








Figure 5.8
Types of Hybrid Powertrain Systems
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effectively reduce the size of the engine (that is, from eight cylinders to six or even four),
which reduces fuel consumption. Under high-load acceleration conditions when more
power is needed, more intake valves are allowed to operate as with a conventional

V-8 engine.

Variable Compression Ratio

To allow higher specific output from a smaller engine with inherently better fuel
consumption characteristics, technology is being developed to vary the compression ratio
for different operating conditions. Often this technology is combined with supercharging

or turbocharging to further increase the specific power output. One approach for varying
compression ratio is to hinge the cylinder and upper block to the lower block and crank-
shaft, so the two components can move relative to each other. Another approach is to use
eccentric (off-center) positioning of the crankshaft axis. This technology is very complex
and is still under development, so such engines aren’t expected to be widely available in

the near future.

Controlled Autoignition Combustion

At this time, the concept of controlled autoignition (CAl) is being actively explored for
advantages in potential fuel economy and exhaust emission control. A premixed air-fuel
mixture is compressed to a temperature so high that autoignition occurs. This type of
autoignition differs from one that produces knocking combustion because it happens

at a much slower, more controlled rate. CAl is synonymous with homogeneous charge
compression ignition (HCCI), usually referring to use with a diesel engine. CAI is difficult
to control at high loads, so conventional spark ignition (SI) is usually used under such
conditions. Significant hurdles still to be overcome for application of CAI include: fuel
type, cold starting, control during transient operation, and smooth transition between

CAI and SI modes of operation.

Alternative Engine Technology
Hybrid Gasoline-Electric

A hybrid powertrain combines a gasoline (or diesel) internal combustion engine with

an electric motor, generator, and storage battery. There are two types of hybrid drive
systems, series and parallel (Figure 5.8). In the series configuration, a gasoline engine
drives a generator to provide electrical energy for storage batteries and an electric motor,
but only the electric motor drives the vehicle. In the parallel configuration, a gasoline
engine drives a generator and the vehicle under low-load conditions and an electric motor
is used to provide additional power for driving the vehicle under higher-load conditions.
Both types of systems recover energy normally lost during decelerations and braking and

use it to charge the storage batteries. Both types of hybrids are offered today, but those
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under development are typically parallel hybrids. Hybrid vehicles may help meet customer
expectations for very low emissions and good fuel economy, but at this stage the cost of
the extra complexity and hardware compared to a conventional powertrain cannot be

recovered by fuel cost savings alone over the life of the vehicle in the United States.

Fuel Cell Electric

Perhaps the most technically advanced alternative powertrain for vehicles is the fuel cell
electric. It has the potential for highest efficiency (two to three times that of conventional
powertrains, but less than advanced hybrid-electric internal combustion engine power-
trains) and lowest emissions (near zero) but is the furthest away from commercial reality.
Besides a fuel cell stack that converts hydrogen to electrical energy, a fuel cell powertrain
consists of an electrical motor/generator drive unit, storage battery, and hydrogen fuel

storage, with high-pressure, liquid, or hydride options.

Alternatively, an on-board fuel reformer fed by liquid hydrocarbon fuels might be used
to produce the hydrogen. A fuel cell can be thought of as a type of battery that converts
chemical energy to electrical energy with electrodes (Figure 5.9). Hydrogen as the fuel is
supplied to a platinum-coated anode. Oxygen from the air is fed to a platinum-coated
cathode. A chemical reaction between the electrodes generates electrical current to drive
a motor or for storage in a battery. The only emission products from the fuel cell to the
atmosphere are water and heat — although significant emissions can also occur in making
and providing the hydrogen, depending on the source. Many individual fuel cells are

combined to form a fuel cell stack of sufficient capacity to drive a vehicle.

Although fuel cells are under intense development, they have many hurdles to overcome
so it is not clear when they could appear in mass production. A typical estimate is some-
time after 2020, although there is a wide range of opinion. Significant hurdles include:
cost (about 10 times that of a conventional engine); size and weight; low temperature
(sub-freezing) operation; hydrogen fuel storage and distribution infrastructure; and

hydrogen cost.

Figure 5.9
Fuel Cell Power System
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6 ¢ Gasoline Vehicles —

Deposit Control

Almost without exception, harmful sediment and residue would build up inside an engine

if commercial gasolines did not contain effective deposit control (DC) additives. Some of

today’s additives not only help keep vital engine parts clean, they can also remove existing

deposits. Because almost all base gasolines are formulated to the same regulated specifica-

tions (see page 44), the performance of their DC additives is a key distinguishing feature.

ENGINE DEPOSITS AND PERFORMANCE

Figure 6.1 shows the critical areas of deposit formation in an

engine and the associated impact on performance.

Fuel Injectors and Carburetors Fuel injectors are designed
to accurately meter fuel into an engine’s airstream in a
precise pattern of fine droplets. Because of their narrow

fuel passages, injectors are highly sensitive to small deposits
in the regions where fuel is metered and atomized. These
deposits, which may be any combination of dirt, rust, or
degraded gasoline, can reduce fuel flow and alter the spray
pattern, which can degrade driveability, decrease power and
fuel economy, and increase exhaust emissions. Deposits cause

similar problems for carbureted engines because carburetors

also use a number of small channels and orifices to meter fuel.

Port fuel injector (PFI) deposits form during the hot soak
period after an engine has been turned off. The gasoline
trapped in an injector tip is exposed to a higher temperature
for a longer time than the gasoline that flowed through the
injector when the engine was running. The heat degrades the
gasoline into a hard varnish, initiating deposit formation. In
the absence of an effective additive, injector deposits form
quite rapidly if a base gasoline is relatively unstable and if

a vehicle is used predominantly for short trips. Figure 6.2
shows a close-up of deposits on the director plate of a

gasoline injector tip.

Intake Valves and Ports Because valves and ports operate

at high temperatures in the very reactive environment of a
running engine, they are susceptible to deposit formation.
Heavy deposits on valves and ports restrict air flow and alter
air flow patterns within a cylinder, which reduces engine

power. In some sensitive fuel-injected engines, even low levels

Figure 6.1
Location and Performance Effects of Engine Deposits
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Figure 6.2
Port Fuel Injector Director Plate Deposits

High detergency No additive

Deposits restrict fuel flow and disrupt spray pattern.
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Carbon Monoxide (CO), g/mile Hydrocarbons (HC), g/mile

Oxides of Nitrogen (NOx), g/mile

Figure 6.3
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CRC IVD Rating (10 = clean)

Emissions were measured by Federal Test Procedure
Cycle (FTP 75); results are average results for a
20-car fleet.

