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Introduction
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1.1 Fuel Additive Packages containing
2 ethylhexyl nitrate (2EHN)


2-Ethylhexyl nitrate (2EHN) is used to raise the cetane
number of diesel fuels. This manual contains information
which is intended to help users establish safe handling and
storage procedures and systems for preparations
(mixtures) containing 2EHN. These preparations,
commonly known as fuel additive packages, may contain
several other functional components and are marketed by
additive producers to blenders of diesel fuels.


1.2 ATC 2EHN Blends Work Group


The ATC 2EHN Blends Work Group was formed in 2003 by
the Technical Committee of Petroleum Additive
Manufacturers in Europe (ATC), an affiliate member of the
European Chemical Industry Council (CEFIC). It is
comprised of those ATC members that are involved in
blending fuel additive packages containing 2EHN with
additional input from CONCAWE (the Oil companies’
European association for environment, health and safety in
refining and distribution).


The objective of ATC was to develop an industry guidance
document covering the Health, Safety & Environmental
aspects and best practices for handling fuel additive
packages containing 2EHN. This manual is intended to
provide you with information you may wish to consider
when establishing safe storage and handling systems, with
some guidelines for classification and labelling of such
additive packages. We have applied conservative
engineering judgement when recommending safety
measures for blends containing 2EHN above certain
concentrations. The ATC recommends that you should
always refer to the latest product Material Safety Data
Sheet or Safety Data Sheets (MSDS/SDS’s) from suppliers
as these are updated on a regular basis as new health and
safety information becomes available.


1.3 Product Stewardship 


ATC has a fundamental concern for all who manufacture
and/or use 2EHN or fuel additive packages containing
2EHN. This concern is the basis for our Product
Stewardship philosophy by which we assess the safety,
health and environmental information on our products and
take appropriate steps to protect employee and public
health and our environment.


1.4 Customer Notice 


ATC strongly encourages the users of fuel additive
packages containing 2EHN to review their transportation,
storage, use, and disposal of these products from the
standpoint of safety, human health and environmental
quality.


ATC believe the information and suggestions contained in
this manual to be accurate and reliable as of the date of
issue of this document. 


However, since this document, furnished by ATC is
provided without charge and since transportation,
conditions of use and disposal are not within its control,
ATC assume no obligation or liability of any kind for such
assistance and do not guarantee results from use of such
products or other information herein; no warranty,
expressed or implied is given nor is freedom from any
patent owned by ATC members or others to be inferred.


Information herein concerning laws and regulations is
based on EU and North American regulations except when
specific reference is made to those of other jurisdictions.
Since conditions of use and governmental regulations may
differ from one location to another and may change with
time, it is the customer’s responsibility to determine
whether fuel additive packages containing 2EHN are
appropriate for the customer’s use, and to assure that the
customer’s workplace and disposal practices are in
compliance with laws, regulations, ordinances, and other
governmental enactment applicable in the jurisdiction(s)
having authority over the customer’s operations.







Section 2
Composition


The amount of 2EHN in fuel additive packages varies depending upon the functional
requirements of the specific additive package. Fuel additive packages are likely to contain
hydrocarbon solvents and other components designed to impart specific functional properties
to the package. Therefore, it is not possible to give information on the composition of individual
fuel additive packages in this guidance document. For information on hazardous components in
fuel additive packages, users should refer to the MSDS/SDS. Individual hazardous substances
present at either 1% or 0.1% by mass (depending on the inherent hazard), or substances with a
published Community exposure limit will be given in Section 2.
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1.5 Legal Notice


This manual was prepared by the ATC. Neither the ATC nor
any of its member companies, their employees,
subcontractors, consultants, or other assigns make any
warranty, expressed or implied, or assume any liability or
responsibility for any use, or the results of such use, of
any information, product, or process disclosed in this
Manual, or represent that its use would not infringe on
privately owned rights.


The Manual is intended to provide helpful ideas for those
involved in the use of additive packages containing 2EHN.
The Manual is necessarily general in nature and leaves
dealing with product and site-specific circumstances to
entities handling the product. The Manual is not designed
or intended to define, create, or terminate legal rights or
obligations.


The ATC, including any of its member companies, their
employees, subcontractors, consultants, or other assigns,
does not make any warranty or representation, either
express or implied, with respect to the accuracy or
completeness of the information contained in this Manual;
nor does the ATC, including any of its member companies,
their employees, subcontractors, consultants, or other
assigns, assume any liability of any kind whatsoever
resulting from the use of or reliance upon any information,


procedure, conclusion, or opinion contained in this
Manual, except to the extent such disclaimer of liability
would be in violation of law in the jurisdiction of its use.


This work is protected by copyright. The ATC, which is the
owner of the copyright, hereby grants a nonexclusive
royalty free license to reproduce and distribute this
Manual, subject to the following limitations.


The ATC, including any of its member companies, their
employees, subcontractors, consultants, or other assigns,
assumes no responsibility for the accuracy, completeness,
or overall quality of any alterations, abridgement, revision,
translation, or other modification of this copyrighted work.


All copies of the work must include a cover page bearing
the ATC and its member companies’ Notice of Copyright of
the work.


Copies of the work may not be sold.  Copyright © (2005)
ATC.


Although this manual follows the standard 16-section
Material Safety Data Sheet (MSDS) / Safety Data Sheet
(SDS) format for easy cross-reference to your supplier’s
MSDS/SDS, it shall not be used as an MSDS/SDS. Since
fuel additive packages containing 2EHN may contain
solvents and other functional components, readers
should always refer to the supplier’s latest MSDS/SDS. 







Section 3
Hazard Identification


Fuel additive packages are typically mixtures of several
discrete components, each contributing to the overall
hazard of the package. The potential hazards of the fuel
additive package will therefore vary according to the
nature and the concentration of the different chemistries
present. The supplier MSDS/SDS should be consulted for
potential adverse effects associated with the specific
package. Potential adverse effects that can be attributable
to 2EHN present in fuel additive packages are, however,
described below. 


3.1 Emergency Overview


2EHN in fuel additive packages can cause vasodilatation
following exposure by inhalation or skin contact.
Vasodilation leads to reduced blood pressure and other
cardiovascular effects to produce such symptoms as
throbbing headache, confusion and possible loss of
consciousness. Fuel additive packages containing 2EHN
may also present a possible aspiration hazard depending
on the physical characteristics of the package.


2EHN is a self-reactive, energetic substance with a low
auto-ignition temperature. If fuel additive packages
containing 15% or greater 2EHN are heated above 100ºC,
2EHN may undergo a self-accelerating, exothermic
decomposition that causes a rapid rise in temperature and
pressure. Consequently, rupture of storage vessels,
containers and equipment should be anticipated when
pressure is generated by this thermal decomposition.


3.2 Potential Health Effects


3.2.1 Acute Health effects


Ingestion


Ingestion of fuel additive packages is not expected to be a
primary route of exposure to 2EHN. Although ingestion is
not thought to produce harmful effects (as classified
under US, Canadian or European criteria) the material may
still be damaging to the health of individuals with pre-
existing medical conditions, especially if the ingested
material is aspirated into the lungs.


Eye Contact


Although 2EHN is not classified as an eye irritant
(according to US, Canadian or European criteria), direct
contact with the human eye has been reported to produce
transient discomfort as characterized by watering of the
eyes and redness.


Skin Contact


Since 2EHN is readily absorbed through the skin, skin
contact with fuel additive packages containing 2EHN may
cause vasodilatation (leading to reduced blood pressure
and other cardiovascular effects to produce such
symptoms as throbbing headache, confusion and possible
loss of consciousness). These effects are reversible
following removal from the source of exposure (e.g. by
washing the exposed area or removing contaminated
clothing) and typically last for only a short period.


The substance is not classified as a skin irritant (according
to US, Canadian or European criteria) but as with diesel
fuel itself prolonged skin contact may produce temporary
discomfort. There is no evidence of skin sensitisation
associated with this material.


Inhalation


Inhalation of 2EHN vapours may cause irritation of the
mucous membranes (nose, throat and lungs). In addition,
absorption of 2EHN through the respiratory tract can
result in vasodilatation (reduced blood pressure and other
cardiovascular effects to produce such symptoms as
throbbing headache, confusion and possible loss of
consciousness).


All the above effects are reversible following removal from
the source of exposure and typically last for only a short
period.


3.2.2 Chronic Health Effects


There are no reports of chronic systemic effects
associated with long-term exposure to 2EHN.
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Section 4
First Aid Measures


Fuel additive packages are typically mixtures of several
discrete components, each contributing to the overall
hazard of the package. The potential hazards of the fuel
additive package will therefore vary according to the
nature and the concentration of the different chemistries
present. Consequently, first aid advice may vary and the
supplier’s MSDS/SDS should always be consulted for
detailed advice that is relevant to the fuel additive package.
First aid advice specific to 2EHN present in fuel additive
packages is, however, described below. 


4.1 Inhalation


If the person is affected by inhaled vapours or combustion
products, remove the person to fresh air at once. Provide
respiratory support as needed. Get prompt medical
attention.


4.2 Skin Contact


Immediately decontaminate contact area. Ensure shoes
and/or clothing are free from material before reuse -
discard if necessary. Get prompt medical attention. 


4.3 Eye Contact


Although 2EHN has been shown not to be a primary eye
irritant it is good practice to immediately decontaminate
eyes with plenty of water following accidental exposure.
Get prompt medical attention.


4.4 Ingestion


DO NOT induce vomiting, as aspiration of liquid product
into the lungs can cause chemical pneumonitis. Get
prompt medical attention.


4.5 Notes to Physicians


Treat exposure to a fuel additive package containing 2EHN
as organic nitrate poisoning. Since 2EHN is a component
of the product symptoms of vasodilatation may be
present.
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3.3 Environmental Hazards


2EHN is immiscible with water and is not acutely toxic to
aquatic life at the limit of its solubility. The material floats
on water and may form a film on water surfaces causing
impaired oxygen transfer. 2EHN may emulsify with water.


3.4 Energetic Properties


2EHN is an organic nitrate. It undergoes a self-sustaining
exothermic decomposition when it is heated above 100ºC.
The product begins to decompose, giving off heat and
decomposition gases; the heat energy is absorbed by the
product promoting further and more rapid decomposition.
Once established the decomposition reaction may be
uncontrollable. Based on thermal decomposition data
generated by ATC members and based on published data it
is considered that fuel additive packages containing 15%
or greater 2EHN may have the same energetic properties
as the pure substance.







Section 5
Fire Fighting Measures


The flammable and thermal decomposition hazards
presented by fuel additive packages containing 2EHN
depends not only on the flash point and auto-ignition
temperature but also on the heat of decomposition of the
individual ingredients.   Fuel additive packages typically
contain flammable hydrocarbons and therefore these
products are often classified as flammable (or at least
combustible). The supplier’s MSDS/SDS will contain
specific fire-fighting measures and advice that are relevant
to the fuel additive package. 


Although the 2EHN component flash point may be well above
recommended maximum transport, storage and handling
temperatures for fuel additive packages (typically 40º - 60°C),
fire and energetic decomposition hazard due to the presence
of this substance is very high, due to its high heat of
decomposition.  Based on thermal decomposition data
generated by members of ATC and based on published data
it is considered that fuel additive packages containing 15%
or greater 2EHN may have the same energetic properties
as the pure substance. The supplier’s MSDS/SDS will
contain specific fire-fighting instructions for the fuel additive
package, but it is recommended that the following additional
precautions should be included in any risk management plan
for fuel additive packages containing 15% or greater 2EHN. 


Use chemical foam to extinguish the fire and large
amounts of water spray preferably via a reliable fixed
sprinkler/deluge system or by sufficient firewater monitors
to cool containers and avoid catastrophic rupture of the
storage vessel. Cool containers with flooding quantities of
water until well after fire is out. 


Alcohol-resistant foam directly injected into the storage
vessel via a dedicated internal fixed system is the most
effective extinguishing medium. Dry chemical powder and
carbon dioxide are also effective with minor fires. Sand or
earth might also be used to extinguish small fires.


Firewater capacity provided by firewater storage is to be
sufficient to deliver firewater for long enough time to put
fire under control (minimum of 6 hours at the maximum
usage rate is recommended).


Protection of emergency personnel against smoke and
combustion gases generated by large fires is vital. 


5.1 Suitable extinguishing media


• For large fires: water spray, foam (alcohol resistant 
preferably). 


• For small fires: dry chemical powder or CO2.


• Do not use water jet.


5.2 Special fire fighting procedures


Removal of radiant heat from nearby fire is vital.
Radiant heat from surrounding fires can heat up tanks
used to store fuel additive packages containing 2EHN.
This could lead to bulk liquid phase decomposition with
potential catastrophic effects. A credible scenario is that
when a storage tank is involved in a fire, the upper tank
surfaces in contact with the vapour will rapidly reach the
auto-ignition temperature of the fuel additive package (for
example, the auto-ignition temperature for pure 2EHN is
130°C) This will lead to an air-vapour explosion in the
headspace of the tank, which could give rise to projectiles
if its roof is not frangible. This hazard is well recognised
for kerosine and gas-oil storage tanks where the auto-
ignition temperatures are of the order of 250°C, more than
100°C higher than that of 2EHN. 


Deluge water should be applied onto tank walls to keep the
storage vessel cool. The calculated amount of water
needed for effective removal of radiation heat coming
from a fire in a nearby tank (15 m distant) is a minimum
of 15 litre/minute/m2 of exposed tank surface. Spray
firewater at the required flow rate should be available
for 6 or more hours.


Cool containers exposed to flames with flooding quantities
of water until well after the fire is out. Be aware of danger
of container bursting under pressure followed by
combustion of vapours. Fight any fire from a safe distance
or protected locations. Do not approach containers
suspected to be hot.


If tank, rail car or tank truck is involved in fire, ISOLATE
the container and evacuate personnel to ensure safety.


Drums and IBCs should be immediately cooled by
spraying firewater from a fixed deluge. Sealed drums of
fuel additive packages containing 2EHN could rupture in
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Section 6
Accidental Release Measures


Fuel additive packages are typically mixtures of several
discrete components, each contributing to the overall
hazard of the package. The potential hazards of the fuel
additive package will therefore vary according to the
nature and the concentration of the different chemistries
present. Standard industrial practices for oil and
hydrocarbon solvent spill control are generally applicable
to fuel additive packages containing 2EHN. The supplier’s
MSDS/SDS should always be consulted for detailed advice
that is relevant to the fuel additive package use but
accidental release measures specific to 2EHN present in
fuel additive packages are described below. 


6.1 Personal precautions


When conducting clean up operations which might lead to
accidental exposure by skin contact or inhalation, adequate
personal protective equipment (PPE) should be worn.
Ensure that the area is completely free from any residue of
the spill before entering without protective equipment.


6.2 Environmental precautions


If possible, prevent spilled product from entering sewers
and watercourses.


6.2.1 Small spillage


Suitable materials, such as commercial synthetic
absorbent or sand can be used to absorb spills or leaks of
fuel additive packages containing 2EHN.


Solid absorbent material should be shovelled up and
placed in adequate sealed and properly labelled containers
suitable for disposal. Additive packages containing 2EHN
should not be allowed to enter the sewers. Do not flush
out the product from contaminated areas.


6.2.2 Large spillage


Contain spilled material within bunds or by creating
temporary barriers. Use sand, earth, or other inert material
to prevent the liquid entering drains, ditches or
watercourses. Transfer the liquid by pumping into a
dedicated, closed and properly labelled container. Ensure
proper pumps are used and set up as recommended for
the safe pumping of pure 2EHN (see section 7.3). Seek
expert advice to dispose of large volumes of recovered
product.


6.2.3.Spills onto water


Most fuel additive packages containing 2EHN will float.
Spilled product can be confined by using floating barriers.
Traditional oil spill control procedure should be applied as
soon as possible to remove product from water. Local
Authorities should be promptly notified about the potential
adverse effect of 2EHN and other components contained
in the fuel additive package on the aquatic environment
since they can create a film on the surface of water and
limit oxygen exchange.


an intense fire after a short period of exposure (practical
tests and theoretical examples indicate a time to rupture of
10 to 20 minutes for pure 2EHN, depending on
conditions).  Bursting drums will give rise to projectiles/
flying fragments and fireball formation, which will add to
the severity of the incident.


5.3 Special protective equipment for
fire-fighters


Exhaust gases from fire or products of decomposition are
toxic (they contain oxides of nitrogen and combustion
products). Therefore, it is recommended that fire-fighters
are protected by wearing self-contained breathing
apparatus (SCBA). Wear chemical protective clothing,
however, such clothing may provide little or no thermal
protection. Fire fighter’s normal protective clothing will
only provide limited chemical protection against exposure
to 2EHN.
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Section 7
Handling and Storage


Fuel additive packages are typically mixtures of several
discrete components, each contributing to the overall
hazard of the package. The potential hazards of the fuel
additive package will therefore vary according to the nature
and the concentration of the different chemistries present.
The supplier MSDS/SDS should be consulted for handling
and storage advice concerning the specific package. It is,
however, recommended that fuel additive packages
containing 15% or greater 2EHN are handled and stored as
though they were pure 2EHN, and additional measures for
such products are described below. 


7.1 Handling 


7.1.1 Materials of construction


Suitable


Proper selection of materials of construction for 2EHN
service is essential to ensure the integrity of the handling
system and to maintain product quality.


Although stainless steel tanks are always preferred, fuel
additive packages containing 2EHN may be stored in mild
steel tanks provided they are kept free from water bottoms
through regular maintenance. However, the use of mild
steel containers with such products does require careful
consideration because 2EHN can partition from the fuel
additive package and hydrolyse slowly in the presence of
water bottoms to form nitric acid. This in turn can increase
the corrosion rate of mild steel. 


Unsuitable


Galvanized steel, copper and copper bearing alloys are
generally unsuitable for use with fuel additive packages
containing 2EHN if water is present as the reaction of
2EHN with water leads to the corrosion of  the alloys.
Special care should be taken when selecting such items as
pumps and valves to ensure that no copper alloys (e.g.,
brass or bronze) are used in bearings or other internal
components that may come in contact with the product.


7.1.2 Elastomers and Gaskets


Fuel additive packages containing 2EHN are typically
excellent solvents which can degrade the performance of
some seals and gaskets. Therefore, careful selection is
necessary. It is recommended that you contact your
supplier for information.


7.2 Storage


7.2.1 Storage tanks


Many different sizes and types of tanks may be used to
store fuel additive packages containing 2EHN and it is not
possible to define one set of guidelines that covers every
possibility. However, due to the thermal hazard
characteristics associated with 2EHN it is crucial that heat
can dissipate in the chosen storage vessel. The use of
thermal ignition critical temperature calculations may help
to define the safety precautions appropriate for any given
tank. 


In most respects, vertical tanks are the most practical
overall solution. The relatively low auto-ignition
temperature (130ºC) of 2EHN can lead to an air-vapour
explosion in the headspace of vessels, which can rupture,
spilling the contents.  Vapour-air explosions release less
energy per unit volume than those resulting from self-
reaction of the liquid and peak blast force is a key design
criterion. Vertical tanks can be fitted with a frangible roof
to minimize damage in case of a pressure blow-out. API
650 is a widely used standard that can be used as
reference for specifying such tanks. Vertical tanks are also
easier to configure with water deluge systems.


If horizontal tanks are used for the storage of fuel additives
containing 2EHN they have no ‘roof’ so the fitting of a
frangible roof is not an option. If the contents are heated
above 100ºC, then there is a risk that the tank will fail at
the dished ends and form a “missile” with potentially
catastrophic effects. Safety principles should be strictly
applied to prevent heating of such additives in horizontal
tanks.
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A fire in the storage area will heat the storage tanks. A fixed
deluge system to supply cooling water in event of fire must
be present to minimize this risk.  API 650 standard indicates
that a system that delivers a cooling-water flow rate of at
least 15 litre/minute/m2 of storage tank surface area can
achieve effective cooling. If this volume of water is not
continuously available for cooling purposes, additional non-
insulating fire cladding of the tank walls could be considered
within the context of the overall risk assessment of the
storage facility.


Risk of tanks bursting under pressure should be minimized
- See also Sections 7.2.2 and 7.2.3.


7.2.2 Heat protection


The principle here is to protect the product from heat.
For fuel additives containing at least 15% 2EHN a deluge
system provides the best protection against product
overheating. No heating system of any kind should be
installed and existing heating systems must be
permanently disabled. When laying out the route for new
pipe work to carry fuel additive packages containing 2EHN,
the designer should avoid sources of heat and potential
fire. When using existing pipe work installations, the
designer should ensure that heated pipes are not used for
fuel additive packages containing 2EHN.
As a general principle, locating storage tanks in an open
area away from inhabited buildings is recommended. The
site should be remote from possible fire hazards to
minimize their exposure to external heat and fire
impingement if fire breaks out. The extent of this
separation is a local decision to be determined by the site
risk assessment. For example, the NFPA 30 standard may
be used to help determine the appropriate distance from
other storage tanks and equipment to maintain protection
in case of fire.
Firewalls between the tanks will improve thermal protection.
If sufficient space is not available for firewalls, then non-
insulating tank-wall fire cladding may provide additional
protection. Screening walls and non-insulating fire cladding
may be used in combination to achieve acceptable
protection. The better the protection, the longer the time the
stored fuel additive packages containing 2EHN will endure
external heating and the lower the risk of thermal
decomposition within the storage system. Instrumented fire
and heat detection systems should be installed.


7.2.3 Venting 


Bulk storage vessels should preferably be vented directly
into the atmosphere far from ignition sources if local
regulations permit. Conservation vents with frangible roof
seams are also acceptable. For smaller equipment,


standard engineering practices for design of emergency
discharge should be followed.
Tanks containing fuel additive packages containing 2EHN
should preferably be at atmospheric pressure. The vent
outlet is to be positioned in a safe area sufficiently high
and far from ignition sources.


7.2.4 Containment wall or Bunding


To minimize the consequences of a spill and leakage into
the environment, a containment wall (bund) should
surround tanks with a minimum capacity to handle tank
contents and deluge water.


7.2.5 Drum storage


Ensure good ventilation during drumming/ de-drumming.
Filled drums should be stored far from heat sources and
other flammable products and protected by firewater.
Special care should be taken when opening drums, which
may be pressurized.


7.3 Operations


7.3.1 Product sampling 


Product sampling is a potential source of personnel
exposure to 2EHN. Design and procedures should be
developed to minimize exposure of personnel and the
environment to fuel additives containing 2EHN.


7.3.2 Product handling - loading,
unloading, pumping


Loading


The use of a dedicated loading arm is preferred. If a multi-
compartment tank wagon is loaded, ensure fuel additive
packages containing 2EHN are not shipped adjacent to
heated cargoes. Ensure proper electrical grounding and
electrical continuity on all installations to control static
electricity.


Unloading


Use a dedicated hose. Control static electricity. Avoid
manifolds to prevent accidental ingress of fuel additive
packages containing 2EHN into heated lines.


Pumping


Since 2EHN is a self-reactive substance it can decompose
in the absence of air in the bulk liquid phase if heated. This
occurs most commonly under pressure in a blocked or
dead headed pump, or other sealed system, and can lead
to violent bursting of the equipment. To avoid this situation
developing it is recommended that the equipment does not
have the potential to heat the product. The pump
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manufacturer should always be consulted to ensure that
any equipment meets these specifications. Pumped
transfer of fuel additive packages containing 2EHN should
always be done under controlled conditions and all transfer
valves must be open before pumps are started. It is
inadvisable and dangerous to pump against a closed outlet
because this may heat the product within the pump,
depending on the type of pump in use. 


Pneumatically-powered diaphragm pumps provide an
inherently safe and reliable means of pumping fuel additive
packages containing 2EHN.


Centrifugal pumps are not as inherently safe as pneumatic
diaphragm pumps and if used extra control systems are
required. Gear pumps and other positive displacement
systems can heat 2EHN rapidly when the pump outlet is
closed or blocked. Consequently, their use is not
recommended for fuel additives containing 15% or greater
2EHN.


Regardless of the pump design, it is recommended that
safety pump trip controls and instrumentation must be
fitted with:


• A temperature trip set to stop the pump at a product
temperature of 50-60ºC.


• In exceptional circumstances, specific operations may
require a higher temperature trip set up to a maximum of
75ºC, subject to detailed expert risk assessment in
conjunction with your fuel additive supplier.


• A pressure switch to stop the pump if the outlet is
blocked or closed and/or


• A low flow switch to stop the pump if the outlet is
blocked or closed.


To prevent the risk of heating the product closed circuit
pumping, including that through pressure relief valves
when the pump outlet is closed or blocked, must be
avoided. It is worth remembering that the majority of
incidents involving 2EHN have been due to overheating of
pumps and resulting bursting of the equipment. Careful
consideration of the siting of pumps needs to be made and
the consequences of pump failure needs to be fully
assessed to minimize the risk of an incident occurring. 


7.3.3 Tank to tank transfer


Tank to tank transfer of fuel additive packages containing
2EHN can be safely carried out using nitrogen or air
padding, by using a pneumatic driven pumping system or
pumps as described above.


7.3.4 Piping / Lines / Hoses


Use non-insulated Mild Steel or Stainless Steel piping.


Any steam or electrical tracing must be physically
disconnected.


Wherever possible, dedicated lines for fuel additive
packages containing 2EHN are preferred to avoid
safety/environmental problems. The installation of a
pressure release valve is recommended. Experimental fire
testing of gantry-type pipe-work filled with an additive
containing approximately 70% 2EHN showed that a
pressure relief valve set at 10 bar was sufficient to relieve
pressure caused by the self-heating accelerating
decomposition of 2EHN. If fitted, the pressure relief valve
should discharge to a safe location. 


7.3.5 Valves 


Stainless Steel full-bore ball valves are preferable.
Traditional ball, gate and butterfly valves may also be used.
Stainless steel, cast iron and cast steel are all suitable
materials. Copper, zinc and its alloys, aluminium and most
plastics are inadequate or incompatible materials.


7.3.6 Equipment clean-up


Inadequate cleaning of equipment or pipe work introduces
the risk of environmental contamination and potential for
decomposition of 2EHN residues. A specific procedure
should be developed by skilled personnel, which
recognises the health and environmental hazards and the
temperature limits to ensure that cleaning operations are
conducted in effective and safe manner.
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Section 8
Exposure Controls and
Personal Protection


Fuel additive packages are typically mixtures of several
discrete components, each contributing to the overall
hazard of the package. The potential hazards of the fuel
additive package will therefore vary according to the nature
and the concentration of the different chemistries present.
Consequently, the mechanical controls and personal
protective equipment required to protect the user against
exposure will vary depending on the type and amount of
the different chemistries present. The supplier’s
MSDS/SDS should always be consulted for detailed advice
that is relevant to the fuel additive package supplied.
However, mechanical controls and personal protective
equipment specific to 2EHN present in fuel additive
packages is described below. 


8.1 Exposure limit values


2EHN manufacturers and suppliers have recommended an
internal exposure limit of 1 ppm based on an 8hr time
weighted average (TWA). Due to the potential for
temporary harmful effects of overexposure, it is suggested
that 1 ppm should also be adopted as the reference
standard for short term exposures averaged over 15
minutes (STEL). This exposure guideline is intended to set
a level which does not subject an employee to over-
exposure during normal product handling. However, it is
not a regulated limit that has been established by a
governmental or other agency.


8.2 Exposure controls


If an operation creates the potential for employee exposure
by inhalation or skin contact, accepted engineering or
administrative controls should be the first choices
minimising exposure. When effective engineering or
administrative controls are not feasible, or when they are
being implemented or evaluated, appropriate respiratory
and skin protection should be used to control employee
exposure to fuel additives containing 2EHN.


8.3 Personal Protective Equipment 


8.3.1 Respiratory protection


2EHN has a very persistent odour with a low odour
threshold. Respiratory protection is recommended for
open systems or where concentration of 2EHN in the
working environment may exceed the recommended
exposure guideline of 1 ppm (TWA or STEL). The
respirator chosen should be appropriate for the exposure
potential, level of exposure and working conditions.
Respirator suppliers are best placed to offer advice
concerning the suitability of their product to protect the
wearer against exposure to 2EHN by inhalation. 


8.3.2 Hand protection


When skin contact is possible, appropriate chemical
resistant gloves (neoprene or nitrile rubber) should be
worn covering at least to the wrist (depending on the
extent of immersion). Glove suppliers are best placed to
offer advice concerning the suitability of their product to
protect the wearer against exposure to 2EHN by skin
contact. 


8.3.3 Eye protection


Eye protection should be chosen based on the exposure
potential and working conditions. There are no additional
eye protective measures required due to the presence of
2EHN in the fuel additive packages. 


8.3.4 Skin protection


When skin contact is likely, appropriate skin protection
should be used. Leather clothing can be hazardous when
they have become contaminated with 2EHN. Leather can
absorb 2EHN and maintain a continuous low level
exposure over a prolonged period of time. 
Thus, leather clothing and other items should not be
specified as protective clothing for handling fuel additive
packages containing 2EHN, and should be removed and
destroyed promptly if they become contaminated.







Section 9
Physical and Chemical
Properties


Section 10
Stability and Reactivity
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Appearance Colourless to pale yellow liquid 


Odour Fruity, pungent, ester, characteristic


Molecular weight 175.23


Flash point >70ºC (closed cup)


Freezing point <-45ºC


Boiling point >100ºC (decomposes)


Vapour pressure 27 Pa @ 20ºC 


Vapour pressure 40-53 Pa @ 40ºC


Vapour pressure 1.33 kPa @ 82ºC


Density 0.96 g/ml @ 20ºC


Kinematic Viscosity 1.8 cSt @ 20ºC


Solubility in water 12.6 mg/L @ 20ºC


Heat of vaporization 368 kJ/kg


Heat of decomposition 2100 J/g


Dielectric constant 9.04 @ 21-23ºC


Lower Explosive Limit 0.25% v/v in air (literature value – source unknown)


Auto / Self ignition 130ºC (decomposes)
temperature 


Thermal Ignition Function of time and geometry of the
Critical Temperature - container (see appendix 2 for explanation of Thermal


Self-accelerating Ignition Critical Temperature).


decomposition
temperature 


Log Pow 3.74 (calculated) - 4.14, (iso-octyl nitrate)


Decomposition temperature >100ºC


Fuel additive packages are typically mixtures of several
discrete components, each contributing to the overall
hazard of the package. The physical and chemical
properties of fuel additive packages containing 2EHN will
therefore vary according to the nature and the


concentration of the different chemistries present. The
supplier’s MSDS/SDS will contain this information for the
specific fuel additive package supplied. For comparative
purposes, however, typical physical properties of pure
2EHN are given below.


Physical Properties


Fuel additive packages are typically mixtures of several
discrete components, each contributing to the overall
hazard of the package. Consequently, the stability and
reactivity of the specific product will vary depending on the
type and amount of the different chemistries present. The
supplier’s MSDS/SDS should always be consulted for
detailed advice that is relevant to the fuel additive package
supplied. However, the stability and reactivity of fuel


additive packages containing 15% or greater 2EHN should
be considered to be the same as pure 2EHN and relevant
considerations are described below:


2EHN is stable at ambient temperatures. However it has a
low auto-ignition temperature and will decompose when
heated above 100°C. This temperature is significantly
lower than the auto-ignition temperature of common
hydrocarbon fuels (see table 1 opposite).
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Table 1: Comparative Auto-ignition Temperatures


Auto-ignition
Temperature °C


2-Ethylhexyl Nitrate 130


Diesel Fuel / Fuel Oil 220-300


Gasoline: 100 RON Octane 456


Avgas: 
100-130 RON Octane 440


115-145 RON Octane 471


The auto-ignition temperatures (AIT) of various dilutions of
2EHN in kerosene are shown in Table 2 below. These data
show that 2EHN has a significant effect of lowering the
auto-ignition temperature down to low concentrations.  


