer,
OSHA - Occupational Safety and Health Administration, 
U.S. Department of Labor
EPA - United States Environmental Protection Agency
STEL - The ACGIH Short-Term Exposure Limit
TLV - ACGIH Threshold Limit Value,
CAS # - American Chemical Society's Chemical Abstract 
service registry number which identifies the product and/or 
ingredients.