Reprinted with permission from SAE Paper No. 922259
© 1992 Society of Automotive Engineers, Inc.

of intake valve deposits (IVD) can hurt performance. Cold-start and
warm-up driveability (see page 3) can be adversely affected and
exhaust emissions can increase. In fact, the emissions increase can
be surprisingly high (Figure 6.3) because deposits momentarily
absorb and then release fuel, which upsets the delicate air-fuel ratio
(A/F), particularly during transient cycles. The altered A/F not only
increases emissions coming out of the engine but also impedes the
conversion efficiency of the catalytic converter. Other valve deposit
problems include valve sticking (when deposits interfere with a
valve stem sliding in its guide) and burned valves (when severe
deposits prevent a valve from seating properly). Figure 6.4 shows

different levels of IVD common in today’s engines.

Combustion Chamber When an engine is brand-new, its octane
number requirement (ONR) is determined by the quality of its
design and manufacture. Generally, the engine will not knock
while operating on gasoline with the antiknock quality prescribed
by the manufacturer. The engine’s ONR increases, however, as
combustion chamber deposits (CCD) form during the first several
thousand miles of operation (see page 8 and Figure 6.5). If the
ONR increase is large enough, the recommended gasoline AKI may
not prevent knocking or, if the vehicle is equipped with a knock
sensor, the loss of power that accompanies knock suppression

(see page 72).

Combustion chamber deposits increase ONR in two ways: They
increase combustion temperature by transferring heat to the
incoming air-fuel mixture and by slowing heat transfer from the
combustion gases (thermal insulation). In addition, they increase
the compression ratio because their bulk volume reduces the
volume of the combustion chamber when its piston is at top dead
center (TDC). The increase in compression ratio has a much
smaller effect on octane requirement increase (ORI) than the rise

in combustion temperature.

Research shows that precursors for CCD come from fuel, some
fuel additives, and engine oil and that certain fuel and engine oil
components form more deposits than others. To date, the only

quick, effective means of removing these deposits is to treat gaso-
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line with an aftermarket DC additive concentrate based on Figure 6.4

polyether amine chemistry. Aftermarket DC additive concen- Typical Intake Valve Deposits

tration in a treated tank of gasoline is 10 times to 20 times
higher than that of service station gasoline. With such a

change in chemistry, one tankful of treated gasoline can 4
decrease ORI 30 percent to 40 percent. Periodic treatment is
required because deposits reform with additional driving and

the ONR gradually returns to the previous equilibrium level.

Combustion chamber deposit interference (CCDI) and
combustion chamber deposit flaking (CCDF) are two other High detergency LAC' detergency No additive

problems that sometimes occur in certain modern engines. 1 Lowest additive concentration: see page 8I.

CCDI is the result of physical contact between deposits on a
piston top and the cylinder head and is manifested as a loud,
metallic banging sound when an engine is cold. CCDI is limited to engines that have Figure 6.5

been designed with minimal clearance (1 millimeter or less, primarily to reduce emis-  Typical Combustion Chamber Deposits

sions) between some areas of the piston tops and the cylinder head (squish areas)
when the pistons are at TDC. CCDF causes low compression pressures when flakes
from deposits lodge between a valve’s face and its seat, preventing the valve from
sealing properly. Engine symptoms of CCDF are difficulty in starting and rough

running when cold.

HISTORICAL DEVELOPMENT OF
DEPOSIT CONTROL ADDITIVES'

Carburetor Detergent This class of additives consists of relatively inexpensive low-
molecular-weight surfactants used at low concentrations. When introduced in 1954, they

were effective in preventing and, in many cases, removing deposits from carburetor

throttle bodies. These detergents could not, however, handle deposits in other carburetor
parts, such as air bleeds, or other intake system sections. The introduction of positive
crankcase ventilation (PCV) and exhaust gas recirculation (EGR) emission control

systems in the vehicles of the 1960s and 1970s increased deposit levels throughout their
intake systems (see pages 64 and 69). As a result, carburetor detergents were not as effective

as they were in the simpler vehicles of the 1950s.

Detergent-Dispersants This class of additives consists of polybutene succinimides.
Additives with similar chemistry had been used widely as engine oil dispersants before the
chemistry was applied to gasoline in 1968. Detergent-dispersants are higher-molecular-
weight materials used at concentrations three times to five times higher than carburetor

detergents. Their performance was sometimes improved by using them in combination

! Gibbs, L.M., “Gasoline Additives — When and Why,” Paper No. 902104, Society of Automotive
Engineers, Warrendale, Pa., 1990.
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Performance Categories

There are two performance categories
for deposit control additives: keep-
clean and cleanup. In tests, keep-clean
performance refers to how clean a part
of interest is after a clean engine runs
on additized fuel. Cleanup performance
refers to how well additized gasoline
reduces deposits on a part of interest
in an engine that was previously run on
lower-quality gasoline. Cleanup perfor-
mance is more demanding than keep-
clean performance.

80

with a petroleum carrier oil. They provided keep-clean performance for the intake manifold
and intake ports. But they couldn’t control intake valve deposits and had poor carburetor

and fuel injector cleanup performance.

Deposit Control (DC) Additives The first additive of this class was introduced in 1970. It

is based on polybutene amine chemistry and is used in combination with a carrier fluid.
While they have to be used at higher concentrations than detergent-dispersants, DC addi-
tives provide benefits throughout an engine’s intake system. They clean up, and keep clean,
the throttle body and upper areas of the carburetor, fuel injectors, intake manifold, intake

ports, and intake valves.

Lead salts are a combustion catalyst for carbon, so the shift to unleaded gasoline changed
the nature of CCD. When first-generation DC additives were used in unleaded gasoline,
they continued to control intake system deposits but increased CCD. Consequently, a
second-generation DC additive designed specifically for use with unleaded gasoline was
developed and introduced in 1980. It was based on new polyether amine chemistry, which
provides excellent deposit control performance throughout the intake system without

contributing to CCD or causing any other adverse side effects.