Table 2:  Auto-ignition Temperatures


Vol.% Vol.% AIT Flash (TCC)
of 2EHN Kerosene °C °C


100 0 130 70


95 5 180 —


90 10 175 —


85 15 180 —


75 25 185 71.1


50 50 185 65


25 75 200 61.7


10 90 210 60.5


0 100 250 60.5


Fuel additive packages containing 2EHN are normally
stable at ambient temperatures. However the above data
and other thermal decomposition data generated by
members of ATC shows that a thermal hazard can remain
even at relatively low levels of 2EHN when heated above
100ºC. 


10.1 Conditions to avoid
Due to the presence of 2EHN it is recommended to avoid
all contact with sources of heat, flames, sparks or any
other source of ignition. Vapours may be explosive. Avoid
overheating of containers. Containers may violently rupture
in heat of fire.


10.2 Materials to avoid
It is recommended to avoid contamination with acids,
alkalis, reducing and oxidising agents, and phosphorus.
Alkyl nitrates typically react violently with strong mineral
acids, tin (IV) chloride, boron trifluoride, and other Lewis
acids after an induction period of up to several hours to
produce a vigorous evolution of gas such as oxides of
nitrogen. Traces of nitrogen oxides can promote
decomposition of alkyl nitrates. This can lead to container
rupture on heating or pressure build up on prolonged
storage at ambient temperatures. Transition metal oxides
or their chelates also greatly accelerate the decomposition
rate.


10.3 Hazardous decomposition products
Combustion or thermal decomposition products of 2EHN
are oxides of carbon and nitrogen and other constituents.


Section 11
Toxicological Information


Fuel additive packages are typically mixtures of several
discrete components, each contributing to the overall hazard
of the package. The potential hazards to human health of the
fuel additive package and the overall hazard classification
concerning health end points will therefore vary according to
the nature and the concentration of the different chemistries


present. The supplier MSDS/SDS should be consulted for
toxicological effects associated with the specific package
and/or individual components. Toxicological effects that can
be attributable to 2EHN present in fuel additive packages
are, however, described on the next page. 
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Section 12
Ecological Information


Fuel additive packages are typically mixtures of several
discrete components, each contributing to the overall hazard
of the package. The potential environmental hazard of the fuel
additive package and the overall hazard classification
concerning environmental end points will therefore vary
according to the nature and the concentration of the different
chemistries present. The supplier MSDS/SDS should be
consulted for potential adverse effects associated with the
specific package and/or individual components.
Environmental effects that can be attributable to 2EHN present
in fuel additive packages are, however, described below. 


12.1 Ecotoxicity


2EHN is not classified as Dangerous for the Environment
according to European Union hazard criteria because there
were no adverse effects in fish, invertebrates (Daphnia) or
algae at the limit of its solubility. It is however classified as a
marine pollutant by the International Maritime Organisation.


12.2 Mobility


The octanol/water partition coefficient of 2EHN predicts
moderate mobility/moderate affinity for soil or sediment.


12.3 Persistence and degradability


2EHN shows no evidence of biodegradability in the
aqueous environment. 


12.4 Bioaccumulation potential


2EHN is completely miscible with fat and the calculated
Octanol-Water Partition Co-efficient (log10Pow >3)
indicates that this substance has potential for
bioaccumulation. 


12.5 Other adverse effects


Fuel additive packages containing 15% or greater 2EHN may
form a film on the water surface affecting oxygen transfer. 


11.1 Acute Health Effects


11.1.1 Oral (Ingestion)


The oral toxicity attributed to 2EHN when tested in animals
is low.


LD50 is >5000 mg/kg (rat) and therefore is not classified
as harmful or toxic if swallowed.


Fuel additive packages containing 2EHN are, however, likely
to present an aspiration hazard. 


11.1.2 Inhalation


Exposure to 2EHN through inhalation can result in
vasodilatation (reduced blood pressure, and other
cardiovascular effects to produce such symptoms as
throbbing headache, flushing, light-headedness, transient
dizziness or weakness, heart palpitations, nausea, fatigue,
confusion and possible loss of consciousness).  


11.1.3 Dermal (Skin)


Exposure to 2EHN through skin contact can result in
vasodilatation (symptoms as described in 11.1.2).


11.2 Corrosivity / Irritation


11.2.1 Skin


2EHN is not a primary skin irritant based on experimental data
and therefore should not contribute to any potential risk of skin
irritation associated with the fuel additive package. Prolonged
skin contact may however produce temporary discomfort.


11.2.2 Eye


2EHN is not a primary eye irritant based on experimental
data and therefore should not contribute to any potential risk
of eye irritation associated with the fuel additive package.
Eye contact may however produce temporary discomfort.


11.3 Sensitisation


2EHN has been shown to not cause skin sensitization based on
experimental data. Furthermore, there have been no reports of
human skin sensitization from occupational exposure to this
substance. 2EHN should not contribute to any potential risk of
skin sensitization associated with the fuel additive package


11.4 Chronic Health Effects


No significant chronic, mutagenic, carcinogenic,
reproductive or developmental effects are known for 2EHN.







Section 13
Disposal Information


Section 14
Transport Information
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Fuel additive packages are typically mixtures of several
discrete components. Permitted methods of disposal will
therefore vary according to the nature and the
concentration of the different chemistries present. The
supplier MSDS/SDS should be consulted for disposal
instructions concerning the specific product supplied.
However, disposal instructions that are relevant to 2EHN
present in fuel additive packages are described below. 


The product should be recovered whenever possible. Fuel


additive packages containing 2EHN are not suitable for landfill
or treatment by biological processes. Incineration in approved
onsite or offsite facilities equipped with flue gas post-
combustion, wet scrubbing and de-dusting systems is the
preferred disposal practice. Provided that 2EHN is not
confined, there should be no risk of violent decomposition if
product is disposed of in this manner. Thermal decomposition
and fire may also occur with wastes containing 2EHN if
overheating or contact with reactive materials occurs.


Fuel additive packages are typically mixtures of several
discrete components, each contributing to the overall
transport hazard of the package. The potential hazards of
the fuel additive package and its transport classification
will therefore vary according to the nature and the
concentration of the different chemistries present. The
supplier’s MSDS/SDS should always be consulted for
detailed transport classification advice concerning the fuel
additive package supplied. 


2EHN does not meet the criteria for Class 9 but it is
classified as an environmental hazard (marine pollutant)
according to the IMO’s IMDG and BCH codes. This


classification was based on data submitted on a blend of
alkyl (C7-C9) nitrates, predominately C8, which are no
longer marketed.  Since 2EHN does not meet the criteria of
any of the other transport classes, all suppliers of 2EHN
currently classify this substance as Class 9 hazard for
transport.  In view of the energetic properties of 2EHN,
there is a proposal to obtain a specific entry for 2EHN in
the UN orange book to more accurately reflect its
hazardous properties, and if adopted this may need to be
taken into account in the future when classifying fuel
additive packages containing 2EHN for transport hazard.







Section 15
Regulatory Information


Section 16
Other Information
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Fuel additives packages are typically mixtures of several
discrete components, each contributing to the overall
supply hazard of the package. The potential hazards of the
fuel additive package and its classification for supply will
therefore vary according to the nature and the
concentration of the different chemistries present. The
supplier’s MSDS/SDS should always be consulted for
detailed classification and labelling advice concerning the
fuel additive package supplied. However, classification and
labelling that can be attributable to 2EHN present in fuel
additive packages is described below. 


15.1 EU classification and labelling


2EHN is classified as Harmful by inhalation and skin
contact (R20/21). Based on the Dangerous Preparations
Directive limits for substances classified as R20/21 (1),
fuel additive packages containing 25% or greater 2EHN by
mass would be expected to be classified as Harmful and
have the Risk Phrase R20/21 assigned. 


In addition, data generated by ATC member companies
suggest that fuel additive packages have a risk of
significant energetic decomposition when they contain
2EHN at 15% or greater and it would therefore be prudent
to assign the Risk Phrase R44 to such products.


16.1 Training


A comprehensive and ongoing training programme in the
handling, use, storage and disposal of fuel additive
packages containing 2EHN is of significant value to all
personnel. Contact your supplier for assistance if needed.


16.2 Emergency Procedures for 2EHN


Written emergency procedures should be in place when
handling fuel additive packages containing 2EHN. This
procedure should include fire and decomposition scenario.


(1) Annex II Part B Table 1; Directive 1999/45/EC of the European Parliament and of the Council of 31 May 1999 concerning the approximation of
the laws, regulations and administrative provisions of the Member States relating to the classification, packaging and labelling of dangerous
preparations.
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Appendix 1


Responsible Care®


Many of the member companies of ATC have a long standing policy to ensure that their operations do not have an
adverse impact on the community or the Environment. Responsible Care®, a continuing effort by the chemical industry
to improve the responsible management of chemicals, is one way member companies of ATC are meeting this
commitment.


What is Responsible Care®?


Responsible Care® is the Chemical Industry’s commitment to continuous improvement in all aspects of environmental,
safety and health protection. Although voluntary, all member companies throughout the world have committed to the
principle of continuous improvement through self-evaluation and regular assessment with key indicators of performance
being published on an annual basis. Responsible Care® continues to strengthen its commitments and enhance the
public credibility of the industry. New program enhancements adopted by the American Chemistry Council as a condition
of membership include: 


1) A Responsible Care® Management System;


2) An independent third party certification of the management system to ensure appropriate actions are taken to
improve performance; 


3) Tracking and publicly reporting performance based on economic, environmental, health and safety, societal and
product related metrics; 


4) A Security Code that helps protect people, property, products, processes, information and information systems by
enhancing security throughout the chemical industry value chain.







Appendix 2


Explanation of thermal ignition critical temperature


The thermal ignition critical temperature (Tc) is the lowest surface temperature at which an energetic material can go into
runaway self-heating reaction. However, when this temperature is reached, self-heating does not immediately ensue.


After a sample reaches thermal ignition critical temperature there is a finite amount of time before self-heating occurs.


One concern with energetic materials like 2EHN (i.e. those that release large amounts of heat when they decompose) is
their potential to initiate a runaway self-heating cycle. At the temperature where the rate of 2EHN decomposition exceeds
the rate at which the generated heat can be dissipated to the surroundings, the product begins to self-heat. The surface-
to-volume ratio of a product container is an important factor in determining how fast heat can be dissipated: the smaller
the surface-to-volume ratio of the container, the lower the temperature at which runaway self-heating begins.


When the quantity of energetic material is very large, such as found in very large storage tanks, self-heating and thermal
runaway could become a problem at very high constant ambient temperatures.


Various scenarios have been modelled using the Frank-Kamenetskii equation, which postulates the heating to runaway
reaction of an unstirred, insulated energetic substance. The ambient temperature and the size or shape of the reactant
system are important. There is a range of data available on 2EHN from different sources, however, small variations in the
assumptions can have a very large effect on the results. If the maximum long-term storage temperature is kept below
40ºC then no problems with self-heating and thermal runaway are envisaged.
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Glossary


Term Where Definition


Product stewardship Front page Product-centred approach to environmental, health and safety protection. It
calls on those in the product life cycle - manufacturers, retailers, users, and
disposers - to share responsibility for reducing the environmental, safety and
health impacts of products. 


Cetane number Section 1.1 The performance rating of a diesel fuel, corresponding to the percentage of
cetane in a cetane-methylnaphthalene mixture with the same ignition
performance. 


Cetane number Section 1.1 A chemical compound, typically 2-Ethylhexyl nitrate (2EHN), used to
improver reduce combustion noise and smoke. Also known as Diesel Ignition


Improvers.


ATC Section 1.2 Additives Technical Committee. This is also known as the Technical
Committee of Petroleum Additive Manufacturers in Europe. ATC provides a
forum for additive companies to meet and discuss developments of a
technical and/or statutory nature concerning the application of additives in
fuels, lubricants and other petroleum products.


CEFIC Section 1.2 Conseil Européen des Fédérations de l’industrie Chimique (or the European
Chemical Industry Council). This is the largest association of chemical
companies in Europe and represents directly or indirectly, about 40,000 large,
medium and small chemical companies.


Explosive substance Section 1.2 A compound or mixture susceptible (by heat, shock, friction or other impulse)
to a rapid chemical reaction, decomposition or combustion with the rapid
generation of heat and gases with a combined volume much larger than the
original substance.


Energetic properties Sections 1.2 / 3.4 The substance can possess or exert energy.


IUPAC name Section 2 A chemical name assigned using nomenclature rules recommended by the
International Union of Pure and Applied Chemistry.


EINECS name Section 2 A chemical name as it appears on the European Inventory for Existing
Commercial (Chemical) Substances.


CAS number Section 2 The unique identification number for a chemical substance listed on the
Chemical Abstracts Service.


EINECS number Section 2 The unique identification number for a chemical substance listed on the
European Inventory for Existing Commercial (Chemical) Substances.


Energetic substance Section 3.1 Substances which because of their chemical structure are capable of
undergoing rapid exothermic decomposition with release of energy.


Vasodilatation Section 3.1 Dilation of blood vessels possibly leading to reduced blood pressure and
other cardiovascular effects to produce such symptoms as throbbing
headache, confusion and possible loss of consciousness.


Aspiration hazard Section 3.1 A substance that poses a threat to the body if inhaled.
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Term Where Definition


Acute health effect Section 3.2.1 Adverse effects resulting from a single exposure to a substance.


Chronic health effects Section 3.2.2 Hazards such as cancer, reproductive or developmental damage, neurological or other
organ damage to animals or humans related to repeated or long term exposure.


Environmental hazards Section 3.3 Intrinsic properties of a chemical substance or mixture that present a danger
to the environment, and in particular to aquatic organisms.


Flash point Section 5 Lowest temperature at which a flame will propagate through the vapour of a
combustible material to the liquid surface. It is determined by the vapour
pressure of the liquid, since only when a sufficiently high vapour
concentration is reached, can it support combustion. Two general methods
are called closed-cup and open-cup.


Closed cup Section 5 The closed-cup method prevents vapours from escaping and therefore usually
results in a flash point that is a few degrees lower than in an open cup.
Because the two methods give different results, one must always list the
testing method when listing the flash point. Example: 110ºC (closed cup).


IBC /IBCs Section 5.3 Intermediate Bulk Container. For liquids this is normally a rigid or flexible
portable package with a capacity of less than 3m3 that is designed for
mechanical handling.


Commercial synthetic  Section 6.2.1 A material having capacity or tendency to absorb another substance.
absorbent. 


Floating barriers Section 6.2.3 A device designed to float on the surface of water, specifically to contain
and/or absorb floating oily substances i.e. “oil boom”.


Thermal ignition Section 7.2.1 The temperature at or above which heat is generated faster than it can
critical temperature be dissipated. Reaching the critical temperature can be expected to result in a


self-accelerating reaction. See appendix 2 for further details.


Frangible roof tank Section 7.2.1 A tank with a roof to shell connection which is designed to fail before the
bottom to shell joint. This type of failure prevents loss of tank contents and
feeding the fire.


API 650 Section 7.2.1 A standard for welded steel tanks for oil storage. Published by the American
Petroleum Institute. This standard is designed to provide the petroleum
industry with tanks of adequate safety and reasonable economy for use in the
storage of petroleum, petroleum products, and other liquid products
commonly handled and stored by the various branches of the petroleum
industry. It is intended to help purchasers and manufacturers in ordering,
fabricating, and erecting tanks. Standard 650, Tenth Edition, covers material,
design, fabrication, erection, and testing requirements for vertical, cylindrical,
aboveground, closed- and open-top, welded steel storage tanks in various
capacities for internal pressures approximating atmospheric pressure, but a
higher internal pressure is permitted when additional requirements are met.
This standard applies only to tanks whose entire bottom is uniformly
supported; and to tanks in non-refrigerated service, that have a maximum
operating temperature of 93.3ºC (200ºF). 


Non insulated fire Section 7.2.1 A protective layer fixed to the outside of a structure, in this case a
cladding/non-insulating tank wall.
tank-wall fire cladding


NFPA 30 Section 7.2.2 Flammable and Combustible Liquids Code published by the National Fire
Protection Association, USA. Applies to all flammable and combustible liquids
except those that are solid at 37.8ºC (100ºF) or above. Covers tank storage,
piping, valves and fittings, container storage, industrial plants, bulk plants,
service stations and processing plants.


Page 23 of 24







Page 24 of 24


Term Where Definition


Firewalls Section 7.2.3 A wall of incombustible construction which subdivides a building or
separates buildings to restrict the spread of fire and which starts at the
foundation and extends continuously through all stories to and above the
roof, except where the roof is of fireproof or fire-resistive construction and
the wall is carried up tightly against the underside of the roof slab.


Conservation vents with Section 7.2.3 A device designed to limit the breathing of a storage tank, through
frangible roof seams use of a liquid or mechanical seal. Often used in conjunction with inert gas in


order to preclude introduction of air into a storage tank.


Frangible roof seams - a vertical tank roof seam specially designed to split open should the tank be
subjected to pressures above its design rating.


Static electricity Section 7.3.2 Electrical charge generated by friction between two materials or substances.


Exposure limit values: Section 8.1 The 8hr TWA Exposure Limit Value is the concentration to which it is 
8hr time weighted believed that nearly all workers may be repeatedly exposed, day 
average (TWA) and after day, without adverse health effects.
Short-term exposure A STEL is the concentration to which it is believed that workers can
limit (STEL). be exposed continuously for a short period of time and it should not occur


more than 4 times per day.


Self-Accelerating Section 9 Used in the classification of substances for transport. The lowest
Decomposition temperature at which a self-accelerating decomposition (runaway)
Temperature (SADT) may occur in the package as used in transport. The SADT varies with the


mass of substance and the shape of the package. It is used to determine safe
temperatures during transport and can offer a guide to instability in storage
and use.


Log Pow Section 9 Pow is the partition coefficient (P) of a substance dissolved in a two-phase
system consisting of n-octanol and water. The concentration (C) of a
substance is measured during each phase after achieving equilibrium and is
represented as a quotient of the two concentrations C octanol/C water. The
partition coefficient is usually presented in the form of its logarithm to the
base ten. It may also be referred as a Log Kow, or Log P.


Lewis acids Section 10.2 A chemical species that can accept a pair of electrons and form a covalent
bond. Examples include boron trifluoride, sulphur dioxide, sulphur trioxide
and phosphorus pentachloride.


Transition metal oxides Section 10.2 Compounds comprising a metal with an unfilled “d” sublevel and
or their chelates oxygen. Examples are iron oxide, zinc oxide, copper oxide and manganese


oxide.


Chelates: - Compounds comprising a metal with an unfilled “d” sublevel and an organic
chemical with two or more functional groups. Such chelates have a ring
structure.


LD50 (oral, dermal) Section 11.1.1 The single dose that will kill 50% of the test animals by any route other than
Section 11.1.3 inhalation such as by ingestion or skin contact.


LC50 Section 12.1 The concentration in water that will kill 50% of the test animals when
exposed over a specific time period, usually 96 hours.


EC50 Section 12.1 Median Effective Concentration (required to induce a 50% effect) 
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SCR: The Leading Technology to Meet 2010 Emission 
Regulations 
 
Q. What is Selective Catalytic Reduction (SCR)? 
A. SCR is a technology that uses a urea based diesel exhaust fluid (DEF) and a catalytic 
converter to significantly reduce oxides of nitrogen (NOx) emissions. SCR is the leading 
technology being used to meet 2010 emission regulations. 
 
Q. How does an SCR system work? 
A. The purpose of the SCR system is to reduce levels of NOx (oxides of nitrogen emitted 
from engines) that are harmful to our health and the environment.  SCR is the 
aftertreatment technology that treats exhaust gas downstream of the engine.  Small 
quantities of diesel exhaust fluid (DEF) are injected into the exhaust upstream of a 
catalyst, where it vaporizes and decomposes to form ammonia and carbon dioxide. The 
ammonia (NH3) is the desired product which in conjunction to the SCR catalyst, converts 
the NOx to harmless nitrogen (N2) and water (H2O). 


 







Q. What are the advantages for the fleet in using SCR technology? 
A. Cummins 2010 engines will deliver what customers need in these challenging economic times.  
Cummins 2010 heavy duty engines utilizing SCR will provide substantial fuel economy improvement, up 
to 5%.  SCR catalyst technology allows much greater NOx conversion efficiency, thereby allowing the 
engine to be fully optimized, which contributes to this fuel economy improvement. Another benefit to the 
improved fuel consumption is less frequent Diesel Particulate Filter (DPF) cleanout, thereby further 
reducing costs.  
 
Q. What experience does Cummins have with SCR systems? 
A. SCR technology is not new to Cummins. In 2006, Cummins launched its midrange engine certified to 
the Euro 4 standard using SCR for commercial vehicle applications in Europe. Cummins has built and 
shipped over 50,000 SCR engines to date.  Cummins Emission Solutions has built and shipped over 
250,000 SCR systems. Cummins Filtration has provided DEF, previously marketed under the Stableguard 
name, to the stationary market for over 5 years. 
 
 
DEF: Properties & Handling Guidelines 
 
Q. What is Diesel Exhaust Fluid (DEF)? 
A. DEF is the reactant necessary for the functionality of the SCR system.  It is a carefully blended 
aqueous urea solution of 32.5% high purity urea and 67.5% deionized water. 
 
Q. What is urea? 
A. Urea is a compound of nitrogen that turns to ammonia when heated.  It is used in a variety of 
industries, including as a fertilizer in agriculture. 
 
Q. How will I know that the DEF product I purchase will work? 
A. The DEF you purchase should state and display the certification of the American Petroleum Institute 
(API), German Institute of Standardization DIN70700, the International Organization for Standardization 
ISO 22241-1, and meet AUS – 32 specifications.  This will ensure the proper purity and concentration 
(32.5%) of urea.  For more information on these specifications, visit www.iso.org. 
 
Q. Can I make DEF myself? 
A. Cummins Filtration does not recommend customers make DEF themselves.  DEF has strict 
requirements for maintaining concentration and purity of ingredients that is critical to the proper 
functioning and longevity of the SCR system.  Cummins and other OEMs require that DEF used with their 
SCR systems meet all ISO22241 specifications as well as API certification requirements.  It is 
recommended that end users purchase certified DEF and avoid blending it themselves.  For more 
information about the quality standards, refer to ISO22241 which details specifications for DEF quality, 
handling, testing, transportation storage, and refilling. 
 
Q. What is API Certification? 
A. API Certification is a voluntary program established by the American Petroleum Institute (API) which 
certifies and monitors that diesel exhaust fluid meets ISO specifications. The program was launched in 
March 2009. Cummins Filtration DEF currently meets ISO specification and is also API certified. 
 


 
 
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







Q. Is the 32.5% urea solution critical? 
A. Yes, The 32.5% urea concentration is the ideal solution as it provides the lowest freeze point.  Also, 
SCR systems will be calibrated to the 32.5%, so that optimum NOx will be reduced during operation. 
 
Q. What is the freeze point of DEF? 
A. A 32.5% solution of DEF will begin to crystallize and freeze at 12 deg F (-11 deg C).  At 32.5%, both 
the urea and water will freeze at the same rate, ensuring that as it thaws, the fluid does not become 
diluted, or over concentrated. The freezing and unthawing of DEF will not cause degradation of the 
product.  
 
Q. Does DEF expand when frozen? 
A. Yes, DEF expands by approximately 7% when frozen. DEF packaging and tanks are designed to allow 
for expansion. 
 
Q. How much does DEF weigh? 
A. DEF weighs approximately 9 pounds per gallon. 
 
Q. How do I keep the DEF from freezing? What happens if the DEF freezes 
in the tank on the vehicle? 
A. During vehicle operation, SCR systems are designed to provide heating for the DEF tank and supply 
lines. If DEF freezes when the vehicle is shut down, start up and normal operation of the vehicle will not 
be inhibited. The SCR heating system is designed to quickly return the DEF to liquid form and the 
operation of the vehicle will not be impacted. The freezing and unthawing of DEF will not cause 
degradation of the product.  
 
Q. Can an anti-gelling or freeze point improver be added to the DEF to 
prevent it from freezing? 
A. No.  While an additive could improve freeze point of the mixture, the 32.5% solution is very specific to 
providing NOx reducing properties.  Any further blending or adjusting of the DEF mixture will impede its 
ability to perform correctly and may cause damage to the SCR components.  Additives of any type are not 
approved for use in DEF today. If the ISO standards should change to allow antifreeze additives, 
Cummins Filtration will ensure our product continues to meet ISO requirements. 
 
Q. Are there special storage requirements for DEF? 
A. DEF should be stored in a cool, dry, well-ventilated area, out of direct sunlight. While the optimum 
storage temperature is up to 77 deg F (25 deg C), temporary exposure to higher temperatures has little to 
no impact on the quality of DEF. 
  
Q. What is the shelf life of DEF? 
A. The shelf life of DEF is a function of ambient storage temperature. DEF will degrade over time 
depending on temperature and exposure to sun light. Expectations for shelf life as defined by ISO Spec 
22241-3 are the minimum expectations for shelf life when stored at constant temperatures. If stored 
between 10 and 90 deg F, shelf life will easily be one year. If the maximum temperature does not exceed 
approximately 75 deg F for an extended period of time, the shelf life will be two years.  
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







Q. How can I determine when the DEF I have purchased was 
manufactured? 
A.  All DEF packages will have a date code located somewhere on the product.  The date code will allow 
you determine the date the DEF was made.  1 gallon containers will have a laser code imprinted on the 
bottle.  2.5 and 5 gallon containers have a small date code label applied to the bottle.  Drum and totes will 
have a label applied to either the top or side of the product. 
 
The first digit of the date code represents the DEF batch number and the next 6 digits reflect the date that 
the batch was filled. 
 


 
   


 
           Date Code Imprint    Date Code Label 
 
 
Q. What impact will exposure to high temperatures for an extended period 
of time have on DEF? 
A. While DEF exposure to constant, high storage temperature may have some impact on shelf life, this 
should not concern operators. Extensive testing in very hot climates has been conducted confirming that 
DEF stored at a constant temperature of 95 deg F had a shelf life of over 6 months. 
 
Q. Should I be concerned about handling DEF? 
A. No. DEF is a nontoxic, nonpolluting, non-hazardous and nonflammable solution. It is stable, colorless, 
and meets accepted international standards for purity and composition.  DEF is safe to handle and store 
and poses no serious risk to humans, animals, equipment or the environment when handled properly. 
MSDS sheets are currently available on cumminsfiltration.com. 
 
Q. What should I do if I spill DEF? 
A. If DEF is spilled, contain the spilled liquid and absorb it with an inert, non-combustible absorbent 
material, such as sand. Shovel the material into a suitable container for disposal. Spills into a drain should 
be avoided. If spilled into a drain, flush thoroughly with water. For significant quantities, contact local 
authorities for proper disposal procedures. If DEF is spilled on your vehicle, rinse with water.  
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







 
Q. What happens if I ingest DEF? 
A. DEF should never be ingested. If it is ingested, do not induce vomiting.  A physician should be 
consulted if you begin experience any symptoms. 
 
Q. What happens if I inhale DEF? 
A. While pumping DEF will not cause significant exposure, inhalation may occur if exposed to DEF in a 
closed area and/ of if DEF is misted into the air. Under normal conditions of use, harmful effects are not 
expected.  
 
If you inhale DEF, you should move to an area with fresh air and obtain medical attention if symptoms, 
such as irritation to nose and throat, develop or persist. 
 
Q. Does DEF smell? 
A. DEF may have a slightly pungent odor similar to that of ammonia, however it is completely harmless. 
 
Q. Is DEF corrosive? 
A. DEF is corrosive to copper and brass as well as other materials.  Only approved materials, such as 
high density polyethylene (HDPE), will be used in the DEF tank, packaging and dispensing equipment. 
 
Q. Will DEF evaporate and what happens if it does? 
A. Because DEF is comprised of 67.5% water, evaporation will occur over time. However, Cummins has 
built and shipped over 50,000 SCR equipped engines and Cummins Emissions Solutions has built and 
shipped over 250,000 SCR systems.  These SCR engines and systems are operating throughout Europe, 
including the warmer climates of Spain, Greece and even into the Middle East with no problems 
associated with evaporation.  In addition, our field test vehicles across the US in high temperature 
locations have not yielded any significant amounts of evaporation that would impede engine performance 
or operation. As a preventative measure, it is important to keep the cap of the DEF tank and storage 
containers securely closed.  If the urea concentration does become more or less than recommended over 
time, the DEF tank should be drained. Cummins Filtration will offer equipment to test the urea 
concentration of DEF. 
 
Q. What measures have been put in place to prevent diesel from being 
pumped into the DEF tank?  
A. The standard nozzle diameter for dispensing DEF has been designed at 19mm versus the standard 
diesel fuel nozzle diameter which is 22mm. In addition, the tank cap for the DEF tank will be blue to 
further differentiation from the diesel tank.  
 
Q. What happens if a non-DEF substance is accidentally entered into the 
DEF tank? 
A. The SCR system will recognize solutions other than DEF, and the DEF indicator light will appear 
notifying the driver. Depending on the level of contamination in the tank, the vehicle may require 
servicing. 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







DEF Usage 
 
Q. How much DEF will a truck consume? 
A. DEF consumption is expected to be approximately 2% of fuel consumption, depending on vehicle 
operation, duty cycle, geography, load ratings, etc.  
 
Q. What is the number of miles a truck can expect to travel on one gallon of 
DEF? 
A.  DEF consumption is directly related to fuel consumption.  A truck averaging 6 MPG can expect to go 
approximately 300 miles on one gallon of DEF. 
 
Q. How can an operator determine how much DEF they will need/use? 
A.  DEF consumption will be approximately 2% of the diesel fuel consumed. Another way to consider it is 
that DEF will be consumed on a 50 to 1 ratio with diesel. (For every 50 gallons of diesel fuel burned, you 
will use 1 gallon of DEF).  If you know the average fuel consumption of a vehicle, you can easily calculate 
the amount of DEF that will be used.  
 
