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Important Safety Information

Most accidents that involve product operation, maintenance and repair are caused by failure to observe
basic safety rules or precautions. An accident can often be avoided by recognizing potentially hazardous
situations before an accident occurs. A person must be alert to potential hazards. This person should also
have the necessary training, skills and tocls to perform these functions properly.

improper operation, lubrication, maintenance or repair of this product can be dangerous and
could result in injury or death.

Do not operate or perform any lubrication, maintenance or repair on this product, until you have
read and understood the operation, lubrication, maintenance and repair information.

Safety precautions and warnings are provided in this manual and on the product. If these hazard warnings
are not heeded, bodily injury or death could occur to you or to other persons.

The hazards are identified by the “Safety Alert Symbol" and followed by a "Signal Word” such as
‘DANGER”, "WARNING" or “CAUTION". The Safety Alert "WARNING” label is shown below.

The meaning of this safety alert symbol is as follows:
Attention! Become Alert! Your Safety is Involved.

The message that appears under the warning explains the hazard and can be either written or pictorially
presented.

Operations that may cause product damage are identified by “NOTICE” labels on the product and in
this publication.

Caterpillar cannot anticipate every possible circumstance that might involve a potential hazard.
The warnings in this publication and on the preduct are, therefore, not ali inclusive. if a toof,
procedure, work method or operating technique that is not specifically recommended by Caterpillar
is used, you must satisfy yourself that it is safe for you and for others. You should also ensure that
the product will not be damaged or be made unsafe by the operation, lubrication, maintenance or
repair procedures that you choose.

The information, specifications, and illustrations in this publication are on the basis of information that
was available at the time that the publication was written. The specifications, torques, pressures,
measurements, adjustments, illustrations, and other items c¢an change at any time. These changes can
affect the service that is given to the product. Obtain the complete and most current information before you
start any job. Caterpillar dealers have the most current information available.

When replacement parts are required for this
product Caterpillar recommends using Caterpil-
lar replacement parts or parts with equivalent
specifications including, but not limited to, phys-
ical dimensions, type, strength and material.

Failure to heed this warning can lead to prema-
ture failures, product damage, personal injury or
death.
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Foreword

Literature Information

This manual should be stored in the operator's
compartment in the literature holder or seat back
literature storage area.

The information contained in this document is the
most current information available for coclant, fuels,
and tubricants. Special lubricants are required for
some machine compartments. Refer to the Operation
and Maintenance Manual for your machine for any
special lubrication requirements,

Whenever a question arises regarding the machine,
this publication, or the Operation and Maintenance
Manual, please consult any Caterpillar dealer for the
latest available information.

Safety

Refer to the Operation and Maintenance Manual for
your machine for all safety information. Read and
understand the basic safety precautions listed in the
Safety Section. In addition to safety precautions, this
section identifies the text and locations of warning
signs used on the machine.

Read and understand the basic precautions listed in
the Safety Section before operating or performing
lubrication, maintenance and repair on the machine.

Maintenance

Refer to the Operation and Maintenance Manual
for your machine to determine all maintenance
requirements.,

Maintenance Interval Schedule

Use the Maintenance Interval Schedule in the
Operation and Maintenance Manual for your
machine tc determine servicing intervals. Calendar
intervals shown (daily, weekly, monthly, etc.) can
be used instead of service hour meter intervals if
they provide more convenient servicing schedules
and approximate the indicated service hour meter
reading. Recommended service should afways be
performed at the interval that occurs first.

Under extremely severe, dusty or wet operating
conditions, more frequent lubrication than is specified
in the Maintenance Interval Schedule might be
necessary.

Extended Engine Oil Drains and Warranty

Failures that result from extended oil drain periods
are not Caterpillar factory defects and therefore are
not covered by Caterpillar’'s warranty. In addition,
failures that result from not using the recommended
oil type are not Caterpillar factory defects and
therefore are not covered by Caterpillar's warranty.

Refer to the applicable Operation and Maintenance
Manual for standard oil drain periods and to the
Maintenance Section, “Lubricant Specifications™ of
this publication for engine oil type and viscosity grade
recommendations.

To reduce the potential risk of failures associated
with extended oil drain periods; it is recommended
that oil drain intervals only be extended based on oil
analysis, and subsequent engine inspections. Oil
analysis alone does not provide an indication of the
rate of formation of lacquer, varnish and/or carbon on
pistons and other engine surfaces. The only accurate
way to evaluate specific oil performance in a specific
engine and application that utilizes extended oil
drain periods is to observe the effects on the engine
components. This involves tear-down inspections

of engines that have run to their normal overhaul
period with extended oil drain intervals. Following
this recommendation will help ensure that excessive
component wear does not take place in a given
application.

NOTICE

Light loads, low hour accumulation, and excessive
idling time can contribute to excessive water in the
crankcase oil. Corrosive damage, piston deposits and
increased oil consumption can also result. if oil analy-
s5is is not done or the results are ignored, the potential
for corrosive damage and piston deposits increases.
Refer to the appropriate Operation and Maintenance
Manual for guidance.

Note: Failures that result from extended cil drain
periods are not warrantable failures, regardless of
use of this recommended procedure. Failures that
resuit from extended engine oil drain periods are
considered improper use under the warranty.
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Aftermarket Products and Warranty

NOTICE

When auxiliary devices, accessories or consumables
{fiters, oil, additives, catalysts, fuel, etc.) made by
other manufacturers are used on Caterpillar prod-
ucts, the Caterpillar warranty is not affected simply
because of such use. Failures that result from the
installation or usage of other manufacturers auxiliary
devices, accessories or consumables, however, are
not Caterpillar factory defects and therefore are NOT
covered by Caterpillar's warranty.

Caterpillar is not in a position to evaluate the many
auxiliary devices, accessories or consumables pro-
moted by other manufacturers and their effect on
Caterpillar products. Installation or use of such items
is at the discretion of the customer who assumes ALL
risks for the effects that result from this usage.

Furthermore, Caterpillar does not authorize the use of
its trade name, trademark, or logo in a manner which
implies our endorsement of these aftermarket prod-
ucts.
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Maintenance Section

Lubricant Specifications

02408547

General Lubricant Information
SMCS Code: 0645; 1000; 1300; 1348; 7581

NOTICE
Every attempt is made to provide accurate, up to date
information. By use of this document you agree that
Caterpillar Inc. is not responsible for errors or omis-
sions.

The information that is provided is the latest
recommendations for Caterpillar diesei engines.
This information supersedes all previous
recommendations which have been published for
Caterpillar diesel engines that are covered by this
publication. Special fiuids are required for some
engines and it will be necessary to continue to use
these special products. Refer to the applicable
Operation and Maintenance Manual.

NOTICE
These recommendations are subject o change with-
out notice. Contact your local Caterpillar dealer for the
most up to date recommendations.

Note: Instructions for the installation of the filter are
printed on the side of each Caterpillar spin-on filter.
For non-Caterpillar filters, refer to the installation
instructions that are provided by the supplier of the
filter.

i02433838
Engine Oil
(Engine Crankcase Fluid
Recommendations for all
Caterpillar 3500 Series, C175
Series and Smaller Direct
Injection (DI) Engines)
SMCS Code: 1348; 7581
Exceptions to these recommendations are 3116

and 3126 Marine Engines with Mechanical Unit
Injection (MUI).

Cat DEO (Diesel Engine Oil)

Caterpillar oils have been developed and tested in
order to provide the full performance and service

life that has been designed and built into Caterpillar
engines. Caterpillar oils are currently used to fill
diesel engines at the factory. These oils are offered
by Caterpiltar dealers for continued use when the
engine oil is changed. Consult your Caterpillar dealer
for more information on these oils.

Due to significant variations in the quality and in
the performance of commercially available oils,
Caterpillar makes the following recommendations:

» Cat DEQ (Diesel Engine Oil) (10W-30)
+ Cat DEO (Diesel Engine Qil) (15W-40)

Cat DEO multigrade is formulated with the correct
amounts of detergents, dispersants, and alkalinity in
order to provide superior performance in Caterpillar
diesel engines.

Cat DEO multigrade is available in various viscosity
grades that include SAE 10W-30 and SAE 15W-40.
To choose the correct viscosity grade for the ambient
temperature, see Table 1. Multigrade oils provide
the correct viscosity for a broad range of operating
temperatures.

Multigrade oils are effective in maintaining low oil
consumption and low levels of piston deposits.

Cat DEO multigrade can be used in other
manufacturer's diesel engines and in gasoline
engines. See the engine manufacturer’'s guide for the
recommended categories/specifications. Compare
the categories/specifications to the specifications of
Cat DEO muitigrade. The current industry standards
for Cat DEQ multigrade are listed on the product
label and on the data sheets for the product.