NO HARM AND COMPATIBILITY

DC additives are used at concentrations that are 20 times to 50 times higher than the
concentrations of other gasoline additives (see page 41). At these higher concentrations,
they have the potential to affect gasoline properties, fuel system materials, and engine

oils. Therefore, DC additives are tested for the absence of negative attributes (10 harm)
as well as for the positive attribute of controlling deposits. Additized fuel must be

fully compatible with the elastomers and metals it will contact. In addition, it must be
compatible with other gasoline additives, tolerate water well, and not contribute to spark

plug fouling, crankcase sludge formation, or intake or exhaust valve sticking.

EMISSIONS

At some level, carburetor, injector, intake port, valve, and combustion chamber deposits
all increase engine emissions (see Chapter 2, “Gasoline and Air Quality”). For example,
Figure 6.3 illustrates that hydrocarbon, CO and NOx tailpipe emissions are lower when

intake valves are cleaner.
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REQUIRED ADDITIVE USE

As a result of the relationship between decreased deposits and decreased emissions,

all motor gasoline sold in the United States must contain an additive that provides a
minimum level of deposit control performance. This requirement was established by the
Clean Air Act Amendments of 1990 and became effective in January 1995. A similar
requirement has been in effect in California since January 1992. Additive manufacturers
are required to obtain U.S. Environmental Protection Agency (EPA) certification for
their additives. Each certification request must include documentation of the additive’s
effectiveness in specified fuel injector keep-clean and intake valve keep-clean tests (see
sidebar) when evaluated with specified test fuels. A similar detergency requirement exists
in Thailand.

Before selling any gasoline in the United States, gasoline marketers must add a certi-
fied DC additive to their gasoline at the certification concentration level or higher. The
minimum certification concentration level is referred to as the lowest additive concentra-
tion, or LAC. This dosage is not very effective in controlling deposits in certain fuels
and engines. Higher concentrations provide improved performance, such as the ability
to change keep-clean performance to cleanup performance. Historically, some gasoline
brands have provided much higher deposit control performance than the minimum level
of certification performance required by the U.S. EPA. For competitive reasons, they

probably will continue to do so.

TOP TIER DETERGENT GASOLINE

Six of the world’s major automobile manufacturers, BMW, General Motors, Honda,
Toyota, Volkswagen, and Audi, believe that detergent additives used at the U.S. EPA’s
minimum certification level, LAC, do not provide sufficient deposit control to help enable
optimal engine performance. To inform consumers of the higher level of performance
these automakers believe is needed, a further gasoline/additive qualification system has

been developed and covers:

e Intake valve keep-clean

e Combustion chamber deposits
® Fuel injector fouling

¢ Intake valve sticking

U.S. Additive Certification Tests
The fuel injector keep-clean test was
developed by the Coordinating
Research Council (CRC, see page 45)
and established as ASTM D5598
Standard Test Method for Evaluating
Unleaded Automotive Spark-Ignition
Engine Fuel for Electronic Port Fuel
Injector Fouling. The method uses

a 1985-1987 model Chrysler vehicle
equipped with a 2.2L, 4-cylinder,
turbocharged engine. To test a fuel,
the vehicle operates through more
than 720 one-hour cycles for a total
of 10,000 miles, after which no injector
may have greater than a 5 percent
flow restriction.

The intake valve keep-clean test was
adapted from one developed by BMW
and the Southwest Research Institute
and established as ASTM D5500
Standard Test Method for Vehicle
Evaluation of Unleaded Automotive
Spark-Ignition Engine Fuel for Intake
Valve Deposit Formation. The method
uses a 1985 model BMW 318i vehicle.
After the vehicle operates through

a cycle of mixed city, suburban, and
highway driving for 10,000 miles, the
average IVD weight must not exceed
100 mg per valve to meet federal
requirements and 50 mgqg per valve to
meet California requirements. California
places an additional requirement on
CCD using this same test procedure.
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TOP TIER Detergent Gasoline Tests
The intake valve keep-clean test was
developed by the CRC and adopted

by ASTM as D6201 Standard Test
Method for Dynamometer Evaluation
of Unleaded Spark-Ignition Fuel for
Intake Valve Deposit Formation. This
test method is also used to determine
CCD. The procedure uses a 1994 Ford
Ranger 2.3L engine operating on a
two-stage test cycle for 100 hours. IVD
cannot exceed 50 mg on average over
all valves. CCD cannot form more than
an average of 140 percent that of base
gasoline without additive. The injector
fouling test developed by General
Motors uses a GM intermediate van. To
qualify a special fuel, no more than one
injector can be inoperative. The intake
valve sticking test method uses either a
1.9L Volkswagen engine (Wasserboxer
according to CEC F-16-T-96) or a 5.0L
1990-1995 General Motors V8 engine
(SwWRI IVS test method). The passing
requirement is to have no stuck valves
during any of the test’s three cold starts.
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Gasolines that meet the standards qualify to be categorized as TOP TIER Detergent
Gasoline. The engine tests required by the standards (see sidebar) provide a more
stringent assessment of additive performance than U.S. EPA certification. In addition,
TOP TIER Detergent Gasoline is not permitted to contain metallic additives, including
methylcyclopentadienyl manganese tricarbonyl (MMT).

AFTERMARKET ADDITIVES?

Engine deposits are affected by engine design, driving conditions, gasoline base fuel
quality, and gasoline additives. Although all gasoline must contain a DC additive, some
additives are less effective than others or are used at minimum concentration levels. In
addition, some engine designs promote heavier deposits than others, and some engine
designs are extremely sensitive to deposits that do form. Aftermarket DC additives can
clean up deposits that form as a result of these factors. Treating one tankful of gasoline
with an aftermarket additive is often sufficient. However, chemistry and dosage greatly
influence the effectiveness of an additive. Polyether amine-based aftermarket additives
have been shown to be particularly effective at providing both excellent intake system
and CCD cleanup.

2 Aftermarket additives are intended to be added by the consumer to a gasoline (or oil)
already in the consumer’s vehicle.