Annual miles for average truck = 50,000 miles 
MPG for average truck = 8 mpg 
50,000 miles / 8 mpg = 6,250 gallons diesel fuel per year 
DEF usage @ 2% of fuel consumption = 125 gallons of DEF / year 
125 gallons / 10 gallon tank (average size) = 13 DEF fill-ups / year 
 
Example…Heavy duty  
 


Annual Miles 
per Vehicle


Annual 
Total Miles


Average 
MPG per 


Truck


Average DEF 
Tank Size (on 


vehicle)


Annual Fuel 
Usage 


(gallons)


  
Consumption 
per Gallon of 


fuel


Estimated 
Annual DEF 


Consumption


 
DEF Fill-
Ups per 


Year


        120,000        120,000 6 20             20,000 2%                 400               20  
 
Annual miles for average truck = 120,000 miles 
MPG for average truck = 6 mpg 
120,000 miles / 6 mpg = 20,000 gallons diesel fuel per year 
DEF usage @ 2% of fuel consumption = 400 gallons of DEF / year 
400 gallons / 20 gallon tank (average size) = 20 DEF fill-ups / year 
 
Example…Medium Duty 
 


Annual Miles 
per Vehicle


Annual 
Total Miles


Average 
MPG per 


Truck


Average DEF 
Tank Size (on 


vehicle)


Annual Fuel 
Usage 


(gallons)


  
Consumption 
per Gallon of 


fuel


Estimated 
Annual DEF 


Consumption


 
DEF Fill-
Ups per 


Year


          50,000          50,000 8 10              6,250 2%                 125               13  
 
**To calculate your estimated DEF usage visit online usage calculator, on cumminsfiltration.com. 
 
Q. Is the DEF dose rate the same for all engine manufacturers? 
A. The DEF dose rate will vary slightly amongst engine manufacturers. While most engines will have a 
dose rate of 2% of diesel fuel consumed, the dose rate will range from 1% to 3%. 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







Q. What happens if the vehicle runs out of DEF? 
A. Vehicles that use DEF will have indicators on the dash that will alert the driver of the quantity of DEF 
on board. A gauge similar to a fuel gauge will indicate the level of DEF. There will be a DEF low level 
warning lamp that will illuminate when DEF is low. If the vehicle is operated such that one would run 
completely out of DEF, vehicle power will be reduced enough to encourage the operator to refill the DEF 
tank. Once the tank has been refilled the engine will resume normal power levels. 
 
Q. Is any maintenance required on the DEF Dosing Unit Filter?   
A. The DEF Dosing Unit Filter will need to be replaced about every 200k miles as part of routine 
maintenance. 
 
Q. Will Cummins Filtration supply the DEF Dosing Unit Filter? 
A. The DEF Dosing Unit Filter is part of the DEF dosing system and will be available 
 
Q. On SCR equipped vehicles, what changes will be expected for lube filter 
service intervals?  
A. There will be no changes to the lube filter service intervals on SCR equipped vehicles.  The SCR 
process impacts the exhaust emissions after they are produced by the engine. 
 
 
 DEF Product Options & Availability 
 
Q. What package sizes will be available? When? 
A. Cummins Filtration has offered DEF since 2003 in 4 sizes: 55 gal drum, 275 gal disposable tote, 330 
gal tote, and bulk.  Cummins Filtration recently expanded their DEF product line to include smaller 
packaging options, including 1, 2.5, and 5 gallon containers. 
 
Q. Can I fill my own bottles of DEF? 
A. Cummins Filtration does not recommend that customers fill bottles of DEF for use in SCR systems due 
to the strict ISO requirements for maintaining DEF purity (free of contamination). For customers that do 
require filling, the ISO 22241 specifications provide detailed information regarding DEF quality, handling, 
testing, transportation storage, and refilling. 
 
Q. What does IBC stand for? 
A.  Intermediate Bulk Containers (IBC) are all containers larger than a 55 gallon (207L) drums, and 
smaller than a tanker. 
 
Q. Can totes be returned and refilled after use?  
A. The 330 gallon tote is a returnable tote.  Empty tote returns should be made to the tote vendor rather 
than Cummins Filtration. For information on returning totes, please call 1- 800-608-8587. 
 
The 275 gallon tote is disposable and primarily used for refilling of the larger plastic refillable tote. 
However, if customers do utilize the 275 gallon tote the transfer equipment must be DEF compatible and 
completely free of contaminants. Stainless steel and high density polyethylene plastic are DEF 
compatible materials. For a complete list of DEF compatible materials, see ISO22241. If required, the 
DEF dispensing equipment can be utilized with the 275 gallon tote when the dispensing equipment is 
supported by an appropriate structure. 
 
 
 
 
 
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







Q. Where will DEF be available? 
A. In North America, all major truck stops have committed to carrying and selling DEF.  The initial supply 
of DEF will most likely be in packaged containers while bulk dispensing options are being installed.  In 
addition, Cummins Filtration is making DEF available to thousands of distributors, dealers and other 
outlets. 
 
Q. Will Cummins Filtration offer dispensing options? 
A. Cummins Filtration currently offers several dispensing equipment options, including electric and air 
operated pumps for use with drums, totes as well as a flow meter. For more information, see our 
dispensing kits brochure (LT36135) available on cumminsfiltration.com. 
 
Q. Will Cummins Filtration offer equipment to test the urea concentration of 
DEF? 
A. For several years, Cummins Filtration has offered field testing tools for coolant products. Similar 
products will be made available for DEF.  
 
 Q. What price can be expected for DEF? 
A. Current pricing for DEF centers on ‘niche’ markets which itself drives very low volume usage and 
premium pricing. This is not a realistic indication of where the industry will be in 1 year, or even 6 months. 
We agree with current predictions that at the pump DEF pricing will be at or below the price of diesel fuel 
and is forecasted to be in the $2 - $3 range.  
 
Q. Is there an Environmental Hazardous Charge (EHC) that applies to DEF 
shipments received in Ontario? 
A. There is no EHC applied to DEF at this time. 
 
To find your nearest retailer of Fleetguard products, visit cumminsfiltration.com/wrl.  
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GM Duramax Diesel Operation and Diagnostics 
In 1996 General Motors was finalizing plans for the next generation of full-size trucks, code 

named GMT800, and at that time, GM had only 3% market-share for the Diesel Powered HD 

pick-up truck segment. In order to have a winning truck, GM had to have a winning Diesel 

powertrain.  

At the same time, a small group of stakeholders led by the Planning Group, reviewed proposals 

from all the possible Diesel engine manufactures for the all new truck. The decision was reached 

to go with a proposal from one of GM’s partners – ISUZU Motors LTD, recognized worldwide 

as a leader in Diesel engines.  

The GM-ISUZU established the plan to manufacture the new engine; a joint venture company, 

60% owned by ISUZU and 40% by GM. The company was established in September 1998, in 

Moraine, Ohio. A new 650,000 square foot engine plant was built near the former 6.5 L Diesel 

Engine plant, and many of the employees were able to transfer to the new joint venture named, 

DMAX Ltd., signifying the 

Diesel engine and 

maximum power, 

cleanliness and fuel 

economy. 

The totally new engine 

design was a 6.6L, 90 

degree, direct-injection, 

overhead valve, four-valve-

per-cylinder turbocharged 

Diesel V8 with aluminum 

high swirl cylinder heads. 

The electrically controlled 

common-rail fuel system 

provided maximum power 

for each pulse of fuel used 

and allowed full authority 

in injection timing and 

quantity. This combination along with pilot injection resulted in Best-in-Class operating 

quietness and smoothness typical with similar sized gasoline engines.  

The new engine was targeted to meet Best-in-Class-Performance for power and torque. In order 

to transfer the 300 hp and 520 ft. lbs. of torque to the truck’s wheels, a new 5-speed automatic 

transmission was developed. The Allison Transmission 1000 series was chosen to complete the 

winning Powertrain. The B908 Team worked very closely with Allison Transmission 

Engineering Team to match the performance characteristics of the engine with the transmission.  

The name itself was critical as it would compete against Ford’s established “Powerstroke” Diesel 

engine. So after many meetings and discussions with Chevrolet Truck and GMC’s marketing, the 

name: Duramax Diesel 6600 was agreed upon. “Duramax” was meant to highlight the 

durability and reliability of the new engine.  

In late 2000 the Duramax Diesel 6600 debuted for the new 2001HD pick-up trucks.  

The Duramax Diesel 6600 has continued to evolve and improve, meeting the ever tightening 

U.S. emission standards, and leading in the extremely competitive power and torque race. Over 

one million Duramax Diesel 6600’s have been produced for the strong customer base. 



Today’s Duramax is a 6.6-liter V-8 is a four-valve high pressure common rail direct injection 

diesel currently equipped with a diesel particulate filter to meet the stringent 2010 emissions 

requirements. 

GM Diesel history Note!! 

The GM light-truck 6.2L and 6.5L diesel engines were optional in the 1982-2000 C/K series 

pickup trucks, and in the Suburban, Chevy Tahoe & Blazer, GMC Yukon & Jimmy, vans, and 

motor homes (RV) - in both turbo diesel (TD) and naturally aspirated (NA) versions. In addition, 

low cost and ready availability have made these engines extremely popular the world over for 

diesel conversion projects; powering Land Rovers, Land Cruisers, and a host of other foreign and 

domestic production vehicles.  

Designed as a diesel engine from the ground up by the Detroit Diesel Division of General 

Motors, the original 6.2L diesel engine was introduced in the 1982 model year GMC and Chevy 

C/K pickup truck and full-size SUV lines. Taking this engine design to the next level in the 1992 

model year, the new 6.5L diesel engine used advanced technology designed for the application of 

a turbocharger. The 6.2L saw its final year of production in 1993. While the 6.5 was replaced by 

the Duramax 6600 beginning in the 2001 model-year Chevy and GMC pickup truck production, 

the 6.5L diesel engine continues to be 

manufactured and sold by AM 

General. AM General was the 

manufacturer of the civilian H1 

Hummer and the current military 

HMMWV.  

No aftermarket modifications covered 

in this class. 

There are many aftermarket companies 

that supply components for the 

Duramax. If you need any information 

about their products please contact 

them 

Follow all 

Safety 

Rules 
Anything that can go 

wrong; does at some 

point in time.  

Follow all shop safety 

rules. 

Warning! 

  



High-pressure fuel lines deliver diesel 

fuel under extreme pressure  

It can exceed 30,000 psi.  

 Use extreme caution when inspecting 

for high-pressure fuel leaks 

 High fuel injection pressure can 

cause personal injury if contact is 

made with the skin and be forced in 

the blood stream! 

Compression 

Ignition Engine 

Diesels are classified as compression ignition 

engines. 

They don’t require a spark to ignite the fuel. 

High compression (400-450 psi) in the cylinder 

superheats the air that is drawn into the cylinder. 

Through correct timing, fuel is injected into the 

cylinder and mixes with the air and ignites. 

Power is created by combustion expanding 

gasses. 

 

Some of the hot exhaust gas is directed to 

the turbocharger.  

We will discuss turbo operation in detail 

later. 

 

 

 

 

 

 

 



 

Fuel Quality and Condition 
Before covering the engine itself it is an important consideration to discuss fuel. Diesel fuel 

accumulates water in the system because hot fuel is returned to the relative cooler tank and 

condensation is formed. The fuel forms an organic contamination called slime mode which must 

be removed. At lower temperatures the fuel may Gel, this is sometimes called fuel waxing. All of 

this can cause problems because fuel system itself is designed and built with very close 

tolerances. The system controls the fuel with high pressure and the close tolerances re required.  

Cloud Point - The cloud point is the temperature at which a cloud of wax crystals first appears in 

a fuel sample that is cooled under conditions described by ASTM D2500. The cloud point is 

determined by visually inspecting for a haze in the normally clear fuel.  

Pour Point - The pour point is the lowest temperature at which movement of the fuel sample can 

be determined when the sample container is tilted. The apparatus used is the same as for the 

Cloud Point and is shown in Figure 1. The sample must be cooled following the procedure 

described in ASTM D97. At every 3
o 
C of cooling, the sample is inspected and when no 

movement is detected after 5 seconds, the test is stopped. 3
o 
C is added to the temperature where 

no movement was observed and this is the pour point. Pour points are always expressed in 

multiples of 3
o 
C. 

Low Temperature Flow Test (LTFT) - The LTFT is designed to evaluate whether a fuel can be 

expected to pass through an engine fuel filtration system. The test determines the lowest 
temperature at which 180 ml of fuel can be drawn through a 17 micron screen in 60 seconds or 

less with 20 kPa of vacuum. The procedure is defined in ASTM D4539.  

Cold Filter Plugging Point (CFPP) - The cold filter plugging point, as defined by International 

Petroleum Standard IP-309 and ASTM D 6371-99, is similar to the LTFT test. It determines the 

lowest temperature where 20 ml of fuel can be drawn through a 45 micron screen in 60 seconds 

with 200 mm of water (1.96 kPa) of vacuum. 

Additives can lower a diesel fuel's gel point or cloud point and improve its cold flow properties. 

Most these are typically polymers that diminish the effect of wax crystals on fuel flow by 

modifying their size and shape. 

Biodiesel fuel which is required to be mixed with diesel fuel in many states also adds to gelling. 

Biodiesel gels at higher temperatures than conventional diesel. 

Cetane 
Because a diesel engine ignites the fuel without a spark, proper Cetane levels are very important. 

Cetane number is a measure of the ignition quality of the fuel. 

Cetane number affects combustion roughness. 

Results of Wrong Cetane Number: 

Poor Ignition Quality 

Long Ignition Delay 

Abnormal Combustion 

Abnormally High Combustion Pressure 

Potential Uneven Thrust on Piston / Cylinder 

Louder Engine Knock 

Excessive Engine Knock & Smoke at Cold Start 

Black smoke 
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Section 1
Introduction
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1.1 Fuel Additive Packages containing
2 ethylhexyl nitrate (2EHN)


2-Ethylhexyl nitrate (2EHN) is used to raise the cetane
number of diesel fuels. This manual contains information
which is intended to help users establish safe handling and
storage procedures and systems for preparations
(mixtures) containing 2EHN. These preparations,
commonly known as fuel additive packages, may contain
several other functional components and are marketed by
additive producers to blenders of diesel fuels.


1.2 ATC 2EHN Blends Work Group


The ATC 2EHN Blends Work Group was formed in 2003 by
the Technical Committee of Petroleum Additive
Manufacturers in Europe (ATC), an affiliate member of the
European Chemical Industry Council (CEFIC). It is
comprised of those ATC members that are involved in
blending fuel additive packages containing 2EHN with
additional input from CONCAWE (the Oil companies’
European association for environment, health and safety in
refining and distribution).


The objective of ATC was to develop an industry guidance
document covering the Health, Safety & Environmental
aspects and best practices for handling fuel additive
packages containing 2EHN. This manual is intended to
provide you with information you may wish to consider
when establishing safe storage and handling systems, with
some guidelines for classification and labelling of such
additive packages. We have applied conservative
engineering judgement when recommending safety
measures for blends containing 2EHN above certain
concentrations. The ATC recommends that you should
always refer to the latest product Material Safety Data
Sheet or Safety Data Sheets (MSDS/SDS’s) from suppliers
as these are updated on a regular basis as new health and
safety information becomes available.


1.3 Product Stewardship 


ATC has a fundamental concern for all who manufacture
and/or use 2EHN or fuel additive packages containing
2EHN. This concern is the basis for our Product
Stewardship philosophy by which we assess the safety,
health and environmental information on our products and
take appropriate steps to protect employee and public
health and our environment.


1.4 Customer Notice 


ATC strongly encourages the users of fuel additive
packages containing 2EHN to review their transportation,
storage, use, and disposal of these products from the
standpoint of safety, human health and environmental
quality.


ATC believe the information and suggestions contained in
this manual to be accurate and reliable as of the date of
issue of this document. 


However, since this document, furnished by ATC is
provided without charge and since transportation,
conditions of use and disposal are not within its control,
ATC assume no obligation or liability of any kind for such
assistance and do not guarantee results from use of such
products or other information herein; no warranty,
expressed or implied is given nor is freedom from any
patent owned by ATC members or others to be inferred.


Information herein concerning laws and regulations is
based on EU and North American regulations except when
specific reference is made to those of other jurisdictions.
Since conditions of use and governmental regulations may
differ from one location to another and may change with
time, it is the customer’s responsibility to determine
whether fuel additive packages containing 2EHN are
appropriate for the customer’s use, and to assure that the
customer’s workplace and disposal practices are in
compliance with laws, regulations, ordinances, and other
governmental enactment applicable in the jurisdiction(s)
having authority over the customer’s operations.







Section 2
Composition


The amount of 2EHN in fuel additive packages varies depending upon the functional
requirements of the specific additive package. Fuel additive packages are likely to contain
hydrocarbon solvents and other components designed to impart specific functional properties
to the package. Therefore, it is not possible to give information on the composition of individual
fuel additive packages in this guidance document. For information on hazardous components in
fuel additive packages, users should refer to the MSDS/SDS. Individual hazardous substances
present at either 1% or 0.1% by mass (depending on the inherent hazard), or substances with a
published Community exposure limit will be given in Section 2.
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1.5 Legal Notice


This manual was prepared by the ATC. Neither the ATC nor
any of its member companies, their employees,
subcontractors, consultants, or other assigns make any
warranty, expressed or implied, or assume any liability or
responsibility for any use, or the results of such use, of
any information, product, or process disclosed in this
Manual, or represent that its use would not infringe on
privately owned rights.


The Manual is intended to provide helpful ideas for those
involved in the use of additive packages containing 2EHN.
The Manual is necessarily general in nature and leaves
dealing with product and site-specific circumstances to
entities handling the product. The Manual is not designed
or intended to define, create, or terminate legal rights or
obligations.


The ATC, including any of its member companies, their
employees, subcontractors, consultants, or other assigns,
does not make any warranty or representation, either
express or implied, with respect to the accuracy or
completeness of the information contained in this Manual;
nor does the ATC, including any of its member companies,
their employees, subcontractors, consultants, or other
assigns, assume any liability of any kind whatsoever
resulting from the use of or reliance upon any information,


procedure, conclusion, or opinion contained in this
Manual, except to the extent such disclaimer of liability
would be in violation of law in the jurisdiction of its use.


This work is protected by copyright. The ATC, which is the
owner of the copyright, hereby grants a nonexclusive
royalty free license to reproduce and distribute this
Manual, subject to the following limitations.


The ATC, including any of its member companies, their
employees, subcontractors, consultants, or other assigns,
assumes no responsibility for the accuracy, completeness,
or overall quality of any alterations, abridgement, revision,
translation, or other modification of this copyrighted work.


All copies of the work must include a cover page bearing
the ATC and its member companies’ Notice of Copyright of
the work.


Copies of the work may not be sold.  Copyright © (2005)
ATC.


Although this manual follows the standard 16-section
Material Safety Data Sheet (MSDS) / Safety Data Sheet
(SDS) format for easy cross-reference to your supplier’s
MSDS/SDS, it shall not be used as an MSDS/SDS. Since
fuel additive packages containing 2EHN may contain
solvents and other functional components, readers
should always refer to the supplier’s latest MSDS/SDS. 







Section 3
Hazard Identification


Fuel additive packages are typically mixtures of several
discrete components, each contributing to the overall
hazard of the package. The potential hazards of the fuel
additive package will therefore vary according to the
nature and the concentration of the different chemistries
present. The supplier MSDS/SDS should be consulted for
potential adverse effects associated with the specific
package. Potential adverse effects that can be attributable
to 2EHN present in fuel additive packages are, however,
described below. 


3.1 Emergency Overview


2EHN in fuel additive packages can cause vasodilatation
following exposure by inhalation or skin contact.
Vasodilation leads to reduced blood pressure and other
cardiovascular effects to produce such symptoms as
throbbing headache, confusion and possible loss of
consciousness. Fuel additive packages containing 2EHN
may also present a possible aspiration hazard depending
on the physical characteristics of the package.


2EHN is a self-reactive, energetic substance with a low
auto-ignition temperature. If fuel additive packages
containing 15% or greater 2EHN are heated above 100ºC,
2EHN may undergo a self-accelerating, exothermic
decomposition that causes a rapid rise in temperature and
pressure. Consequently, rupture of storage vessels,
containers and equipment should be anticipated when
pressure is generated by this thermal decomposition.


3.2 Potential Health Effects


3.2.1 Acute Health effects


Ingestion


Ingestion of fuel additive packages is not expected to be a
primary route of exposure to 2EHN. Although ingestion is
not thought to produce harmful effects (as classified
under US, Canadian or European criteria) the material may
still be damaging to the health of individuals with pre-
existing medical conditions, especially if the ingested
material is aspirated into the lungs.


Eye Contact


Although 2EHN is not classified as an eye irritant
(according to US, Canadian or European criteria), direct
contact with the human eye has been reported to produce
transient discomfort as characterized by watering of the
eyes and redness.


Skin Contact


Since 2EHN is readily absorbed through the skin, skin
contact with fuel additive packages containing 2EHN may
cause vasodilatation (leading to reduced blood pressure
and other cardiovascular effects to produce such
symptoms as throbbing headache, confusion and possible
loss of consciousness). These effects are reversible
following removal from the source of exposure (e.g. by
washing the exposed area or removing contaminated
clothing) and typically last for only a short period.


The substance is not classified as a skin irritant (according
to US, Canadian or European criteria) but as with diesel
fuel itself prolonged skin contact may produce temporary
discomfort. There is no evidence of skin sensitisation
associated with this material.


Inhalation


Inhalation of 2EHN vapours may cause irritation of the
mucous membranes (nose, throat and lungs). In addition,
absorption of 2EHN through the respiratory tract can
result in vasodilatation (reduced blood pressure and other
cardiovascular effects to produce such symptoms as
throbbing headache, confusion and possible loss of
consciousness).


All the above effects are reversible following removal from
the source of exposure and typically last for only a short
period.


3.2.2 Chronic Health Effects


There are no reports of chronic systemic effects
associated with long-term exposure to 2EHN.
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Section 4
First Aid Measures


Fuel additive packages are typically mixtures of several
discrete components, each contributing to the overall
hazard of the package. The potential hazards of the fuel
additive package will therefore vary according to the
nature and the concentration of the different chemistries
present. Consequently, first aid advice may vary and the
supplier’s MSDS/SDS should always be consulted for
detailed advice that is relevant to the fuel additive package.
First aid advice specific to 2EHN present in fuel additive
packages is, however, described below. 


4.1 Inhalation


If the person is affected by inhaled vapours or combustion
products, remove the person to fresh air at once. Provide
respiratory support as needed. Get prompt medical
attention.


4.2 Skin Contact


Immediately decontaminate contact area. Ensure shoes
and/or clothing are free from material before reuse -
discard if necessary. Get prompt medical attention. 


4.3 Eye Contact


Although 2EHN has been shown not to be a primary eye
irritant it is good practice to immediately decontaminate
eyes with plenty of water following accidental exposure.
Get prompt medical attention.


4.4 Ingestion


DO NOT induce vomiting, as aspiration of liquid product
into the lungs can cause chemical pneumonitis. Get
prompt medical attention.


4.5 Notes to Physicians


Treat exposure to a fuel additive package containing 2EHN
as organic nitrate poisoning. Since 2EHN is a component
of the product symptoms of vasodilatation may be
present.
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3.3 Environmental Hazards


2EHN is immiscible with water and is not acutely toxic to
aquatic life at the limit of its solubility. The material floats
on water and may form a film on water surfaces causing
impaired oxygen transfer. 2EHN may emulsify with water.


3.4 Energetic Properties


2EHN is an organic nitrate. It undergoes a self-sustaining
exothermic decomposition when it is heated above 100ºC.
The product begins to decompose, giving off heat and
decomposition gases; the heat energy is absorbed by the
product promoting further and more rapid decomposition.
Once established the decomposition reaction may be
uncontrollable. Based on thermal decomposition data
generated by ATC members and based on published data it
is considered that fuel additive packages containing 15%
or greater 2EHN may have the same energetic properties
as the pure substance.







Section 5
Fire Fighting Measures


The flammable and thermal decomposition hazards
presented by fuel additive packages containing 2EHN
depends not only on the flash point and auto-ignition
temperature but also on the heat of decomposition of the
individual ingredients.   Fuel additive packages typically
contain flammable hydrocarbons and therefore these
products are often classified as flammable (or at least
combustible). The supplier’s MSDS/SDS will contain
specific fire-fighting measures and advice that are relevant
to the fuel additive package. 


Although the 2EHN component flash point may be well above
recommended maximum transport, storage and handling
temperatures for fuel additive packages (typically 40º - 60°C),
fire and energetic decomposition hazard due to the presence
of this substance is very high, due to its high heat of
decomposition.  Based on thermal decomposition data
generated by members of ATC and based on published data
it is considered that fuel additive packages containing 15%
or greater 2EHN may have the same energetic properties
as the pure substance. The supplier’s MSDS/SDS will
contain specific fire-fighting instructions for the fuel additive
package, but it is recommended that the following additional
precautions should be included in any risk management plan
for fuel additive packages containing 15% or greater 2EHN. 


Use chemical foam to extinguish the fire and large
amounts of water spray preferably via a reliable fixed
sprinkler/deluge system or by sufficient firewater monitors
to cool containers and avoid catastrophic rupture of the
storage vessel. Cool containers with flooding quantities of
water until well after fire is out. 


Alcohol-resistant foam directly injected into the storage
vessel via a dedicated internal fixed system is the most
effective extinguishing medium. Dry chemical powder and
carbon dioxide are also effective with minor fires. Sand or
earth might also be used to extinguish small fires.


Firewater capacity provided by firewater storage is to be
sufficient to deliver firewater for long enough time to put
fire under control (minimum of 6 hours at the maximum
usage rate is recommended).


Protection of emergency personnel against smoke and
combustion gases generated by large fires is vital. 


5.1 Suitable extinguishing media


• For large fires: water spray, foam (alcohol resistant 
preferably). 


• For small fires: dry chemical powder or CO2.


• Do not use water jet.


5.2 Special fire fighting procedures


Removal of radiant heat from nearby fire is vital.
Radiant heat from surrounding fires can heat up tanks
used to store fuel additive packages containing 2EHN.
This could lead to bulk liquid phase decomposition with
potential catastrophic effects. A credible scenario is that
when a storage tank is involved in a fire, the upper tank
surfaces in contact with the vapour will rapidly reach the
auto-ignition temperature of the fuel additive package (for
example, the auto-ignition temperature for pure 2EHN is
130°C) This will lead to an air-vapour explosion in the
headspace of the tank, which could give rise to projectiles
if its roof is not frangible. This hazard is well recognised
for kerosine and gas-oil storage tanks where the auto-
ignition temperatures are of the order of 250°C, more than
100°C higher than that of 2EHN. 


Deluge water should be applied onto tank walls to keep the
storage vessel cool. The calculated amount of water
needed for effective removal of radiation heat coming
from a fire in a nearby tank (15 m distant) is a minimum
of 15 litre/minute/m2 of exposed tank surface. Spray
firewater at the required flow rate should be available
for 6 or more hours.


Cool containers exposed to flames with flooding quantities
of water until well after the fire is out. Be aware of danger
of container bursting under pressure followed by
combustion of vapours. Fight any fire from a safe distance
or protected locations. Do not approach containers
suspected to be hot.


If tank, rail car or tank truck is involved in fire, ISOLATE
the container and evacuate personnel to ensure safety.


Drums and IBCs should be immediately cooled by
spraying firewater from a fixed deluge. Sealed drums of
fuel additive packages containing 2EHN could rupture in
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Section 6
Accidental Release Measures


Fuel additive packages are typically mixtures of several
discrete components, each contributing to the overall
hazard of the package. The potential hazards of the fuel
additive package will therefore vary according to the
nature and the concentration of the different chemistries
present. Standard industrial practices for oil and
hydrocarbon solvent spill control are generally applicable
to fuel additive packages containing 2EHN. The supplier’s
MSDS/SDS should always be consulted for detailed advice
that is relevant to the fuel additive package use but
accidental release measures specific to 2EHN present in
fuel additive packages are described below. 


6.1 Personal precautions


When conducting clean up operations which might lead to
accidental exposure by skin contact or inhalation, adequate
personal protective equipment (PPE) should be worn.
Ensure that the area is completely free from any residue of
the spill before entering without protective equipment.


6.2 Environmental precautions


If possible, prevent spilled product from entering sewers
and watercourses.


6.2.1 Small spillage


Suitable materials, such as commercial synthetic
absorbent or sand can be used to absorb spills or leaks of
fuel additive packages containing 2EHN.


Solid absorbent material should be shovelled up and
placed in adequate sealed and properly labelled containers
suitable for disposal. Additive packages containing 2EHN
should not be allowed to enter the sewers. Do not flush
out the product from contaminated areas.


6.2.2 Large spillage


Contain spilled material within bunds or by creating
temporary barriers. Use sand, earth, or other inert material
to prevent the liquid entering drains, ditches or
watercourses. Transfer the liquid by pumping into a
dedicated, closed and properly labelled container. Ensure
proper pumps are used and set up as recommended for
the safe pumping of pure 2EHN (see section 7.3). Seek
expert advice to dispose of large volumes of recovered
product.


6.2.3.Spills onto water


Most fuel additive packages containing 2EHN will float.
Spilled product can be confined by using floating barriers.
Traditional oil spill control procedure should be applied as
soon as possible to remove product from water. Local
Authorities should be promptly notified about the potential
adverse effect of 2EHN and other components contained
in the fuel additive package on the aquatic environment
since they can create a film on the surface of water and
limit oxygen exchange.


an intense fire after a short period of exposure (practical
tests and theoretical examples indicate a time to rupture of
10 to 20 minutes for pure 2EHN, depending on
conditions).  Bursting drums will give rise to projectiles/
flying fragments and fireball formation, which will add to
the severity of the incident.


5.3 Special protective equipment for
fire-fighters


Exhaust gases from fire or products of decomposition are
toxic (they contain oxides of nitrogen and combustion
products). Therefore, it is recommended that fire-fighters
are protected by wearing self-contained breathing
apparatus (SCBA). Wear chemical protective clothing,
however, such clothing may provide little or no thermal
protection. Fire fighter’s normal protective clothing will
only provide limited chemical protection against exposure
to 2EHN.
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Section 7
Handling and Storage


Fuel additive packages are typically mixtures of several
discrete components, each contributing to the overall
hazard of the package. The potential hazards of the fuel
additive package will therefore vary according to the nature
and the concentration of the different chemistries present.
The supplier MSDS/SDS should be consulted for handling
and storage advice concerning the specific package. It is,
however, recommended that fuel additive packages
containing 15% or greater 2EHN are handled and stored as
though they were pure 2EHN, and additional measures for
such products are described below. 


7.1 Handling 


7.1.1 Materials of construction


Suitable


Proper selection of materials of construction for 2EHN
service is essential to ensure the integrity of the handling
system and to maintain product quality.


Although stainless steel tanks are always preferred, fuel
additive packages containing 2EHN may be stored in mild
steel tanks provided they are kept free from water bottoms
through regular maintenance. However, the use of mild
steel containers with such products does require careful
consideration because 2EHN can partition from the fuel
additive package and hydrolyse slowly in the presence of
water bottoms to form nitric acid. This in turn can increase
the corrosion rate of mild steel. 


Unsuitable


Galvanized steel, copper and copper bearing alloys are
generally unsuitable for use with fuel additive packages
containing 2EHN if water is present as the reaction of
2EHN with water leads to the corrosion of  the alloys.
Special care should be taken when selecting such items as
pumps and valves to ensure that no copper alloys (e.g.,
brass or bronze) are used in bearings or other internal
components that may come in contact with the product.


7.1.2 Elastomers and Gaskets


Fuel additive packages containing 2EHN are typically
excellent solvents which can degrade the performance of
some seals and gaskets. Therefore, careful selection is
necessary. It is recommended that you contact your
supplier for information.


7.2 Storage


7.2.1 Storage tanks


Many different sizes and types of tanks may be used to
store fuel additive packages containing 2EHN and it is not
possible to define one set of guidelines that covers every
possibility. However, due to the thermal hazard
characteristics associated with 2EHN it is crucial that heat
can dissipate in the chosen storage vessel. The use of
thermal ignition critical temperature calculations may help
to define the safety precautions appropriate for any given
tank. 


