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Gasoline

Matt Dixon

Jim Halderman



Presenter
Presentation Notes
Gasoline: known in many parts of the world as “petrol” 


Introductions

Matt Dixon-

Former technician and Chrysler Trainer, Assistant
Professor of Automotive Technology

Jim Halderman-

~ormer flat-rate technician, business owner and
orofessor of Automotive Technology; author




Topics to be discussed

What is gasoline?

Octane ratings and what they mean
Oxygenated, Reformulated Gasoline
Reid vapor pressure/seasonal changes
Alcohol content (E10; E15; E85)
Testing gasoline for contamination
Recommendations/Suggestions
Gasoline taxes



What is Gasoline?

Gasoline has is a hydrocarbon fuel made from
hydrocarbons with 1 to 15 carbon atoms.

e Methane = one carbon
e Ethane =two carbons
* Propane =three

e Butane = four

e Pentane =five

* Hexane = six

* Heptane =seven

e QOctane = eight

* Nonane=nine

* Decane=ten


Presenter
Presentation Notes
These are example Alkanes shown for simplicity.  There are 500+ hydrocarbons in gasoline. Not all these alkanes are in gasoline.


Distillation




Distillation curve
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Transportation of gasoline

e All gasoline that meets
grade is called fungible.

 This means that
regardless of what
company refines the
gasoline, it can be
mixed without a
problem because it is all
the same.
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Energy Content of gasoline

e BTU content varies with seasonal RVP blends
and amount of alcohol

e 108,000 to 117,000 BTU’s (generally higher
during summer months)

 For comparison, Ethanol has approx. 76,000
BTU



ASTM

Formally known as:
American Society for Testing and Materials

Gasoline is blended in accordance with ASTM
specifications

Current Specification: ASTM D4814-11b



Worldwide Fuel Charter

Document containing preferred/suggested
gasoline specifications published by Alliance
of Automobile Manufacturers

Top Tier Gasoline is gasoline that has engine
cleaning chemicals to help reduce engine
deposits
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Presentation Notes
Top Tier Stations include Chevron, Shell, Conoco Phillips. OEM’s recommending top tier: BMW, GM, Honda, Toyota, VW/Audi basic specs: 8-10% ethanol about 8% olefins, 28% aromatics, 24 PPM Sulfur, 90% EVAP distill temp, no less than 290 degrees F; Worldwide fuel charter was a joint agreement between Alliance of automobile manufacturers ( GM, Ford, Chrysler, BMW of north America, Mitsubishi of America, Volkswagen of North America, Toyota Motor North America, Mazda North America, Porsche cars north America;  JAMA (Japan automobile manufacturers association, EMA (engine manufacturers association) and ACEA (European Automobile manufacturers association) 



What is Gasoline?

Alkanes
Alkenes

Alkynes

Arenes (Aromatics)
Alcohol

Additives


Presenter
Presentation Notes
Blend of 500+ different hydrocarbons. Each hydrocarbon has its own octane rating etc Alkynes are items such as acetylene and are not a significant component of gasoline


N-Parrafins

Also known as Alkanes,
single bonds, straight
chained hydrocarbons

About 15% of gasoline by
volume

These are butane,
pentane, hexane etc.

Example of (butane) reaction:
2CsH10 + 130, - 8CO5 + 10H50



ISO-parrafins

The refinery “cracks” larger carbon chains using
heat and or a catalyst

About 30% of gasoline by volume
Higher octane values

Examples: 3 methyhexane; 2,2- dimethylpentane;
2,2,3 trimethylbutane


Presenter
Presentation Notes
Iso: short for isomer, isomer is another molecule with the same number of C and H atoms hence the same chemical formula BUT arranged in a completely different way. 


Cycloparaffins

e Upto 12% of volume
e Very high in octane value

e Examples include cyclopentane, cyclohexane,
methylcyclopentane


Presenter
Presentation Notes
any of a series of saturated alicyclic hydrocarbons of the general formula CH, having a closed chain of three or more carbon atoms, as Cyclohexane



Olefins and Diolefins

Up to 8% of gasoline volume
High energy content (Alkenes)

Concerns with contributions to O3
(Ozone/Smog)

Concerns with engine deposits: gums/lacquers
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Presentation Notes
These are unsaturated hydrocarbons with at least 1 double bond


Aromatic Hydrocarbons (Arenes)

25-35% of gasoline

Ring molecular structure of alternating single
and double bonds: Toluene, Benzene etc.