Handling Gasoline Safely’
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First and foremost, gasoline is highly flammable. It is easy to ignite, and it burns explosively.

Second, exposure to gasoline liquid or vapor has possible adverse health effects.

All manufacturing companies of applicable chemicals in the U.S. are required to develop
and make available safety information about their products. You may obtain a Material
Safety Data Sheet (MSDS) for Chevron gasoline by calling 800-689-3998. Chevron MSDSs
are also available on the Internet; go to hittp:/www.chevron.com/products/siteleis/msds/,
choose a region link, and then search for gasoline. The MSDS provides detailed information

on the potential hazards associated with gasoline and the appropriate responses.
Chevron’s MSDS for gasoline contains the following human health warnings:
EMERGENCY OVERVIEW

e EXTREMELY FLAMMABLE LIQUID AND VAPOR. VAPOR MAY CAUSE FLASH FIRE.

e HARMFUL OR FATAL IF SWALLOWED - MAY CAUSE LUNG DAMAGE IF SWALLOWED.

e VAPOR HARMFUL.

e CAUSES EYE AND SKIN IRRITATION.

e LONG-TERM EXPOSURE TO VAPOR HAS CAUSED CANCER IN LABORATORY ANIMALS.

e KEEP OUT OF REACH OF CHILDREN.

Fueling a Vehicle

Safety tips when fueling a vehicle:
¢ Shut off the vehicle’s engine.

* Do not smoke.

¢ Use only the hold-open latch provided on the pump nozzle if you want to refuel without
continually squeezing the nozzle lever. Never jam the nozzle lever with any object (such
as a gas cap).

® Never leave the open nozzle unattended.
* Do not overfill or top off the tank.
 Never let children fuel the vehicle.

* Leave cell phones and other electronic devices turned off and in the vehicle.

Chevron does not claim that the information contained in this document is complete or without
error. Nor does Chevron represent that the information herein for handling gasoline will ensure
compliance with all governmental requirements. You should consult the applicable MSDS, actual
laws and regulations, and other sources of information for understanding and complying with all
regulations in regards to the subject matter of this document.
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Although rare, a static electricity-related fire could occur while someone is filling a
vehicle’s gas tank and cause injury or property damage. Static electricity is more likely to
build up on your person in cold, dry climatic conditions. After exiting a vehicle to refuel
it, always touch a metal part of your vehicle (such as a door or fender away from the gas
tank opening) with a bare hand before you begin fueling. To help avoid buildup of static
electricity, do not reenter your vehicle during refueling. If you cannot avoid reentering the
vehicle, upon exiting, always touch a metal part of the vebicle away from the fill point

before handling the nozzle.

In the unlikely event that a fire starts while you’re refueling, leave the nozzle in the fill
pipe and back away from the vehicle. Notify the station attendant immediately; the
attendant is able to use the emergency controls to shut off all dispensing devices and
pumps. If necessary, you may use the emergency shutdown button, located on the building

exterior and/or canopy columns, to shut off the pump.

Filling a Container

Several fires have reportedly started at service stations when customers placed portable
containers on plastic bed liners in pickup trucks while filling the containers with gasoline.

Filling a container with gasoline is a special situation that requires extra precautions:
e Use only a UL-approved container (red for gasoline).
¢ Shut off the vehicle’s engine.

¢ Place the container on the ground a safe distance from the vehicle, other customers,

and traffic. Don’t fill a container in or on a car or truck.

® Keep the pump nozzle in contact with the container during filling.

* Manually control the pump nozzle valve; do not latch it open.2

* Do not smoke.
* Avoid breathing gasoline fumes.

Flowing gasoline generates a static electric charge that builds up on the gasoline in the

receiving container. If the charge isn’t given an opportunity to dissipate, it could jump from
the container to the metal spout of the pump nozzle as a static spark. If a spark occurs near
the open mouth of the container where the concentration of gasoline vapor and air is in the

flammable range, it could ignite the gasoline.

Putting the container on the ground and keeping the pump nozzle in contact with the
container helps dissipate the static charge and reduce the risk of causing a spark. The

charge will dissipate more slowly from a container being filled on an insulating surface —

2 If the nozzle is fitted with a fume-recycling device, the device must be compressed to activate

the dispenser.
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carpet in the trunk of a car and on the bed of a utility vehicle or the plastic bed liner of
a pickup truck. Placing the container on the ground has the secondary benefit that an

accidental spill won’t contaminate the vehicle.

Fill the container only about 95 percent full. This leaves room for the gasoline to expand
if it warms up in storage. Without space to expand, the vaporizing gasoline will create

pressure that will distort the container and even force liquid gasoline out of it.

Transporting Gasoline

Do not transport a container of gasoline in the interior of a vehicle. Before putting a
container of gasoline in the trunk of a vehicle or the back of a pickup, tighten the cap of
the container and the cap of the air vent, if there is one. Wipe the outside of the container
with a towel to remove any liquid gasoline or gasoline residue. Dispose of the towel in the
receptacle provided at the service station; do not leave it in the vehicle or on the ground.
Secure the container in the trunk or pickup bed so it won’t slide around or tip over when
the vehicle turns or vibrates. Do not leave a container of gasoline in direct sun on a hot
day or in the trunk of a car that is in direct sun on a hot day. Heating the gasoline will

build up pressure in the container.

Storing and Handling Gasoline

Minimize the danger of spills by storing containers of gasoline at ground level.3 To help
avoid an accidental fire, keep gasoline away from any ignition source (flame or spark) and
any ignition source away from gasoline. There should not be an appliance pilot light or
igniter within 50 feet (15 meters) of where gasoline is stored or handled. Gasoline fumes,
which are invisible and heavier than air, can travel along the floor for some distance when
they are not dispersed by air currents. If ignited, the fumes become a fuse that brings the
flame back to the liquid gasoline source. Therefore, handle gasoline only in a well-vented
area. For both fire and health considerations, it is best to handle gasoline outdoors.

Ignition sources are less prevalent, and the fumes are diluted and dispersed more quickly.

To avoid eye and skin contact, wear safety glasses and gasoline-resistant gloves while
handling gasoline.* Minor spills should be absorbed with sawdust, paper, or rags. Place
recovered gasoline and cleanup materials in labeled containers for proper disposal. Check
with your local government or hazardous-waste disposal center to determine the proper

avenues for disposal.’