In most respects, vertical tanks are the most practical
overall solution. The relatively low auto-ignition
temperature (130ºC) of 2EHN can lead to an air-vapour
explosion in the headspace of vessels, which can rupture,
spilling the contents.  Vapour-air explosions release less
energy per unit volume than those resulting from self-
reaction of the liquid and peak blast force is a key design
criterion. Vertical tanks can be fitted with a frangible roof
to minimize damage in case of a pressure blow-out. API
650 is a widely used standard that can be used as
reference for specifying such tanks. Vertical tanks are also
easier to configure with water deluge systems.


If horizontal tanks are used for the storage of fuel additives
containing 2EHN they have no ‘roof’ so the fitting of a
frangible roof is not an option. If the contents are heated
above 100ºC, then there is a risk that the tank will fail at
the dished ends and form a “missile” with potentially
catastrophic effects. Safety principles should be strictly
applied to prevent heating of such additives in horizontal
tanks.
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A fire in the storage area will heat the storage tanks. A fixed
deluge system to supply cooling water in event of fire must
be present to minimize this risk.  API 650 standard indicates
that a system that delivers a cooling-water flow rate of at
least 15 litre/minute/m2 of storage tank surface area can
achieve effective cooling. If this volume of water is not
continuously available for cooling purposes, additional non-
insulating fire cladding of the tank walls could be considered
within the context of the overall risk assessment of the
storage facility.


Risk of tanks bursting under pressure should be minimized
- See also Sections 7.2.2 and 7.2.3.


7.2.2 Heat protection


The principle here is to protect the product from heat.
For fuel additives containing at least 15% 2EHN a deluge
system provides the best protection against product
overheating. No heating system of any kind should be
installed and existing heating systems must be
permanently disabled. When laying out the route for new
pipe work to carry fuel additive packages containing 2EHN,
the designer should avoid sources of heat and potential
fire. When using existing pipe work installations, the
designer should ensure that heated pipes are not used for
fuel additive packages containing 2EHN.
As a general principle, locating storage tanks in an open
area away from inhabited buildings is recommended. The
site should be remote from possible fire hazards to
minimize their exposure to external heat and fire
impingement if fire breaks out. The extent of this
separation is a local decision to be determined by the site
risk assessment. For example, the NFPA 30 standard may
be used to help determine the appropriate distance from
other storage tanks and equipment to maintain protection
in case of fire.
Firewalls between the tanks will improve thermal protection.
If sufficient space is not available for firewalls, then non-
insulating tank-wall fire cladding may provide additional
protection. Screening walls and non-insulating fire cladding
may be used in combination to achieve acceptable
protection. The better the protection, the longer the time the
stored fuel additive packages containing 2EHN will endure
external heating and the lower the risk of thermal
decomposition within the storage system. Instrumented fire
and heat detection systems should be installed.


7.2.3 Venting 


Bulk storage vessels should preferably be vented directly
into the atmosphere far from ignition sources if local
regulations permit. Conservation vents with frangible roof
seams are also acceptable. For smaller equipment,


standard engineering practices for design of emergency
discharge should be followed.
Tanks containing fuel additive packages containing 2EHN
should preferably be at atmospheric pressure. The vent
outlet is to be positioned in a safe area sufficiently high
and far from ignition sources.


7.2.4 Containment wall or Bunding


To minimize the consequences of a spill and leakage into
the environment, a containment wall (bund) should
surround tanks with a minimum capacity to handle tank
contents and deluge water.


7.2.5 Drum storage


Ensure good ventilation during drumming/ de-drumming.
Filled drums should be stored far from heat sources and
other flammable products and protected by firewater.
Special care should be taken when opening drums, which
may be pressurized.


7.3 Operations


7.3.1 Product sampling 


Product sampling is a potential source of personnel
exposure to 2EHN. Design and procedures should be
developed to minimize exposure of personnel and the
environment to fuel additives containing 2EHN.


7.3.2 Product handling - loading,
unloading, pumping


Loading


The use of a dedicated loading arm is preferred. If a multi-
compartment tank wagon is loaded, ensure fuel additive
packages containing 2EHN are not shipped adjacent to
heated cargoes. Ensure proper electrical grounding and
electrical continuity on all installations to control static
electricity.


Unloading


Use a dedicated hose. Control static electricity. Avoid
manifolds to prevent accidental ingress of fuel additive
packages containing 2EHN into heated lines.


Pumping


Since 2EHN is a self-reactive substance it can decompose
in the absence of air in the bulk liquid phase if heated. This
occurs most commonly under pressure in a blocked or
dead headed pump, or other sealed system, and can lead
to violent bursting of the equipment. To avoid this situation
developing it is recommended that the equipment does not
have the potential to heat the product. The pump
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manufacturer should always be consulted to ensure that
any equipment meets these specifications. Pumped
transfer of fuel additive packages containing 2EHN should
always be done under controlled conditions and all transfer
valves must be open before pumps are started. It is
inadvisable and dangerous to pump against a closed outlet
because this may heat the product within the pump,
depending on the type of pump in use. 


Pneumatically-powered diaphragm pumps provide an
inherently safe and reliable means of pumping fuel additive
packages containing 2EHN.


Centrifugal pumps are not as inherently safe as pneumatic
diaphragm pumps and if used extra control systems are
required. Gear pumps and other positive displacement
systems can heat 2EHN rapidly when the pump outlet is
closed or blocked. Consequently, their use is not
recommended for fuel additives containing 15% or greater
2EHN.


Regardless of the pump design, it is recommended that
safety pump trip controls and instrumentation must be
fitted with:


• A temperature trip set to stop the pump at a product
temperature of 50-60ºC.


• In exceptional circumstances, specific operations may
require a higher temperature trip set up to a maximum of
75ºC, subject to detailed expert risk assessment in
conjunction with your fuel additive supplier.


• A pressure switch to stop the pump if the outlet is
blocked or closed and/or


• A low flow switch to stop the pump if the outlet is
blocked or closed.


To prevent the risk of heating the product closed circuit
pumping, including that through pressure relief valves
when the pump outlet is closed or blocked, must be
avoided. It is worth remembering that the majority of
incidents involving 2EHN have been due to overheating of
pumps and resulting bursting of the equipment. Careful
consideration of the siting of pumps needs to be made and
the consequences of pump failure needs to be fully
assessed to minimize the risk of an incident occurring. 


7.3.3 Tank to tank transfer


Tank to tank transfer of fuel additive packages containing
2EHN can be safely carried out using nitrogen or air
padding, by using a pneumatic driven pumping system or
pumps as described above.


7.3.4 Piping / Lines / Hoses


Use non-insulated Mild Steel or Stainless Steel piping.


Any steam or electrical tracing must be physically
disconnected.


Wherever possible, dedicated lines for fuel additive
packages containing 2EHN are preferred to avoid
safety/environmental problems. The installation of a
pressure release valve is recommended. Experimental fire
testing of gantry-type pipe-work filled with an additive
containing approximately 70% 2EHN showed that a
pressure relief valve set at 10 bar was sufficient to relieve
pressure caused by the self-heating accelerating
decomposition of 2EHN. If fitted, the pressure relief valve
should discharge to a safe location. 


7.3.5 Valves 


Stainless Steel full-bore ball valves are preferable.
Traditional ball, gate and butterfly valves may also be used.
Stainless steel, cast iron and cast steel are all suitable
materials. Copper, zinc and its alloys, aluminium and most
plastics are inadequate or incompatible materials.


7.3.6 Equipment clean-up


Inadequate cleaning of equipment or pipe work introduces
the risk of environmental contamination and potential for
decomposition of 2EHN residues. A specific procedure
should be developed by skilled personnel, which
recognises the health and environmental hazards and the
temperature limits to ensure that cleaning operations are
conducted in effective and safe manner.
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Section 8
Exposure Controls and
Personal Protection


Fuel additive packages are typically mixtures of several
discrete components, each contributing to the overall
hazard of the package. The potential hazards of the fuel
additive package will therefore vary according to the nature
and the concentration of the different chemistries present.
Consequently, the mechanical controls and personal
protective equipment required to protect the user against
exposure will vary depending on the type and amount of
the different chemistries present. The supplier’s
MSDS/SDS should always be consulted for detailed advice
that is relevant to the fuel additive package supplied.
However, mechanical controls and personal protective
equipment specific to 2EHN present in fuel additive
packages is described below. 


8.1 Exposure limit values


2EHN manufacturers and suppliers have recommended an
internal exposure limit of 1 ppm based on an 8hr time
weighted average (TWA). Due to the potential for
temporary harmful effects of overexposure, it is suggested
that 1 ppm should also be adopted as the reference
standard for short term exposures averaged over 15
minutes (STEL). This exposure guideline is intended to set
a level which does not subject an employee to over-
exposure during normal product handling. However, it is
not a regulated limit that has been established by a
governmental or other agency.


8.2 Exposure controls


If an operation creates the potential for employee exposure
by inhalation or skin contact, accepted engineering or
administrative controls should be the first choices
minimising exposure. When effective engineering or
administrative controls are not feasible, or when they are
being implemented or evaluated, appropriate respiratory
and skin protection should be used to control employee
exposure to fuel additives containing 2EHN.


8.3 Personal Protective Equipment 


8.3.1 Respiratory protection


2EHN has a very persistent odour with a low odour
threshold. Respiratory protection is recommended for
open systems or where concentration of 2EHN in the
working environment may exceed the recommended
exposure guideline of 1 ppm (TWA or STEL). The
respirator chosen should be appropriate for the exposure
potential, level of exposure and working conditions.
Respirator suppliers are best placed to offer advice
concerning the suitability of their product to protect the
wearer against exposure to 2EHN by inhalation. 


8.3.2 Hand protection


When skin contact is possible, appropriate chemical
resistant gloves (neoprene or nitrile rubber) should be
worn covering at least to the wrist (depending on the
extent of immersion). Glove suppliers are best placed to
offer advice concerning the suitability of their product to
protect the wearer against exposure to 2EHN by skin
contact. 


8.3.3 Eye protection


Eye protection should be chosen based on the exposure
potential and working conditions. There are no additional
eye protective measures required due to the presence of
2EHN in the fuel additive packages. 


8.3.4 Skin protection


When skin contact is likely, appropriate skin protection
should be used. Leather clothing can be hazardous when
they have become contaminated with 2EHN. Leather can
absorb 2EHN and maintain a continuous low level
exposure over a prolonged period of time. 
Thus, leather clothing and other items should not be
specified as protective clothing for handling fuel additive
packages containing 2EHN, and should be removed and
destroyed promptly if they become contaminated.







Section 9
Physical and Chemical
Properties


Section 10
Stability and Reactivity
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Appearance Colourless to pale yellow liquid 


Odour Fruity, pungent, ester, characteristic


Molecular weight 175.23


Flash point >70ºC (closed cup)


Freezing point <-45ºC


Boiling point >100ºC (decomposes)


Vapour pressure 27 Pa @ 20ºC 


Vapour pressure 40-53 Pa @ 40ºC


Vapour pressure 1.33 kPa @ 82ºC


Density 0.96 g/ml @ 20ºC


Kinematic Viscosity 1.8 cSt @ 20ºC


Solubility in water 12.6 mg/L @ 20ºC


Heat of vaporization 368 kJ/kg


Heat of decomposition 2100 J/g


Dielectric constant 9.04 @ 21-23ºC


Lower Explosive Limit 0.25% v/v in air (literature value – source unknown)


Auto / Self ignition 130ºC (decomposes)
temperature 


Thermal Ignition Function of time and geometry of the
Critical Temperature - container (see appendix 2 for explanation of Thermal


Self-accelerating Ignition Critical Temperature).


decomposition
temperature 


Log Pow 3.74 (calculated) - 4.14, (iso-octyl nitrate)


Decomposition temperature >100ºC


Fuel additive packages are typically mixtures of several
discrete components, each contributing to the overall
hazard of the package. The physical and chemical
properties of fuel additive packages containing 2EHN will
therefore vary according to the nature and the


concentration of the different chemistries present. The
supplier’s MSDS/SDS will contain this information for the
specific fuel additive package supplied. For comparative
purposes, however, typical physical properties of pure
2EHN are given below.


Physical Properties


Fuel additive packages are typically mixtures of several
discrete components, each contributing to the overall
hazard of the package. Consequently, the stability and
reactivity of the specific product will vary depending on the
type and amount of the different chemistries present. The
supplier’s MSDS/SDS should always be consulted for
detailed advice that is relevant to the fuel additive package
supplied. However, the stability and reactivity of fuel


additive packages containing 15% or greater 2EHN should
be considered to be the same as pure 2EHN and relevant
considerations are described below:


2EHN is stable at ambient temperatures. However it has a
low auto-ignition temperature and will decompose when
heated above 100°C. This temperature is significantly
lower than the auto-ignition temperature of common
hydrocarbon fuels (see table 1 opposite).
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Table 1: Comparative Auto-ignition Temperatures


Auto-ignition
Temperature °C


2-Ethylhexyl Nitrate 130


Diesel Fuel / Fuel Oil 220-300


Gasoline: 100 RON Octane 456


Avgas: 
100-130 RON Octane 440


115-145 RON Octane 471


The auto-ignition temperatures (AIT) of various dilutions of
2EHN in kerosene are shown in Table 2 below. These data
show that 2EHN has a significant effect of lowering the
auto-ignition temperature down to low concentrations.  


Table 2:  Auto-ignition Temperatures


Vol.% Vol.% AIT Flash (TCC)
of 2EHN Kerosene °C °C


100 0 130 70


95 5 180 —


90 10 175 —


85 15 180 —


75 25 185 71.1


50 50 185 65


25 75 200 61.7


10 90 210 60.5


0 100 250 60.5


Fuel additive packages containing 2EHN are normally
stable at ambient temperatures. However the above data
and other thermal decomposition data generated by
members of ATC shows that a thermal hazard can remain
even at relatively low levels of 2EHN when heated above
100ºC. 


10.1 Conditions to avoid
Due to the presence of 2EHN it is recommended to avoid
all contact with sources of heat, flames, sparks or any
other source of ignition. Vapours may be explosive. Avoid
overheating of containers. Containers may violently rupture
in heat of fire.


10.2 Materials to avoid
It is recommended to avoid contamination with acids,
alkalis, reducing and oxidising agents, and phosphorus.
Alkyl nitrates typically react violently with strong mineral
acids, tin (IV) chloride, boron trifluoride, and other Lewis
acids after an induction period of up to several hours to
produce a vigorous evolution of gas such as oxides of
nitrogen. Traces of nitrogen oxides can promote
decomposition of alkyl nitrates. This can lead to container
rupture on heating or pressure build up on prolonged
storage at ambient temperatures. Transition metal oxides
or their chelates also greatly accelerate the decomposition
rate.


10.3 Hazardous decomposition products
Combustion or thermal decomposition products of 2EHN
are oxides of carbon and nitrogen and other constituents.


Section 11
Toxicological Information


Fuel additive packages are typically mixtures of several
discrete components, each contributing to the overall hazard
of the package. The potential hazards to human health of the
fuel additive package and the overall hazard classification
concerning health end points will therefore vary according to
the nature and the concentration of the different chemistries


present. The supplier MSDS/SDS should be consulted for
toxicological effects associated with the specific package
and/or individual components. Toxicological effects that can
be attributable to 2EHN present in fuel additive packages
are, however, described on the next page. 
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Section 12
Ecological Information


Fuel additive packages are typically mixtures of several
discrete components, each contributing to the overall hazard
of the package. The potential environmental hazard of the fuel
additive package and the overall hazard classification
concerning environmental end points will therefore vary
according to the nature and the concentration of the different
chemistries present. The supplier MSDS/SDS should be
consulted for potential adverse effects associated with the
specific package and/or individual components.
Environmental effects that can be attributable to 2EHN present
in fuel additive packages are, however, described below. 


12.1 Ecotoxicity


2EHN is not classified as Dangerous for the Environment
according to European Union hazard criteria because there
were no adverse effects in fish, invertebrates (Daphnia) or
algae at the limit of its solubility. It is however classified as a
marine pollutant by the International Maritime Organisation.


12.2 Mobility


The octanol/water partition coefficient of 2EHN predicts
moderate mobility/moderate affinity for soil or sediment.


12.3 Persistence and degradability


2EHN shows no evidence of biodegradability in the
aqueous environment. 


12.4 Bioaccumulation potential


2EHN is completely miscible with fat and the calculated
Octanol-Water Partition Co-efficient (log10Pow >3)
indicates that this substance has potential for
bioaccumulation. 


12.5 Other adverse effects


Fuel additive packages containing 15% or greater 2EHN may
form a film on the water surface affecting oxygen transfer. 


11.1 Acute Health Effects


11.1.1 Oral (Ingestion)


The oral toxicity attributed to 2EHN when tested in animals
is low.


LD50 is >5000 mg/kg (rat) and therefore is not classified
as harmful or toxic if swallowed.


Fuel additive packages containing 2EHN are, however, likely
to present an aspiration hazard. 


11.1.2 Inhalation


Exposure to 2EHN through inhalation can result in
vasodilatation (reduced blood pressure, and other
cardiovascular effects to produce such symptoms as
throbbing headache, flushing, light-headedness, transient
dizziness or weakness, heart palpitations, nausea, fatigue,
confusion and possible loss of consciousness).  


11.1.3 Dermal (Skin)


Exposure to 2EHN through skin contact can result in
vasodilatation (symptoms as described in 11.1.2).


11.2 Corrosivity / Irritation


11.2.1 Skin


2EHN is not a primary skin irritant based on experimental data
and therefore should not contribute to any potential risk of skin
irritation associated with the fuel additive package. Prolonged
skin contact may however produce temporary discomfort.


11.2.2 Eye


2EHN is not a primary eye irritant based on experimental
data and therefore should not contribute to any potential risk
of eye irritation associated with the fuel additive package.
Eye contact may however produce temporary discomfort.


11.3 Sensitisation


2EHN has been shown to not cause skin sensitization based on
experimental data. Furthermore, there have been no reports of
human skin sensitization from occupational exposure to this
substance. 2EHN should not contribute to any potential risk of
skin sensitization associated with the fuel additive package


11.4 Chronic Health Effects


No significant chronic, mutagenic, carcinogenic,
reproductive or developmental effects are known for 2EHN.







Section 13
Disposal Information


Section 14
Transport Information


Page 18 of 24


Fuel additive packages are typically mixtures of several
discrete components. Permitted methods of disposal will
therefore vary according to the nature and the
concentration of the different chemistries present. The
supplier MSDS/SDS should be consulted for disposal
instructions concerning the specific product supplied.
However, disposal instructions that are relevant to 2EHN
present in fuel additive packages are described below. 


The product should be recovered whenever possible. Fuel


additive packages containing 2EHN are not suitable for landfill
or treatment by biological processes. Incineration in approved
onsite or offsite facilities equipped with flue gas post-
combustion, wet scrubbing and de-dusting systems is the
preferred disposal practice. Provided that 2EHN is not
confined, there should be no risk of violent decomposition if
product is disposed of in this manner. Thermal decomposition
and fire may also occur with wastes containing 2EHN if
overheating or contact with reactive materials occurs.


Fuel additive packages are typically mixtures of several
discrete components, each contributing to the overall
transport hazard of the package. The potential hazards of
the fuel additive package and its transport classification
will therefore vary according to the nature and the
concentration of the different chemistries present. The
supplier’s MSDS/SDS should always be consulted for
detailed transport classification advice concerning the fuel
additive package supplied. 


2EHN does not meet the criteria for Class 9 but it is
classified as an environmental hazard (marine pollutant)
according to the IMO’s IMDG and BCH codes. This


classification was based on data submitted on a blend of
alkyl (C7-C9) nitrates, predominately C8, which are no
longer marketed.  Since 2EHN does not meet the criteria of
any of the other transport classes, all suppliers of 2EHN
currently classify this substance as Class 9 hazard for
transport.  In view of the energetic properties of 2EHN,
there is a proposal to obtain a specific entry for 2EHN in
the UN orange book to more accurately reflect its
hazardous properties, and if adopted this may need to be
taken into account in the future when classifying fuel
additive packages containing 2EHN for transport hazard.







Section 15
Regulatory Information


Section 16
Other Information
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Fuel additives packages are typically mixtures of several
discrete components, each contributing to the overall
supply hazard of the package. The potential hazards of the
fuel additive package and its classification for supply will
therefore vary according to the nature and the
concentration of the different chemistries present. The
supplier’s MSDS/SDS should always be consulted for
detailed classification and labelling advice concerning the
fuel additive package supplied. However, classification and
labelling that can be attributable to 2EHN present in fuel
additive packages is described below. 


15.1 EU classification and labelling


2EHN is classified as Harmful by inhalation and skin
contact (R20/21). Based on the Dangerous Preparations
Directive limits for substances classified as R20/21 (1),
fuel additive packages containing 25% or greater 2EHN by
mass would be expected to be classified as Harmful and
have the Risk Phrase R20/21 assigned. 


In addition, data generated by ATC member companies
suggest that fuel additive packages have a risk of
significant energetic decomposition when they contain
2EHN at 15% or greater and it would therefore be prudent
to assign the Risk Phrase R44 to such products.


16.1 Training


A comprehensive and ongoing training programme in the
handling, use, storage and disposal of fuel additive
packages containing 2EHN is of significant value to all
personnel. Contact your supplier for assistance if needed.


16.2 Emergency Procedures for 2EHN


Written emergency procedures should be in place when
handling fuel additive packages containing 2EHN. This
procedure should include fire and decomposition scenario.


(1) Annex II Part B Table 1; Directive 1999/45/EC of the European Parliament and of the Council of 31 May 1999 concerning the approximation of
the laws, regulations and administrative provisions of the Member States relating to the classification, packaging and labelling of dangerous
preparations.
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Appendix 1


Responsible Care®


Many of the member companies of ATC have a long standing policy to ensure that their operations do not have an
adverse impact on the community or the Environment. Responsible Care®, a continuing effort by the chemical industry
to improve the responsible management of chemicals, is one way member companies of ATC are meeting this
commitment.


What is Responsible Care®?


Responsible Care® is the Chemical Industry’s commitment to continuous improvement in all aspects of environmental,
safety and health protection. Although voluntary, all member companies throughout the world have committed to the
principle of continuous improvement through self-evaluation and regular assessment with key indicators of performance
being published on an annual basis. Responsible Care® continues to strengthen its commitments and enhance the
public credibility of the industry. New program enhancements adopted by the American Chemistry Council as a condition
of membership include: 


1) A Responsible Care® Management System;


2) An independent third party certification of the management system to ensure appropriate actions are taken to
improve performance; 


3) Tracking and publicly reporting performance based on economic, environmental, health and safety, societal and
product related metrics; 


4) A Security Code that helps protect people, property, products, processes, information and information systems by
enhancing security throughout the chemical industry value chain.







Appendix 2


Explanation of thermal ignition critical temperature


The thermal ignition critical temperature (Tc) is the lowest surface temperature at which an energetic material can go into
runaway self-heating reaction. However, when this temperature is reached, self-heating does not immediately ensue.


After a sample reaches thermal ignition critical temperature there is a finite amount of time before self-heating occurs.


One concern with energetic materials like 2EHN (i.e. those that release large amounts of heat when they decompose) is
their potential to initiate a runaway self-heating cycle. At the temperature where the rate of 2EHN decomposition exceeds
the rate at which the generated heat can be dissipated to the surroundings, the product begins to self-heat. The surface-
to-volume ratio of a product container is an important factor in determining how fast heat can be dissipated: the smaller
the surface-to-volume ratio of the container, the lower the temperature at which runaway self-heating begins.


When the quantity of energetic material is very large, such as found in very large storage tanks, self-heating and thermal
runaway could become a problem at very high constant ambient temperatures.


Various scenarios have been modelled using the Frank-Kamenetskii equation, which postulates the heating to runaway
reaction of an unstirred, insulated energetic substance. The ambient temperature and the size or shape of the reactant
system are important. There is a range of data available on 2EHN from different sources, however, small variations in the
assumptions can have a very large effect on the results. If the maximum long-term storage temperature is kept below
40ºC then no problems with self-heating and thermal runaway are envisaged.
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Glossary


Term Where Definition


Product stewardship Front page Product-centred approach to environmental, health and safety protection. It
calls on those in the product life cycle - manufacturers, retailers, users, and
disposers - to share responsibility for reducing the environmental, safety and
health impacts of products. 


Cetane number Section 1.1 The performance rating of a diesel fuel, corresponding to the percentage of
cetane in a cetane-methylnaphthalene mixture with the same ignition
performance. 


Cetane number Section 1.1 A chemical compound, typically 2-Ethylhexyl nitrate (2EHN), used to
improver reduce combustion noise and smoke. Also known as Diesel Ignition


Improvers.


ATC Section 1.2 Additives Technical Committee. This is also known as the Technical
Committee of Petroleum Additive Manufacturers in Europe. ATC provides a
forum for additive companies to meet and discuss developments of a
technical and/or statutory nature concerning the application of additives in
fuels, lubricants and other petroleum products.


CEFIC Section 1.2 Conseil Européen des Fédérations de l’industrie Chimique (or the European
Chemical Industry Council). This is the largest association of chemical
companies in Europe and represents directly or indirectly, about 40,000 large,
medium and small chemical companies.


Explosive substance Section 1.2 A compound or mixture susceptible (by heat, shock, friction or other impulse)
to a rapid chemical reaction, decomposition or combustion with the rapid
generation of heat and gases with a combined volume much larger than the
original substance.


Energetic properties Sections 1.2 / 3.4 The substance can possess or exert energy.


IUPAC name Section 2 A chemical name assigned using nomenclature rules recommended by the
International Union of Pure and Applied Chemistry.


EINECS name Section 2 A chemical name as it appears on the European Inventory for Existing
Commercial (Chemical) Substances.


CAS number Section 2 The unique identification number for a chemical substance listed on the
Chemical Abstracts Service.


EINECS number Section 2 The unique identification number for a chemical substance listed on the
European Inventory for Existing Commercial (Chemical) Substances.


Energetic substance Section 3.1 Substances which because of their chemical structure are capable of
undergoing rapid exothermic decomposition with release of energy.


Vasodilatation Section 3.1 Dilation of blood vessels possibly leading to reduced blood pressure and
other cardiovascular effects to produce such symptoms as throbbing
headache, confusion and possible loss of consciousness.


Aspiration hazard Section 3.1 A substance that poses a threat to the body if inhaled.
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Term Where Definition


Acute health effect Section 3.2.1 Adverse effects resulting from a single exposure to a substance.


Chronic health effects Section 3.2.2 Hazards such as cancer, reproductive or developmental damage, neurological or other
organ damage to animals or humans related to repeated or long term exposure.


Environmental hazards Section 3.3 Intrinsic properties of a chemical substance or mixture that present a danger
to the environment, and in particular to aquatic organisms.


Flash point Section 5 Lowest temperature at which a flame will propagate through the vapour of a
combustible material to the liquid surface. It is determined by the vapour
pressure of the liquid, since only when a sufficiently high vapour
concentration is reached, can it support combustion. Two general methods
are called closed-cup and open-cup.


Closed cup Section 5 The closed-cup method prevents vapours from escaping and therefore usually
results in a flash point that is a few degrees lower than in an open cup.
Because the two methods give different results, one must always list the
testing method when listing the flash point. Example: 110ºC (closed cup).


IBC /IBCs Section 5.3 Intermediate Bulk Container. For liquids this is normally a rigid or flexible
portable package with a capacity of less than 3m3 that is designed for
mechanical handling.


Commercial synthetic  Section 6.2.1 A material having capacity or tendency to absorb another substance.
absorbent. 


Floating barriers Section 6.2.3 A device designed to float on the surface of water, specifically to contain
and/or absorb floating oily substances i.e. “oil boom”.


Thermal ignition Section 7.2.1 The temperature at or above which heat is generated faster than it can
critical temperature be dissipated. Reaching the critical temperature can be expected to result in a


self-accelerating reaction. See appendix 2 for further details.


Frangible roof tank Section 7.2.1 A tank with a roof to shell connection which is designed to fail before the
bottom to shell joint. This type of failure prevents loss of tank contents and
feeding the fire.


API 650 Section 7.2.1 A standard for welded steel tanks for oil storage. Published by the American
Petroleum Institute. This standard is designed to provide the petroleum
industry with tanks of adequate safety and reasonable economy for use in the
storage of petroleum, petroleum products, and other liquid products
commonly handled and stored by the various branches of the petroleum
industry. It is intended to help purchasers and manufacturers in ordering,
fabricating, and erecting tanks. Standard 650, Tenth Edition, covers material,
design, fabrication, erection, and testing requirements for vertical, cylindrical,
aboveground, closed- and open-top, welded steel storage tanks in various
capacities for internal pressures approximating atmospheric pressure, but a
higher internal pressure is permitted when additional requirements are met.
This standard applies only to tanks whose entire bottom is uniformly
supported; and to tanks in non-refrigerated service, that have a maximum
operating temperature of 93.3ºC (200ºF). 


Non insulated fire Section 7.2.1 A protective layer fixed to the outside of a structure, in this case a
cladding/non-insulating tank wall.
tank-wall fire cladding


NFPA 30 Section 7.2.2 Flammable and Combustible Liquids Code published by the National Fire
Protection Association, USA. Applies to all flammable and combustible liquids
except those that are solid at 37.8ºC (100ºF) or above. Covers tank storage,
piping, valves and fittings, container storage, industrial plants, bulk plants,
service stations and processing plants.
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Term Where Definition


Firewalls Section 7.2.3 A wall of incombustible construction which subdivides a building or
separates buildings to restrict the spread of fire and which starts at the
foundation and extends continuously through all stories to and above the
roof, except where the roof is of fireproof or fire-resistive construction and
the wall is carried up tightly against the underside of the roof slab.


Conservation vents with Section 7.2.3 A device designed to limit the breathing of a storage tank, through
frangible roof seams use of a liquid or mechanical seal. Often used in conjunction with inert gas in


order to preclude introduction of air into a storage tank.


Frangible roof seams - a vertical tank roof seam specially designed to split open should the tank be
subjected to pressures above its design rating.


Static electricity Section 7.3.2 Electrical charge generated by friction between two materials or substances.


Exposure limit values: Section 8.1 The 8hr TWA Exposure Limit Value is the concentration to which it is 
8hr time weighted believed that nearly all workers may be repeatedly exposed, day 
average (TWA) and after day, without adverse health effects.
Short-term exposure A STEL is the concentration to which it is believed that workers can
limit (STEL). be exposed continuously for a short period of time and it should not occur


more than 4 times per day.


Self-Accelerating Section 9 Used in the classification of substances for transport. The lowest
Decomposition temperature at which a self-accelerating decomposition (runaway)
Temperature (SADT) may occur in the package as used in transport. The SADT varies with the


mass of substance and the shape of the package. It is used to determine safe
temperatures during transport and can offer a guide to instability in storage
and use.


Log Pow Section 9 Pow is the partition coefficient (P) of a substance dissolved in a two-phase
system consisting of n-octanol and water. The concentration (C) of a
substance is measured during each phase after achieving equilibrium and is
represented as a quotient of the two concentrations C octanol/C water. The
partition coefficient is usually presented in the form of its logarithm to the
base ten. It may also be referred as a Log Kow, or Log P.


Lewis acids Section 10.2 A chemical species that can accept a pair of electrons and form a covalent
bond. Examples include boron trifluoride, sulphur dioxide, sulphur trioxide
and phosphorus pentachloride.