Good energy content
Generally high octane rating value

Some such as Benzene are limited (to 1% of
volume) because Benzene is a carcinogen



Alcohol: Ethanol

The current oxygenate of choice, gasoline reaches

3.1% oxygen by weight with a 6.2% ethanol
volume

Boosts octane rating (ethanol is 108 octane)
Lowers energy content

Impact on RVP




Gasoline/Alcohol Blending

 Done at the distributor level
e Usually locally
* Designed to meet local conditions and climatic

F‘ GAS & ETHANOL




Gasoline/Alcohol Blending

HE?HH!-HEL




EPA: final rule on E15

As of 8-24-11:

e EPA final rule allows
E15 and requires pump
labeling

Up to 15% ethanol

Use only in

» 2001 and newer passenger vehicles
» Flex-fuel vehicles

Don't use in other vehicles, boats, or

gasoline-powered equipment It may cause
damage and Is prohibited by federal law.

Picture of E15 label from EPA
website




Additives

Since 1995 EPA has required ALL gasolines sold to
have detergents blended in

Other additives:

* Anti-lcing

e Anti Oxidants

* Anti wear

e Metal Deactivators

e Corrosion inhibitors

 Oil soluble dye: identify grade etc.



Octane Ratings

e Octane rating is the measured ratio between
isooctane (octane rating of 100) and heptane
which has an octane rating of zero.



Presenter
Presentation Notes
Isomer of octane (isooctane) is also known as 2,2,4-trimethylpentane  heptane is also known as n-heptane meaning it is the “normal” version of heptane and not an isomer.


Pump Octane Number

The rating on the
pumps is the average of _

two ratings: Nz
Motor (MON) and | S
Research (RON) -

R+M/?2 \=/ O
Regular = 87
Midgrade (plus) = 89
Premium =91+

s o i
P



Two Octane Methods

Research Method (RON)-
Uses no spark advance
Results in higher number of the two
Motor Method (MON)-
Uses spark advance

Results in a lower rating number




Midgrade Recommended

(= DealerCONNECT - Windows Internet Explorer

Fle Edt YVew Favortes Tooks Help

= [[e] https://slerconect chrysler.comyoartalControllr Pl [ 3] [B][4][>¢] [Meceae [[2]-

x Google ‘ v [ M search - | Mare » A dorm - A, -
i Favarites | i @] 1M Dashboard Login ] Southern Tiinois University ... S Fres Automotive Calculstors @ ACDelca TDS . ALLDATA Oriine - Library We... & Log in to Blackboard Learnin. .,

— . »
‘@DEalerCONNECT | - B ) o - Page- Safetyr Todls~ @+

eMail  eFiles  eSupport My Dealership
o Dealer: 82920 Log Off

Search here... ||+ * 2 Home

Service Contracts Service

DealerCONNET = Servce = Repair = TechCONNECT

| Home | searcn | N 2PN | owner Manuais | [EZER [ Diagnostics |

Parts Marketing Training

Show | Hide Language: | English (United States) ~
i m Year: (2011 v Model: | WK - JEEP GRAND CHEROKEE v | Engine: |5.7L V8 HEMIMDS V.V.T. (EZH) v
@ SELEC-TERRAIN™ — IF EQUIPPED &l . &
@ QUADRA-LIFT™ — IF EQUIPPED 5.7L Engine

< ON-ROAD DRIVING TIPS

@ OFF-ROAD DRIVING TIPS

< POWER STEERING

@ MULTI-DISPLACEMENT SYSTEM (MDS)
(IF EQUIPPED) — 5.7L ENGINE ONLY

@ PARKING BRAKE

@ ELECTRONIC BRAKE CONTROL SYSTEM

@ TIRE SAFETY INFORMATION

@ TIRES — GENERAL INFORMATION

@ TIRE CHAINS (TRACTION DEVICES)

This engine is designed to meet all emissions regulations
and provide satisfactory fuel economy and performance
when using high-quality unleaded gasoline having an
octane range of 87 to 89. The manufacturer recommends
the use of 89 octane for optimum performance. The use of

@ SNOW TIRES premium gasoline is not recommended, as it will not provide any benefit
@ TIRE ROTATION RECOMMENDATIONS over regular gasoline in these engines.
@ TIRE PRESSURE MONITOR SYSTEM

(TPMS)

@ FUEL REQUIREMENTS
@ FLEXIBLE FUEL (3.6L ENGINE ONLY) — IF

EQT’:[EDDING FUEL Light spark knock at low engine speeds is not harmful to your engine.
@ VEHICLE LOADING However, con_tinued_heavy sparlf knock_ at high speed_s can cause
< TRAILER TOWING damage and immediate service is required. Poor quality gasoline can
< SNOW PLOW cause problems such as hard starting, stalling, and hesitations. If you
< RECREATIONAL TOWING (BEHIND . .
MOTGRHOME, ETC.) experience these symptoms, try another brand of gasoline before
WHAT TO DO IN EMERGENCIES considering service for the vehicle.
MAINTAINING YOUR VEHICLE
# MATNTFNANCFE SCHFDILIFS v A
Select a Functional Group & Intermat 4y v| "1z -

Refer to Service Info or Owner’s Manual



Station in N.M. @ 5,000 ft.