3 “QOutdoor Air — Transportation: Gas Cans — Additional Information,” U.S. EPA, http:/fwww.epa.gov/
air/communityldetails/gascan_addl_info.html.

* Gloves made of nitrile, polyurethane, Viton®, or chlorinated polyethylene (CPE) are gasoline-resistant.

5 “Safety in Your Home: Tips for Safe Storage and Disposal of Gasoline,” American Petroleum Institute,
http:/fwww.api.orglehs/health/homelindex.cfm.
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First Aid

Eye Contact: Flush eyes immediately with fresh water for at least 15 minutes while holding
the eyelids open. Remove and clean or discard contact lenses, if worn. If irritation persists,

see a doctor.

Skin Contact: Wash skin thoroughly with soap and water. Remove and wash contaminated

clothing. See a doctor if skin irritation is severe.

Inhalation: If respiratory irritation or nervous system effects (headache, dizziness) occur, move

yourself or the person affected to fresh air. If any of these effects continue, see a doctor.

Ingestion: If swallowed, drink water or milk and telephone for medical advice. DO NOT
induce vomiting unless directed to do so by medical personnel. If medical advice cannot
be readily obtained, go to the nearest medical emergency treatment center or hospital.

Find someone else to do the driving if you’re the one affected.

Emergency Information: Call your local poison control center. You can also call the
Chevron Emergency Information Center, where toxicology information and advice is
available 24 hours a day:

Inside the U.S. and Canada: 800-231-0623

Outside the U.S.: + 1-510-231-0623

Using Gasoline

Gasoline should be used only as an engine fuel. It should not be used as a solvent, cleaner,

fireplace accelerant, or barbecue starter or for any purpose other than fueling an engine.

Chevron strongly recommends AGAINST use of gasoline by children or individuals without
specialized training and proven reliability for safely handling hazardous substances. The
risks are too great for anyone who is not completely familiar with the hazards. Gasoline

never should be brought into the living space of a house or taken to school.

Disposing of Gasoline

Do not dispose of gasoline by pouring it onto the ground or into a sewer, street drain,
stream, or river. These actions may violate federal, state, and local laws, are harmful to

the environment, and may result in a fire or explosion.
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Excess gasoline in good condition can be added to the fuel tank of a gasoline-powered car
or truck. (Don’t dispose of gasoline/oil mixtures for two-stroke cycle engines this way.)
Use a funnel with a flexible stem to direct the gasoline past the flap valve into the filler
tube of newer vehicles. The funnel will help prevent gasoline from spilling on the vehicle.
Oxygenated gasoline can damage the finish on some vehicles. Flexible stem funnels are

available at most auto supply stores.

It’s not as easy to get rid of gasoline that has deteriorated. Some organizations will
dispose of gasoline in an environmentally responsible way, but finding the best option
may take some research. Sources of information include your community’s fire depart-
ment, recycling center, and hazardous-waste disposal center. Check the government pages
of your telephone book to locate these organizations. Commercial organizations are listed
in the Yellow Pages under Environmental ¢& Ecological Services and Oils, Waste. You
may have to pay for the disposal, but any fee is likely to be less than the cost to repair or
replace an engine run on bad gasoline and is a small price to pay to help protect people

and the environment.
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Questions and Answers

What is gasoline?

Gasoline is the fuel designed for spark-ignition internal combustion engines. In some parts of
the world, it is called petrol. Conventional gasoline is a mixture of compounds called hydro-
carbons, derived from petroleum crude, plus small amounts of a few additives that improve

fuel characteristics, such as stability, and control deposit formation in engines.

What is oxygenated gasoline?

Oxygenated gasoline is conventional gasoline to which oxygenates have been added to
increase octane and, as required by regulation, to reduce emissions or to comply with
renewable fuel standards. Oxygenated gasoline is required in the U.S. during winter in
those metropolitan areas that do not meet the federal air quality standard for carbon
monoxide (carbon monoxide nonattainment areas). Reformulated gasolines (RFGs) in the
U.S. are generally oxygenated year-round, not just during the winter months. Common
oxygenates are ethanol and methyl tertiary butyl ether (MTBE). Other ethers that may be
used are tertiary amyl methyl ether (TAME) and ethyl tertiary butyl ether (ETBE).

Will oxygenated gasoline perform as well as conventional gasoline

in my vehicle?

Oxvygenated gasoline will perform as well as conventional gasolines in modern vehicles
with engine control systems that adjust the air-fuel ratio (A/F). Oxygenated gasoline may
cause some driveability problems in carbureted cars and fuel-injected cars without engine
control systems because the air-fuel mixture is more fuel lean. The use of oxygenated
gasoline can reduce fuel economy up to 3 percent, depending on the level of oxygenate

in the fuel.

What is reformulated gasoline?

Reformulated gasoline in the U.S. is a gasoline blended to reduce evaporative and exhaust
emissions from vehicles. The characteristics of the gasoline are specified by regulation,
either directly or by a model that relates gasoline characteristics to emissions. Federal
regulations differ somewhat from those established by the state of California. Federal
RFG requirements apply to those metropolitan areas that do not meet the federal air
quality standard for ozone (ozone nonattainment areas). RFG is required throughout the
state of California. Although federal regulations no longer require RFG to be oxygenated
year-round, it generally has to comply with the federal Complex Model. The California

Predictive Model also allows for non-oxygenated California RFG.

Will RFG perform as well as conventional gasoline in my vehicle?

If the RFG is oxygenated, the answer for oxygenated gasoline performance applies. The
use of oxygenated RFG will reduce fuel economy, on average, by 2 percent to 3 percent.
Regulations require RFG to have low vapor pressure during summer, which could make

starting a cold engine more difficult on unseasonably cold days in spring.
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When RFG is oxygenated, doesn't its reduced fuel economy counteract
its emissions benefit?

The emissions benefit of oxygenated RFG was determined by testing in fleets of actual
vehicles. The test vehicles saw the same fuel economy loss that your car sees. Because
emissions are measured in units of grams per mile in the U.S., the emissions benefit for

RFG already includes any effect on fuel economy.

Why did my fuel economy drop much more than 2 percent to 3 percent
when | began using oxygenated RFG?