Transition metal oxides Section 10.2 Compounds comprising a metal with an unfilled “d” sublevel and
or their chelates oxygen. Examples are iron oxide, zinc oxide, copper oxide and manganese


oxide.


Chelates: - Compounds comprising a metal with an unfilled “d” sublevel and an organic
chemical with two or more functional groups. Such chelates have a ring
structure.


LD50 (oral, dermal) Section 11.1.1 The single dose that will kill 50% of the test animals by any route other than
Section 11.1.3 inhalation such as by ingestion or skin contact.


LC50 Section 12.1 The concentration in water that will kill 50% of the test animals when
exposed over a specific time period, usually 96 hours.


EC50 Section 12.1 Median Effective Concentration (required to induce a 50% effect) 
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Cetane Booster: 
Cetane Booster improves the Cetane rating when using marginal to poor quality fuel. Many 

owners and fleet operators report that using a good Cetane booster lowers maintenance cost.  

Results of Low Cetane 
Poor Ignition Quality 

Long Ignition Delay 

Abnormal Combustion 

Abnormally High Combustion Pressure 

Potential Uneven Thrust on Piston / Cylinder 

Louder Engine Knock 

Excessive Engine Knock & Smoke at Cold Start 

Black smoke 

Fuel Quality and Condition 
Diesel accumulates water in the fuel system because hot fuel is returned to the fuel tank and 

causes condensation. Organic contamination (slime) 

Diesel fuel gels at lower temperature (Fuel Waxing). Because of the close tolerances in the fuel 

system fuel problems can and will cause many different problems up to a no start.  

Lubricity: 
Diesel fuel lubricity is an important property, since the diesel fuel injection system relies on the 

fuel to lubricate moving parts.  

All diesel fuel 

contains wax:  
Normally the wax is a liquid in the fuel, 

however when diesel fuel gets cold 

enough the wax starts to crystallize 

(solidify) if the temperature is sufficiently 

low enough. Crystals will form to block 

the fuel filter. The engine can stop running 

because it is starving for fuel. 

Waxing can be severe at very low 

temperatures.  

 

 

 

 

 

 

 

 

 



Cloud Point  
The cloud point is the 

temperature at which a cloud of 

wax crystals first appears in a 

fuel sample that is cooled under 

conditions described by ASTM 

D2500 (American Society for 

Testing and Materials). The 

cloud point is determined by 

visually inspecting for a haze in the normally clear 

fuel. 

Gel Point 
Diesel is a mix of hydrocarbons, and other 

components having different freezing points. Number-

2 diesel begins to cloud at 32° F (0° C) due to the 

paraffin in the fuel solidifying. At temperatures below 

32° F, the molecules combine into solids, large enough 

to interrupt fuel flow. This is known as the gel point, 

and generally occurs about 15° degrees F (-9.5° C) 

below the cloud point. The wax then forms a coating 

on the filter which results in a loss of engine power. 

The waxing also affects engine starting performance 

when the temperature is below freezing. The filter can 

become very quickly coated with wax. The wax forms a coating on the filter which results in a 

loss of engine power. 

The waxing also affects engine starting performance when the temperature is below freezing. 

Enough fuel might get through to allow the engine to idle, but not accelerate. There are two 

common ways to overcome this: one is a diesel additive, the other is a fuel heater.  

Diesel Fuel Samples 
#1 
A sample of good clean fuel; 

It has a clear light golden color with no contamination settling to the bottom. Other good samples 

might be even clearer or a little darker. Becoming familiar with the look, feel and odor of good 

diesel fuel may be valuable in identifying fuel related concerns. For example, gasoline in diesel 

will still look normal but one sniff will tell the real story! Don't be fooled by appearances alone. 

#2 
Water;  

The most common contamination we find. The amber fuel appears slightly cloudy and the water 

which is heavier than the fuel, settles to the bottom. This is what you want water in your fuel 

system to do! This allows water to separate and collect in the lowest point in the system for 

removal. Adding chemicals or additives intended to disperse the water into the fuel will cause 

damage to the fuel system including pumps, lines and injectors. Keep in mind that the fuel water 

separator has a limited capacity and ignoring the warning light on the dash may result in water 

making its way to the injectors. 



#3 
Dirt; 

This contamination is very fine silt that managed to plug two filters and destroy a fuel pump. The 

vehicle this sample came from was a tow-in which required a new pump, flushing of all fuel 

lines and the tank was removed and washed. This is an extreme example but it shows how dirt 

can cause big problems. A vehicle that is operated in very dirty or dusty environments should 

have its filters changed more frequently than the recommended 15,000 mile interval. 

#4 
Off road use; 

This is a sample of fuel that has been dyed red to indicate that it is for off road use only. There 

are two concerns with red fuel. Since dyed or marked off-road diesel fuel may contain regular 

sulfur levels or low sulfur levels it is not approved for highway use as high sulfur levels can 

damage exhaust emissions components. High levels of sulfur in fuel will also create higher levels 

of acid in the engine oil which can lead to engine wear and damage. The second reason is that off 

road fuel is frequently stored in less than ideal conditions or containers and is more likely to pick 

up contamination. The color can range from a light rosy red to a dark almost blackish red 

depending on the fuel quality and the amount of dye used to color it. 

#5 
Suspect.  

The contamination in this test tube did not settle and the dark color is worthy of concern. Since 

we can rule out dirt there are two possibilities. The first is that this fuel has had chemicals or 



waste oil dumped into it. Not good. If the fuel sample were black, oil contamination from the 

fuel system is possible. Another viable contaminant is algae also known as sludge. This alga is 

the result of fuel breakdown caused by age or microbial activity. This is another good reason to 

keep fuel systems water free because bacteria can live in diesel fuel using the water for an 

oxygen supply. If someone tells you that you have bugs in your fuel take them seriously! If the 

filters are clogged with a dark slimy film accompanied by a foul odor, its likely cause by algae. 

This is a common problem with some biodiesel. 

Summary of Fuel Specifications 

 
 



Fuel Additives 

 
 

  Attached are reference documents for additives. 

Federal Law requires Specific Labeling 

 
 



 

Diesel fuel doesn’t mix with water 
Because Diesel fuel doesn’t mix with water it must be separated before entering the fuel system. 

Low Sulfur / Ultra Low Sulfur Fuel 
Sulfur in fuel 
It is impossible to clean the air, or in particular to reduce air pollution from the transportation 

sector, without getting sulfur out of fuels. Sulfur is a pollutant directly, but more importantly, 

sulfur prevents the adoption of all major pollution control technologies. No significant air 

pollution reduction strategy can work without reducing sulfur to near-zero levels. Sulfur is a 

naturally occurring component of crude oil and is found in both gasoline and diesel. When those 

fuels are burned, sulfur is emitted as sulfur dioxide (SO2) or sulfate particulate matter. Any 

reduction in fuel sulfur immediately reduces these sulfur compounds and, as sulfur levels decline 

past a certain point, the benefits increase to include total pollutant emissions. 

Ultra-Low Sulfur Diesel Fuel 
Ultra-low sulfur diesel (ULSD) is diesel fuel with 15 parts per million or lower sulfur content. 

The EPA requires 80% of the highway diesel fuel refined in or imported into the United States 

(100% in California) to be ultra-low sulfur diesel. One hundred percent must be ULSD 

nationwide by 2010. 

Currently, the vast majority of ultra-low sulfur diesel is produced from petroleum. However, 

biodiesel (along with some emerging advanced fuels) is inherently ultra-low sulfur and could 

help meet ULSD requirements in the future. 

Ultra-low sulfur content in diesel fuel is beneficial because it enables use of advanced emission 

control technologies on light- and heavy-duty diesel vehicles. The combination of ULSD with 

advanced emission control technologies is sometimes called "clean diesel." 

 2003 – 2007 MY may use low or  ultra-low sulfur fuels are acceptable 

 2008 MY and later Requires ultra-low sulfur fuel  

Duramax Diesel Versions 
RPO is an acronym used by General Motors to denote a Regular Production Option  

Duramax uses the following RPO’s; 

 LB7  8th VIN Number is a  1  

 LLY  8th VIN Number is a  2 

 LLY Van 8th VIN Number is a W 

 LBZ  8th VIN Number is a  D 

 LMM  8th VIN Number is a  6 

 LML  8th VIN Number is a  8 

Different Mid-Year Changes 
Using the 8

TH
 VIN number is important because of the Mid-Year changes 

The LLY was introduced in mid- 2004 replacing the LB7 

2007 started with the LBZ and was replaced by the LMM in January 

Using only the Model year for information will get you the wrong part and bad information 

 

 



 LB7 
RPO LB7 (engine VIN code "1") was first introduced in 2001 and continued until mid-2004. It is 

a 32-valve design with high pressure common rail direst injection and an experimental composite 

design cylinder head. There were issues with the LB7 injector failure. Fuel leaked and entered 

the crankcase, causing oil dilution. Customers complained of overheating, and in some cases, 

blown head gaskets. GM denied there was a problem, but after being sued, GM included 

overheating and blown head gaskets as a warranted item. GM extended the warranty for the 

injectors, which now have 7 year/200,000 mile coverage which is expired. The following trucks 

use the LB7: Chevrolet Silverado, Kodiak, GMC Sierra, and TopKick:   

Specifications 

• Engine type: 6,599 cc (402.7 cu in) V8 turbo 

• Bore x Stroke: 4.06 in (103 mm) x 3.90 in (99 mm) 

• Block / Head: Cast gray iron / Cast aluminum 

• Aspiration: Turbocharged & Intercooled 

• Valve train: OHV 4-V 

• Compression: 17.5:1 

• Injection: Direct; Robert Bosch GmbH high pressure common-rail 

• Power / Torque: 300 bhp (220 kW) @ 3100 rpm / 520 lb·ft (705 N·m) @1800 rpm 

LLY 
The LLY (GM use 8GF1 internally as the engine’s description) (engine VIN code "2"). Debuted 

in mid-2004 and continued until the end of 2005. The LLY was GM's first attempt to implement 

emissions requirements on their diesel trucks. To meet this goal they turned to a newly 

developed Garret turbocharger with a variable geometry vane system and installed a Exhaust Gas 

Recirculation valve (EGR). Because of the problems with injectors in the LB7 valve covers were 

changed to allow access to the injectors without having to remove the valve covers, saving labor 

costs. 

The following trucks used the LLY engine: 2006 Hummer, Chevrolet Silverado, and the GMC 

Sierra. 

Specifications 

• Engine type: 6,599 cc (402.7 cu in) V8 turbo 

• Bore x Stroke: 4.06 in (103 mm) x 3.90 in (99 mm) 

• Block / Head: Cast gray iron / Cast aluminum 

• Aspiration: Turbocharged & Intercooled 

• Valve train: OHV 4-V (32 Valves) 

• Compression: 17.5:1 

• Injection: Bosch High Pressure Common-rail 

• Power / Torque: 305 bhp (227 kW) @3000 rpm / 605 lb·ft (820 N·m) @1600 rpm 

• Head casting is 8gf1 

• Block casting is #22351021213 

Source: 

LBZ 
The LBZ (engine VIN code "D") debuted in late 2006 and continued into 2007. It has a more 

powerful tune loaded into the computer that allows it to produce more power and torque. 
Changes include: 

• Cylinder block casting and machining changes strengthen the bottom of the cylinder 

bores to support increased power and torque 



• Upgraded main bearing material increases durability 

• Revised piston design helps lower compression ratio to 16.8:1 from 17.5:1 

• Piston pin bore diameter increased for increased strength 

• Connecting rod “ I ” section is thicker for increased strength 

• Cylinder heads revised to accommodate lower compression and reduced cylinder firing 
pressure 

• Maximum injection pressure increased from 23,000 psi (1,585.8 bar) to more than 26,000 

psi (1,792.6 bar) 

• Fuel delivered via higher-pressure pump, fuel rails, distribution lines and all-new, seven-
hole fuel injectors 

• Fuel injectors spray directly onto glow plugs, providing faster, better-quality starts and 
more complete cold-start combustion for reduced emissions 

• Improved glow plugs heat up faster through an independent controller 

• Revised variable-geometry turbocharger is aerodynamically more efficient to help deliver 

smooth and immediate response and lower emissions 

• Air induction system re-tuned to enhance quietness 

• EGR has larger cooler to bring more exhaust into the system 

• First application of new, 32-bit E35 controller, which adjusts and compensates for the 
fuel flow to bolster efficiency and reduce emissions" 

The following trucks used the LBZ Chevrolet Silverado, Kodiak, Express, GMC Sierra, 

Savanna, and the TopKick.  

Specifications 

• Engine type: 6,599 cc (402.7 cu in) V8 turbo 

• Bore x Stroke: 4.06 in (103 mm) x 3.90 in (99 mm) 

• Block / Head: Cast gray iron / Cast aluminum 

• Aspiration: Turbocharged & Intercooled 

• Valve train: OHV 4-V 

• Compression: 16.8:1 

• Injection: Bosch High Pressure Common-rail 

LMM 
The LML Duramax is released for 2011 model General Motors & Chevrolet HD trucks. The 

latest version of the 6.6L Duramax, the LML uses advanced emissions equipment, including the 

use of diesel exhaust fluid injection, to reduce nitrogen oxide emission levels by 63 percent over 

LMM powered trucks. This allows the LML to exceed currently mandated federal emissions 

requirements & meet future requirements as well. Not only is the LML the cleanest Duramax in 

history; it is also the most powerful, being released with 397 horsepower & 765 lb-ft of torque. A 

version was used in the Chevrolet Silverado, Kodiak, Express, GMC Sierra, Savana, and the 

TopKick. It is also in the Chevrolet Express and the Trident Iceni. 

Specifications 

• Engine type: 6,599 cc (402.7 cu in) V8 turbo 

• Bore x Stroke: 4.06 in (103 mm) x 3.90 in (99 mm) 

• Block / Head: Cast gray iron / Cast aluminum 

• Aspiration: Turbocharged & Intercooled 

• Valve train: OHV 4-V 

• Compression: 16.8:1 

• Injection: Bosch High Pressure Common Rail with CP3.3 Injection Pump 



• Power / Torque: 365 bhp (272 kW) @3200 rpm / 660 lb·ft (895 N·m) @1600 rpm 

• New engine control software 

LMK 

This engine is not yet commercially launched although it was touted in the automobile press as 

one of the most important new engine concepts for small trucks and SUVs by finally delivering a 
capable diesel engine in a compact enough package. As of March 2009, a GM spokesperson 

stated the engine project has been put on an "indefinite hold" due to current economic conditions. 

LML 
The 6.6L RPO LML (VIN code "8") is the latest version (2011–present) of the Isuzu/GM 

Duramax V8 diesel engine and actually a further advanced version of the LMM engine with the 

majority of the changes addressing a required drastic reduction in engine emissions. The LML 

engine was significantly updated for 2011 to provide improved exhaust emissions that comply 

with the new federal emission standards for diesel engines, provide better engine rigidity and 

further noise reduction. New 29,000 PSI piezo injectors, a complete fuel system design to 

tolerate up to B-20 Biodiesel mixtures and Urea injection (to reduce Nitrogen oxides) with a 5.3 

gallon urea tank are updating the fuel and emissions systems.  

Specifications 

Configuration: 
90 degree V8 

Displacement: 
403 cubic inches, 6.6 liters  

Block/Head material:  
- Cast iron block 

- Aluminum cylinder heads  

Compression Ratio:  
16.8:1 

Bore: 
4.06 inches  

Stroke: 
3.90 inches  

Aspiration: 
Variable geometry turbocharger w/air-to-air intercooler  

Valve train: 
OHV, 4 valves per cylinder  

Injection: 
- Direct injection 

- Bosch high pressure common rail 

- 30,000 psi piezo actuated injectors.  

Horsepower: 
397 hp @ 3,000 RPM  

Torque: 
765 lb-ft @ 1,600 RPM  

LML Duramax Features: 
• B20 biodiesel compatible (20% biodiesel, 80% petroleum diesel mixture). 

• Fuel mileage increased by 11% over 2010 models. 

• Factory engine brake with Allison 1000 transmission. 



• GM states: "The engine has been developed to operate for at least 200,000 miles on a rough-

duty cycle without the need for a major overhaul." 

LML Duramax Emissions: 
• Diesel particulate filter (DPF) nearly eliminates emissions of diesel soot. Active regeneration 

programming cleans the DPF periodically (estimated regeneration period every 700 miles, 300 

miles less than previous systems, under normal operating conditions) by injecting diesel fuel into 

the exhaust stream via a "downstream injector", completely burning off soot captured in the 

DPF. 

• Exhaust gas recirculation (EGR) with EGR cooler. 

• Selective catalyst reduction (SCR) utilizing diesel exhaust fluid injection (DEF). DEF is a urea 

based fluid injected into the SCR to further reduce nitrogen oxide emissions. A DEF tank will 

need to be filled approx. every 5,000 miles (under normal operating conditions). Engine will 

enter into a limp-mode if DEF tank is empty.  

• EGR cooler bypass to help eliminate soot deposits in the EGR cooler/system, which could 

potentially cause engine problems.  

• Engine block upgraded for increased strength & engine noise reduction.  

• Upgraded oil pump increases flow at low rpm.  

• Higher strength pistons and connecting rod pins.  

• Upgraded main bearing design.  

• Oil circuit changed to increase oil flow/pressure to the turbocharger.  

• EGR cooler bypass is introduced to reduce soot build up in the EGR system.  

  Related Topics: 

LGH 
The 6.6L Duramax diesel engine (VIN code "L") is used on 2010 interim and 2011 Chevrolet 

Express and GMC Savana vans and 2011 Chevrolet Silverado and GMC Sierra trucks with RPO 

ZW9 (chassis cabs or trucks with pickup box delete). The LGH engine is rated at 335 bhp (250 

kW) at 3100 rpm and 685 lb·ft (929 N·m) at 1600 rpm. Similar to the LML this engine also uses 

a DPF and DEF system to meet emission standards. 

 
While the LB7 almost never had an overheating problem while towing heavy in the hot summer 

temperatures, the 2004.5 through early 2006 model-year LLY did. Running at or near the 

maximum gross combined weight of 22,000-lbs, up a steep grade, and during the peak of 

summer temperatures could cause the LLY to exceed a safe engine temperature. Otherwise, from 



a durability and reliability standpoint, the LLY was/is as good as any other generation. For those 

LLY owners who have experienced an engine temperature problem, there is a fix. As it turns out, 

you can easily (though it's not necessarily cheap) replace the truck's radiator, fan-shroud, fan, 

fan-clutch and related components with those items produced for the 2006/7 model-year LBZ 

Duramax. A larger radiator and fan will solve the problem. The cause of the temperature 

problem some experience is due to the use of a larger EGR cooler, which is cooled by engine 

coolant, and the LLY's incorporation of a smaller engine-driven fan than that used on the LB7. 

Some feel the use of the new-for-the-LLY Garrett Variable Nozzle Turbine (VNT) turbocharger 

was partly responsible for the heat issue. Where the LB7 used a stone reliable mechanical-waste 

gate turbocharger, the LLY's computer-controlled VNT is believed to be a little more restrictive 

to exhaust flow. If so, it's simply a minor point, though the added complication of computer 

control does add to potential turbo maintenance issues in a well-used truck.  

Duramax LB7 
The LB7 will be the first vehicle discussed 

It allows a strong base for understanding Duramax 

High-pressure common-rail injection technology has revolutionized the diesel industry. Over the 

last decade, it has allowed engine builders to run higher injection pressures (as much as 29,000 

psi in the new LML Duramax and 6.7 L Power Stroke) in order to increase efficiency, while 

greatly reducing emissions. Use of the common-rail system has also facilitated multiple injection 

events (making diesels quieter). The icing on the cake is that these cleaner-burning engines make 
much more power than their predecessors. 

Fuel System 
Fuel is stored in the fuel tank. The fuel is drawn from the tank, through the Fuel Injection 

Control Module (FICU) then through the fuel filter, into the low pressure side of the high 

pressure fuel pump.  

The high pressure pump has two functions;  

1. Draw in fuel from the tank (Low pressure side). There are some Vans that use a lift pump, but 

the trucks do not. The low pressure side of the High Pressure Pump draws fuel without the need 

for a lift pump. 

2. Supply high pressure to the fuel rails where the injectors are connected. The High Pressure 

Pump is supplied fuel by its low pressure side. 

3 Fuel System Categories 
The fuel system may be divided into 3 categories.  

1. The Low Pressure Supply Circuit 

2. The High Pressure System Circuit 

3. The Low Pressure System Return Circuit 

The Low Pressure Supply system starts at the fuel tank and ends at the high pressure fuel pump. 

The High Pressure System starts at the high pressure pump and ends at the injectors.  



 
Fuel system components: 

1. Common fuel rail 

2. Fuel junction block 

3. Injector 

4. Fuel cooler 

5. Fuel Tank 

6. FICM 

7. Fuel Filter 

8. Bleeder Valve 

9. High Pressure Fuel Pump 



Low Pressure Fuel Path 

 



High Pressure Fuel Path 

 

CP3 High Pressure Pump 
The CP3 Diesel Injection Pump 

is the third generation of the 

Common Rail High Pressure 

Fuel Pump developed by 

Bosch. The CP3 diesel 

injection pump replaces the 

VP44 pump in many 

applications. What makes the 

CP3 and VP44 pump design 

revolutionary over the first 

generation common rail fuel 

systems is the extremely high 

pressure levels in which it 

delivers fuel to the combustion 

chamber. These pressure levels 

are between 4,351-29,206 psi. 

The Bosch VP44 and CP3 fuel 

systems can operate at 

approximately four times the 

level of the prior generation P7100 diesel injection pumps that had psi levels ranging in the 4,000 

to 5,000 psi range. This added pressure gives the fuel injectors the ability to spray a finer mist 



into the combustion chamber or a more “atomized” fuel creating greater power while using less 

fuel. 

The CP3 fuel pump is said to be an improvement upon the VP44 fuel pump in terms of reliability 

but they are still very similar in appearance. There are two potential issues with the CP3 pump 

that can be fixed with minimal expense and routine effort. 

 

Problem 1 –Because the CP3 pump operates at such high psi levels it is important that all debris 

be removed from fuel. The fuel filter placed in most diesel vehicles in which the CP3 operates is 

10 micron. Bosch recommends a 7 micro fuel filter with the CP3 pump. This should increase 

CP3 pump life. 

 

Problem 2 –Modern low sulfur fuel has a High Frequency Reciprocating Rig Test of greater than 

520 HFRR. This is too dry to adequately lubricate the CP3 Pump. The CP3 Pump was designed 

for fuel mixtures that are less than 400 HFRR. In order to fully protect your CP3 pump we 

recommend you use a fuel additive, available through companies such as Stanadyne.  

The Low Pressure Supply Circuit 
Fuel is moved through the Low Pressure Side of the system by the Low side of the High Pressure 

pump (a two-stage fuel pump). The fuel moves through the fuel lines to the Fuel Injection 

Control Module FICM. Then on to the Fuel Filter assembly. It then enters the Low Side of the 

High Pressure Pump. 

The fuel cooler 
The fuel cooler is mounted 

near the fuel tank. Fuel 

returning from the system 

enters the cooler lowering its 

temperature before entering 

the fuel tank. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Fuel Injection 

Control 

Module 

(FICM) 
The Fuel Injection Control 

Module (FICM) is 

mounted on the engine. It 

has the drivers for the 

injectors. It is cooled with 

fuel flowing through it. 

The PCM commands the 

FICM to turn on the 

injectors, and it is 

responsible for controlling 

the injectors.. 

 



 



 

Fuel Filter and water separator assembly 
The fuel filter/water separator assembly is located on right side of engine for the pickup trucks 

and the left side of the engine for larger trucks. The assembly includes the fuel heater, Water-In-

Fuel (WIF) sensor, and Filter. 

The fuel filter/water separator protects the fuel injection pump by removing water and 

contaminants from the fuel. 

The construction of the filter/separator allows fuel to pass through it, but helps prevent moisture 

(water) from doing so.  

Moisture condenses out of the fuel and collects at the bottom of the canister. 



A Water-In-Fuel (WIF) sensor is attached to the lower side of fuel filter housing.  

A fuel heater is installed into the top of the filter/separator housing. 

 



Water in fuel sensor 

 

Possible Air Leaks 
The fuel filter assembly can draw air in which cause aeration of the fuel lowing pressure causing; 

an extended crank before starting. Other problems a leak can cause is the engine Starts and dies, 

or Cranks but will not start. All the above go away for a short period of time when the system is 

primed manually by the pump on top of the filter assemble. 

Low pressure leak detection 
When one of the symptoms of a leak are present: 

Pump the prime button on top of the filter until it is (very) hard to push down. If the symptom 

goes away it isn’t the high pressure pump causing the concern. If the symptom doesn’t go away 

the low fuel pressure side is sucking air into the system. If the prime button doesn’t get hard 

there is a large leak.  

If the prime button never gets hard to push, the problem could be the “O” Ring in the button is 

leaking. 

Another procedure for looking for air (bubbles) in the low pressure system is to replace the low 

side hoses with clear hoses and pump the prime button while looking for bubbles.  

 



Prime button Never get 

hard 
If the prime button never gets hard to push, the 

problem could be the “O” Ring in the button is 

leaking. 

 

Quick Check for air 

leaks before the filter. 
Rep[lace the filter input hoses with clear 

tubing so any bubbles will be visible. 

 

 

 



O-ring on air Bleed 
The O-ring on the air bleed is another place for p[possible air leaks.  

Low pressure side test port 
Connect a vacuum gauge and Prime the fuel system with the hand primer up to 10 PSI. Check 

for external leaks and repair. This is a quick test and if you don’t see fuel leaking, it doesn’t 

mean the low side isn’t drawing in air.  

Technicians who work on the 

Duramax often, like those 

who have a fleet of them, 

report that it can be difficult 

to pin point the leak. They 

separate each section of the 

low pressure side and use a 

hand held vacuum pump to 

test for leaks. 

Technicians who have a fleet 

of Duramax, report that it can 

be difficult to pin point leaks 

They separate each section of 

the low pressure side and use 

a hand held vacuum pump to 

test for leaks. 



Bleed the System 
Anytime the system is opened like for 

replacing an “O” Ring or fuel filter; crack 

open the bleeder screw. Pump the plunger 

until air stops coming out.  Use the test port 

to connect the vacuum gsuige.  

 

 

 

 

 

 

 

 

 

Common Problems 
Diagnostic Trouble Code P0087,  Low fuel pressure is a common DTC. Owners and technicians 

have been fighting this code for a long time. Since we are discussing the low pressure side we 

will only diagnose the low side. We will discuss the high side when we get to it. 

Connect a vacuum gauge to the test port. While cranking the engine there should be 3” to 4” HG 

of vacuum. At WOT (Wide Open Throttle) in park or neutral there should be 4” to 5” HG of 

vacuum. During a hard acceleration while driving there should be 8” to 12” HG of vacuum. 

1. Too little vacuum could indicate that the system is drawing in air into the system.  

2. Too much vacuum indicates a restriction in the system.  

 

 

 

 

 



Filter Assemble Details 

 
 

Fuel Heater Wires 
 

 

 



Fuel Heater and Thermostat 

 
The element inside the heater assembly is made of a Positive Temperature Coefficient (PTC) 

material, and has power applied to anytime the ignition is in the On position. PTC material has a 

high resistance to current flow when its temperature is high, which means that it will not 

generate heat when the temperature is above a certain value. When the temperature is below 45° 

F, the resistance of the PTC element is lowered, and allows current to flow through the fuel 

heater element warming the fuel. As the temperature reaches 85° F, the thermostat element’s 

resistance rises, and current flow through the heater element stops. Fused voltage to operate the 

fuel heater is supplied from the Ignition switch when the ECM senses the Ignition is in on 

position.  

 

 

 

 

 

 

 

 

 



Thermostat Diagram 

 

 
 



Water In Fuel Sensor 
The water in fuel sensor uses a float to measure the amount of water. When the water reaches a 

specific level the WIF sensor completes the ground circuit for the WIF switch. When the ECM 

receives the signal it illuminates the WIF warning lamp on the dash. 

 

Water In Fuel Sensor Diagram 

 
 



Fuel Rail Pressure Regulator 
The fuel pressure regulator is located between the Fuel Filter assembly and the High Pressure 

Fuel Pump. It doesn’t regulate fuel pressure but rather fuel volume available to the High Pressure 

Fuel Pump. Normally open (A fault results in high pressure). 

High Pressure Fuel Injection Pump 
The Duramax 6.6L V8 CRD, Cummins 5.9 L CRD, and the Jeep 2.8 L CRD uses the Bosch CP3 

injection pump. 

 

A radial, 3-piston pump, with a gearotor pump attached to the back, is used as the high-pressure 

pump for common-rail fuel pressure generation - in this system it is capable of pressures between 

4351-23206 psi. A spring-loaded Cascade Overflow Valve regulates internal housing pressure. 

Regulated internal housing pressure is OEM-specific. The pump shaft is driven by the timing 

belt at 1:1 ratio to the crankshaft. Fuel pressure is generated independently of the injection 

process. A Fuel Control Actuator solenoid valve regulates injection pressure. The pump is 

lubricated by the pumped Diesel fuel and is not responsible for fuel injection timing.  

The gearotor pump has two functions  

Draws fuel from the fuel supply.  

Increases fuel pressure for regulation to housing pressure required for internal lubrication and 

supplying the high-pressure injection pump. 



This fuel system uses a gearotor supply-pump attached to the rear of the high-pressure pump. 

This medium-pressure fuel pump is driven by the end of the high-pressure pump shaft, and can 

generate 20" vacuum at the fuel inlet at high rpm. The gearotor pump is supplied fuel from the 

lift pump in the fuel tank through the fuel FICM and fuel filter assembly.  

The outlet of the gearotor pump provides pressurized fuel to a branched circuit internal to the 

high-pressure pump flange, which supplies both the Fuel Control Actuator solenoid valve and the 

Cascade Overflow Valve (COV)\regulator. Because the gearotor pump increases fuel flow and 

pressure as engine rpm increases, the pressure and flow is regulated by the COV.  

The COV and gearotor supply-pump are not serviced independently of the high-pressure pump.  

The COV is located on the front cover of the high pressure pump.  

The Cascade Overflow Valve has three functions:  

Regulation of lubrication fuel to the internal moving parts of the high-pressure pump.  

Regulation of the fuel pressure is accomplished by regulating the fuel supplied to the Fuel 

Control Actuator solenoid valve. 

excess fuel returns to the fuel tank.  

This regulated internal pressure, known as housing pressure, is determined by engine 

displacement and power requirements; the 6.6L CRD requires 80-180 psi.  

For comparison, the 2.8 L 4cyl Jeep CRD requires 73 psi. 

The COV has a spring-loaded center spool-piece that has a drilled channel with three passages: 

one for initial low-pressure lubrication, one for lubrication at housing-pressure , and one for 

overflow. The valve is operated in three stages based on the level of pressure at the inlet.  

 

Stage 1  

When the fuel pressure entering the tip of the COV is between 0 and 3 bar (43 psi), pressure is 

too low to overcome regulator spring tension and fuel flows through the center channel, only . 

This passage always allows fuel flow through to the pump center-ring and lubricates the pump 

bearings and internal moving parts. This circuit also allows air to bleed during initial cranking 

and returns the air to the fuel tank.  

The COV is in Stage 1 during cranking, only.  