Air less dense: less pressure and heat: lowers engine
octane needs



Methods to improve Octane

e Add alcohol or alcohol
ethers: TAME ETBE
MTBE

* |Increased proportion of
aromatics

e Metallic additives: lead
(banned since 1996)
and MMT




Product containing MMT

MMT (CH;C;H,)Mn(CO)s.
Methylcyclopentadienyl manganese tricarbonyl, banned by EPA: 1978-1995



MMT warning from Jeep owners
manual

MMT In Gasoline

MMT is a manganese-containing metallic additive that is blended into some gasoline to
increase octane. Gasoline blended with MMT provides no performance advantage
beyond gasoline of the same octane number without MMT. Gasoline blended with MMT
reduces spark plug life and reduces emissions system performance in some vehicles.
The manufacturer recommends that gasoline without MMT be used in your vehicle. The
MMT content of gasoline may not be indicated on the gasoline pump, therefore, you
should ask your gasoline retailer whether the gasoline contains MMT. It is even more
important to look for gasoline without MMT in Canada, because MMT can be used at
levels higher than those allowed in the United States. MMT is prohibited in Federal and
California reformulated gasoline.




MMT leaves rust-like Appearance

Spark plug after running
fuel containing MMT




Tetraethyl lead (TEL)

(CHsCH,)4 Pb
Anti-knock agent of the past

Coats Catalysts and oxygen sensor surfaces
rendering them ineffective and hence the ban

Clean Air Act of 1990 prohibited sale of gasoline
containing lead after 12-31-1995 for on road
use.



After Lead...

Refiners in the 1980’s needed away to boost
octane

1. Increased aromatics % (some toxic)
2. Increased butane content (led to high vapor)

3. Used alcohol ethers such as MTBE, ETBE and
TAME

When oxygenated and reformulated fuel
requirements came along in the 90’s MTBE
was the most popular oxygenate


Presenter
Presentation Notes
MTBE was also desirable because it has an RVP of about 8.0, it boosts octane and adds oxygen content to the fuel, it was also a safe ether meaning explosive peroxides over time were not an issue


MTBE (methyl tertiary butyl ether)

MTBE, an alcohol ether, was the octane
enhancer of choice since the early 80’s and
later the most widely used oxygenate of 1990s
Reformulated Gasoline

(Ethers smell bad as did gasoline in this era)
Because of groundwater contamination issues,

25 states banned or severely limited MTBE
between 1999-2009


Presenter
Presentation Notes
CH₃-O-C(CH₃)₃  Ethers  contain an oxygen atom between 2 hydrocarbon groups,  MTBE could satisfy 3.1% oxygen weight requirement at 17.1% volume 


MTBE Ban

Guif of Mexico
Total MTEE ban or not
greater than
[10.05 vol*
0.3 vol%e
[]0.5volts
[]90.6 vol%e
= 1.0 volts
[ Total MTEE ban
[ Trace amounts only

[_] No ban




ETBE

Ethyl Tertiary Butyl Ether: another oxygenate and
octane enhancer

More expensive than MTBE

If gasoline is blended with ETBE at 20% volume the
oxygen weight is about 3.2%

Still currently used in small quantities in some areas



TAME

Tert- amyl methyl ether

Oxygenate and octane booster for gasoline

Needed about 20% blend by volume to exceed 3.1%
oxygenate by weight

Still currently used in small quantities in some areas


Presenter
Presentation Notes
3.1% is significant for: oxygenated fuels (started in fall 1992) required in CO non attainment zones at 2.7%, however if CO levels continued in non attainment levels the requirement rose to 3.1% weight. 
Does not from explosive peroxides



Oxygenated Gasoline: Winter months

1992 — present, today mostly in southwest
Required in CO non attainment zones.