The 2 percent to 3 percent fuel economy loss for oxygenated RFG was determined by
extensive laboratory testing and has been validated by independent organizations such as
the California State Automobile Association. The fuel economy loss also is in line with
the decrease in the heating value of RFG compared to non-oxygenated conventional
gasoline. A decrease in fuel economy much greater than 2 percent to 3 percent could be
the result of a mistuned engine or of comparing fuel economy results obtained under

weather or driving conditions that differ from those encountered in testing.

What is knocking?

Spark knock is the sound of abnormal combustion. As suggested by its name, an internal-
combustion, spark-ignition engine initiates combustion with a spark. The spark’s flame
front should fan out from the spark plug and travel across the combustion chamber
rapidly and smoothly. If the air-fuel mixture ignites spontaneously (autoignites) before
the flame front arrives, the sudden jump in the pressure in the cylinder creates the char-
acteristic knocking or pinging sound. Knocking occurs because the octane number of the

gasoline in use is below the antiknock requirement of the engine.

Can knocking harm my engine?
Occasional light knocking won’t harm an engine. Heavy or prolonged knocking can

result in loss of power, overheating of parts in the cylinder, and engine damage.

What is octane number?

Octane number reflects a gasoline’s antiknock quality. It’s a measure of the ability of the
gasoline to resist knocking when it is burned in an engine. Laboratory testing that deter-
mines a gasoline’s octane number involves burning the fuel in a single-cylinder engine
under different conditions to yield a Research octane number (RON) and a Motor octane
number (MON). The octane number posted on U.S. gasoline dispensers in service stations
is the antiknock index (AKI) — the average of RON and MON [(RON + MON)/2, usually
abbreviated (R + M)/2]. The AKI was chosen as the posted value in the U.S. because it
proved to be the best indicator of the antiknock performance of gasoline in the majority of

U.S. vehicles. In other parts of the world, RONs are frequently posted on gasoline pumps.
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What octane grade gasoline should | use in my vehicle?

For starters, use a gasoline with the AKI or RON recommended in your owner’s manual.
(A rule of thumb is that the RON of a gasoline equals the AKI + 5.) Using gasoline with
an antiknock rating higher than that required to prevent knock will not improve a vehicle’s
performance, including its power, unless the vehicle is equipped with a knock sensor and

programmed to take advantage of the higher octane.

Your vehicle might knock when running on a gasoline with the AKI or RON recommended

in the owner’s manual because:

¢ The engine is at the upper end of the octane number requirement (ONR) range.
The ONR of each engine differs slightly among vehicles of the same make and model

because of variations in manufacturing tolerances.

® The ONR of the engine increased more than usual because the equilibrium level of the

combustion chamber deposits is higher than usual.
¢ The engine or engine control system has a mechanical or electrical problem.

In a modern vehicle, a driver may never hear knocking when the AKI or RON of the
gasoline in use is lower than the ONR of the engine. This is because the engine is
equipped with a knock sensor that temporarily retards spark timing to prevent knock.
This adjustment will result in loss of power and acceleration. In this case, switching to a
gasoline with a higher AKI or RON will help improve performance and increase power.
Before making a permanent change, have a mechanic determine whether the emissions

control system is functioning properly.

Why do the gasolines in different U.S. states have different AKI values?

The AKIs of the gasolines offered for sale are set by gasoline refiners and marketers based
on their perception of the technical and competitive needs in the market. U.S. and most
state regulations do not address AKI minimum values but specify only that dispenser post-
ings accurately reflect the AKIs of the gasolines being sold. The AKI of premium gasoline
in some states is higher than it is in others. This is the result of competition. The AKI of
all grades of gasoline is lower in the high-altitude areas of some Rocky Mountain states.
This is because the octane requirement of older engines without engine control modules
decreases with altitude. At higher altitudes, these engines perform as well on the lower-

AKI gasolines as they would at sea level on higher-AKI gasolines.

What will happen if | use the wrong octane number gasoline in my vehicle?
Using a gasoline with an AKI or RON lower than that required by your vehicle will

cause the engine to knock or, if the engine is equipped with a knock sensor, decrease the
vehicle’s power and acceleration. Using a gasoline with an AKI or RON higher than that

required by your vehicle will not benefit your vehicle.
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How can | stop my vehicle from knocking?
Have a mechanic determine whether your engine is in tune and the emissions control

system is functioning properly. If it is, then there are two courses of action:
1. Use a gasoline with a higher AKT or RON.

2. Treat the gasoline with an aftermarket deposit control (DC) additive concentrate
based on polyether amine chemistry. If the engine has combustion chamber deposits,
the treatment will reduce them, which in turn will lower the octane requirement of the

engine and decrease its tendency to knock until deposits form again.

How can | increase the octane number of premium unleaded gasoline for
use in my 1969 high-compression-ratio engine designed to use high-test
(95 AKI) premium leaded gasoline?

Additives available in auto parts stores will increase the octane number of unleaded
premium gasoline. The products that contain high-octane aromatics with or without
MTBE do not provide much benefit because the volume being added is too small. The
products that contain a manganese antiknock additive will provide an increase in octane
number that could help solve your problem. However, the increase will probably not be

great when added to premium unleaded gasoline, as suggested on the label.

What is the difference between one company’s gasoline and another’s?
Company to company, the gasolines sold within a geographical area sometimes differ by
AKI or RON. The DC additives they contain may vary, too. Federal regulations require
that all gasolines in the U.S. contain a DC additive. The minimum amount of additive
needed in a gasoline for U.S. EPA certification is called the lowest additive concentration
(LAC) level. Many companies use the LAC level in their gasolines. Gasolines that provide
better DC performance than others are blended with DC additives that are more effective,
have fewer side effects, or are added at higher concentrations (or any combination of these
three possibilities). Gasolines qualified as TOP TIER Detergent Gasolines have the highest

DC performance level.

Do engine deposits really make a difference?

Deposits in carburetors or on fuel injectors can affect the A/F of an engine as well as
individual cylinders, which in turn can affect driveability, fuel economy, and emissions.
Intake valve deposits also can affect emissions and, if heavy enough, can reduce power.
Combustion chamber deposits affect ONR and can affect some emissions. The

U.S. government and the state of California require the use of DC additives in gasoline

because deposits can affect emissions.
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Do | need to add an aftermarket DC additive to the gasoline in

my fuel tank?