Consult your Caterpillar dealer for part numbers and
for available sizes of containers.
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Note: Cat DEC multigrade exceeds the reguirements
of the ECF-1 specification. Cat DEQ SAE 15W-40
exceeds the performance requirements for the
following API| categories: API Cl4, AP| Cl-4 PLUS,
AP| CH-4, API CG-4, and API CF. Cat DEO SAE
15W-40 also passes additional proprietary tests that
include the following tests: sticking of the piston ring,
oil control tests, wear tests, and soot tests. Proprietary
tests help ensure that Caterpillar multigrade oil
provides superior performance in Caterpillar diesel
engines. In addition, Caterpillar multigrade oil
exceeds many of the performance requirements of
other manufacturers of diesel engines. Therefore,
this oil is an excellent choice for many mixed fleets.
True high performance oil is produced by using
a combination of the following factors: industry
standard tests, proprietary tests, field tests,

and prior experience with similar formulations.
The design and the development of Caterpillar
lubricants that are both high performance and
high quality are based on these factors.

Note: Non-Caterpillar commercial oils are second
choice oils.

Commercial Oils

Engine Crankcase Fluid Recommendations for all
Caterpillar 3500 Series, C175 Series and smaller
direct injection (DI) diesel engines

Exceptions to this recommendation are the 3116
marine engines and the 3126 marine engines with
mechanical unit injection (MUI).

NOTICE
Caterpillar does not warrant the quality or perfor-
mance of non-Caterpillar fluids.

Note: If Cat DEO multigrade is not used, use
only commercial oils that meet the following
categories/specifications:

« Only commercial oils that meet the requirements
of Caterpillar's ECF-1 (Engine Crankcase Fiuid
specification - 1) are acceptable for use in
Caterpillar commercial diesel engines. APl CH-4,
API CI-4, and API Cl-4 FLUS oils that have not
met the requirements of Caterpillar's ECF-1
specification may cause reduced engine life.

« APl CG4 multigrade cils are acceptable for all
Caterpillar off-highway and commercial diesel
engines. When AP| CG-4 oils are used, do not
exceed the standard oil drain interval. Refer to the
engine's Operation and Maintenance Manual for
the oil drain interval.

Note: Do not use APl CF-4 oils in Caterpiliar
diesel engines.

NOTICE
In selecting oil for any engine application, both the
cil viscosity and cil performance category/specifica-
tion as specified by the engine manufacturer must be
defined and satisfied. Using only cne of these param-
eters will not sufficiently define il for an engine appli-
cation.

In order to make the proper choice of a commercial
oil, refer to the “Lubricant Viscosities for Ambient
Temperatures” table in this publication, “Lubricant
Viscosities” topic (Maintenance Section).

NOTICE
APl CH-4, CI-4, and CI-4 PLUS oils that have not
met the requirements of Caterpillar’s ECF-1 spec-
ification may cause reduced engine life.

NOTICE
Failure to follow these oil recommendations can cause
shortened engine service life due to deposits and/or
excessive wear.

NOTICE
Do not use single grade API CF oils or multigrade API
CF oils in Caterpillar 3500 Series, C175 Series and
smaller Direct Injection (DI} diesel engines.

API| CF oits are only recommended for Caterpillar
3600 Series diesel engines and Caterpillar engines
that have precombustion chamber (PC}) fuel systems.

Total Base Number (TBN) and Fuel
Sulfur Levels for Direct Injection
(DI) Diesel Engines

The Total Base Number (TBN) for an oil depends
on the fuel sulfur level. For direct injection engines
that use distillate fuel, the minimum TBN must be 10
times the fuel suifur level. The TBN is determined by
the "ASTM D2896" procedure. The minimum TBN
of the oil is 5 regardless of a low fuel sulfur level.
lilustration 1 demonstrates the TBN.
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(Y) TBN by "ASTM D2896"

(X) Percentage of fuel sulfur by weight

(1) TBN of new oil

{2} Change the used oil when the TBN reaches this level.

Use the following guidelines for fuel sulfur levels that
exceed 1.5 percent:

1. Choose a multigrade oil with the highest TBN
that meets one of these categories/specifications:
Caterpillar ECF-1 or API CG4

Note: APl CH-4, API Cl-4, and API Cl4 PLUS

oils that meet the requirements of the Caterpillar
ECF-1 (Engine Crankcase Fluid specification - 1) are
acceptable for use in Caterpillar commercial diesel
engines. APl CH-4, Cl-4, and Cl-4 PLUS oils that do
not meet the requirements of the Caterpillar ECF-1
specification may cause reduced engine life.

2. Reduce the oil change interval. Base the oil
change interval on the oil analysis. Ensure that
the oil analysis includes the condition of the oil
and a wear metal analysis.

Excessive piston deposits can be produced by an oil
with a high TBN and/or high ash. These deposits can
lead to a loss of control of the oil consumption and to
the polishing of the cylinder bore.

NOTICE
Operating Direct Injection (Dt) diesel engines with fuel
sulfur levels over 1.0 percent may require shortened
oil change intervals in order to help maintain adequate
wear protection.

Lubricant Viscosity Recommendations
for Direct Injection (DI) Diesel Engines

The proper SAE viscosity grade of oil is determined
by the minimum ambient temperature during

cold engine start-up, and the maximum ambient
temperature during engine operation.

Refer to Table 1 (minimum temperature) in order to
determine the required oil viscosity for starting a celd
engine.

Refer to Table 1 (maximum temperature) in order to
select the oil viscosity for engine operation at the
highest ambient temperature that is anticipated.

Note: Generally, use the highest oil viscosity that is
available io meet the requirement for the temperature
at start-up.

if ambient temperature conditions at engine start-up
require the use of multigrade SAE OW oil, SAE
OW-40 viscosity grade is generally preferred over
SAE 0W-20 or SAE 0W-30.

Note: SAE 10W-30 is the preferred viscosity grade
for the following diesel engines when the ambient
temperature is above —18 °C (0 °F), and below 40 °C
(104 °F).

o C7

« C9

+ CH

« 3116

+ 3126
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Table 1

Lubricant Viscosities for Ambient Temperatures(@ \

Ambient Temperature

Viscbsity Grade Minimum Maximum
 SAEOW-20 | -40°C(-40°F) | 10 °C (50 °F)
| SAE OW-30 | -40°C (-40°F) | 30 °C (86 °F)
SAE OW-40 | —40 °C (~40 °F) | 40 °C (104 °F)
SAE 5W-30 | -30°C (-22°F) | 30 °C (86 °F)
SAE 5W40 | -30°C (22 °F) | 50 °C (122 °F)
| SAE 10W-309. | -18°C(0°F) , 40°C (104 °F) '
| SAE10W40 | -18°C(0°F) | 50 °g__(1527FT
| SAE 15W-40 | -9.5°C (15°F) | 50 °C (122 °F)

Refer 1o this publication, “Engine Oil" for recommendations of
diese! engine oil type.

Supplemental heat is recommended for cold-soaked starts
below the minimum ambient temperature. Supplemental

heat may be required for cold-soaked starts that are above
the minimum temperature that is stated, depending on the
parasitic inad and other factors. Cold-soaked starts occur
when the engine has not been operated for a period of time,
allowing the oil to become more viscous due to cooler ambient
temperatures.

SAE10W-30 is the preferred viscosity grade for the 3116, 3126,
C7,. C-9 and C9 diesel engines when the ambient temperature
is between —-18 °C (0 °F) and 40 °C (104 °F).

{1

(2

3

Note: Supplemental heat is recommended for
cold-soaked starts below the minimum ambient
temperature. Supplemental heat may be required
for cold-soaked starts that are above the minimum
temperature that is stated, depending on the parasitic
load and other factors. Cold-soaked starts occur
when the engine has not been operated for a period
of time, allowing the cil to become more viscous due
to cooler ambient temperatures.

102434138

Engine Oil (3116 and 3126
Marine Engines)

SMCS Code: 1348; 7581

Recommendations

Caterpillar does not recommend the use of multigrade
oils in the 3116 and 3126 Marine Diesel Engines that
use mechanical unit injection.

Multigrade oils use high molecular weight polymers
as viscosity index improvers.

When the crankcase blowby flows through the
turbocharger and the aftercooler, the viscosity
index improvers in the oil vapor can adhere o the
turbocharger compressor and aftercocler core.

The fouling of the turbocharger and aftercooler can
cause reduced air flow, loss of power, and increased
black smoke. The emission of black smoke results in
buildup of soot on the transom of the boat.

Note: Caterpillar recommends the use of single grade
oils with the APl CF-4 category for all 3116 and 3126
Marine Engines unless crankcase blowby has been
routed completely away from the air cleaner inlet.

Cat SAEO (Special Application Engine
0Oil)

Note: Cat SAEO is for use in Caterpillar 3116 and
3126 Marine Diesel Engines with mechanical unit
injection. This includes all 3116 and 3126 Marine

Diesel Engines that begin with the following serial

number prefixes: (S/N: 6SR), (S/N: 8NM), (S/N: 4KG),
{S/N: 18K), (S/N: 12J), (S/N: 8MK), and (S/N: 4EZ).