 

Stage 2  

When the fuel entering the COV exceeds 5 bar (73 psi), but is less than 12.4 bar (180 psi), the 

spool-piece moves against spring tension aligning a second passage for lubrication purposes.  

Stage 2 can be reached during cranking and initial startup.  

 

 

Stage 3  

When fuel pressure exceeds 12.4 bar (180 psi), the spool-piece aligns with the overflow passage. 

This stage relieves the pressure into an overflow circuit that sends the fuel back to the inlet side 

of the gearotor pump, thus limiting maximum fuel pressure to 12.4 bar (180 psi).  

Lubrication fuel continues to flow through all channeled passages during this stage.  

Excess fuel is sent back to the fuel tank through the fuel-return circuit  

Stage 3 is reached at over-pressure  

 

FUEL CONTROL ACTUATOR  

 



DESCRIPTION  

The Fuel Control Actuator solenoid valve is located on the back of the front cover of the high-

pressure pump. The solenoid is pulse-width modulated by the ECM and meters the amount of 

fuel that flows into the high-pressure elements inside the high-pressure pump.  

The solenoid is inactive up to 30 seconds after Ignition switch is initially keyed to ON position to 

allow maximum fuel pressure to the fuel rail during cranking and start up. ECM assumes FCA 

valve control when CPS signal and rail pressure are within acceptable limits  

 

OPERATION  

The Fuel Control Actuator solenoid valve is a pulse-width modulated valve that controls the 

amount of fuel sent or delayed to the high-pressure pump elements inside the high-pressure 

pump. The ECM determines the fuel pressure set point based on engine sensor and rail-pressure 

inputs. If the actual fuel-rail pressure is too low, the ECM commands the solenoid to allow more 

fuel to flow to the high-pressure pump. This minimizes the difference between the actual fuel-

rail pressure reading and the set point. The ECM will also operate the solenoid to delay fuel, 

reducing flow-rate, if the fuel-rail pressure becomes too high.  

The FCA valve is commanded open by the ECM to allow the high-pressure pump to build 

maximum pressure (1600 bar, 23,206 psi), or closed to reduce rail pressure. Typical pressures at 

idle are between 5000 psi and 6000 psi 

Thus, rail fuel-pressure can be increased or decreased independent of engine speed  



 

High Pressure Pumping Plungers:  

 

A valve supplies three high pressure pumping chambers with fuel. The pumping chambers have 

a one-way inlet valves that allow fuel to flow into the chambers. The valves close as the fuel is 

compressed, causing the high pressure fuel to overcome a spring-loaded ball-and-seat outlet 

valve. All three pumping chambers are connected together in one circuit, internal to the pump 

and provide high pressure fuel between 4351 psi and 23,206 psi through a steel line to the fuel 

rail. The pump’s function is to provide fuel at high-pressure, while the ECM controls injection 

pressure and timing. 



High Pressure Pump Internals   

 
A Fuel Pressure Regulator mounts between the low and high pressure sides of the pump.  

It controls the amount of fuel available for the high pressure side of the pump which sets the 

output pressure 

 The medium-pressure fuel pump is driven by the high-pressure pump shaft. 

It can generate greater than 20" vacuum at the fuel inlet to draw fuel from the fuel tank. 

 

Cascade Overflow Valve 
The Cascade Overflow Valve isn’t serviceable.  

The Cascade Overflow Valve has a spring-loaded center spool-piece that has a drilled channel 

with three passages: one for initial low-pressure lubrication, one for lubrication at housing-

pressure , and one for overflow. The valve is operated in three stages based on the level of 

pressure at the inlet. 

Stage 1 (During engine cranking only) 

Pressure is too low to overcome regulator spring tension when the fuel enters the tip of the 

Cascade Overflow Valve is about 43 psi, and fuel flows through the center channel only. This 

passage always allows fuel flow through to the pump center-ring and lubricates the pump 

bushings and internal moving parts. This circuit also allows air to bleed during initial cranking. 

Stage 2 (Can be reached during cranking and initial startup) 



When the fuel entering the Cascade Overflow Valve exceeds 80 psi, but is less than 180 psi, the 

spool-piece moves against spring tension aligning a second passage for lubrication purposes.  

Stage 3 (Reached at over-pressure) 

When fuel pressure exceeds 180 psi, the spool-piece aligns with the overflow passage. This stage 

relieves the pressure into an overflow circuit that sends the fuel back to the inlet side of the 

pump, limiting maximum fuel pressure to 180 psi.  

Fuel for lubrication continues to flow through all channeled passages during this stage. Excess 

fuel is sent back to the fuel tank through the fuel-return circuit. 

Fuel Rail Pressure Regulator 
The fuel pressure is electronically controlled by the Fuel Rail Pressure Regulator (FRPR). The 

FRPR is a duty-cycle solenoid mounted in the pump and controlled by the Electronic Control 

Module (ECM) based on feedback from an electronic sensor in the junction block that provides 

fuel to the supply rails. The FRPR duty-cycle operates in a 5% to 95% percent window, and 

unplugging the solenoid drives the fuel pressure to the maximum level instead of vice versa, as 

we might expect. The ECM increases pulse width to lower pressure, so if the solenoid receives a 

100% percent duty cycle for some reason, pressure will be at its lowest, and performance will 

obviously degrade. A 5% percent duty-cycle will produce a fuel pressure of 23,200 psi, and a 

95% percent duty-cycle feed will produce a 5,000 psi reading. The scan tool provides target and 

actual fuel pressure readings for diagnostic purposes.  The solenoid is inactive up to 30 seconds 

after Ignition switch is initially turned to the on position to allow maximum fuel pressure to the 
fuel rail during cranking and start up. The PCM assumes the FRPR valve control when rail 

pressures are within acceptable Limits. The PCM determines the fuel pressure set point based on 

engine sensor and rail-pressure inputs. If the actual fuel-rail pressure is too low, the PCM 

commands the solenoid to allow more fuel to flow into the high pressure pumping chambers.  



FPC Bi-Directional Control 

 
 

High Pressure Pump 
The system uses a medium pressure gear-type supply-pump attached to the rear of the high-

pressure injection pump (to supply fuel to the high pressure pump 

The supply side of the pump draws fuel from the fuel tank through the Fuel Injector Control 

Module (FICM), through the fuel filter assembly into the high pressure pump. 

This medium-pressure fuel pump is driven by the high-pressure pump shaft. 

It can generate greater than 20" vacuum at the fuel inlet. 

A Fuel Pressure Regulator mounts between the low and high pressure sides of the pump.  

It controls the amount of fuel available for the high pressure side of the pump which sets the 

output pressure. 



High Pressure Common Rail  

 
The fuel rail is mounted to the cylinder-head cover\intake manifold. The rail distributes regulated 

high-pressure fuel equally to the fuel injectors. A pressure sensor is screwed into the rail so ECM 

can read and regulate system pressure. A pressure valve is screwed into the fuel rail to allow 

regulated overflow return to the fuel tank. The fuel rail stores the fuel for the injectors at high 

pressure. At the same time, the pressure oscillations which are generated due to the high-pressure 

pump delivery and the injection of fuel are dampened by rail volume. The fuel rail is common to 

all cylinders, hence its name "common rail". Even when large quantities of fuel are injected, the 

fuel rail maintains a constant pressure. This ensures that injection pressure remains constant from 

the instant the injector opens to the end of the injection event. The common rail acts as an 

accumulator so that each injector has the same fuel volume and pressure available (About 16cc 



of Fuel). 

 

Fuel Rail Pressure Sensor (FRP) 
The Fuel Rail Pressure Sensor is mounted in the fuel junction block. The PCM uses the sensor to 

control fuel pressure. It is a typical 3 wire pressure sensor. 

Typical FRP Values 
 KOEO the value should be above 174 psi and below 275 psi 

 Idle the value should be above 4300 psi and below 5800 psi 

 WOT the value should be above 20,000 psi and below 23,000 psi 



Scan Data Values  

 
Study differences during normal vehicle operation. 



 
You can use bi-direction control fro addition testing. 

 



Fule rail pressure sensor diagram  

 

Fuel Junction Block 
The block is used to receive fuel from the high pressure pump and direct it to each cylinder head. 

It is located on the intake manifold’s left side. The fuel pressure relief valve is mounted on the 



block as is the fuel pressure sensor. 

 

Use the Rail Pressure Sensor for testing 
Graph the Fuel Pressure Sensor PID on a scan tool. Look for large fluctuations in the graph. If 

there are large fluctuations, replace the fuel pressure regulator.  

You can also compare the fuel rail pressure Desired to the Actual. They should be close together. 

If they aren’t look for the root cause of the low fuel pressure or the root cause of the restriction in 

the return. 

Look for 5000 psi or higher on the scan data PID when cranking. If low disconnect the fuel 

pressure regulator on the pump. 

If low: 

Check the FPR electrical circuit. 

Check for the low pressure side sucking air. 

If there isn’t a problem with the FPR or the low pressure side, always look for a restriction in the 

return before condemning the pump. Also before replacing the pump look at the inputs for fuel 

control are normal. 



Complete the fuel volume test to confirm the pump is not putting out enough pressure/volume. 

 

Fuel Pressure Relief (limiting) Valve 
The fuel pressure limiting valve is located on the fuel junction block. Fuel pressure at the fuel 

rail is monitored by 

the fuel rail 

pressure sensor. If 

fuel pressure 

becomes excessive, 

the high pressure 

fuel overcomes a 

spring-loaded 

plunger with 

tapered-seat outlet 

valve, causing the 

pressure limiting 

valve to open and 

vent excess 

pressure into the 

fuel drain circuit, 

and back to the fuel 
tank.  

 

Fuel Injectors 
The fuel injection control module (FICM) supplies high voltage to each fuel injector on the 

ignition voltage circuits. The FICM energizes each fuel injector by grounding the command 

circuit between the FICM and the fuel injector. The FICM monitors the status of the ignition 

voltage circuits and the fuel injector command circuits. When a fuel injector circuit condition is 

detected by the FICM, all of the fuel injectors on the affected ignition voltage circuit will be 

disabled. If a circuit condition is detected on a fuel injector circuit for cylinders 1, 4, 6, or 7, 

DTCs P0201, P0204, P0206, P0207 will set, along with DTC P1261. If a circuit condition is 

detected on a fuel injector circuit for cylinders 2, 3, 5, or 8, DTCs P0202, P0203, P0205, P0208 

will set, along with DTC P1262. 

 

CONDITIONS FOR RUNNING THE DTC  



 

DTCs U1800, and U2104 are not set.  

The engine is running.  

The charging system voltage is between 6-18 volts.  

CONDITIONS FOR SETTING THE DTC;  
The FICM detects an incorrect current on a fuel injector circuit.  

The condition exists for less than 1 second.  

ACTION TAKEN WHEN THE DTC SETS;  
The control module illuminates the malfunction indicator lamp (MIL) when the diagnostic runs 

and fails.  

The control module records the operating conditions at the time the diagnostic fails. The control 

module stores this information in the Freeze Frame/Failure Records.  

CONDITIONS FOR CLEARING THE MIL/DTC;  
The control module turns OFF the malfunction indicator lamp (MIL) after 3 consecutive ignition 

cycles that the diagnostic runs and does not fail.  

A history DTC clears after 40 consecutive warm-up cycles, if no additional failures are reported 

by this or any other emission related diagnostic.  

Clear the MIL and the DTC with a scan tool. 

2001 through 2003 model year 
GM Document ID #1866141 & #04039-B explains that additional injector warranty coverage is 
now available for a period of 7 years from the date the vehicle was placed into service or 

200,000 miles, whichever occurs first. This has expired but some injector failures are p[possible 

for those injector that did not fail under warranty. 

Corporate Bulletin Number 04-06-04-007A 
GM recommends following Corporate Bulletin Number 04-06-04-007A for injectors diagnosed 

with high fuel return rates. 

GM specifically directs its dealerships not to replace all 8 injectors for any complaint other than 

High Fuel Return Rates. 

Other types of injector failures are "fix as failed", meaning the individual faulty injector will be 

replaced, not all eight. 

The 6.6L Duramax, as well as the Isuzu 5.2 L and 6.8 L engines are a Common-Rail Diesel 

injection system, and all utilize similar Bosch and Denso fuel injectors. These injectors are prone 

to failure under certain situations, all of which are reasonably easy to avoid. These failures 

include conditions such as leaking fuel into the combustion chamber, leaking excess fuel to the 

fuel return line, and sticking, or misfiring, injectors. 

The primary cause of fuel injector failure in a Duramax or Isuzu Common-Rail is a lack of fuel. 

Fuel in a diesel injection system provides lubrication to the injection pump and injectors. The 

fuel injectors on a Common-Rail system rely on high-precision components which can be easily 

damaged when they lack this lubrication. If the fuel injectors are damaged and leak fuel into the 

combustion chamber or the return line, this may cause an engine misfire and possibly a low fuel 

pressure condition, which can lead to damage to other fuel injectors. 

Fuel shortages can be caused by clogged fuel filters, leaking fuel supply lines, or worn or 

malfunctioning fuel injection pumps. The Fuel injection pump draws fuel from the tank, on most 

models, without the assistance of a lift pump. This suction causes the fuel in the supply line to be 

under a slight vacuum under normal conditions. This vacuum may cause leaking connections on 



the fuel supply lines to draw air in, and may not show signs of leaking fuel to the outside. This 

suction-method of drawing fuel from the tank also makes the fuel system more prone to 

problems related to clog fuel filters. A less common cause of fuel shortages can be clogged fuel 

tank vents. As fuel is drawn from the tank, air must be allowed to enter the fuel tank through the 

vent. Partially clogged vents can cause excessive vacuum in the fuel supply system, just as a 

clogged fuel filter will. 

Fuel filters typically clog up over an extended period of time due to normal amounts of 

contamination in the fuel. However, poor fuel quality, the presence of water in the fuel, or 

contamination entering through damaged fuel caps or vents can cause these filters to clog very 

quickly. Contamination is particularly a problem on landscape and construction vehicles which 

are exposed to large amounts of dust and debris. Any time the water-in-fuel light comes on, the 

vehicle should be stopped immediately and the fuel filter drained. If the problem recurs, the fuel 

tank and supply lines should be examined for the presence of water or leaks which may be 

allowing water to enter. If there is water in the fuel tank, it may be time to reconsider where you 

are buying fuel. 

Preventing Bosch and Denso fuel injector failures is actually very easy. Frequent fuel filter 

replacement is essential, and Fleet Service Northwest recommends the fuel filter on a Duramax 

be replaced every 6,000 mi, or more frequently if the vehicle is used for towing or hauling loads. 

For an Isuzu Common-Rail, we recommend replacing the fuel filter when performing each Lube, 

Oil and Filter service, which we recommend doing at 4,000 mi intervals. Using quality fuels, and 

avoiding stations that may sell low volumes of diesel, which can cause contamination buildup in 

the station's storage tank, is another important way to avoid injector damage. Care should be 

taken when deciding to use biodiesel and the use of homemade biofuels is not a good idea for 

any modern diesel engine. Use special additives if biofuel problems occur. 

 



LB7 Injectors are under the Valve covers  

 
 



 

 



 
 



 



 

 

Fuel Injector Controlled Module 
The injectors are controlled by the Fuel Injector Controlled Module (FICM). They are solenoid 

style injectors that operate at 93 volts drawing 18-20 amps control circuits. There are two 

injection events for each ignition cycle, the Pilot injection event and the main injection event.  

 

The Pilot injection event 
The pilot event is used only used under 2500 RPM. This is a pre-combustion injection event that 

reduces noise by injecting only a small amount of fuel. 

The ignition of this small amount doesn’t create that much noise. 

The Main injection event 
The main injection event is used to develop engine torque. It starts just as the pilot injection 

event is ending. The second injection event enters the chamber with a flame front already 

burning which reduces the diesel ignition noise. 

Injector Control 
The Fuel Injection Control Module (FICM) supplies high voltage (93 Volts) to each fuel injector 

on the ignition voltage circuits 



The FICM energizes each fuel injector by grounding the command circuit between the FICM 

and the fuel injector. 

 



Scope Pattern 

 
The injector driver is a peak and hold type driver. 

 
 

 

 

 

Blank Shot  
The blank shot produces several inductive “kicks.” 

The voltage from the inductive “kicks” produces voltage that is stored in capacitors to help the 

93 volts for the next injector firing.  



 

 

93 Volt Injectors 
The injectors are powered up at ignition “on” by the PCM. There are two power circuits with 

four injectors on each circuit. If the FICM detects one injector problem it will shut down the 

other injectors on that ignition power circuit. On 2006 and later models there is one power circuit 

for each pair (2) of injectors. If the FICM detects one injector problem on this system it will shut 

down the other injector on that ignition power circuit. 

The PCM supplies a ground to turn the injector on with a low side driver. After the injector is 

turned off the PCM toggles the ground on and off several times (called a blank shot) (150 µs to 

200 µs). The inductive voltage from the blank shot is recovered and stored in a capacitor. The 



voltage stored in the capacitor is used for the next injector firing event. 

 



2006 and newer vehicles 

 

Fuel Balance Rates 
Balance rates are the individual adjustments to fuel delivery based on engine RPM. If a injector 

is leaking, too much fuel gets into the cylinder so the piston speeds up faster than the other 

cylinders. If there is too little fuel, the weak combustion event will cause the piston to be slower 

than the others.  

The ECM monitors the crankshaft revolutions from the crankshaft position sensor.  

When it sees the unusual increase in speed, it reduces fuel and a negative fuel trim number 

appears. If an unusual decrease in speed is detected, the fuel is increased and a positive fuel trim 

number appears.  

The ECM will also adjust the cylinder before and the cylinder after the problem cylinder all in an 

effort to keep the RPM balanced. The normal ranges for automatic transmissions are +/- 4 in 

park or neutral, and it can go as high as +/- 6 in gear.  

This number is stored in the PCM and the PCM uses it to further fine tune fuel delivery. Balance 

rates are found in scan data. Balance rates are only active at idle (off idle, they are turned off) 

If you work with gas engines, fuel balance rates are long term fuel trims with a narrow 

specification.  

 



Fuel Balance Scan Data engine off 

 
 



Fuel Balance Scan Data engine at idle 

 

Fuel Balance Scan Data engine at WOT 

 
 



Injector Quantity Rating 
New Duramax injectors are graded during manufacturing and matched as sets for uniform 

delivery. Starting in 2006 all 

injectors use an injection quantity 

rating number marked on top of 

the injector. Injectors cannot be 

made exactly alike every time. 

Each one will flow fuel slightly 

differently. After production the 

injectors are tested for flow rate 

under the same pressure and pulse 

width. Each one is marked to 

represent the different flow from 

the benchmark.  

 

The data is stored in the ECM and 

must be updated when an injector is 

changed. 

 

 

 

 

 

 

 



Injector Quality Scan Data 

 

 

Fuel Return Circuits 
Excess fuel is returned to the fuel tank  

There are 10 different points in the fuel system where the fuel is returned; 



 Each of the 8 injectors 

 The High Pressure Fuel Pump 

 The fuel Junction block  

 



 



 



 

Fuel Injector Return Flow Testing 
Fuel Specific Gravity Testing 
Balance rate specifications are based off of# 2 Diesel fuel only. 

Use a J 38641-B Diesel Fuel Quality Tester to measure the fuel specific gravity (API Rating). 

Follow the instructions on the tool to obtain the proper temperature-adjusted value. This 

information must be accurate for the proper diagnosis of the fuel system. 

 

Fuel Injector Return Flow and Fuel Pressures 
 

the fuel return from the fuel injectors to the tank will vary based on the API value of the fuel. For 

this reason the Fuel System Diagnosis-High Pressure Side values will vary for identifying a fuel 

injector or fuel pump concern. Use the following tables when referred to by the diagnostic. The 

first table is to be used during the initial diagnosis to identify the worst fuel injectors. After the 

any fuel injectors are replaced, the return flow from each fuel injector must be measured again. 

This is because the fuel system is returning less fuel to the tank, and thus the fuel pressure is 

higher during the retest. Failure to use the correct table may result in the replacement of good 

fuel injectors. 



 

 

API Rating = Maximum Single Fuel Injector 

Return Flow  
 

 30-34 = 3 ml -12 ml 

 35-39 = 4 ml -16 ml 

 40-44 = 5 ml -20 ml  
 

Test Procedure 
 

The Fuel Return System routes fuel from the fuel injectors, the junction block, and the fuel 

injection pump. The return fuel travels to the fuel cooler and then to the fuel tank. This fuel is 

used to cool and lubricate the injection pump and the injectors. 

Perform this test when there is a DTC P1094, or if there is a Surging, Rough, Unstable, or 

Incorrect Idle. If a problem is found when performing the Fuel Injector Balance Test with wit a 

scan tool. 

 

Perform this test when the fuel is more than 65° F. 

Note! The fuel return volumes vary based on the API rating of the diesel fuel. 

Note! A fuel injector may have high fuel return flow only at higher engine temperatures. 



Return Flow Test Kit 

 
 

 

Injector Problems 
When too much fuel is being returned it is an indication that one or more of the injectors are bad. 

Injectors can wear out internally, and the bodies may crack. When there is a lot of fuel returning 

look at the engine oil level. An injector that has a cracked body will dilute the engine oil and 

increase its level. Cracked bodies are from too much heat and/or a defect in the metal. In this 

case replacing only the bad injector may be an option. In the case of an injector wearing out you 

must explain to the owner that all the injector may have the same mileage on them and all of 

them should be replaced.  

It is important to look at the balance rates and add them into your decision.  

Does the vehicle have a loss of power?  

When looking at the balance rates remember that when they are out of normal specifications it 

usually isn’t associated with a loss of power. Diagnose fuel control concerns which might cause 

a slight shift in fuel trims. 

When too much fuel is being returned it is there will be a loss of power issue, diagnose why too 

much fuel is being returned; 

 Does the vehicle have a loss of power? 

 When looking at the balance rates remember, when they are outside normal 
specifications, it usually isn’t as associated with a loss of power. 

 When too much fuel is being returned it is. 

  



LLY Fuel System Changes 

2004 – 2006 LLY Fuel System 
The valve covers are re-designed to allow access to the injector without removing them. There 

isn’t a fuel junction block. It is replaced with a cross over fuel line from one common rail to the 

other. The High Pressure Fuel Pump supplies fuel to the left rail and the crossover fuel line 

supplies the right rail. 

 



 
The fuel return line is moved to the top of the injector. It isn’t a steel line like on the LB7, but 

rather a flexible line. There is a new fuel return test kit available that snaps into the return ports 

on the injector. 



The fuel rail pressure sensor is on the right rail and the fuel pressure relief valve is on the left 

rail. 

 



 



There are testers available to measure the return rate from individual injectors. They require a 

little more time to connect but offer information about each injector. 

 
The flexible return lines can and will kink setting diagnostic trouble codes. They kink at the end 

near the firewall/transmission. The codes relate to a plugged fuel filter. If the fuel return is 



blocked, flow is reduced setting the fault. 

 

LLY Fuel System Changes: 
On module years 2004 – 2006 there have been a few changes to the fuel system. The fuel rail 

pressure sensor is on the right rail. The fuel pressure relief valve is on the left rail. 

LMM Fuel System Changes: 
The fuel system remains the same for the LMM. The LMM must meet 2010 Fuel requirements. 

LLM requires Ultra low Sulfur Fuel because it has a diesel particulate filter. 

Injector Changes 
The injectors are larger, that means they flow more fuel than the ones on the LB7. The Fuel 

Injection Control Module (FICM) has some changes in the way the injectors are controlled, but 

nothing that affects diagnostics. The injectors operate on 48 volts not 93 volts. 2005 – 2005 25 

amp peak with 15 amp hold. 2006 – 15 amp peak with 10 amps hold.  

The injectors are designed to closer tolerances than earlier models in an attempt to reduce the 

number of failed injectors.  

LBZ Fuel System Changes 
The injectors are designed to closer tolerances than earlier models 



LML Fuel System Changes 
The LML can use B20 biodiesel compatible (20% biodiesel, 80% petroleum diesel mixture). 

Fuel pressure changes because of the up-dated Bosch high pressure common rail using piezo 

actuated injectors at 30,000 psi. 

These injectors operate at high 

voltage, indicated by the orange color 

of the injector harness. Use certified, 

insulated Class 0 gloves (expiration 

date.) The PCM supplies high voltage 

and provides a ground through high 

and low side drivers. 160 volts is 

supplied at 20 amps with peak voltage 

up to 240 volts to open the injector. A 

capacitor discharges through an 

injector for initial opening and holds 

the injector open with 12 volts. 

Injectors are grouped into four pairs: 

 1-4, 6-7, 2-5, and 3-8. If a fault is 

detected in a pair, that pair is disabled 

and a DTC is set.  

LML Injectors (Piezo Stack) 
The injector has hundreds of little piezo slices stacked on top of each other so that the combined 

expansion increases the total motion. The stack produces 0.004 inch of movement—enough to 

move the pintle far enough to inject fuel. But because this motion is in the wrong direction—

down, not up—the addition of two tiny levers allows the expansion of  the piezo stack to cause 

the pintle to be lifted and the fuel spray to begin. When the injection is complete, the voltage cuts 

off, the piezo stack 

shrinks, and a spring 

closes the pintle.  

Piezo injectors have a 

few key benefits that 

justify all of this bother. 

For one thing, they open 

and close much faster 

than conventional 

injectors. That makes 

for more precise control 

of the injection interval, 

which determines how 

much fuel is sprayed 

into the engine. Piezo 

units also provide 

feedback by producing 

minute fluctuations in 

the electricity used to 



activate them. For example, if the engine-control computer calls for an injector-opening time of 

0.5 second, and the injector response shows that it opened for only 0.496 second, the computer 

can add a tiny bit of time to the next injection cycle to compensate. Such precise fuel metering 

makes for improved combustion, which leads to better fuel economy and reduced emissions. 

Not only are piezo injectors more accurate than conventional solid injectors, they also can 

perform some tricks that are completely beyond the capabilities of their predecessors. For one 

thing, by applying a little less electricity, the piezo crystals expand less so the injectors can open 

partway. A smaller opening means a longer injection time, which is beneficial when trying to 

accurately inject a tiny amount of fuel, such as when a car is nearly coasting. Because they act so 

quickly, piezo injectors also can inject several times (as many as seven in some diesels) during a 

single combustion cycle. This flexibility can reduce emissions in all engines as well as limit soot 

in diesels. 

These benefits have secured a home for piezo injectors in many of the latest diesel and direct-

injection gasoline engines. And Continental, for one, says that its piezo units don’t cost more 

than the less capable conventional equivalents. Piezo injectors are one of the key devices that 

will keep internal combustions competitive against these pesky electric upstarts for years to 



come. 

 

Multiple Injection Technology           
There may be up to 5 injection cycles per cylinder power stroke. The pilot cycle is used to reduce 

combustion noise by allowing cylinder pressure to rise slightly before the main injection cycle. 

Pre-injection cycle helps to distribute fuel to start the ignition combustion cycle. During the main 

injection cycle most of the fuel is supplied for power and torque. After-injection cycle also helps 

the distribution of fuel for ignition. Post injection cycle is used to raise exhaust temperature for 



regeneration and for NOx reduction. 

 

Air Management System 
An air filter supplies filtered air for the engine. There is air restriction indicator on the air filter 

housing, when the filter minder is in the red the filter, it should be inspected and replaced if 



necessary.  Don’t forget to reset the minder. 

 

Intake Air Heater 
During cold weather operation the incoming air is heated. Heating the air reduces the white 

smoke during engine warm up and long decelerations. The heater draws, 110 amps @ 12 volts. 

The PCM turns the heater on when ambient temperature is below 70° F. The glow plug control 

module and intake air heater shares a relay. Throughout the different models two different 

heaters have been used. The LB7 used a hot wire and everything else used a grid type. The 2004 

and 2005 model year Duramax did not use the intake air heater. The heater returned in model 



year 2006. 

 

 
 



 



 



 

2004 and 2005 Model Years 
Did not use an Intake Air Heater 

The heater was used again in 2006 model year 



Turbocharger 

 
A turbocharger is a forced induction device used to allow more power to be produced from an 

engine of a given size. A turbocharged engine can be more powerful and efficient than a 

naturally aspirated engine because the turbine inside the unit compress the air and force it into 

intake, with proportionately more fuel. This puts more air and fuel into the combustion chamber 



than if atmospheric pressure alone is used, creating additional power and torque. 

 

 



Generally, 1/3 of the heat energy obtained from burning the fuel in the cylinder is transferred to 

the crankshaft in a diesel engine 

Another 1/3 of heat energy is dumped into the cooling system. 

And the last 1/3 escapes through the engine exhaust. 

This means that an engine producing 100 hp at the flywheel.    

Also dumps the equivalent of 100 hp into the cooling system.     

And another 100 hp into the exhaust system. 

Boost 
Boost is the pressure above atmospheric pressure (in psi) that the turbocharger generates. Boost 

pressures are slightly less at the manifold than they are at the turbocharger outlet due to cooling 

and expansion of the air charge as it passes through the intercooler.  

LB7 Turbocharger 
The turbocharger on the LB7 uses a wastegate with a maximum boost pressure of 20 psi. 

Wastegate 
The basic task of the wastegate is to vent exhaust gas away from the turbo inlet, the less exhaust 

gas that flows through the turbo, the less boost pressure the turbo can produce. Thus the 

wastegate “wastes” exhaust gas and lowers boost. 

Wastegates are simply valves controlled by a spring and boost pressure. A diaphragm mounted 

between the spring chamber and the boost chamber creates an upper and lower control chambers.  

Both the boost pressure and spring acts on this diaphragm. The valve is held shut by a spring 

inside the diaphragm chamber to keep the valve shut. The spring keeps the valve shut, and boost 

pressure forces it open. 

 



 

 



Turbocharger Diagnostics 
Any diagnostics should begin with a visual inspection. Look for leaks in the oil supply tubes. 

Spin the turbine by hand and listen for any noise and watch for any out-of-round movement of 

the turbine or compressor wheel. Test drive the truck and watch Boost Pressure on the scan tool, 

looking for an increase in boost as RPM increases to the maximum boost pressure. 

Boost Pressure Analysis 
Boost Pressure PID 

Key on engine off = Barometric pressure 

Engine running = Subtract the K-O-E-O, barometric pressure reading form the value to get boost 

Example; PID shows 22.7 Hg. 

   22.8 Value - 14.8 Baro = 8 Hg Boost 

 

Charge Air Cooler 
The air coming out of the compressor side of the turbo is hot. It must be cooled before it enters 

the intake manifold. The air is cooled by the charge air cooler. 

The charge air cooler is located in the front of the radiator. It is an air to air cooler designed to 

lower the temperature of the air coming out of the turbocharger outlet before entering the intake 



manifold. 

 
In diesel engines, charge air coolers are located between the turbocharger which provides a 

greater supply of combustion air by air compression and the air inlet manifolds. The temperature 

of the air compressed by the turbocharger increases during this process. The density of the air 

whose temperature increases due to compression, friction etc. decreases. Increasing the density 

of the combustion air will increase combustion efficiency. Hence, the temperature of the air 

should be lowered prior to channeling within the cylinder. The increase in density of the cooling 

air will lead to an increase in weight of the charge air of the system, which in turn leads to an 

increase in engine efficiency and in power production capacity. The basic function of charge air 

coolers is to facilitate the specified cooling function.  

 The growing emphasis placed on the environmental approach in our day has a substantial impact 

on legislations addressing control of emissions. This has a bearing particularly on diesel engine 

applications and the lowering of NOx levels is becoming ever more crucial.  