2 levels: Base is 2.7% oxygen by weight
Continued offenders: 3.1% by weight

Ethanol: The current oxygenate of choice

(mostly) in the past: MTBE, ETBE and TAME



Oxygenated Fuel Program:

Past/Present




Reformulated Gasoline (RFG)

1995-present for “Ozone non-attainment zones”

Lower RVP numbers, lower benzene %, limits on
other volatile organic compounds and on
sulfur PPM and no MMT

Originally required 2.0% oxygen by weight

Had Phase 1, Phase 2 (more stringent)
Also simple model, complex model


Presenter
Presentation Notes
RFG: when it was rolled out in the 1990’s  it was to meet concerns about SMOG. Ground level Ozone (O₃) is a chief ingredient of photochemical smog. Oxides of Nitrogen and VOC’s react in sunlight (especially  during hot summer days) to produce smog.   


Federal/State RFG areas

n State Cleaner Burning Gasoline [CBG)
Federal Oxygenate Requirement Duration
I 1.1.95 to 2.10.99
[ 1.1.95 to 4.24.08
[ 1.1.35 to 5.5.08
6.1.96 to 4.24.06
8.1.97 to 6.18,98
[ 5.1.99 t0 5.5.06
] 121002t0 42406
[ None

0 200 400 800 800 1000 Kim
[ 1 ] I 1 ]
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Presentation Notes
California has its own version “CBG” cleaner burning gasoline


2005 Energy Policy Act

Federal legislation did away with requirements
that RFG had to contain oxygen

Largely in response to states banning MTBE

NH and Rl also banned other ethers such as
ETBE and TAME and DIPE (di-isopropyl ether)



Recent Legislative Changes

Mobile Sources Air Toxics Rule:

All USA gasoline has a capped limit on benzene
at .62% (went into effect 2011)

Limited hydrocarbons such as 1,3-butadiene,
formaldehyde, acetaldehyde, acrolein, and
naphthalene




State Renewable Standards

At least 8 states require a minimum amount of
“renewable fuel source” AKA ethanol blended with
gasoline.

A minimum percentage is required but there may be
loopholes

Governors may act to temporarily override requirements
or some laws have price triggers that can reduce the
requirement based on terminal price or if in state
production drops below minimum levels
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Presentation Notes
The sates include HI, IA, LA, MN, MO, MT, OR, WA; Minnesota will require 20% ethanol or max allowed by EPA as of 8-20-2013


Volatility

Measure of how easily liquid gasoline vaporizes

Most common method for technician is to
measure RVP (Reid Vapor Pressure)

This is the pressure in PSI formed above the
liquid sample when heated to 100°F

Changes with seasons
Too numerically low: cold start issues

Too numerically high: excess purge, concern
with EVAP leaks and possible vapor lock
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Presentation Notes
“light” ingredients such as butane have a low boiling point hence they are very volatile and easily evaporate


EPA RVP requirements by county

« Alaska, Hawan, and .5,

State County/ Parish

ID
IL
IL
IL
IL

IL
IN
IN
IN

All counties
Madison
Monroe
St. Clair

All other conventional
gasoline counties

(See EPA RFG list)®
Clark
Floyd

All other conventional
gasoline counties

territories are exempted from federal volatility regulations.

City Month & RVP PSI Max

May June

E. St. Louis

9.0
9.0
9.0
9.0

9.0

7.84
7.8

9.0

August Sept 1-15
9.0 9.0 9.0
7.20 7.2 1.2
7.20 7.2 7.2
7.20 7.2 1.2
9.0 9.0 9.0
7.8 7.8 7.8
8 /[B /.8
9.0 9.0 9.0

9.0
7.2
T
/.2
9.0

/.8
/.8
9.0




RVP Testing




Drivability index

This measures the distillation temperature at
points when 10%, 50% and 90% of gasoline
evaporates

DI= (1.5XxT.) + (3.0 x Tx) + T + (2.4°F x V% eth)

Distillation classes AA, A, B, C, D, E


Presenter
Presentation Notes
No True units but basically units are degrees F. A higher numerical value such as 1260  is LESS volatile than a lower numerical value such as 1130. Winter grade fuel will have a lower DI number. Grade of fuel i.e. “premium” may have a higher DI number because of the “heavier” HC’’s used to boost octane value.


Testing for contamination

e \Water

e Alcohol

* Diesel Fuel



Tool for drawing a sample

Checking for water contamination




Weight per gallon:
Gasoline 6 Ibs.; water about 8 lbs

Gasoline Water: heavier will
sink to bottom



Diesel about 7.25 lbs E85: about 6.5 Ibs.