The factory fill in 3116 and 3126 Marine Engines is
Cat SAEQ. The oil that is used for the factory fill has
the following properties:

« AP| CF-4 category

» Viscosity grade of SAE 30

For maximum perfoermance in 3116 and 3126 Marine
Diesel Engines with mechanical unit injection,
Caterpiliar recommends the following engine oil:

» Cat SAEO (SAE 30)

» Cat SAEO (SAE 40)

Commercial Oils (3116 and 3126
Marine Engines)

NOTICE
Caterpillar does not warrant the quality or perfor-
mance of non-Caterpiliar fluids.

When Cat SAEQ is not used, use the foliowing
commercial oils:

= Single grade oil with a viscosity of SAE 30 or SAE
40 with an AP! CF-4 category is preferred.

» Single grade oil with a viscosity of SAE 30 or SAE
40 with a CF-4 or CG-4 additive package that does
NOT contain viscosity improvers is an acceptable
oil.

For an acceptable commercial single grade oil,

contact your oil supplier or Caterpillar Customer

Service:

1-800-447-4986
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The foliowing explanation of the APl CF-4 category
can be used to make the proper choice when a
commercial single grade oil with API CF-4 category
is chosen.

AP1 CF-4 - API CF-4 cils provide more stable ail
control and reduced piston deposits in comparison to
API CF and the obsolete CE and CD categories of oil.
API| CF-4 cils provide improved soot dispersancy in
comparison to APl CF and obsolete CD oils. The API
CF-4 category was developed with a 0.40 percent
sulfur diesel fuel.

Some commercial oils that meet the APl CF4
categories may require reduced ocil change intervals.
To determine the oil change interval, closely monitor
the cendition of the oil and perform a wear metal
analysis. Caterpillar's S-O-S Services cil analysis
program is the preferred method.

NOTICE
Failure to follow these oil recommendations can cause
shortened engine service life due to deposits and/or
excessive wear.

Total Base Number (TBN) and Fuel
Sulfur Levels for Direct Injection
(DI) Diesel Engines (3116 and 3126
Marine Engines)

The Total Base Number (TBN) for an oil depends
on the fuel sulfur level. For direct injection engines
that use distillate fuel, the minimum TBN must be 10
times the fuel sulfur level. The TBN is determined by
the “ASTM D2896" procedure. The minimum TBN
of the oil is 5 regardless of a low fuel sulfur level.
lllustration 2 demonstrates the TBN.

]
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{Y) TBN by "ASTM D2896"

(X) Percentage of fuel sulfur by weight

(1} TBN of new oil

{2} Change the used cil when the TBN reaches this level.

Use the following guidelines for fuel sulfur levels that
exceed 1.5 percent:

+ Choose an oil with the highest TBN within the API
CF-4 category.

+ Reduce the oil change interval. Base the oil
change interval on the oil analysis. Ensure that the
oil analysis includes the condition of the oil and
a wear metal analysis.

Excessive piston deposits can be produced by an cil
with a high TBN and/or high ash. These deposits can
lead to a loss of control of the oil consumption and to
the polishing of the cylinder bore.

NOTICE
Operating Direct Injection (DI) diesel engines with fuel
sulfur levels over 1.0 percent may require shortened
oil change intervals in order to help maintain adequate
wear protection.

Lubricant Viscosity
Recommendations (3116 and
3126 Marine Engines)

The proper SAE viscosity grade of cil is determined
by the minimum ambient temperature during

cold engine start-up, and the maximum ambient
temperature during engine operation,

Refer to Table 2 {minimum temperature} in order to
determine the required oil viscosity for starting a coid
engine.

Refer to Table 2 {maximum temperature) in order to
select the oil viscosity for engine operation at the
highest ambient temperature that is anticipated.

Generally, use the highest cil viscosity that is allowed
for the ambient temperature at start-up.

Table 2
7 Vlr.ubricant Viscosities for Ambient Temperatures™
Cat SAEO Ambient Temperaturé
Viscosity Grade Minimum Maximum
SAE0 | 0°C(2°F) | 40°C(104°F)
SAE 40 5°C (41 °F) \ 50 °C (122 °F)

1) Supplemental heat is recommended for cold-soaked starts
below the minimum ambient temperature. Supplementatl
heat may be required for cold-soaked starts that are above
the minimum temperature that is stated, depending on the
parasitic load and other factors. Cold-soaked starts occur
when the engine has not been operated for a period of time,
allowing the oil toc become more viscous due to cooler ambient
temperatures.
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02434179

Engine Oil for Precombustion
Chamber (PC) Diesel Engines
(Engine Crankcase Fluid
Recommendations for All 3500
Series and Smaller PC Diesel
Engines)

SMCS Code: 1348; 7581

Cat DEO (Diesel Engine Oil)

Caterpillar oils have been developed and tested in
order to provide the full performance and service

life that has been designed and built into Caterpillar
engines. Caterpillar oils are currently used to fill
diesel engines at the factery. These cils are offered
by Caterpillar dealers for continued use when the
engine oil is changed. Consult your Caterpillar dealer
for more information on these oils.

Due to significant variations in the quality and in
the performance of commercially available ocils,
Caterpillar makes the following recommendations:

« Cat DEO {Diesel Engine Oit) (10W30)
» Cat DEO (Diesel Engine Oil) (15W40)

Cat DEO multigrade is formulated with the correct
amounts of detergents, dispersants, and alkalinity in
order to provide superior performance in Caterpillar
diesel engines.

Cat DEO multigrade is available in several viscosity
grades that include SAE 10W30 and SAE 15W40.
For precombustion chamber engines, see Table 3
in order to choose the correct viscosity grade for
the ambient temperature. Multigrade oils provide
the correct viscosity for a broad range of operating
temperatures.

Multigrade oils are effective in maintaining !ow oil
consumption and low levels of piston deposits.

Cat DEQ multigrade can be used in other
manufacturer’s diesel engines and in gasoline
engines. See the engine manufacturer's guide for the
recommended categories/specifications. Compare
the categories/specifications to the specifications of
Cat DEO multigrade. The current industry standards
for Cat DEQO are listed on the product label and on
the data sheets for the product.

Consult your Caterpillar dealer for part numbers and
for available sizes of containers.

Note: Cat DEO multigrade exceeds the requirements
of the ECF-1 specification. Cat DEO SAE 15W-40
exceeds the performance requirements for the
following API categories: API Cl-4, Cl-4 PLUS, API
CH-4, AP1 CG-4, and API CF. Cat DEO SAE 15W-40
also passes additional proprietary tests that include
the following tests: sticking of the piston ring, oil
control tests, wear tests, and soot tests. Proprietary
tests help ensure that Caterpillar multigrade oil
provides superior performance in Caterpillar diesel
engines. In addition, Caterpillar multigrade oil
exceeds many of the performance requirements of
other manufacturers of diesel engines. Therefore,
this oil is an excellent choice for many mixed fleets.
True high performance oil is produced by using
a combination of the following factors: industry
standard tests, proprietary tests, field tests,
and prior experience with similar formulations.
The design and the development of Caterpillar
lubricants that are both high performance and
high quality are based on these factors.

Note: Non-Caterpillar commercial oils are second
choice ails.

Commercial Oils

NOTICE
Caterpillar does not warrant the quality or perfor-
mance of non-Caterpillar fluids.

PC Diesel Engines

If Cat DEO multigrade is not used, only use
commercial oils that meet the following categories:

» Caterpillar ECF-1 (Engine Crankcase Fluid
specification -1)

« AP| CH-4 multigrade oils, API Cl-4, and API
Cl-4 PLUS multigrade ocils are acceptable if the
requirements of Caterpillar's ECF-1 {Engine
Crankcase Fluid specification -1) are met. API
CH-4, AP CI-4, and API Cl-4 PLUS oils that have
not met the requirements of the Caterpillar ECF-1
specification may cause reduced engine life.

« AP| CG-4 multigrade oils (acceptable oil for PC
engines)

» AP| CF-4 multigrade oil (acceptable il for PC
engines)

» API CF oil (acceptable oil for PC engines)
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NOTICE
In selecting oil for any engine application, both the
oil viscosity and oil performance category/specifica-
tion as specified by the engine manufacturer must be
defined and satisfied. Using only one of these param-
eters will not sufficiently define oil for an engine appli-
cation.

NOTICE
Failure to follow these oil recommendations can cause
shortened engine service life due to deposits and/or
excessive wear.