Charge air coolers, as well as increasing engine efficiency and power also enable lower NOx 

levels. Many methods have been developed for reducing NOx levels and increasing the 

efficiency of combustion. Placing a cooler for charge air is one method. Lower charge air 

temperatures lead to lower temperatures for combustion gases and in turn lower NOx emissions.  

The Charge-Air cooler ( CAC ) is an important part of the engine intake system. Filtered turbo-

compressed air flows through the CAC and is then fed directly into the intake manifold. If the 

CAC is cracked and leaks, unfiltered air can be ingested by the engine, causing accelerated wear 

and potential engine failure. 

Some symptoms of a leaking CAC are: 



- Increased fuel consumption 

- Exhaust manifold failures 

- Elevated Coolant Temperatures 

- Loss of engine power 

- Premature piston, ring & valve failure 

- Turbocharger failures 

The charge air cooler is located in the front 

of the radiator.  

It is an air to air cooler designed to lower the temperature of the air coming out of the 

turbocharger outlet before entering the intake manifold. 

LLY/LBZ/LMM/LML Turbocharger 
Use Variable Geometry Turbocharger (VGT) and no wastegate. 

Variable Turbine Geometry 
The next generation in turbocharger technology uses variable vanes to control exhaust flow 

against the turbine blades. The problem with the wastegate turbocharger is that big Turbo’s do 

not work well at slow engine speeds, while small turbot’s are fast to spool but run out of steam 

pretty quick. A Variable Turbine Geometry turbocharger is also known as a variable geometry 

turbocharger (VGT) or a Variable Nozzle Turbine (VNT). A turbocharger equipped with 

Variable Turbine Geometry has movable vanes which can direct exhaust flow onto the turbine 

blades. The vane angles are adjusted with an actuator. The angle of the vanes vary throughout the 

engine RPM range to optimize turbine behavior. This allows a turbo to produce a large amount 

of boost at lower engine speeds. 

 



When the variable vanes are almost closed, the narrow passage between the vanes accelerates the 

exhaust gas towards the turbine vanes at the proper angle making  them spin faster creating large 

amounts of boost. When the variable vanes almost fully open the passages between each vane 

becomes wider. This slows the exhaust gas which slows the turbine by directing exhaust gas flow 

away from the vanes. 

 



 

Vane Position Control Solenoid 
The Vane Position Control Solenoid is a simple two wire solenoid that is controlled by the PCM 

with a pulse width signal. The PCM can position the VGT vanes in any position by controlling 

the signal sent to the solenoid. 

 



 



 



Turbocharger Vane Position Sensor 

 
Typical vane position is between 10% and 90% with a current draw between zero and 1.9 amps.  

It is difficult to read the position sensor when accelerating or decelerating so it is important to 

hold a steady throttle to get an accurate value. The PCM is programmed to control boost while 

both accelerating and decelerating so that there isn’t a steady value to read. The control keeps 

engine performance high while protecting Turbo overspeed. It is common to think the higher the 

engine RPM the greater the control signal. However, at higher engine RPM the PCM stops 



moving the vanes to protect against the turbocharger from an over speed condition. 

 
It is difficult to read the position sensor when accelerating or decelerating. 

The ECM is programmed to control boost during both. 

The control keeps engine performance high while protecting Turbo overspeed. 

Turbocharger Vane Position Sensor 
The sensor is a potentiometer that receives a 5 volt reference and uses the signal return to 

complete the circuit. The third circuit is the variable signal. 



There are two sensors for different applications, one sensor covers the 2500HD/3500HD (T800) 

and another covers 4500HD/5500HD (T560)’ they are not interchangeable between the two. 

 



 



 

 



 

 



 

Glow Plugs 
The glow system has been modified to improve cold starting and reduce white smoke when cold. 

The LLY's glow system "Wait to Start" lamp will illuminate now for just three seconds. The new 

silver tipped glow plugs (LB7's were gold) are designed to reach 1000° C (1832° F) in just 1.8 

seconds, and then PWM (pulse width modulation) is used to maintain that temperature for the 

remainder of the three seconds. In addition, each new fuel injector has one of its seven spray 

holes oriented to spray directly onto the heated glow plug tip. Total glow system current draw 

peaks at 110 amps for the 1.8 second initial heat cycle, and then the current is reduced to 30 

amps for the remaining 1.2 seconds to maintain the 1000° temperature. Also new is the 

individual glow plug control, where the LB7's glow plugs were ganged on a common circuit. 

This allows glow control for individual cylinders and improved glow plug diagnostic ability 

using a set of eight new trouble codes. The LLY glow plug system remains in use though the 



LML version.   

 
Duramax has two different control circuits. 

The Duramax glow plugs are model year specific and some years are not interchangeable. As An 

Example; the LB& glow plugs have a gold color, the LLY has a silver color. The LBZ has a 

silver color but the threads are machined in the sleeve further down than the LB& and LLY. The 

LBZ glow plug was also used on the 2006 LLY. Although the LMM and LML’s glow plugs look 

like the LBZ units they may be different, so order replacements by model year and VIN. 



 



 
One glow plug per cylinder. 

They are 12 volt heaters that are energized prior to starting the engine 

The LLY, LBZ, LMM, and LML are 4.7 volt heaters. 

They may also be operated for a short time after the engine has started (up to 30 seconds) . 

Glow Plug Control Module 
A Glow Plug Control Module (GPCM) turns the glow plugs on and off. 

It monitors the voltage drop of the circuit and detecting any faults. 

The module is required in California with other states using them also. 

The GPCM sends and receives information on the CAN BUS on LLY and later models. 

Glow Plugs LMM Engines 
The voltage on the LMM engines has been changed to start at about 10 volts and rise to system 

voltage as they are cycled. 



Controller Area Network (CAN) 
There is a training program on the CAN BUS. 

 



 



 
A relay is used on Federal emission vehicles 



The relay is in combination with the intake air heater 

relay as discussed before. 

 



 

 



Glow Plug Module LLY & Later 
he glow plugs are turned on 110 amps at 4.7 volts  for approximately two seconds. Then the 

GPCM reduces the current to approximately 30 amps to maintain the glow plug’s temperature of 

1832°F. The PCM illuminates the Wait to Start lamp for approximately one second when the 

engine is cold. 

It may or may not illuminate when the engine is warm. On-time varies on engine and ambient 

temperatures. The PCM and GPCM may keep the glow plug on after engine start up to reduce 

White Smoke and improve the quality of the idle. 

As a note, The GPCM was redesigned along with the glow plugs GPCM now includes the 

injector Flow Rate Values.   

On-time varies on engine and ambient temperature. 

The PCM and GPCM may keep the glow plug on after engine start up to reduce White Smoke 

and improve the quality of the idle. 

EGR 

 



 

 



LLY/LBZ/LMM/LML EGR  changes 
The vacuum controlled system has been replaced with a stepper motor EGR control system. A 

position sensor is used for feedback control it is a potentiometer. The PCM controls the stepper 

motor with a PWM signal to move a screw, the screw moves in two directions. The stepper 

motor does in one direction opening the valve and the other direction closing it. The PCM uses 

the Mass Air Flow Sensor changes during EGR operation to determine if there is the correct 

amount of flow.  

Use Bi-directional controls to command EGR control (Increase or Decrease). Watch the EGR 

VAC PID that increasing shows increasing vacuum and decreasing shows decreasing vacuum. 

 



 

 



Digital EGR Valve 
The PCM controls the stepper motor with a PWM signal to move a screw . 

The screw moves in two directions. 

One direction opening the valve and 

the other direction closing it.   Leaky EGR Cooler 

Cooler have been known to leak coolant into the intake 

Symptoms are: 



 White smoke (Steam) 

 Low coolant level 

Diesel Particulate Filter (DPF filter) 
The LLM engine is the first to use a Diesel Particulate Filter (DPF filter). It captures soot in the 

exhaust stream before it can enter the atmosphere. 

The use of Ultra Low Sulfur fuel decreases the soot content allowing the DPF to do its job 

efficiently. 

Carbon from incomplete combustion is a component of the particulate matter. There will be 

incomplete combustion because there is either more fuel to oxygen; too rich a mixture, or more 

oxygen to fuel; too lean a mixture. To get the mix precisely correct may be theoretically possible 

but would lead to a very expensive, complex engine management system as the air being 

introduced for each firing of each cylinder would have to be analyzed for it's number of oxygen 

molecules and the number of molecules of petrol matched. Air is more dense in colder weather, 

leading to more oxygen introduced to the cylinder and fuel is not going to be precisely measured 

either. The aim of engine designers is to get a close as he can which will result in an efficient as 

possible engine.  

Soluble Organic Fraction (SOL): The organic fraction of diesel particulates, including heavy 

hydrocarbons from both the fuel and engine lubricating oil. The term soluble" originates from the 

analytical method used to measure 

SOF which is based on extraction of 
particulate matter samples using 

organic solvents. The SOL is often 

referred to as the "wet" fraction of 

PM. 

Sulfates formed from the sulfur in 

the fuel. Sulfur is a naturally 

occurring component of crude oil 

and is found in diesel fuel. When 

those fuels are burned, sulfur is 

emitted as sulfur dioxide (SO2) or 

sulfate particulate matter. Any 

reduction in fuel sulfur immediately reduces these sulfur compounds and, as sulfur levels decline 

past a certain point, the benefits increase to include total pollutant emissions. 

The core is similar to a full flow catalytic converter honeycomb design with half of the channels 

blocked at the inlet and the other half blocked at the outlet forcing the exhaust gasses to flow 

though the walls between the channels. As the exhaust gasses flow though the walls, the 

particulate matter is trapped where it remains until it is burned off during regeneration. After 

regeneration, the resulting minute amount of ash remains where over time it too will build up and 

require removal. Ash removal can only be done manually which requires removal of the DPF to 

be cleaned in a reverse flow machine designed to remove ash and collect it for proper disposal. 

The substrate cores of both catalytic converters and particulate filters are similar in composition 

and construction. 



 

 



 



 

 
The default for the Exhaust gas sensors is 140° F. (P040D) 

If the PCM sees an over temperature condition on the sensors (Over 1700° F) it will De-Rate the 

engine’s power output, and possible shut it down, and keep it from cranking for one hour. That 

tells the technician that if he is diagnosing a “No Crank” problem to look at the exhaust gas 



temperature sensors. The information system may alert the driver with a message to “Please pull 

to the side of the road immediately”. 

There is another condition that Ford’s hotline reports. If an injector is stuck open the engine will 

not crank. 

 

Engine Power De-Rate Mode 
If the PCM sees an over temperature condition on the sensors (Over 1700° F) it will De-Rate the 

engine’s power output, and possible shut it down, and keep it from cranking for one hour 

Also: 

 EGT sensors Open circuits 

 Low Fuel Pressure 

 Engine Oil Temperature over 275° F 

DPF Regeneration 
The problem associated with DPF's is that over time, soot collecting in the DPF can clog it, 

resulting in decreased performance and fuel efficiency. The PCM must detect a clogging filter 

and burn off the collected soot. To reduce DPF clogging an exhaust Aftertreatment known as 

regeneration is used. Sensors tell the PCM when excessive particulate matter has built up in the 

DPF, and the regeneration mode is triggered. During regeneration, the engine idle is increased to 

help heat the DPF, and diesel fuel is injected during the exhaust stroke (cylinders 5 and 7) 

allowing fuel to enter the exhaust system and burn in the DPF. The combustion of diesel fuel in 

the DPF generates the heat necessary to burn off soot cleaning it. The frequency and length of 

regeneration will fluctuate as both are determined by driving conditions. For most drive 



conditions, regeneration frequency will vary from 100 - 600 miles between regenerations and last 

from 10 to 40 minutes.  

To reduce DPF clogging an exhaust aftertreatment known as active regeneration is used. 

Pressure sensors tell the PCM when excessive particulate matter has built up in the DPF, and 

active regeneration mode is triggered. 

During regeneration, the engine idle is increased to help heat the DPF, and diesel fuel is injected 

during the exhaust stroke, allowing fuel to enter the exhaust system and burn in the DPF (The 

two back cylinders) 

The diesel fuel in the DPF generates the heat necessary to burn off soot. 

There is a lot of fuel flowing during regeneration, if there isn’t enough heat raw fuel by-passes 

(Blow-By) the piston rings and dilutes the engine oil. It is very important to change the oil on 

schedule or suffer engine damage. The regeneration process pushes extreme temperatures (1200° 

F) through the turbocharger causing the seals to fail earlier than they should.  

If the system is in active regeneration during a deceleration the driver may hear a light popping 

through the intake (sort of like a sticking turbo). 

Passive Regeneration 
Passive Regeneration begins when the exhaust gas temperature reaches somewhere over 500°F), 

which can be achieved under medium to heavy load conditions (Running the truck hard keeps it 

clean) 

The system will regenerate on its own if enough heat has been generated normally. 
If there isn’t enough heat, the system enters active regeneration . 

The ECM cycles the fuel injectors post combustion. 

Operation during regeneration 
During regeneration engine idle speed may be between 1100 to 1200 RPM in park/neutral with 

foot off brake. 

High idle speed drops to within 50 RPM of normal idle when the brake pedal is touched, PRNDL 

is actuated, or clutch is actuated 

White smoke in cold ambient temperatures is normal . 

Powertrain power is limited to 325 horsepower (HP). 

Engine responsiveness may be slightly different than normal operation. 

During initiation of regeneration, exhaust smell may be noticed - especially on new vehicles. 

Powertrain sound will be different including air induction noise (including flutter on deceleration 

or engine shut down), exhaust noise, and changes in engine radiated noise. 

During regeneration, exhaust temperatures are elevated. 



If Regeneration occurs at idle the PCM may activate the EGR throttle plate to restrict oxygen to 

control the temperature. 

 

LMM Emission Controls 
Starting with the LLY a Diesel Oxidation Catalyst (DOC) is used to reduce emissions. 

 

Diesel Oxidation Catalysts (DOC) 
A Diesel Oxidation Catalyst (DOC) is a device which utilizes a chemical process in order to 

break down pollutants from diesel engines in the exhaust stream, turning them into less harmful 



components. They are normally a 

honeycomb shaped configuration 

coated in a catalyst designed to 

trigger a chemical reaction to 

reduce particulate matter. They 

use a chemical process to break 

down pollutants in the exhaust 

stream turning them into less 

harmful components. They are 

normally a monolith honeycomb 

shaped configuration substrate 

coated with platinum group metal 

catalyst designed to trigger a 

chemical reaction to reduce 

particulate matter. Oxidation 

catalysts work by oxidizing CO, 

HC and the soluble organic 

fraction of the PM to CO2 and 

H2O in the oxygen rich exhaust stream of the diesel engine. Diesel exhaust contains sufficient 

amounts of oxygen, necessary reactions. The concentration of O2 in the exhaust gases from 

diesel engine varies between 3 and 17%, depending on the engine load. Conversion of diesel 

particulate matter is an important function of the diesel oxidation catalyst. The catalyst is very 

activity in the oxidation of the organic fraction (SOF) of diesel particulates. Conversion of SOF 

may reach and exceed 80%. The remaining PM will be trapped in the PM filter. The DOC has 

limited abilities to reduce nitrogen oxides in diesel exhaust. NOx conversions of 10-20% are 

usually observed.  

Carbon from incomplete combustion is a 

component of the particulate matter. 
 There will be incomplete combustion because there is either more fuel to oxygen; too rich a 

mixture, or more oxygen to fuel; too lean a mixture. To get the mix precisely correct may be 

theoretically possible but would lead to a very expensive, complex engine management system 

as the air being introduced for each firing of each cylinder would have to be analyzed for it's 

number of oxygen molecules and the number of molecules of petrol matched. Air is more dense 

in colder weather, leading to more oxygen introduced to the cylinder and fuel is not going to be 

precisely measured either. The aim of engine designers is to get a close as he can which will 

result in an efficient as possible engine. 

Soluble Organic Fraction (SOL):  
The organic fraction of diesel particulates, including heavy hydrocarbons from both the fuel and 

engine lubricating oil. The term soluble" originates from the analytical method used to measure 

SOF which is based on extraction of particulate matter samples using organic solvents. The SOL 

is often referred to as the "wet" fraction of PM. 

Sulfates formed from the sulfur in the fuel. 



 Sulfur is a naturally occurring component of crude oil and is found in diesel fuel. When those 

fuels are burned, sulfur is emitted as sulfur dioxide (SO2) or sulfate particulate matter. Any 

reduction in fuel sulfur immediately reduces these sulfur compounds and, as sulfur levels decline 

past a certain point, the benefits increase to include total pollutant emissions. 

 

Diesel Particulate Filter 
This core is similar to a full flow catalytic converter honeycomb design with half of the channels 

blocked at the inlet and the other half blocked at the outlet forcing the exhaust gasses to flow 

though the walls between the channels. As the exhaust gasses flow though the walls, the 

particulate matter is trapped where it remains until it is burned off during regeneration. After 

regeneration, the resulting minute amount of ash remains where over time it too will build up and 

require removal. Ash removal can only be done manually which requires removal of the DPF to 

be cleaned in a reverse flow machine designed to remove ash and collect it for proper disposal. 

The substrate cores of both catalytic converters and particulate filters are similar in composition 

and construction. 

 

Soot Build Up 
Over time the soot will build up and plug the DPF. 



 

Exhaust Gas Pressure Sensors 
Pressure is measured in front of (inlet) and behind (outlet) the DPF 

The PCM monitors the pressure from a Pressure differential Sensor. The PCM uses the values to 

determine when too much soot has built up in the DPF. The pressure sensor measures the 

pressure difference between the inlet and outlet of the DPF. The PCM determines that the DPF is 

restricted if the pressure difference increases above the normal threshold. The PCM uses the 

information to know when to command regeneration. 

Pressure differential Sensor 
 Measures the pressure difference between the inlet and outlet of the DPF. 

 The PCM determines that the DPF is restricted if the pressure difference increases above 

the calibrated threshold. 

 The PCM uses the information to know when to command regeneration. 



 

 



 
The pressure differential sensor is a three wire sensor that receives a 5 volt reference from the 

PCM. To complete the circuit the sensor’s return is also connected to the PCM. The third circuit 



is the signal reporting the amount of pressure. 

 

DPF Regeneration Model 
GM has programmed the PCM with a predetermined maximum soot loading model. The Delta 

Exhaust Pressure Differential exceeded overrides all other factors; 

 325 miles 

 46 gallons of fuel consumed 

 8 hours of operation 



Delta Exhaust Pressure Differential exceeded. 

  



Regeneration 

typically occurs at 

continuous speeds 

over 30 mph, for 25 

to 30 minutes 

Normal 

regeneration is 

transparent to the 

driver. 

DPF Regeneration: 

Regeneration 

typically occurs at 

continuous speeds 

over 30 mph, for 25 

to 30 minutes. Normal regeneration is transparent to the customer. Exhaust gas temperature can 

exceed 1000° F, and 1500° F during regeneration. 

When soot build up increases past the calibrated threshold the PCM commands regeneration to 

burn the soot into an ash 

There are 4 modes of regeneration: 

1. Passive 

2. Active 

3. Manual 

4. Forced 

Passive Regeneration: 
During normal operation when exhaust temperature reaches near 900° F, enough heat is created 

to burn off some of the soot. 

Active Regeneration 
When enabling conditions have been met the PCM will command additional fuel as a post 

injections so that it will burn in the exhaust and burn off the collected soot.  

Active Regeneration Enabling 

Conditions: 

Exhaust gas temperature less 

than 752° F 

Engine RPM between 600 

RPM and 1200 RPM 

Battery voltage must be above 

10 volts 

Brake pedal must not be 

pressed 

Ambient temperature must be 

higher than -22° F 

Fuel level in fuel tank must be 

between 15% and 85% full 



Manual Regeneration 
If the enabling conditions for passive and active regeneration are never met a warning will 

appear on the dash.  

Forced Regeneration 
Forced regeneration can only be done with a Scan Tool. 

Access the Bi-Directional menu and activate the forced regeneration function. 

Does not use the shops exhaust hoses during forced regeneration. 

They may be damaged and start a fire because of the extreme temperature generated.\ 

If the warnings are ignored by the operator, the PCM will set a fault describing the condition. 

If diagnostic Trouble Codes are set or scan data indicates accumulated soot displays 30 grams or 

more. 

Forced Regeneration must be completed by a technician with a scan tool. 

 

Typical Codes  
P244B  

 Diesel Particulate Filter Differential Pressure Too High  

P244C  
 Catalyst Temperature Too Low During Regeneration  

P2453  

 Diesel Particulate Filter Differential Pressure Sensor Performance  

P2454  

 Diesel Particulate Filter Differential Pressure Sensor  

 Circuit Low Voltage  



P2455  

 Diesel Particulate Filter Differential Pressure Sensor  

 Circuit High Voltage  

P2459  

 Diesel Particulate Filter Regeneration Frequency (Too High)  

P2463  

 Diesel Particulate Filter - Soot Accumulation 

 

 

Exhaust Temperature Sensors 

 



 



 

 



 

Use the correct engine oil with a DPF 
A DPF can become loaded with ash from burning oil from normal engine oil consumption. 

Engine oil (API CJ-4) has a Low Ash content and is required for vehicles with the DPF system. 

CI-4 has higher ash content and will result 

in greater ash accumulation in DPF,            

shortening service intervals. 

CJ-4 – Heavy Duty Diesel Engine Service; 

Exhaust Aftertreatment – Introduced in 

2006. For high-speed, four-stroke engines 

designed to meet 2007 model year on-

highway exhaust emission standards. CJ-4 

oils are compounded for use in all 

applications with diesel fuels ranging in 

sulfur content up to 500 ppm (0.05% by 

weight). However, use of these oils with 

greater than 15 ppm (0.0015% by weight) 

sulfur fuel may impact exhaust after 

treatment system durability and/or oil drain 

interval. CJ-4 oils are effective at sustaining 

emission control system durability where 

particulate filters and other advanced after 

treatment systems are used. Optimum 



protection is provided for control of catalyst poisoning, particulate filter blocking, engine wear, 

piston deposits, low and high temperature stability, soot handling properties, oxidative 

thickening, foaming, and viscosity loss due to shear. API CJ-4 oils exceed the performance 

criteria of API 

CI-4 with CI-4 PLUS, CI-4, CH-4, CG-4, and CF-4 and can effectively lubricate engines calling 

for those API Service Categories. When using CJ-4 oil with higher than 15 ppm sulfur fuel, 

consult the engine manufacturer for service interval. 8800 MONOLEC ULTRA Engine Oils 

meet the API CJ-4 specification.  

Engine Power De-Rate Mode 
If the PCM sees an over temperature condition on the sensors (Over 1700° F) it will De-Rate the 

engine’s power output, and possible shut it down, and keep it from cranking for one hour 

Also: 

• EGT sensors Open circuits 

• Low Fuel Pressure 

• Engine Oil Temperature over 275° F 

Selective Catalytic Reduction 

 
The filler cap for the diesel exhaust fluid (DEF) is under the hood (pick-up models) on some 

models and beside the diesel fuel filler cap on others (Van Models).   GM Part No. U.S. 

88862659 or diesel exhaust fluid that meets ISO 22241-1 and displays the API Diesel Exhaust 

Fluid certification mark. 



Emissions Aftertreatment 
Reducing emissions is a multi-step process. The first step is to optimize the turbocharged engine 

for efficient combustion, which reduce harmful emissions. A more efficient system, which uses 

less fuel, and does not overly burden the Aftertreatment system. The system is a four step 

process with each subsystem fully integrated so that The EGR, DOC, DPF, works together with 

the diesel exhaust fluid. 

 



 
The systems are positioned after the Diesel Oxidation Catalysts (DOC) and before the Diesel 

Particle Filter (DPF). 

It consists of: 

 Selective Catalytic Reduction Catalyst (SCR) 

 A slightly over 5.0 gallon tank for holding the DEF 

 Heating element  

 Pressure pump 

 Pressure sensor dosing valve 

 Pressure reversing valve 

The SCR system injects a solution of 32.5% Urea and 67.5% of water into the exhaust just 

before the exhaust gas enters the SCR. The solution is called reductant when its mixed together. 

It is important to note that scan data refers to reductant and not DEF. When heated by exhaust 

temperature, the reductant is converted into ammonia and carbon dioxide. The molecules are 

atomized (vaporized) by the dosing valve as its injected. The solution and exhaust gas enters a 

mixer that resembles a corkscrew to create a turbulence for toughly mixing the reductant and 

exhaust gas. The turbulence in the mixer evenly distributes the ammonia within the exhaust flow. 

The NOx and ammonia are converted into harmless inert nitrogen and water. Dosing typically 

occurs between 400° F and 992° F.  

When the ignition is turned off the module will reverse the pump to remove any reductant in the 

system to avoid freezing in the lines and the dosing valve.  



 

 



 

 



 

 



 

SCR 
Before the exhaust gas enters the SCR chamber, it is dosed with Diesel Exhaust Fluid (DEF). 

Urea is a solution that is approximately 67.5 % water and 32.5 % pure automotive grade urea 

When the water and urea is called reductant. 

When heated, the DEF is converted into ammonia and carbon dioxide. 

The molecules are atomized (vaporized). 

The solution enters a mixer that resembles a corkscrew. 

The mixer evenly distributes the ammonia within the exhaust flow. 

The NOx stored in the SCR and ammonia are converted into harmless inert nitrogen and water. 

Dosing typically occurs between 400° F and 992° F 

Reductant Pressure Sensor  
 

The PCM monitors the reductant pressure sensor to calculate how much reductant to inject. The 

reductant pressure sensor is also used to shut the pump off when the lines are being drained after 

the ignition is shut off.  

 NOx Sensor Module  
The NOx sensor module is mounted to the vehicle frame under the body. It monitors the NOx 

sensor mounted in the diesel Aftertreatment exhaust system downstream of the SCR and DPF. It 

communicates to the PCM via the CAN2 to report NOx concentrations as well as sensor and 



controller errors. 

 

NOx Sensor 
The NOx sensor is used primarily to sense NOx concentrations in diesel exhaust gas. The sensor 

is mounted in a vehicle’s exhaust pipe. 

The sensor is mounted downstream of the SCR and DPF. The sensor interfaces with the NOx 

sensor module. 

DEF Level 
The Power Control Module (PCM) monitors the DEF level and consumption rate in order to 

calculate an estimated range in miles remaining until the DEF reservoir is empty. DEF levels are 

detected by the 3-position solid-state DEF level sensor. The driver is provided with an elaborate 

series of prompts and warnings that are initiated when the DEF level falls below a calibrated 

value. 

Fluid (DEF) Warning Strategy        
Warning Level 1; 
Warning Level 1 is triggered when the DEF level falls below the top-most position of the DEF 

Level Sensor and the estimated range remaining is greater than 1609 km (1000 mi). No prompts 

or warnings are presented to the driver. 

 

Warning Level 2;  
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SCR: The Leading Technology to Meet 2010 Emission 
Regulations 
 
Q. What is Selective Catalytic Reduction (SCR)? 
A. SCR is a technology that uses a urea based diesel exhaust fluid (DEF) and a catalytic 
converter to significantly reduce oxides of nitrogen (NOx) emissions. SCR is the leading 
technology being used to meet 2010 emission regulations. 
 
Q. How does an SCR system work? 
A. The purpose of the SCR system is to reduce levels of NOx (oxides of nitrogen emitted 
from engines) that are harmful to our health and the environment.  SCR is the 
aftertreatment technology that treats exhaust gas downstream of the engine.  Small 
quantities of diesel exhaust fluid (DEF) are injected into the exhaust upstream of a 
catalyst, where it vaporizes and decomposes to form ammonia and carbon dioxide. The 
ammonia (NH3) is the desired product which in conjunction to the SCR catalyst, converts 
the NOx to harmless nitrogen (N2) and water (H2O). 


 







Q. What are the advantages for the fleet in using SCR technology? 
A. Cummins 2010 engines will deliver what customers need in these challenging economic times.  
Cummins 2010 heavy duty engines utilizing SCR will provide substantial fuel economy improvement, up 
to 5%.  SCR catalyst technology allows much greater NOx conversion efficiency, thereby allowing the 
engine to be fully optimized, which contributes to this fuel economy improvement. Another benefit to the 
improved fuel consumption is less frequent Diesel Particulate Filter (DPF) cleanout, thereby further 
reducing costs.  
 
Q. What experience does Cummins have with SCR systems? 
A. SCR technology is not new to Cummins. In 2006, Cummins launched its midrange engine certified to 
the Euro 4 standard using SCR for commercial vehicle applications in Europe. Cummins has built and 
shipped over 50,000 SCR engines to date.  Cummins Emission Solutions has built and shipped over 
250,000 SCR systems. Cummins Filtration has provided DEF, previously marketed under the Stableguard 
name, to the stationary market for over 5 years. 
 
 
DEF: Properties & Handling Guidelines 
 
Q. What is Diesel Exhaust Fluid (DEF)? 
A. DEF is the reactant necessary for the functionality of the SCR system.  It is a carefully blended 
aqueous urea solution of 32.5% high purity urea and 67.5% deionized water. 
 
Q. What is urea? 
A. Urea is a compound of nitrogen that turns to ammonia when heated.  It is used in a variety of 
industries, including as a fertilizer in agriculture. 
 
Q. How will I know that the DEF product I purchase will work? 
A. The DEF you purchase should state and display the certification of the American Petroleum Institute 
(API), German Institute of Standardization DIN70700, the International Organization for Standardization 
ISO 22241-1, and meet AUS – 32 specifications.  This will ensure the proper purity and concentration 
(32.5%) of urea.  For more information on these specifications, visit www.iso.org. 
 
Q. Can I make DEF myself? 
A. Cummins Filtration does not recommend customers make DEF themselves.  DEF has strict 
requirements for maintaining concentration and purity of ingredients that is critical to the proper 
functioning and longevity of the SCR system.  Cummins and other OEMs require that DEF used with their 
SCR systems meet all ISO22241 specifications as well as API certification requirements.  It is 
recommended that end users purchase certified DEF and avoid blending it themselves.  For more 
information about the quality standards, refer to ISO22241 which details specifications for DEF quality, 
handling, testing, transportation storage, and refilling. 
 
Q. What is API Certification? 
A. API Certification is a voluntary program established by the American Petroleum Institute (API) which 
certifies and monitors that diesel exhaust fluid meets ISO specifications. The program was launched in 
March 2009. Cummins Filtration DEF currently meets ISO specification and is also API certified. 
 


 
 
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







Q. Is the 32.5% urea solution critical? 
A. Yes, The 32.5% urea concentration is the ideal solution as it provides the lowest freeze point.  Also, 
SCR systems will be calibrated to the 32.5%, so that optimum NOx will be reduced during operation. 
 
Q. What is the freeze point of DEF? 
A. A 32.5% solution of DEF will begin to crystallize and freeze at 12 deg F (-11 deg C).  At 32.5%, both 
the urea and water will freeze at the same rate, ensuring that as it thaws, the fluid does not become 
diluted, or over concentrated. The freezing and unthawing of DEF will not cause degradation of the 
product.  
 
Q. Does DEF expand when frozen? 
A. Yes, DEF expands by approximately 7% when frozen. DEF packaging and tanks are designed to allow 
for expansion. 
 