Both heavier than gasoline: sink to bottom

DIESE]

Diesel E-85



Checking for Alcohol
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Phase separation the alcohol “drops out” of the gasoline solution as it attaches itself to water


Checking for Alcohol: E85

Filled to 50 ml with E85
Added 50 ml of water

Mark is at about 85 mL
which indicates about

70% alcohol




Gasoline vs. Alcohols

Gasoline: Dielectric E-85 Shows Resistance




Checking using Kent Moore 144175

—

mV




Kent Moore Alcohol tester




RVP test on E&5
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True 85% will measure about 5 PSI RVP, this was about E70. Straight ethanol is about 2 PSI. 


Gas Pump Nozzle Sizes

Nozzle Diametar

Pump Handla Golor
(Yaries—no astablished
standard)

1316 in. {21 mmj

Black, red, white, green, or blue

1316 in. {21 mm)

Black, red, white, green, or blue

1316 in. {21 mm)

Yallow or black

156 in. (24 mm)

156 in. (24 mm)

1114or11/2in.
(32 or 38 mm)




Gas Pump Nozzle Sizes

Gasoline Diesel

21 mm 24 mm



Gasoline use and storage
recommendations

 Most experts state that the shelf life of
gasoline is 90 days.

e Shelf life means that it works like new for 90
days but after that the light ends start to
evaporate and oxidation starts to occur that
affects its performance.



Gasoline use and storage
recommendations: Proper cans




Old oxidized gasoline results

Honda Odyssey Lab Vehicle: Very
Bad Smell!



Use a gasoline stabilizer
to help avoid oxidation

STABIL

~ Fuel Stahilizer

and Performance Improver

Keeps Stored Fuel Fresh |
For Quick, Easy Starts

Treats 20 Gallons
8 FL 0Z (236 mL)




Use fresh Stabilizer in fresh gasoline

-r
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If the Stabil is open it has a shelf life of up to 6 months. Sealed it has a shelf life of up to 1 year. 


Use precautions when filling the tank

WARNING

STATIC ELECTRICITY SPARK EXPLOSION.HAZARD

DO NOT GET BACK IN YOUR
VEHICLE WHILE REFUELING

* RE-ENTRY COULD CAUSE
STATIC ELECTRICITY BUILD UP

* USE APPROVED CONTAINER

« PUT CONTAINER ON GROUND
(NEVER ON OR IN A VEHICLE)

* KEEP NOZZLE IN CONTACT
WITH CONTAINER i

ELECTRONIC DEVICES HAZARD

KEEP CELLULAR PHONES OR
OTHER DEVICES IN YOUR VEHICLE
DURING REFUELING.

i




Gasoline taxes

Federal Excise Tax, currently: 18.4 cents per gallon

Each state also has excise and other taxes including
sales tax

Combined State and Federal taxes are about
57.3 cents per gallon in lllinois (one of the
higher taxed states)



AMERICAN PETROLEUM INSTITUTE GASOLIME TAKES

COMBINED LOCAL, STATE AND FEDERAL (CENTS PER GALLON)
JANUARY 2012

Y a9
51.4
f__ﬂ-u.d

41.9

41_9 (DC)

. Greater than 48,8

40.0-48.8

B Less than 40.0

U.S. AVERAGE: 48.8




Taxes/tax credits: Ethanol

Current Federal Law provides for a 51cent/gallon
credit for ethanol.

This translates to 43.3 cents for a gallon of E85
or about 5.1 cents for a gallon of E10

CAFE Flex fuel credits expire in 2020



Future regulations/ changes

PM regulations (g’s per mile)
PM is a concern with GDI

Reduction in sulfur?

Sulfur measured in parts per million (PPM) or
MG/KG

Worldwide charter (2006) suggests 30 PPM or
less perhaps down to 10 PPM in future

Sulfur measured by ASTM D2622-98 method
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Presentation Notes
Sulfur content tier 2, 2004-2008, reduced to a yearly average by supplier of 30PPM or less. No batch should ever contain more than 80 PPM 


Summary

Gasoline is a blend of many hydrocarbons
Weighs less than water, diesel, or ethanol

Store fuels in correctly colored and labeled
containers

Use stabilizer if storing over 3 months



Summary

Fuel volatility varies with both time of year
and location of purchase

Alcohol % varies with location of purchase and
can be easily tested for

Octane: R+M/2 anti knock rating, not all
engines will benefit from higher ratings, refer
to owner’s manual: for correct grade

Price, regulation, and taxes are likely to
Increase



Contact Information

e jim@jameshalderman.com

e dixonm@siu.edu
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