Total Base Number (TBN) and Fuel
Sulfur Levels for Precombustion
Chamber (PC) Diesel Engines

The TBN for a new cil depends on the fuel sulfur
level of the fuel that is used. The minimum TBN of
the oil that is used in PC engines must be 20 times
the fuel sulfur level. The TBN is defined in “ASTM
D2896". Regardless of fuel sulfur ievel, the minimum
TBN of new oil is five. Refer to illustration 3.

1
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lliustration 3

(Y} The TBN that is shown by "ASTM D2896"

(X} Perceniages of fuel suifur by weight

(1) TBN of new oil

(2) Change the oil when the TBN deteriorates to 50 percent of
the original TBN.

g00274867

Use both of the following guidelines for fuel sulfur
levels that exceed 1.5 percent:

1. Choose an oil with the highest TBN that meets
one of these categories/specifications: Caterpillar
ECF-1, API CF, or APl CG-4

Note: API CH-4, CI-4, and Cl-4 PLUS oils that
meet the requirements of the Caterpillar ECF-1
specification (Engine Crankcase Fluid specification -
1} are acceptable for use in Caterpillar commercial
diesel engines. APl CH-4, Cl-4, and CI-4 PLUS oils
that do not meet the requirements of the Caterpillar
ECF-1 specification may cause reduced engine life.

Note: AP| CF cils and single grade oils are not
acceptable for use in Caterpillar DI engines.
Excessive piston deposits will occur when oils that
meet only the APl CF oil category are used in
Caterpillar 3500 Series, C175 Series and smaller DI
diesel engines.

2. Reduce the oil change interval. Base the oil
change interval on the oil analysis. Ensure that the
cil analysis includes the condition of the oil and a
wear metal analysis. Caterpillar $-O-S Services oll
analysis is strongly recommended.

Excessive piston deposits can be produced by an oil
with a high TBN and/or high ash. These deposits can
lead to a loss of control of the oil consumption and to
the polishing of the cylinder bore.

NOTICE
Operating PC engines at fuel sulfur levels over 1.0
percent may require shortened il change intervals to
maintain adequate wear protection.

Lubricant Viscosity Recommendations
for Precombustion Chamber (PC) Diesel
Engines

The proper SAE viscosity grade of oil is determined
by the minimum ambient temperature during

cold engine start-up, and the maximum ambient
temperature during engine operation.

Refer to Table 3 (minimum temperature) in order to
determine the required oil viscosity for starting a cold
engine.

Refer to Table 3 {(maximum temperature) in order to
select the oil viscosity for engine operation at the
highest ambient temperature that is anticipated.

Generally, use the highest oil viscosity that is
available to meet the requirement for the temperature
at start-up.
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Table 3
Lubricant Viscositieé For Ambient Temperatures(‘)(z)m
- Ambient Temperature '
Viscosity Grade Minimum Maximum
SAE OW-20 | -40°C (=40 °F) | 10 °C (50 °F) |
| SAEOW-30 | -40°C (-40°F) | 30 °C (86 °F) |
SAE OW-40 | 40 °C (40 °F) | 40 °C (104 °F) |
| SAES5W-30 | -30°C (-22°F) | 30 °C (86 °F)
SAE 5W-40 | -30°C (-22°F) | 50 °C (122 °F) |
SAE 10W-309. | -18°C (0°F) | 40 °C (104 °F)
SAE 10W-40 | -18°C(0°F) | 50°C (122 °F)
SAE 15W-40 | -9.5°C (15°F) | 50 °C (122 °F)
SAE30® | 0°C(32°F) ' 40°C (104 °F) |
SAE 400 5 °C (41 T)T ' 759 °c (122 °F)

Refer to this publication, “Engine Qil” for recommendations of
diesel engine oil type.

Supplemental heat is recommended for cold-soaked starts
below the minimum ambient temperature. Supplemental

heat may be required for cold-soaked starts that are above
the minimum temperature that is stated, depending on the
parasitic load and other factors. Cold-soaked starts occur
when the engine has not been operated for a period of time,
allowing the oil to become more viscous due to cooler ambient
temperatures.

SAE10W-30 is the preferred viscosity grade for the 3116, 3126,
C7, C-9 and C9 diesel engines when the ambient temperature
is between —18 °C (0 °F) and 40 °C (104 °F).

4) PC engines only

{1

{2

3

Note: Supplemental heat is recommended for
cold-soaked starts below the minimum ambient
temperature. Supplemental heat may be required
for cold-soaked starts that are above the minimum
temperature that is stated, depending on the parasitic
load and other factors. Cold-soaked starts cccur
when the engine has not been operated for a pericd
of time, allowing the oil to become more viscous due
to cooler ambient temperatures.

02434366

Marine Transmission Oil
SMCS Code: 3080; 3300; 7581

Cat TDTO (Transmission/Drive Train Qil} is balanced
in order to give maximum frictional material service
life and performance in Caterpillar transmissions. Cat
TDTO exceeds the requirements for the Caterpillar
TO-4 oil specification which includes the frictional
requirements and gear wear requirements. Cat TDTO
is offered in different lubricant viscosity grades for
maximum service life of components at high ambient
temperatures and heavy duty cycles.

For maximum transmission service life and
performance, Caterpillar recommends Cat TDTO.
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Table 4
Cat TDTO
Lubricant Viscosities For Operating Temperatures
Cooling of g i Minimum Maximum
Transmission Qil Viscosities Temperature Temperature

SAE 30 -156 °C (5 °F) 80 °C (176 °F)
Raw/Sea water -
SAE 50 -5 °C (23 °F) g5 °C (203 °F)

Jacket Water SAE 50

-5 °C (23 °F) 95 °C (203 °F)

Contact your Caterpillar dealer for part numbers and
for sizes of available containers.

NOTICE
This oil is formulated for transmissions and drive trains
only, and should not be used in engines. Shortened
engine life will result.

NOTICE
Cat GO (Gear Oil) is not the same as Cat TDTO, and
does not meet Caterpillar's specifications for TO-4 oil.
Cat GO or commercial gear oils should not be used in
compartments which specify TO-4 oil.

Caterpillar Transmission/Drive
Train Oils

If Cat TDTO (Transmission/Drive Train Qil) is not
used, commercial oils meeting the Caterpillar TO-4
specification must be used in Caterpillar marine
transmissions. Use TO-4 specification oils that are
single grade only.

Commercial Marine Transmissions

For marine transmissions which are not manufactured
by Caterpillar, refer to the lubrication recommendation
of the Original Equipment Manufacturer (OEM) for
the marine transmission or the vessel.

02333512

Synthetic Base Stock Oils
SMCS Code: 1300; 1348; 7581

Synthetic base oils are acceptable for use in
Caterpillar engines if these oils meet the
performance requirements that are specified for
the engine compartment.

Synthetic base oils generally perform better than
conventional oils in the following two areas:

+ Synthetic base ails have improved flow at low
temperatures especially in arctic conditions.

» Synthetic base oils have improved oxidation
stability especially at high operating temperatures.

Some synthetic base oils have performance
characteristics that enhance the service life of the
oil. However, Caterpillar does not recommend the
automatic extension of oil drain intervals for any type
of ail.

Oil drain intervals for Caterpillar engines can only be
adjusted after an oil analysis program that contains
the following data:

 Oil condition, oil contamination, and wear metal
analysis (Caterpillar $:O'S Services oil analysis)

¢ Trend analysis
« Fuel consumption
« Qil consumption

Refer to the “Extended Engine Qil Drains and
Warranty” heading in the Foreword of this publication.

02387645

Re-refined Base Stock Oils
SMCS Code: 1300; 1348; 7581

Re-refined base stock oils are acceptable for

use in Caterpillar engines if these cils meet the
performance requirements that are specified by
Caterpillar, Re-refined base stock oils can be used
exclusively in finished oil or in a combination with
new base stock oils. The US military specifications
and the specifications of other heavy equipment
manufacturers also allow the use of re-refined base
stock oils that meet the same criteria.

The process that is used to make re-refined base
stock oil should adequately remove all wear metals
that are in the used oil and all additives that are in the
used oil. Vacuum distillation and the hydrotreating of
the used oil are acceptable processes that are used
for producing a re-refined base oil.
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Note: Filtering is inadequate for the production of
high quality re-refined base stock oils from used oil.

02333760

Aftermarket Oil Additives
SMCS Code: 1300; 1348; 7581

Caterpillar does not recommend the use of
aftermarket additives in oil. 1t is not necessary to
use aftermarket additives in order to achieve the
engine's maximum service life or rated performance.
Fulty formulated, finished oils consist of base oils
and of commercial additive packages. These additive
packages are blended into the base oils at precise
percentages in order to help provide finished oils
with performance characteristics that meet industry
standards.

There are no industry standard tests that evaluate
the performance or the compatibility of aftermarket
additives in finished oil. Aftermarket additives may
not be compatible with the finished oil's additive
package, which could lower the performance of the
finished oil. The aftermarket additive could fail to
mix with the finished oil. This could produce sludge
in the crankcase. Caterpillar discourages the use of
aftermarket additives in finished ails.