If you regularly use a gasoline with superior-quality DC performance, the use of an after-
market DC additive should not be necessary unless your engine is particularly susceptible to
deposit formation (because of its design or because of driving conditions). If you regularly
or occasionally use gasolines with lower-quality DC performance, the addition of a DC
concentrate to the gasoline in your vehicle’s fuel tank every 4,500 km (3,000 miles) may

help reduce knocking, increase acceleration and power, and reduce emissions.

How will unleaded gasoline affect my older vehicle with an engine
designed to be operated on leaded gasoline?

Pre-1971 U.S. vehicles were designed to operate on leaded gasoline (which is banned
from sale in the U.S. and elsewhere). The original exhaust valve seats in these engines
were not hardened and not equipped with metal alloy inserts. The lead in the gasoline
not only functioned as an antiknock additive but served as a lubricant that kept the
exhaust valves from wearing away the valve seat (exhaust valve seat recession) under

certain severe operating conditions.

Driving around town or at normal highway speeds with unleaded gasoline in a pre-1971
vehicle will not result in exhaust valve seat recession. However, travel that raises the
engine’s operating temperature will. This includes heavy towing and high-speed and uphill
driving for extended periods. If a trip is going to involve one or more of these situations and
the pre-1971 vehicle hasn’t been equipped with metal alloy exhaust valve seats, consider
using a lead-substitute aftermarket additive. Consult the engine manufacturer before using
the additive. In some countries, a lead-replacement gasoline (petrol) is offered that contains

protective additives.

What can | do to optimize fuel economy?

Good fuel economy is a combination of consistent vehicle maintenance and sensible
driving. Maintenance factors that contribute to good fuel economy are a properly tuned
engine, a clean air filter, aligned and balanced front wheels, and tires with the correct air
pressure. Because mistuned engines can result in higher emissions, the on-board diagnostic

system in a modern car will alert you to an engine problem.

Sensible driving involves smooth, steady acceleration and moderate highway speeds.

It does not involve:

¢ Unnecessarily carrying a heavy load, using a luggage rack, or towing a trailer.
e Using the air conditioner or defroster excessively.

¢ Idling the engine when it could be turned off.

Some factors that reduce fuel economy are beyond your control: water, slush, or snow

on the road, head winds, inclines, and stop-and-go traffic.
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Will premium gasoline give better fuel economy than reqular?

Will one brand of gasoline give better mileage than another?

Gasolines with higher heating values can improve fuel economy. Mileage differences may
exist, but they will be small compared to the benefits to be derived from the maintenance

and driving tips mentioned earlier.

Traditionally, premium gasoline has had a slightly higher heating value than regular, and,
thus, provided slightly better fuel economy. Its mileage difference, less than 1 percent
better, is not large enough to offset premium’s higher cost. The difference is likely to be

less or nonexistent between grades of RFG.

There can be variance in heating value between batches of gasoline from the same refinery
or between brands of gasoline from different refineries because of compositional differences.
The variance is small, and there is no practical way for the consumer to identify the gasoline

with a higher heating value.

How long can | store gasoline without it going bad?

Gasoline stored in a tightly closed container in a cool place will retain its quality for at
least one year. Fill the container only about 95 percent full. This leaves room for the
gasoline to expand if it warms up in storage. If the container will be in direct sun or will
be heated above 30°C (80°F) much of the time, add an aftermarket fuel stabilizer when
you fill it with gasoline. Gasoline-oil blends for two-stroke-cycle engines stored under the

proper conditions will keep as well as gasoline itself.

Can | use motor gasoline in my airplane?
Chevron recognizes that some planes are certified (Supplemental Type Certificate [STC]) to
use fuel with the same octane number as motor gasoline. The gasoline these planes use must

meet the requirements of gasoline specification ASTM D4814 and must not contain ethanol.

Chevron strongly recommends AGAINST using motor gasoline in place of aviation fuel.
Because of the serious consequences of aircraft engine failure, aviation fuels are formulated
to unique standards, with extra attention given to retaining purity and cleanliness. To keep
ground vehicles clean, motor gasolines are formulated with deposit control additives —
products that have not been approved for use in aviation fuels and could have a detrimental
effect on aircraft engine performance. In addition, motor gasolines that contain oxygenates
are problematic. Ethanol, an oxygenate widely used today, is not suitable for and can be
dangerous in aviation applications. STCs that allow the use of motor gasoline in planes
do not and were not created to address such an issue. Risk is compounded in areas where
regulations do not require that motor gasoline pumps carry labels listing oxygenate content,

ethanol or otherwise. Consequently, running on aviation fuel is the safest way to fly.

1 To obtain a copy of the bulletin, “Use of Ground Fuels in Aviation Applications,” write to
Chevron Global Aviation, 1500 Louisiana Street, Houston, Texas 77002.
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Abbreviations

°API degrees API, the unit of gravity in the CFR
American Petroleum Institute system CGSB
°C degrees Celsius, the unit of temperature co
in the metric (SI) system
CO,
°F degrees Fahrenheit, the unit of temperature
in the United States customary system CPE
ABS automatic braking system CPFI
AFNOR L’Association Frangaise de Normalisation CRC
A/F air-fuel ratio DC
AKI antiknock index average of an engine DI
fuel’s research octane number (RON) DIN
and motor octane number (MON) [(RON + DISI
MON)/2, simplified to (R + M)/2]
API American Petroleum Institute DOHC
. . DVPE
ASTM ASTM International (formerly American
Society for Testing and Materials)
BDC bottom dead center; the position of the
. . ECM
piston at the bottom of its stroke
Btu British thermal unit EGR
C, carbon number, 7 being a variable EPA
representing the number of carbon Et
atoms in a hydrocarbon molecule
CAI controlled autoignition ETBE
CARB California Air Resources Board EtOH
CARBOB  California reformulated blendstock for EU
oxygenate blending FCC
CCD combustion chamber deposits ETP 75
CCDF combustion chamber deposit flaking
CCDI combustion chamber deposit interference
CEN Comité Européen de Normalisation HC

(European Committee for Standardization)