Q. How much does DEF weigh? 
A. DEF weighs approximately 9 pounds per gallon. 
 
Q. How do I keep the DEF from freezing? What happens if the DEF freezes 
in the tank on the vehicle? 
A. During vehicle operation, SCR systems are designed to provide heating for the DEF tank and supply 
lines. If DEF freezes when the vehicle is shut down, start up and normal operation of the vehicle will not 
be inhibited. The SCR heating system is designed to quickly return the DEF to liquid form and the 
operation of the vehicle will not be impacted. The freezing and unthawing of DEF will not cause 
degradation of the product.  
 
Q. Can an anti-gelling or freeze point improver be added to the DEF to 
prevent it from freezing? 
A. No.  While an additive could improve freeze point of the mixture, the 32.5% solution is very specific to 
providing NOx reducing properties.  Any further blending or adjusting of the DEF mixture will impede its 
ability to perform correctly and may cause damage to the SCR components.  Additives of any type are not 
approved for use in DEF today. If the ISO standards should change to allow antifreeze additives, 
Cummins Filtration will ensure our product continues to meet ISO requirements. 
 
Q. Are there special storage requirements for DEF? 
A. DEF should be stored in a cool, dry, well-ventilated area, out of direct sunlight. While the optimum 
storage temperature is up to 77 deg F (25 deg C), temporary exposure to higher temperatures has little to 
no impact on the quality of DEF. 
  
Q. What is the shelf life of DEF? 
A. The shelf life of DEF is a function of ambient storage temperature. DEF will degrade over time 
depending on temperature and exposure to sun light. Expectations for shelf life as defined by ISO Spec 
22241-3 are the minimum expectations for shelf life when stored at constant temperatures. If stored 
between 10 and 90 deg F, shelf life will easily be one year. If the maximum temperature does not exceed 
approximately 75 deg F for an extended period of time, the shelf life will be two years.  
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







Q. How can I determine when the DEF I have purchased was 
manufactured? 
A.  All DEF packages will have a date code located somewhere on the product.  The date code will allow 
you determine the date the DEF was made.  1 gallon containers will have a laser code imprinted on the 
bottle.  2.5 and 5 gallon containers have a small date code label applied to the bottle.  Drum and totes will 
have a label applied to either the top or side of the product. 
 
The first digit of the date code represents the DEF batch number and the next 6 digits reflect the date that 
the batch was filled. 
 


 
   


 
           Date Code Imprint    Date Code Label 
 
 
Q. What impact will exposure to high temperatures for an extended period 
of time have on DEF? 
A. While DEF exposure to constant, high storage temperature may have some impact on shelf life, this 
should not concern operators. Extensive testing in very hot climates has been conducted confirming that 
DEF stored at a constant temperature of 95 deg F had a shelf life of over 6 months. 
 
Q. Should I be concerned about handling DEF? 
A. No. DEF is a nontoxic, nonpolluting, non-hazardous and nonflammable solution. It is stable, colorless, 
and meets accepted international standards for purity and composition.  DEF is safe to handle and store 
and poses no serious risk to humans, animals, equipment or the environment when handled properly. 
MSDS sheets are currently available on cumminsfiltration.com. 
 
Q. What should I do if I spill DEF? 
A. If DEF is spilled, contain the spilled liquid and absorb it with an inert, non-combustible absorbent 
material, such as sand. Shovel the material into a suitable container for disposal. Spills into a drain should 
be avoided. If spilled into a drain, flush thoroughly with water. For significant quantities, contact local 
authorities for proper disposal procedures. If DEF is spilled on your vehicle, rinse with water.  
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







 
Q. What happens if I ingest DEF? 
A. DEF should never be ingested. If it is ingested, do not induce vomiting.  A physician should be 
consulted if you begin experience any symptoms. 
 
Q. What happens if I inhale DEF? 
A. While pumping DEF will not cause significant exposure, inhalation may occur if exposed to DEF in a 
closed area and/ of if DEF is misted into the air. Under normal conditions of use, harmful effects are not 
expected.  
 
If you inhale DEF, you should move to an area with fresh air and obtain medical attention if symptoms, 
such as irritation to nose and throat, develop or persist. 
 
Q. Does DEF smell? 
A. DEF may have a slightly pungent odor similar to that of ammonia, however it is completely harmless. 
 
Q. Is DEF corrosive? 
A. DEF is corrosive to copper and brass as well as other materials.  Only approved materials, such as 
high density polyethylene (HDPE), will be used in the DEF tank, packaging and dispensing equipment. 
 
Q. Will DEF evaporate and what happens if it does? 
A. Because DEF is comprised of 67.5% water, evaporation will occur over time. However, Cummins has 
built and shipped over 50,000 SCR equipped engines and Cummins Emissions Solutions has built and 
shipped over 250,000 SCR systems.  These SCR engines and systems are operating throughout Europe, 
including the warmer climates of Spain, Greece and even into the Middle East with no problems 
associated with evaporation.  In addition, our field test vehicles across the US in high temperature 
locations have not yielded any significant amounts of evaporation that would impede engine performance 
or operation. As a preventative measure, it is important to keep the cap of the DEF tank and storage 
containers securely closed.  If the urea concentration does become more or less than recommended over 
time, the DEF tank should be drained. Cummins Filtration will offer equipment to test the urea 
concentration of DEF. 
 
Q. What measures have been put in place to prevent diesel from being 
pumped into the DEF tank?  
A. The standard nozzle diameter for dispensing DEF has been designed at 19mm versus the standard 
diesel fuel nozzle diameter which is 22mm. In addition, the tank cap for the DEF tank will be blue to 
further differentiation from the diesel tank.  
 
Q. What happens if a non-DEF substance is accidentally entered into the 
DEF tank? 
A. The SCR system will recognize solutions other than DEF, and the DEF indicator light will appear 
notifying the driver. Depending on the level of contamination in the tank, the vehicle may require 
servicing. 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







DEF Usage 
 
Q. How much DEF will a truck consume? 
A. DEF consumption is expected to be approximately 2% of fuel consumption, depending on vehicle 
operation, duty cycle, geography, load ratings, etc.  
 
Q. What is the number of miles a truck can expect to travel on one gallon of 
DEF? 
A.  DEF consumption is directly related to fuel consumption.  A truck averaging 6 MPG can expect to go 
approximately 300 miles on one gallon of DEF. 
 
Q. How can an operator determine how much DEF they will need/use? 
A.  DEF consumption will be approximately 2% of the diesel fuel consumed. Another way to consider it is 
that DEF will be consumed on a 50 to 1 ratio with diesel. (For every 50 gallons of diesel fuel burned, you 
will use 1 gallon of DEF).  If you know the average fuel consumption of a vehicle, you can easily calculate 
the amount of DEF that will be used.  
 
Annual miles for average truck = 50,000 miles 
MPG for average truck = 8 mpg 
50,000 miles / 8 mpg = 6,250 gallons diesel fuel per year 
DEF usage @ 2% of fuel consumption = 125 gallons of DEF / year 
125 gallons / 10 gallon tank (average size) = 13 DEF fill-ups / year 
 
Example…Heavy duty  
 


Annual Miles 
per Vehicle


Annual 
Total Miles


Average 
MPG per 


Truck


Average DEF 
Tank Size (on 


vehicle)


Annual Fuel 
Usage 


(gallons)


  
Consumption 
per Gallon of 


fuel


Estimated 
Annual DEF 


Consumption


 
DEF Fill-
Ups per 


Year


        120,000        120,000 6 20             20,000 2%                 400               20  
 
Annual miles for average truck = 120,000 miles 
MPG for average truck = 6 mpg 
120,000 miles / 6 mpg = 20,000 gallons diesel fuel per year 
DEF usage @ 2% of fuel consumption = 400 gallons of DEF / year 
400 gallons / 20 gallon tank (average size) = 20 DEF fill-ups / year 
 
Example…Medium Duty 
 


Annual Miles 
per Vehicle


Annual 
Total Miles


Average 
MPG per 


Truck


Average DEF 
Tank Size (on 


vehicle)


Annual Fuel 
Usage 


(gallons)


  
Consumption 
per Gallon of 


fuel


Estimated 
Annual DEF 


Consumption


 
DEF Fill-
Ups per 


Year


          50,000          50,000 8 10              6,250 2%                 125               13  
 
**To calculate your estimated DEF usage visit online usage calculator, on cumminsfiltration.com. 
 
Q. Is the DEF dose rate the same for all engine manufacturers? 
A. The DEF dose rate will vary slightly amongst engine manufacturers. While most engines will have a 
dose rate of 2% of diesel fuel consumed, the dose rate will range from 1% to 3%. 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







Q. What happens if the vehicle runs out of DEF? 
A. Vehicles that use DEF will have indicators on the dash that will alert the driver of the quantity of DEF 
on board. A gauge similar to a fuel gauge will indicate the level of DEF. There will be a DEF low level 
warning lamp that will illuminate when DEF is low. If the vehicle is operated such that one would run 
completely out of DEF, vehicle power will be reduced enough to encourage the operator to refill the DEF 
tank. Once the tank has been refilled the engine will resume normal power levels. 
 
Q. Is any maintenance required on the DEF Dosing Unit Filter?   
A. The DEF Dosing Unit Filter will need to be replaced about every 200k miles as part of routine 
maintenance. 
 
Q. Will Cummins Filtration supply the DEF Dosing Unit Filter? 
A. The DEF Dosing Unit Filter is part of the DEF dosing system and will be available 
 
Q. On SCR equipped vehicles, what changes will be expected for lube filter 
service intervals?  
A. There will be no changes to the lube filter service intervals on SCR equipped vehicles.  The SCR 
process impacts the exhaust emissions after they are produced by the engine. 
 
 
 DEF Product Options & Availability 
 
Q. What package sizes will be available? When? 
A. Cummins Filtration has offered DEF since 2003 in 4 sizes: 55 gal drum, 275 gal disposable tote, 330 
gal tote, and bulk.  Cummins Filtration recently expanded their DEF product line to include smaller 
packaging options, including 1, 2.5, and 5 gallon containers. 
 
Q. Can I fill my own bottles of DEF? 
A. Cummins Filtration does not recommend that customers fill bottles of DEF for use in SCR systems due 
to the strict ISO requirements for maintaining DEF purity (free of contamination). For customers that do 
require filling, the ISO 22241 specifications provide detailed information regarding DEF quality, handling, 
testing, transportation storage, and refilling. 
 
Q. What does IBC stand for? 
A.  Intermediate Bulk Containers (IBC) are all containers larger than a 55 gallon (207L) drums, and 
smaller than a tanker. 
 
Q. Can totes be returned and refilled after use?  
A. The 330 gallon tote is a returnable tote.  Empty tote returns should be made to the tote vendor rather 
than Cummins Filtration. For information on returning totes, please call 1- 800-608-8587. 
 
The 275 gallon tote is disposable and primarily used for refilling of the larger plastic refillable tote. 
However, if customers do utilize the 275 gallon tote the transfer equipment must be DEF compatible and 
completely free of contaminants. Stainless steel and high density polyethylene plastic are DEF 
compatible materials. For a complete list of DEF compatible materials, see ISO22241. If required, the 
DEF dispensing equipment can be utilized with the 275 gallon tote when the dispensing equipment is 
supported by an appropriate structure. 
 
 
 
 
 
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







Q. Where will DEF be available? 
A. In North America, all major truck stops have committed to carrying and selling DEF.  The initial supply 
of DEF will most likely be in packaged containers while bulk dispensing options are being installed.  In 
addition, Cummins Filtration is making DEF available to thousands of distributors, dealers and other 
outlets. 
 
Q. Will Cummins Filtration offer dispensing options? 
A. Cummins Filtration currently offers several dispensing equipment options, including electric and air 
operated pumps for use with drums, totes as well as a flow meter. For more information, see our 
dispensing kits brochure (LT36135) available on cumminsfiltration.com. 
 
Q. Will Cummins Filtration offer equipment to test the urea concentration of 
DEF? 
A. For several years, Cummins Filtration has offered field testing tools for coolant products. Similar 
products will be made available for DEF.  
 
 Q. What price can be expected for DEF? 
A. Current pricing for DEF centers on ‘niche’ markets which itself drives very low volume usage and 
premium pricing. This is not a realistic indication of where the industry will be in 1 year, or even 6 months. 
We agree with current predictions that at the pump DEF pricing will be at or below the price of diesel fuel 
and is forecasted to be in the $2 - $3 range.  
 
Q. Is there an Environmental Hazardous Charge (EHC) that applies to DEF 
shipments received in Ontario? 
A. There is no EHC applied to DEF at this time. 
 
To find your nearest retailer of Fleetguard products, visit cumminsfiltration.com/wrl.  
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Warning Level 2 is triggered when the estimated range remaining falls below 1,609 km (1,000 

mi) based on current DEF consumption rates. The Driver Information Center (DIC) displays the 

message Exhaust Fluid Range X MI, where X is the estimated range remaining in miles. This 

message remains on the DIC until acknowledged by the driver. 

 

Warning Level 3;  
Warning Level 2 automatically advances to Warning Level 3 when the ECM detects an ignition 

ON to ignition OFF event. A level 3 warning remains active as long as the estimated range 

remaining is greater than 483 km (300 mi) based on current DEF consumption rates. The DIC 

displays the message Exhaust Fluid Range X Miles, where X is the estimated range remaining in 

miles. 

 

Warning Level 4;  
Warning Level 4 is triggered when the estimated range remaining falls below 483 km (300 mi) 

based on current DEF consumption rates. The message Exhaust Fluid Range X MI, where X is 

the estimated range remaining in miles is displayed in the DIC. This message is also displayed at 

the beginning of each ignition cycle. This message remains on the DIC until acknowledged by 

the driver. 

 

Warning Level 5;  
Warning Level 5 is triggered when the estimated range remaining less than approximately 121 

km (75 mi) is based on current DEF consumption rates. The message Exhaust Fluid Low - Speed 

Limited Soon, is displayed on the DIC. This message is also displayed at the beginning of each 

ignition cycle or a refill of the DEF reservoir is detected. This message remains in the DIC until 

acknowledged by the driver.  

 

Warning Level 6;  
Warning Level 6 is triggered when the estimated range remaining less than approximately 0 km 

(0 mi) is based on current DEF consumption rates. The driver will hear 4 chimes on entering 

Warning Level 6. The DIC displays the following messages: 

Exhaust Fluid Empty Refill Now  

644 km (400 miles) until 105 km/h (65 mph) Max Speed 

The messages are also displayed at the beginning of each ignition cycle. The Exhaust Fluid 

Empty Refill Now message remains on the DIC until acknowledged by the driver. The 644 km/h 

(400 mph) until 105 km/h (65 mph) Max Speed mileage countdown until speed limitation will 

remain displayed in the DIC. 

The DEF Indicator in the instrument panel is continuously illuminated. The vehicle remains in 

Warning Level 6 until the DEF reservoir is refilled or the first mileage countdown expires. 

After the first mileage countdown expires, the system will advance from Warning Level 6 to 

Warning Level 7. 

 

Warning Level 7;  
Warning Level 7 is active after the first mileage countdown expires or without a refill of the DEF 

reservoir. The driver will hear 4 chimes on entering Warning Level 7. The DIC displays the 

following messages:  

Exhaust Fluid Empty Refill Now  



Transitioning to 105 km/h (65 mph) Max Speed 

The messages are alternately displayed every 5 seconds on the DIC. Exhaust Fluid Empty Refill 

Now remains on the DIC until acknowledged by the driver; however, the Transitioning to 105 

km/h (65 mph), remains displayed in the DIC.  

The DEF Indicator in the instrument panel is continuously illuminated. 

Vehicle speed limit is ramping down from Max Speed limit to the limit of 105 km/h (65 mph). 

 

Warning Level 8;  
Warning Level 8 is triggered after the speed limit ramp-down is complete or a key cycle. The 

driver will hear 4 chimes on entering Warning Level 8. The DIC displays the following 

messages: 

Exhaust Fluid Empty Refill Now  

Speed Limited to 105 km/h (65 mph)  

120 km (75 miles) until 89 km/h (55 mph) Max Speed 

The messages are alternately displayed every 5 seconds on the DIC. The Exhaust Fluid Empty 

Refill Now message remains in the DIC until acknowledged by the driver and occurs every 

ignition cycle or a refill of the DEF reservoir is detected. The speed limited and mileage 

countdown for speed limitation remains displayed in the DIC 

The DEF Indicator in the instrument panel is continuously illuminated. The vehicle remains in 

Warning Level 8 until the DEF reservoir is refilled or the second mileage countdown expires. 

Vehicle speed is limited to 105 km/h (65 mph). 

 

Warning Level 9;  
Warning Level 9 is triggered after the second mileage countdown expires without a refill of the 

DEF reservoir. The driver will hear 4 chimes on entering Warning Level 9. The DIC displays the 

following messages:  

Exhaust Fluid Empty Refill Now  

Transitioning to 89 km/h (55 mph) Max Speed 

The messages are alternately displayed every 5 seconds on the DIC. Exhaust Fluid Empty Refill 

Now remains in the DIC until acknowledged by the driver; however, the Transitioning to 89 

km/h (55 mph) Max Speed message remains displayed in the DIC. 

The DEF Indicator in the instrument panel flashes continuously.  

Vehicle speed limit is ramping down from 105 km/h (65 mph) Max Speed limit to 89 km/h (55 

mph). 

 

Warning Level 10;  
Warning Level 10 is triggered after the speed limit ramp-down is complete or a key cycle. The 

driver will hear 4 chimes on entering Warning Level 10. The 4 chimes are repeated 3 more times 

during this ignition cycle. The DIC displays the following messages:  

Exhaust Fluid Empty Refill Now  

Speed Limited to 89 km/h (55 mph)  

120 km (75 miles) to 7 km/h (4 mph) Max Speed 

The messages are alternately displayed every 5 seconds in the DIC. Exhaust Fluid Empty Refill 

Now remains in the DIC until acknowledged by the driver; however, the speed limited and 

mileage countdown for speed limitation remain displayed in the DIC message remains displayed 

in the DIC. 



The DEF Indicator in the instrument panel flashes continuously. The vehicle remains in Warning 

Level 10 until the DEF reservoir is refilled or the third mileage countdown expires. 

Vehicle speed is limited to 89 km/h (55 mph). 

 

Warning Level 11;  
Warning Level 11 is not used. 

 

Warning Level 12; 
Warning Level 12 is not used. 

 

Warning Level 13;  
Warning Level 13 is triggered after the third mileage countdown expires without a refill of the 

DEF reservoir. The driver will hear 4 chimes on entering Warning Level 13. The DIC displays 

the following messages:  

Exhaust Fluid Empty Refill Now  

Transitioning to 7 km/h (4 mph) Max Speed 

The messages are alternately displayed every 5 seconds in the DIC. Exhaust Fluid Empty Refill 

Now remains in the DIC until acknowledged by the driver; however, the Transitioning to 7 km/h 

(4 mph) Max Speed message remains displayed in the DIC. 

The DEF Indicator in the instrument panel flashes continuously. Vehicle speed limit is ramping 

down from 89 km/h (55 mph) max speed limit to 7 km/h (4 mph). 

 

Warning Level 14;  
Warning Level 14 is triggered after the speed limit ramp-down is complete or a key cycle. The 

driver will hear 4 chimes on entering Warning Level 14. The 4 chimes are repeated every 3 

minutes. The DIC displays the following messages: 

Exhaust Fluid Empty Refill Now  

Speed Limited to 7 km/h (4 mph) 

The messages are alternately displayed every 5 seconds in the DIC. Exhaust Fluid Empty Refill 

Now remains in the DIC until acknowledged by the driver; however, the Speed Limited to 7 

km/h (4 mph) message remains displayed in the DIC. 

The DEF Indicator in the instrument panel flashes continuously. The vehicle remains in Warning 

Level 14 until the DEF reservoir is refilled. 

Vehicle speed is limited to 7 km/h (4 mph). 

Fluid (DEF) Warning Strategy (Anti-Tampering) 
If a conditions associated with an attempt to disable the reductant system are detected. the PCM 

activates an anti-tampering feature and presents the driver with a series of prompts and warnings. 

When the conditions associated with an attempt to disable reductant system operation are 

detected, the ECM activates the anti-tampering feature and presents the driver with a series of 

prompts and warnings. 

Once initiated, anti-tampering warnings grow increasingly more serious as the vehicle continues 

to be driven. The vehicle's current warning status is displayed on the scan tool. When tampering 

is suspected, the normally OFF Reductant System Malfunction Warning Indicator Command will 

display Warning Level 1 through Warning Level 11 depending on the number of miles driven. 

The series anti-tampering warnings alert the driver that reductant system service is urgently 

needed. 



Warning Level 1  
Warning Level 1 is triggered when the ECM first detects an abnormal value on a reductant 

system circuit. The Driver Information Center (DIC) displays the following messages: 

Service Exhaust Fluid System  

See Owner's Manual Now  

160 km (99 miles) until 105 km/h (65 mph) Max Speed 

The messages alternate every 5 seconds in the DIC until acknowledged by the driver; however, 

the mileage countdown message remains in the DIC. The DEF Indicator in the instrument panel 

is illuminated. 

 

Warning Level 2  
Warning Level 2 is triggered after the first mileage counter expires. The driver will hear 4 

chimes on entering Warning Level 2. The DIC displays the following messages:  

Service Exhaust Fluid System  

See Owner's Manual Now  

Transitioning to 105 km/h (65 mph) Max Speed 

The messages alternate every 5 seconds in the DIC until acknowledged by the driver; however, 

the Transitioning to 105 km/h (65 mph) Max Speed remains in the DIC. The DEF Indicator in 

the instrument panel is illuminated. Vehicle speed limit is ramping down from max speed limit to 

the limit of 105 km/h (65 mph). 

 

Warning Level 3  
Warning Level 2 automatically advances to Warning Level 3 after the speed limit ramp down is 

complete or a key cycle. The driver will hear 4 chimes on entering Warning Level 3. The DIC 

displays the following messages:  

Service Exhaust Fluid System  

See Owner's Manual Now  

Speed Limited to 105 km/h (65 mph)  

120 km (75 miles) Until 89 km/h (55 mph) Max Speed 

The messages alternate every 5 seconds in the DIC until acknowledged by the driver; however, 

the Speed Limited to 105 km/h (65 mph) remains in the DIC. The DEF Indicator in the 

instrument panel is illuminated. 

Vehicle speed is limited to 105 km/h (65 mph). 

 

Warning Level 4  
Warning Level 4 is triggered after the second mileage counter expires. The driver will hear 4 

chimes on entering Warning Level 4. The DIC displays the following messages: 

Service Exhaust Fluid System  

See Owner's Manual Now  

Transitioning to 89 km/h (55 mph) Max Speed 

The messages alternate every 5 seconds until acknowledged by the driver; however, the 

Transitioning to 89 km/h (55 mph) Max Speed remain displayed in the DIC. The DEF Indicator 

in the instrument panel flashes continuously. Vehicle speed limit is ramping down from 105 

km/h (65 mph) max speed limit to 89 km/h (55 mph). 

 

Warning Level 5  



Warning Level 4 automatically advances to Warning Level 5 after speed limit ramp down is 

complete or a key cycle. The driver will hear 4 chimes on entering Warning Level 5. The series 

of 4 chimes will repeat 3 times every 3 minutes during each ignition cycle until the vehicle is 

serviced. The DIC displays the following messages: 

Service Exhaust Fluid System  

See Owner's Manual Now  

Speed Limited to 89 km/h (55 mph)  

120 km (75 miles) Until 7 km/h (4 mph) Max Speed 

The messages alternate every 5 seconds until acknowledged by the driver; however, the speed 

limitation and mileage countdown remains displayed in the DIC. The DEF Indicator in the 

instrument panel flashes continuously. 

Vehicle speed is limited to 89 km/h (55 mph) 

 

Warning Level 6  

Warning Level 6 is not used 

 

Warning Level 7  
Warning Level 7 is not used 

 

Warning Level 8  
Warning Level 8 is not used 

 

Warning Level 9  
Warning Level 9 is not used 

 

Warning Level 10  
Warning Level 5 automatically advances to Warning Level 10 after third mileage counter expires 

or a key cycle. The driver will hear 4 chimes on entering Warning Level 10. The DIC displays 

the following messages: 

Service Exhaust Fluid System  

See Owner's Manual Now  

Transitioning to 7 km/h (4 mph) 

The messages alternate every 5 seconds until acknowledged by the driver; however, the 

Transitioning to 7 km/h (4 mph) remains displayed in the DIC. The DEF Indicator in the 

instrument panel flashes continuously. Vehicle speed limit is ramping down from 89 km/h (55 

mph) max speed limit to 7 km/h (4 mph). 

 

Warning Level 11  
Warning Level 10 automatically advances to Warning Level 11 after speed limit ramp down is 

complete or a key cycle. The driver will hear 4 chimes on entering Warning Level 11. The series 

of 4 chimes will repeat every 3 minutes until the vehicle is serviced. The DIC displays the 

following messages: 

Service Exhaust Fluid System  

See Owner's Manual Now  

Speed Limited to 7 km/h (4 mph) 



The messages alternate every 5 seconds until acknowledged by the driver; however, the Speed 

Limited to 7 km/h (4 mph) remains displayed in the DIC. The DEF Indicator in the instrument 

panel flashes continuously. 

Vehicle speed is limited to 7 km/h (4 mph). 

 Warning Strategy (Anti-Tampering): 

Fluid (DEF) Warning Strategy (DEF Quality) 
A supply of clean, fresh Diesel Exhaust Fluid (DEF) is critical for optimum Selective Catalyst 

Reduction (SCR) efficiency. SCR efficiency is determined by monitoring the Nitrogen Oxide 

(NOx) sensors located upstream and downstream of the SCR. This vehicle provides the driver 

with an elaborate series of prompts and warnings that are initiated when the Power Control 

Module (PCM) detects a drop in the SCR NOx reduction efficiency suggesting a diluted or 

contaminated DEF supply. 

When contaminated or diluted DEF is suspected, the ECM initiates the DEF Quality warning 

process. Once initiated, DEF quality warnings grow increasingly more serious as the vehicle 

continues to be driven. The vehicle's current DEF quality warning status is displayed on the scan 

tool. When a drop in SCR efficiency is detected, the normally OFF Reductant Field Quality 

Warning Indicator Command will display Warning Level 1 through Warning Level 11 

depending on the number of miles driven. The series of DEF Quality Warnings alert the driver 

that DEF system service is urgently needed. 

 

Warning Level 1  
Warning Level 1 is triggered when the ECM first detects the SCR efficiency is below a 

calibrated value. The Driver Information Center (DIC) displays the following messages: 

Exhaust Fluid Quality Poor  

See Owner's Manual Now  

160 km (99 miles) until 105 km/h (65 mph) Max Speed 

The messages alternate every 5 seconds until acknowledged by the driver; however, the mileage 

countdown remains displayed in the DIC. The DEF Indicator in the instrument panel is 

illuminated. 

 

Warning Level 2  
Warning Level 2 is triggered after the first mileage countdown expires without a DEF fluid 

service. The driver will hear 4 chimes on entering Warning Level 2. The DIC displays the 

following messages: 

Exhaust Fluid Quality Poor  

See Owner's Manual Now  

Transitioning to 105 km/h (65 mph) Max Speed 

The messages alternate every 5 seconds until acknowledged by the driver; however, the 

Transitioning to 105 km/h (65 mph) Max Speed remains displayed in the DIC. The DEF 

Indicator in the instrument panel is illuminated. Vehicle speed limit is ramping down from max 

speed limit to the limit of 105 km/h (65 mph). 

 

Warning Level 3  
Warning Level 2 automatically advances to Warning Level 3 after speed limit ramp down is 

complete or a key cycle. The driver will hear 4 chimes on entering Warning Level 3. The DIC 

displays the following messages: 



Exhaust Fluid Quality Poor  

See Owner's Manual Now  

Speed Limited to 105 km/h (65 mph)  

120 km (75 miles) Until 89 km/h (55 mph) Max Speed 

The messages alternate every 5 seconds until acknowledged by the driver; however, the speed 

limitation and mileage countdown remains displayed on the DIC. The DEF Indicator in the 

instrument panel is illuminated. 

Vehicle speed is limited to 105 km/h (65 mph). 

 

Warning Level 4  
Warning Level 4 is triggered after the second mileage countdown expires without a DEF fluid 

service. The driver will hear 4 chimes on entering Warning Level 4. The DIC displays the 

following messages: 

Exhaust Fluid Quality Poor  

See Owner's Manual Now  

Transitioning to 89 km/h (55 mph) 

The messages alternate every 5 seconds until acknowledged by the driver; however, the 

Transitioning to 89 km/h (55 mph) remains displayed in the DIC. The DEF Indicator in the 

instrument panel flashes continuously. Vehicle speed limit is ramping down from 105 km/h (65 

mph) max speed limit to 89 km/h (55 mph). 

 

Warning Level 5  
Warning Level 5 is triggered after the speed limit ramp down is complete or a key cycle. The 

driver will hear 4 chimes on entering Warning Level 5. The series of 4 chimes will repeat 3 

additional times every 3 minutes. The DIC displays the following messages: 

Exhaust Fluid Quality Poor  

See Owner's Manual Now  

Speed Limited to 89 km/h (55 mph)  

120 km (75 miles) Until 7 km/h (4 mph) Max Speed 

The messages alternate every 5 seconds until acknowledged by the driver; however, the speed 

limitation and mileage countdown remains displayed in the DIC. The DEF Indicator in the 

instrument panel flashes continuously. 

Vehicle speed is limited to 89 km/h (55 mph). 

 

Warning Level 6  
Warning Level 6 is not used. 

 

Warning Level 7  
Warning Level 7 is not used. 

 

Warning Level 8  
Warning Level 8 is not used. 

 

Warning Level 9  
Warning Level 69 is not used. 

 



Warning Level 10  
Warning Level 10 is triggered after the third mileage counter expires without a DEF fluid 

service. The driver will hear 4 chimes on entering Warning Level 10. The DIC displays the 

following messages: 

Exhaust Fluid Quality Poor  

See Owner's Manual Now  

Transitioning to 7 km (4 mph) Max Speed 

The messages alternate every 5 seconds until acknowledged by the driver; however, the 

Transitioning to 6 km (4 miles) Max Speed remains displayed in the DIC. The DEF Indicator in 

the instrument panel flashes continuously. Vehicle speed limit is ramping down from 89 km/h 

(55 mph) max speed limit to 7 km/h (4 mph). 

 

Warning Level 11  
Warning Level 11 is triggered after the speed limit ramp down is complete or a key cycle. The 

driver will hear 4 chimes every 3 minutes on entering Warning Level 11. The series of 4 chimes 

will repeat every 3 minutes. The DIC displays the following messages: 

Exhaust Fluid Quality Poor  

See Owner's Manual Now  

Speed Limited to 7 km (4 mph) Max Speed 

The messages alternate every 5 seconds until acknowledged by the driver; however, the Speed 

limited to 7 km (4 mph) Max Speed remains displayed in the DIC. The DEF Indicator in the 

instrument panel flashes continuously. 

Vehicle speed is limited to 7 km/h (4 mph). 

 



 

 
 

 

 
 

 



If the driver continues to operate the 

truck with a dry DEF tank, after a final 

warning and restart, the truck will 

operate in a “limp home” mode that 

limits speed to just 4 mph until the tank 

is refilled. 

  

 

 

 

Operation during regeneration  
If Regeneration occurs at idle the PCM may activate the EGR throttle plate to restrict oxygen to 

control the temperature. 
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