To achieve the best performance from a Caterpillar
engine, confarm to the following guidelines:

« Select the proper Caterpillar oil or a commercial oil
that has passed the Field Performance evaluation.

« See the appropriate “Lubricant Viscosities for
Ambient Temperatures” table in order to find the
correct oil viscosity grade for your engine.

« At the specified interval, service the engine
compartment. Use appropriate new oil and instalt
an appropriate new oil filter.

« Perform maintenance at the intervals that are
specified in the Operation and Maintenance
Manual, “Maintenance Interval Schedule”.

102434558

Cold Weather Lubricants
SMCS Code: 1300:; 1348; 7581

Before attempting to start the engine, make sure that
the oil in the engine is fluid enough to flow. Check the
oil by removing the dipstick. If the oil will drip from
the dipstick, then the oil should be fluid enough to
allow the engine to start. Do not use oil that has been
diluted with kerosene. Kerosene will evaporate in the
engine. This will cause the oil to thicken. Kerosene
will cause swelling and softening of the silicone seals.

If the viscosity of the oil is changed for colder
weather, also change the filter element. If the filter is
not changed, the filter element and the filter housing
can become a solid mass. After you change the oil,
operate the engine in order to circulate the thinner oil.

When you start an engine or when you operate

an engine in ambient temperatures that are
below-20°C {-4°F) use base oils that can flow in
low temperatures. These oils have lubricant viscasity
grade of SAE OW or of SAE 5W.

When you start an engine or when you operate an
engine in ambient temperatures that are below -30°C
(-22°F), use a synthetic base stock multigrade oil.
The oil should have a {ubricant viscosity grade of
SAE OW or SAE 5W. Use an oil with a pour point that
is lower than —-40°C (—40°F).

Because the number of acceptable lubricants is
limited in arctic conditions, Caterpillar has special
recommendations for arctic conditions. Caterpillar
recommends the lubricants that are listed in this
article for use in arctic conditions. The lubricants are
listed by preference.

Note: Lise the highest oll viscosity grade that is
allowed for the ambient temperature when you
start the engine. If a different cil viscosity grade is
specified in the tables for “Lubricant Viscosities for
Ambient Temperatures”, use the viscosity grade that
is specified in the table for “Lubricant Viscosities for
Ambient Temperatures”. In arctic applications, the
preferred method of lubrication is to use engine
compartment heaters that are properly sized,
and to use an oil that is a higher viscosity grade.
Refer to the “Lubricant Viscosities” section for further
details (Maintenance Section).
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Note: Cold-soaked starts occur when the engine has
not been operated for a period of time, aliowing the
oil to become more viscous due to cooler ambient
temperatures. Supplemental heat is recommended
for cold-soaked starts that are below the minimum
ambient temperatures listed in the “Lubricant
Viscosities for Ambient Temperatures” tables.
Supplemental heat may be required for cold-soaked
starts that are above the minimum temperature that
is stated, depending on the parasitic load and other
factors.

NOTICE

Engines that use fluid or pan heaters, or heated
enclosures, or are kept running under load, etc.
can, and generally should use higher viscosity
oil. The "Lubricant Viscosities for Ambient Tempera-
tures” tables (Maintenance Section) "Minimum" vis-
cosity for ambient temperature recommendations are
for cold-soaked conditions. Use the highest viscosity
oil that is aliowed for the ambient temperature when
you start the engine - BUT, under Continuous Us-
age (Multiple Shifts/Day), and/or when using fluid
or pan heaters, etc., use a higher viscosity oil, NOT
the oil with the minumum recommended viscosity for
cold-soaked starting conditions. The higher viscosity
cil will maintain the highest possible oil film thickness.
Refer to the "Lubricant Viscosities for Ambient Tem-
peratures” tables and the table foctnotes for excep-
tions.

Example: The oil viscosity recommended for use in
Caterpillar diesel engines for cold-soaked starts at
-40 °C (-40 °F) is multigrade oil of the SAE 0W vis-
cosity grade (SAE 0W-20, SAE 0W-30, etc.). If the
diesel engine is run continuously, SAE 15W-40 vis-
cosity grade diesei engine ¢il can be used - and is
generally the preferred oil viscosity in this situation.

NOTICE
If ambient conditions warrant, a higher viscosity oil of
the recommended specification/category for a given
compartment may need to be installed in order to pro-
vide adequate film thickness.

NOTICE
Recommended engine warm-up procedure must be
followed. Refer to the Operation and Maintenance
Manual.

+ Engine Qils

NOTICE
Use of oils that are not recommended as first choice
oils could result in reduced performance and short-
ened life of the engine.

First Choice — use a Cat DEO multigrade or a
commercial diesel engine oil that meets the Cat
ECF-1 specification with one of the following lubricant
viscosity grades: SAE O0W-20, SAE 0W-30, SAE
0W-40, SAE 5W-30, and SAE 5W-40.

Second Choice — Use a commercial oil that is
API Cl-4, API CI-4 PLUS, API CH4, or API| CG-4
licensed. The oil must have one of the following
tubricant viscosity grades: SAE 0W-20, SAE 0W-30,
SAE 0W-40, SAE 5W-30, and SAE 5W-40.

Note: Do not use APl CF-4 oils in Caterpillar diesel
engines.

NOTICE
Shortened engine service life could result if second
choice oils are used.

02439299

Lubricant Viscosities

SMCS Code: 1000; 7000; 7581

Selecting the Viscosity

Ambient temperature is the temperature of the air

in the immediate vicinity of the engine. This may
differ due to the engine application from the generic
ambient temperature for a geographic region. When
selecting the proper oil viscosity for use, review both
the regional ambient temperature and the potential
ambient temperature for a given engine application.
Generally, use the higher temperature as the criterion
for the selection of the oil viscosity. Generally, use the
highest oil viscosity that is allowed for the ambient
temperature when you start the engine. Refer to the
"Lubricant Viscosities for Ambient Temperatures”
tables and the associated footnotes for guidance. in
arctic applications, the preferred methods are to use
a heated enclosure, or properly sized engine heaters
and a higher viscosity grade oil. Thermostatically
controlled heaters that circulate the oil are preferred.

The proper oil viscosity grade is determined by

the minimum ambient air temperature (the air in

the immediate vicinity of the engine). This is the
temperature when the engine is started and while the
engine is operated. In order to determine the proper
oil viscosity grade, refer to the *“Min” column in the
table. This information reflects the coldest ambient
temperature condition for starting a cold engine and
for operating a cold engine. Refer to the "Max” column
in the table in order to select the oil viscosity grade
for operating the engine at the highest temperature
that is anticipated. Unless specified otherwise in the
“Lubricant Viscosities for Ambient Temperatures”
Table, use the highest oil viscosity that is allowed for
the ambient temperature when you start the engine.
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Engines that are operated continuously and/or are
heavily loaded should use oils that have the higher oil
viscosity. The cils that have the higher oil viscosity will
maintain the highest possible oil film thickness. Refer
to this Special Publication, “Lubricant Viscosities

for Ambient Temperatures” Tables and associated
footnotes for any exceptions. Consult your dealer if
additional information is needed.

Note: SAE OW and SAE 5W oils are generally not
recommended for use in engines that are operated
continuously and/or are heavily loaded. Refer to the
“Lubricant Viscosities for Ambient Temperatures”
tables and the associated footnotes for guidance.
The oils that have the higher oil viscosity will maintain
the highest possible cil film thickness. Consult your
Caterpillar dealer if additional information is needed.

NOTICE

Proper oil viscosity AND oil type (category/specifica-
tion) are required to maximize engine performance
and life. Do NOT use only oil viscosity, or only oil type
to determine the engine ocil selection. Using only the oil
viscosity or only the oil type to determine the engine
oil selection can lead to reduced performance and en-
gine failure. Refer to the “Lubricant Viscosities for Am-
bient Temperatures” tables and to ALL of the associ-
ated footnotes, and to the "Lubricant Specifications” in
this publication.

NOTICE
The footnotes are an integrat part of the "Lubricant
Viscosities for Ambient Temperatures” tables - read
ALL footnotes!

NOTICE

In colder ambient conditions an engine warm-up pro-
cedure and/or supplemental engine fluid compartment
heat may be required. Engine specific warm-up pro-
cedures can typically be found in the Operation and
Maintenance Manual for the engine. The “Lubricant
Viscosities for Ambient Temperatures” tables in this
publication include footnotes that address compart-
ment warm-up.

NOTICE
Not following the recommendations found in the “Lu-
bricant Viscosities for Ambient Temperatures” Tables
and associated footnotes can lead to reduced perfor-
mance and engine failure.

NOTICE
Do NOT use only the oil viscosities when determining
the recommended cil for an engine compartment. The
oil type (category/specification) MUST also be used.