Code of Federal Regulations (USA)
Canadian General Standards Board
carbon monoxide

carbon dioxide

chlorinated polyethylene

central port fuel injection
Coordinating Research Council (USA)
deposit control

driveability index

Deutsches Institut fiir Normung
direct injection spark ignition

dual overhead cam

dry vapor pressure equivalent, the
value of vapor pressure obtained by
a specific method

engine control module
exhaust gas recirculation
Environmental Protection Agency

distillation profile volume percent

evaporated at ¢ temperature
ethyl tertiary butyl ether
ethanol

European Union

fluid catalytic cracking

federal test procedure of the U.S. EPA for
emissions certification of light-duty vehicles
and involving a dynamometer emissions

test cycle

hydrocarbon
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HCCI
'M

ISO

IVD
JIS

JSA
kPa

LAC

LCES
LRP
MIL

mm Hg

MMT

MON
MSDS
MTBE
NAAQS

NCWM

NMHC
NMOG
NO

homogeneous charge compression ignition

inspection and maintenance program, a

plan for checking the condition and perfor-

mance of a vehicle’s emission systems

International Organization of

Standardization

intake valve deposits

Japanese Industrial Standard
Japanese Standards Association

kilopascal, a unit of pressure in the metric
(SI) system

lowest additive concentration (that can
pass U.S. federal deposit control additive
certification tests)

Low Carbon Fuel Standard
lead replacement petrol
malfunction indicator light

millimeter of mercury; a unit of pressure
equal to 0.001316 atmosphere

methylcyclopentadienyl manganese
tricarbonyl, an antiknock compound

Motor octane number
Material Safety Data Sheet
methyl tertiary butyl ether

National Ambient Air Quality
Standards (USA)

National Conference on Weights
and Measures (USA)

non-methane hydrocarbons
non-methane organic gases

nitric oxide

NO,
NOy

O3
OBD

OHC
ONR
ORI
PAH

PCV
PFI
PM;y

PM, 5

PNA
POM
ppm
psi

RBOB

RAON
RD
RFG
REFS

nitrogen dioxide

nitrogen oxides (or oxides of nitrogen);
NO + N02

ozone

on-board diagnostics, computer-based
testing system in a vehicle engine that
includes an engine control module for
analyzing and diagnosing emission

system malfunctions

overhead cam

octane number requirement (of an engine)
octane requirement increase (of an engine)

polycyclic aromatic hydrocarbon;
hydrocarbons with two or more fused

aromatic rings
positive crankcase ventilation
port fuel injector

particulate matter with a particle size less
than 10 microns

particulate matter with a particle size less
than 2.5 microns

polynuclear aromatic hydrocarbon
polycyclic organic matter
parts per million

pounds per square inch, a unit of
pressure in the U.S. customary system

reformulated blendstock for
oxygenate blending

road octane number
relative density
reformulated gasoline

Renewable Fuel Standard
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ROG
RON
rpm

RVP

SAE

SFTP
SI

SIP

SO,
SOx
STC

reactive organic gases
Research octane number
revolutions per minute

Reid vapor pressure, determined
only by ASTM D323

SAE International (formerly
Society of Automotive Engineers)

Supplemental Federal Test Procedure

Systéme International d’Unités
(International System of Units),
metric system of measurement

also, spark ignition

State Implementation Plan, a plan
to improve air quality (USA)

sulfur dioxide
sulfur oxides; SO + SO,

Supplemental Type Certificate, a certificate
of approval from the U.S. Federal Aviation
Administration that allows modification
of an aircraft from its original design; can
be obtained for the use of motor gasoline
in place of aviation gasoline in some

older planes

TAME
TBA
TBI
TDC

TEL
TML

UL
U.S.
V/L
VLI
VOCs
VP
WOT

tertiary amyl methyl ether
tertiary butyl alcohol
throttle body injector

top dead center; the position of the
piston at the top of its stroke

tetraethyl lead, an antiknock compound
tetramethyl lead, an antiknock compound

distillation profile temperature at v volume
percent evaporated

Underwriters Laboratories Inc.
United States of America
vapor-liquid ratio

vapor lock index

volatile organic compounds
vapor pressure

wide open throttle
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109



10

EFANSIMISSION. & 2 vt e ettt et et e e e eneanns 10, 70, 74

turbocharger ... .. ... 8, 64
turbocharging ............... ... .. ..., 64, 70,72, 74, 81
two-stroke cycle. . ... .o 87, 94
U.S. Code of Federal Regulations ...................... 25
U.S. Environmental Protection Agency .. .. ... 5,10, 11, 14-22,

24-30, 34, 37, 38, 42, 43, 45, 53, 54, 56-58, 81, 82, 85, 92,
95,97, 99

U.S. EPA National Vehicle and

Fuel Emission Laboratory ...................... 25,95
U.S. EPA Office of Transportation and

Air Quality. ... ooov i 20, 95, 97
U.S. Federal Trade Commission .............coovveenn.. 6
valve ... ol 8, 12,43, 59, 61-66, 68, 69, 73, 74,

77-82, 84, 87, 92, 93, 100
valve train . ..ot 63
vapor-liquid ratio (V/L). . ............... 1, 3, 4, 49, 58, 101
vaporlock ........o i 1,2,3,4,45, 58,67
vapor lock index (VLI) ...........ccoiviiinainn.. 1, 3,101
VapOr pressure. ........... 1-5, 21, 25, 27-30, 39, 45, 47, 49,

55,57, 58, 89, 96
VAPOI TECOVELY SYSLEIM ¢+ v v v v v v te e ee e eeeeeenenenens 21
Vengine ......cuuniiininininnnnnnenenenn. 63,65
RS2 11011 PP 4,65
visbreaking . .......... it 36
volatile organic compound (VOC) .......... 2,5,13,17, 18,

20-22,25-29, 62, 64, 65, 68, 69, 101
volatility. . . ........ .. ... 1-5, 28, 30-32, 40, 45, 55, 57-58
WASEEZALE . « v v v vttt ettt e 64
water tolerance . .........iii i e 45,58
wheel alignment. ........ ... ... .. oL 10, 11, 93
wide-open throttle (WOT). . ..., .. 71, 101
ZITIC 4 it et e e e 41, 67
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