Note: Different brand oils may use different additive
packages to meet the various engine performance
category/specification requirements. For the best
results, do not mix oil brands.

Note: The availability of the various Caterpillar oils
will vary by region.

102355796

Lubricating Grease

SMCS Code: 06845; 1000; 7000; 7581

NOTICE
These recommendations are subject to change with-
out notice. Contact your local Caterpillar dealer for the
maost up to date recommendations.

Caterpillar provides various greases that vary in
perfermance from a moderate performance to an
extremely high performance. These greases service
the entire line of Caterpillar products in the wide
variety of climates throughout the world. From this
variety of Caterpillar grease products, you can

find a Caterpillar grease that wilt meet or exceed
the performance reguirements for almost every
machine that is produced by any Original Equipment
Manufacturer (OEM), and for almost every machine
application or equipment application.

Before selecting a grease product, the performance
requirements must be determined. Consult the
grease recommendations that are made by the OEM
for the equipment. Then, consult with your Caterpillar
dealer for a list of greases that have the perfarmance
specifications and the available container sizes.

Note: Always choose grease that meets or exceeds
the recommendations that are specified by the
equipment manufacturer for the application.

If it is necessary to choose a single grease to use
for all of the equipment at cne site, always choose

a grease that meets or exceeds the requirements

of the most demanding application. Remember

that the products which barely meet the minimum
performance requirements can be expected to barely
produce the minimum parts life. False economy is
being used if a grease is purchased with the lowest
cost as the only consideration. Instead, use the
grease that yields the lowest total operating cost. This
cost should be based on an analysis that includes the
costs of parts, labor, downtime, and the cost of the
amount of grease that is required.
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Note: When the grease in a joint is changed from one
type of grease to another or a grease from a different
supplier is to be used, it is generally recommended
to purge all of the old grease from the joint because
some greases are not chemically compatible. Consult
your supplier in order to determine if the greases are
compatible.

If in doubt, Purge!

Note: All Caterpillar brand greases are compatible
with each other.

Cat Mulitipurpose Grease

Cat Multipurpose Grease is a National Lubricating
Grease Institute (NLGI) grade 2 grease. This grease
is made with petroleum base oil and a lithium complex
thickener. Cat Multipurpose Grease is formulated

for use in applications that have a low severity to a
medium severity and moderate temperatures.

Cat Multipurpose Grease meets the NLGI certification
of “GC-LB".

Note: If the application calls for a muitipurpose
grease and Cat Multipurpose Grease is not available,
consult the grease data sheets. Use a substitute that
meets or exceeds the performance characteristics of
Cat Multipurpose Grease.

Cat White Assembly Grease

Cat Multipurpose Grease is also available in an
extra tacky version, known as Cat White Assembly
Grease. Cat White Assembly Grease has the same
formula and the same performance as regular Cat
Multipurpose Grease. One difference between Cat
Multipurpose Grease and Cat White Assembly
Grease is the white color. In addition, this grease
has been made extira tacky in order to hold gaskets,
O-rings, and needle bearings better in the assembly
of engines and other components.

Cat Advanced 3Moly Grease

Cat Advanced 3Moly Grease is an NLGI grade 2
grease. This grease is made with petroleum base oil
and a lithium complex thickener. This grease also
has three percent Molybdenum diSulfide (MoS; or
“Moly”). Cat Advanced 3Moly Grease is formulated
for use in applications with low severity to high
severity at moderate temperatures. In addition, the
molybdenum in Cat Advanced 3Moly Grease is a
special grade that has a median particle size of 3
microns in order to meet the special requirements of
some rolling element bearings.

Cat Advanced 3Moly Grease meets the NLGI
certification of “GC-LB".

Note: If the application calls for a multipurpose
grease with molybdenum and Cat Advanced 3Moly
Grease is not available, consuit the data sheets for
the greases. Use a substitute that meets or exceeds
the performance characteristics of Cat Advanced
3Mgcly Grease.

Severe Applications

Caterpillar has greases which are made with a
Calcium Sulfonate Complex thickener. This type of
grease is necessary for more severe applications.
These greases provide more load carrying {(galling
resistance), lower wear, longer working life,
exceptional water washout, and resistance to
corrosion.

Cat Ultra 5Moly Grease

Cat Ultra 5Moly Greases are available in NLGI
grades 1 and 2. Cat Ultra 5SMoly Greases are made
with special blends of petroleum base oils and

a Calcium Sulfonate Complex thickener. These
greases also have five percent Molybdenum diSulfide
(MoS; or “Moly”) and an added tackifier. Cat Ultra
BMoly Greases are specially formulated in order

to protect all of the most heavily loaded peints in
any Caterpillar engine against galling, wear, and
corrosion. This protection is sustained while work is
being done in moderate temperatures and with wet
working conditions or dry working conditions.

Cat Ultra 5Moly Greases are formulated with special
blends of naphthenic petroleum base oils that have
low pour points. This allows the Cat Ultra 5SMoly
Greases to pump at lower temperatures. The ability to
pump Cat Ultra 5Moly Greases at lower temperatures
means added insurance that all of the grease joints
in the engine will be adequately lubricated even if the
ambient temperature drops unexpectedly.

A significant challenge exists in order to get grease
to pump into the joints at low temperatures. Once
the grease gets to the joint, the grease must have
extremely high resistance to galling, wear, fretting,
water washout, and corrosion in order to adequately
protect highly loaded joints.

Even under severely loaded conditions, the grease
should preferably have a very long working life.

In order to make greases that meet these greater
demands, a Calcium Sulfcnate Complex thickener
with a properly blended naphthenic oil and/or a
synthetic base cil is required. This is the reason that
Caterpillar uses these ingredients in Cat Ultra S5Moly
Greases.
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Cat Ultra 5Moly Greases also have five percent
Moly, instead of the zero to three percent that is
found in most other greases. This additional Moly
greatly improves the ability of the grease to protect
parts from damage in applications with severe
impact (slamming). in addition, the Moly in Cat Ultra
5Moly Grease is a special grade that has a median
particle size of 3 microns in order to meet the special
requirements of some rolling element bearings.

Cat Ultra 5Moly Greases are also made to be

extra tacky. In some applications, the film of
grease must adhere to the vertical surfaces. Many
conventional greases do not have enough of the
tacky characteristic to allow the grease to stay in
place. In addition, many of these greases do not
have the performance to adequately protect the gear
teeth in these applications.

Cat Ultra 5Moly Grease exceeds the NLGI
certification of “GC-LB".

Note: If the application calls for Cat Ultra SMoly
Grease and Cat Ultra 5Moly Grease is not available,
consult the data sheets for the grease. From

these data sheets, use a substitute that meets the
performance characteristics of Cat Ultra 5Moly
Grease.

Cat Ultra 5Moly Grease is formulated not to contain
lead, antimony, barium, zinc, phosphorous, or
chlorine additives. Thus, when Cat Ultra 5Moly
Greases are compared to many other types of
grease, the Cat Ultra 5Moly Greases are more
environmentally friendly.

Cat Desert Gold Grease

Cat Desert Gold Grease is formulated in order to
protect the most severely lsaded joints in Caterpillar
machines against galling, wear, and corrosion. This
protection is sustained while work is being done at
moderate temperatures to very hot temperatures with
wet conditions or dry conditions.

Cat Desert Gold Grease is an NLGI grade 2 grease.
This grease is made with a synthetic base oif that
has a very high viscosity and a Calcium Sulfonate
Complex thickener. This grease also has five percent
Molybdenum diSulfide (MoS. or "Moly”) and tackifier.

As the temperature changes, Cat Desert Gold
Grease will experience a minimal change in viscosity
because the base is a synthetic oil. Because Cat
Desert Gold Grease has a synthetic base oil with a
high viscosity, Cat Desert Gold Grease maintains a
thick lubricant film even at very hot temperatures,

Cat Desert Gold Grease is made with a Calcium
Suifonate Complex thickener. This provides the
necessary protection against galling, wear, fretting,
water washout, and corrosion. Cat Desert Gold
Grease also has a very long life. This grease will
resist breakdown even when the application is under
extremely heavy loads. This protection is sustained
while work is being done at moderate temperatures
to very hot temperatures with wet conditions or dry
conditions.

Cat Desert Gold Grease has five percent
molybdenum instead of the zero to three percent
that is found in most other greases. This additional
molybdenum greatly improves the ability of the
grease to protect parts from damage in applications
with severe impact (slamming). In addition, the
melybdenum in Cat Desert Gold Grease is a special
grade. This grade has a median particle size of 3
microns in order to meet the special requirements of
some rolling element bearings.

Cat Desert Gold Grease is made to be extra tacky. In
some applications, the film of grease must adhere to
the vertical surfaces. Many conventional greases do
not have enough of the tackifier to allow the grease
to stay in place. In addition, many of these greases
do not have the performance, particularly at high
ambient temperatures, to adequately protect the gear
teeth in these applications.

Cat Desert Gold Grease has the ability to prevent
galling and wear at very hot temperatures under
extremely severe loads and conditions. In moderate
temperatures, Cat Desert Gold Grease can be

used in those extremely severe applications if an
improvement over Cat Ultra 5Moly Grease is desired.

Cat Desert Gold Grease can be used in applications
that require the lubricant to last for very long periods
of time because this grease has an extremely high
performance and long life.

Cat Desert Gold Grease exceeds the NLGI
certification of "GC-LB”.

Note: If the application calls for Cat Desert Gold
Grease and Cat Desert Gold Grease is not available,
consult the data sheets for the grease. From

these data sheets, use a substitute that meets the
performance characteristics of Cat Desert Gold
Grease. With consideration given to the application,
Cat Uitra 5Moly Grease, or Cat Arctic Platinum
Grease may perform adequately. However, the use
of these greases may require a different schedule
for lubrication.
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Cat Desert Gold Grease is formulated not to contain
lead, antimeny, barium, zinc, phosphorous, or
chlorine additives. Thus, when Cat Desert Gold
Grease is compared to many other types of grease,
the Cat Desert Gold Grease is more envircnmentally
friendly.

Cat Arctic Platinum

Cat Arctic Platinum Grease is formulated to

protect the most heavily loaded joints in Caterpillar
machines against galling, wear, and corrosion. With
dependence on the consistency of the grease, this
protection is sustained, while work is being done in
moderate temperatures and in temperatures that may
reach a temperature of -50 °C (-58 °F). In addition,
the conditions may be wet or dry. Cat Arctic Piatinum
Grease is available in NLGI grade Q.

Cat Arctic Platinum Grease is made with a synthetic
base oil that has a very low viscosity and a Calcium
Sulfonate Complex thickener. The performance is
enhanced with five percent Molybdenum diSulfide
{MoS, or “Moly”) and a tackifier.

Because the base oil is synthetic, Cat Arctic
Platinum Grease has a minimal change in viscosity
as the temperatures drop. Because the synthetic
base oil has a very low viscosity, the Cat Arctic
Platinum Grease that is made with this base oil

has a minimal change in viscosity and flows easily
as the temperature drops. Cat Arctic Platinum
Grease pumps easily at exiremely low temperatures,
in fact, Cat Arctic Platinum Grease NLG! grade

0 can be pumped through standard automatic
lubrication systems that are machine mounted and at
temperatures down to —50 °C (-58 °F). This means
that the grease can be pumped through those long
unheated lines and into the required joints.

Cat Arctic Platinum Grease is made with Calcium
Suifonate Complex thickener in order to provide the
necessary protection against galling, wear, fretting,
water washout, and corrosion.

Cat Arctic Platinum Grease performs well for long
periods of time. This grease resists breakdown even
with extremely heavy loads. This grease provides
protection that will be sustained in conditions that are
wet or dry. Also, this grease will provide protection

in moderate temperatures as well as extremely cold
temperatures.

Cat Arctic Platinum Grease has five percent of
molybdenum instead of zero to three percent that is
found in most of the other greases. This additional
molybdenum greatly improves the ability of the
grease in order to protect parts from damage in
applications with severe impact (slamming). In
addition, the molybdenum in Cat Arctic Platinum
Grease is a special grade. This molybdenum has a
median particle size of 3 microns in order to meet
the special requirements of some rolling element
bearings.

Cat Arctic Platinum Grease is made to be extra
tacky. In some applications, the film of grease must
adhere to the vertical surfaces. Many conventicnal
greases do not have enough tackifier to adhere weil
to the vertical surfaces. This ability is necessary in
order to adequately protect the gear teeth in these
applications.

Cat Arctic Platinum Grease has the ability to prevent
galling and wear at very cold temperatures under
exiremely severe loads and conditions. In moderate
temperatures, Cat Arctic Platinum Grease can be
used in the application if the compartment is sealed
tightly in order to contain the grease.

Cat Arctic Platinum Grease is sometimes used in
applications that require the lubricant to tast for very
long periods of time, This is due to the fact that this
grease has an extremely high performance and this
grease also has a long life.

Note: If the application calls for Cat Arctic Platinum
Grease and no Cat Arctic Platinum Grease is
available, consult the data sheets for the grease. Use
a substitute that most closely meets the performance
characteristics.

Cat Arctic Platinum Grease is formulated not to
contain lead, antimony, barium, zinc, phosphorous,
ar chlorine additives. Thus, when Cat Arctic
Platinum Grease is compared to many other types
of grease, the Cat Arctic Platinum Grease is more
environmentally friendly.

Cat High Speed Ball Bearing
Grease

Cat High Speed Ball Bearing Grease is an NLGI
grade 2 grease. This grease is made with a petroleum
base oil and a polyurea thickener. This grease is
recommended for applications that utilize roller
bearings and ball bearings at low loads to moderate
loads at high speed.
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Cat High Speed Ball Bearing Grease is formulated not
to contain lead, antimony, barium, zinc, phosphorous
or chiorine additives. Thus, when Cat High Speed
Ball Bearing Grease is compared to many other types
of grease, the Cat High Speed Ball Bearing Grease
is more envirenmentally friendly.
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Grease Application Chart

" Service Life, refer to % change after 100,000 stroke_s‘ in technical data sheet (ASTM D 217)
[

z
Severe 3
ot Extreme . .
) NLGL | 'Low Temp 2Severe *Severe *Severe Applications *Severe SEnvironnmentally | ®Corrosion | "Water Washout
Caterpillar Grease Name A p ! = ) i 4 i ) ] :
P Grade | Pumpability | Applications | Applications | Applications | with Extremely |  Applications P’fé;;"e Service Life Friendly Protection | Resistance
Heavy Loads
. [in Centralized | Extremely Low Low Moderate Moderate High
Recommended Operating to to {Anti-Wear {Shear
Conditions {(Auto-Luse] to Moderate o 1o Extremely High | Protecti Stabil
Systerms] Low Temps g High Temps High Temps emely Hig rotection) ability)
Temps Temps
_50°C {.58" om0t f100 o o 5 o
Optimum Temperature 50°C (-58'F) | -23°C (10'Fy | +18c +B5F) | +18°C (+65F) | +38°C (+100°F)
Range to to 7 to to 10
-18°C (0'F) | +28°C (+B5°F) | +60°C (+140°F)| +41°C {(+105 F) | +232°C (+450°F}
Desert Gold 2 above +35°F NIR Excellent Excellent Excellent Very Good Excellent Excellent Yes Excellent Excellent
Ultra SMoly 2 above +20°F N/R Excellent Excelient Very Good Good Excellent Excellent Yes Excellent Excellent
Ultra SMoly 1 above O F Good Excedlent Good Good Fair Excellent Excellent Yes Excellent Excellent
Arctic Platinum 0 0 above -45F Excellent Very Good NIR N/IR N/R Excellent Excellent Yes Excellent Excellent
Advanced 3Moly 2 above 0'F N/R Fair Goed Good NR Very Good Good Ne Fair Fair
Multipurpose Grease 2 above -10°F NIR N/R MN/R N/R N/R Fair Good No Fair Fair
High Speed Ball Bearing
N/R N/R N
Grease 5 above O°F NIR N/R N/R N/R Very Good o Good Good
' Based on USS Mobilty and Lincoln Ventmeter Tests Performance ;nay vary depending on lubrication equipment and iér;gth of lines - ]
I i . e i - _
‘ Severe Applications are th]c_w_se Mh;__}llg_rtheavy loads, fraquent oscillations,and heavy §hoc_k_\qag_s ! _ | -
. [ i . [ T
- Extreme pressure (EP), refer to 4-Bali Weld point in technical data sheet (ASTM D 2596) .
_=xieme LA E AL L& A Shee

" is not formy_\ate-gto. cbntain. Lead, Antimaony. Banum, Zinc, E{hosphoro_y_s‘ orél%brme additives.

Cjen e e
|
T

F Resistance to Salt water and SartSp‘r_ay(ASTM BN
i i

N/R = Not Recommended

“Water Washout Resistance, refer to Rall Stability with Water, % Change (ASTM D 1264)

“[Note - For additional performance data oh these greases refer to PEW
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S-0-S Services Oil Analysis

SMCS Code: 1000; 1348; 3080, 4070, 4250, 4300;
5095; 7000; 7542; 7581

NOTICE
These recommendations are subject to change with-
out prior notice. Contact your local Caterpillar dealer
for the most up to date recommendations.

Caterpillar has developed a maintenance
management tool that evaluates oil degradation
and detects the early signs of wear on internal
components. The Caterpillar tool for oil analysis is
called S-O-S oil analysis and the tool is part of the
S-0-S Services program. S-0-S oil analysis divides
cil analysis into four categories:

+ Component wear rate

» Qil condition

Qil contamination

Qil identification

Component Wear Rate analysis evaluates the
wear that is taking place inside the lubricated
compartment. The 5-0-5 Services analyst uses the
results of elemental analysis and particle count tests
to evaluate the wear. Trend analysis and proprietary
wear tables are then used to determine if wear rates
are normal or abnormal.

Oil Condition analysis is used to determine if the oil
has degraded. Tests are done to lock at the oxidation,
sulfation, and viscesity of the oil. The 8-0-S Services
analyst uses established guidelines or trend analysis
to determine if the oil has reached the end of its
useful life.

Oil Contamination tests are performed to determine
if anything harmful has entered the oil. This analysis
relies on the results from the following tests:
elemental analysis, soct, particle count, fuel dilution,
water, and glycol. The 5-0-S Services program

has guidelines for the level of contamination that is
allowed in a Cat engine.

Oil Identification is another very important part of
the 5-0-S oil analysis program. The wrong oil in an
engine can severely damage major components,
The §-O-8 Services analyst uses elemental analysis
and viscosity results to identify key characteristics
of the oils.

These four types of analysis are used to monitor the
condition of your eguipment, and to help you identify
potential problems. A properly administered S-O-S
Services oil analysis program will reduce repair costs
and the program will lessen the impact of downtime.

The S-O-S oil analysis program uses a wide range
of tests to determine the condition of the cil and the
condition of the lubricated compartment.

Guidelines that are based on experience and a
correlation to failures have been established for
these tests. See the following chart for the guidelines.
Exceeding one or more of these guidelines could
indicate serious fluid degradation or a pending
component failure. A trained person at your
Caterpillar dealership should make the final analysis.

Note: Cooling system problems will also reduce

the life of engines. S-0O-S coolant analysis together
with S-O-S oil analysis provide a complete and
accurate method for monitoring the health of all
engine systems. Refer to the $-O-5 Services coolant
analysis information in this publication. A properly
administered 5-0-8 Services program will reduce
repair costs and lessen the impact of downtime.

Table 5

$-0-8 Qil Analysis Guidelines

I
Test Parameter Guideline
Oxidation o
Soot ‘”
Sulfation P '
Sulfaon " ]
Wear Metals Trend Analysis and Cat |
Wear Tabie!" norms
Water 0.5% maximum '
L } T S
Glycol 0% '
" Fuel Dilution ' 4% maximum

| +/-3 centistoke (cSt)
change from new oil
viscosity. 1

—_ _

Viscosity "ASTM D445”
_ measured at 100° C
i (212° F)
1} Acceptable values for these parameters are proprietary to the
S-S oil analysis program.

Consult your Caterpillar dealer for compiete
information and assistance about the 5-0-S oil
analysis program.

Obtaining S-O-S Oil Samples

Before you obtain an $-0-S oil sample, operate
the engine until the oil is warm and the oil is well
circulated. Then obtain the $-O-S oil sample.
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In order to obtain a good oil sample, do not take
the oil sample from the drain stream. The drain
stream method can allow a stream of dirty oil from
the bottom of the compartment to contaminate the
sample. Likewise, never dip an oil sample from an oil
container or pour a sample from a used filter.

NCTICE

Always use a designated pump for oil sampling, and
use a separate designated pump for coolant sampling.
Using the same pump for both types of samples may
contaminate the samples that are being drawn. This
contaminate may cause a false analysis and an incor-
rect interpretation that could lead to concerns by both
dealers and customers.

There are two acceptable ways to obtain S-O-S oil
samples. The following methods are listed in the
order that is preferred:

« Use an in-line sampling valve on the pressurized
cil manifold.

» Use a sampling gun that is inserted into the sump.

Use of the in-line sampling valve is the preferred
method. This method provides samples that are less
likely to be contaminated. Whenever you obtain the
samples, obtain the samples from the same point.
This makes the sampies more representative of the
oil that is in the system.

In order to obtain an oil sample from the engine, it
may be necessary to increase the engine's speed.
Normally, the oil sample is taken at low idle. If the
flow rate is too low, increase engine speed to high
idle in order to obtain the oil sample.

Refer to the Operation and Maintenance Manual,
“Maintenance Interval Schedule” for the proper
interval.

Oil Sampling Interval

Take the oil samples as close as possible to the
standard intervals. In order to receive the full
value from S-O-S oil analysis, you must establish
a consistent trend of data. In order to establish
a pertinent history of data, perform consistent oil
samplings that are evenly spaced.

Table 6

5:0-S Oil Sampling Interval 1
i ]

| Compartment Interval® |
Engine crankcase Every 250 Service Hours

(1) Severe applications may require a more frequent oil sampling
interval.

Consult your Caterpillar dealer for complete
information and assistance in order to establish an
S$-0-S Services program for your engine.

More Frequent S-O-S Sampling Improves
Life Cycle Management

Traditionally, the suggested S-C-S sampling
intervals for diesel engines have been at 250 hours.
However in severe applications, more frequent

oil sampling is recommended. Severe service for
ubricated compartments occurs at high loads, in high
temperatures, and in dusty conditions. if any of these
conditions exist, sample the engine oil at 125 hour
intervals. These additional samples will increase the
chance of detecting a potential failure.

Engine Applications

Studies have revealed that obtaining oil samples

at every 300 hours is toco long a time interval in
some applications in order to predict potential failure
modes. A sampling interval at every 200 hours
provides more data between oil change intervals.
More data increases the chance for detecting a
potential failure.

Determining Optimum Oil Change Intervals

Sampling the engine cil at every 200 hours provides
infarmation for oil condition and for oil performance.
This information is used to determine the optimum
usable life of a particular cil. Also, more points of
data will allow closer monitoring of component wear
rates. Close monitoring also allows you to obtain the
maximum use of the oil. For detailed information on
optimizing oil change intervals, please contact your
Caterpillar dealer.

Optimizing the Component Life Cycle

An increase in the number of oil samples provides
a better definition of the trends in data between oil
change intervals. More oil samples will allow you to
closely monitor wear patterns of components. This
action will ensure that the full life of the components
are achieved.
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02388685

General Fuel Information
SMCS Code: 1250; 1280

NOTICE
Every attempt is made to provide accurate, up to date
information. By use of this document you agree that
Caterpillar Inc. is not responsible for errors or omis-
sions.

The information that is provided is the latest
recommendations for the Caterpillar diesel engines
that are covered by this manual. This information
supersedes alf previous recommendations which
have been published for the Caterpillar diesel engines
that are covered by this publication. Special fluids are
required for some engines and it will be necessary to
continue to use these special products. Refer to the
applicable Cperation and Maintenance Manual.

NOTICE
These recommendations are subject to change with-
out notice. Contact your local Caterpillar dealer for the
most up to date recommendations.

Note: Instructions for the installation of the filter are
printed on the side of each Caterpillar spin-on filter.
For non-Caterpillar filters, refer to the installation
instructions that are provided by the supplier of the
filter.

» Purchase fuel from a reputable supplier.

» Use fuel that meets the minimum Caterpiliar
specifications for diesel fuel. The specifications
are included in the table Caterpillar Specifications
for Distillate Fuel. This table is included in the
recommendations for diesel fuel. These fuels
have a minimum requirement for lubricity. This
requirement is determined by conducting a "High
Frequency Reciprocating Rig (HFRR) Test (ASTM
Test Method-D6079)". The maximum allowable
wear scar is 0.52 mm (0.0205 inch) at 60 °C
(140 °F).

+ Keep the fuel storage tank clean of water, debris
and sediment.

« Drain water and sediment from the fuel storage
tank weekly. Drain water and sediment before the
tank is refilied.

» Keep the area around the fuel tank filler neck clean
of debris in order to prevent contamination of the
fuel tank.

» As required, clean the inside of the engine’s fuel
tank.

« Drain water and sediment from the engine’s fuel
tank daily. Drain the tank at the start of a shift.
After the fuel tank has been filled, allow the fuel to
settle for ten minutes. This will allow the water and
sediment to separate from the fuel. Then, drain the
water and sediment from the tank.

« Install water separators.
+ Drain the water from the water separator daily.

« Caterpillar Advanced Efficiency fuel filters are
required for distillate fueled diesel engines in order
to provide maximum life to the fuel system.

« Change fuel filters at the scheduled interval. Never
fill the new fuel filter with fuel before installation.
Use the fuel priming pump to remove air from the
system.

« Install breather filters on the fuel tanks.

102388700

Fuel Information for Diesel
Engines

SMCS Code: 1250; 1280

The two basic types of distillate diesel fuel are No. 2
diesel fuel and No. 1 diesei fuel. No. 2 diesel fuel is
a heavier diesel fuel than No. 1 diesel fuel. Heavier
fuels can cause problems with fuel filters, fuel lines,
fuel tanks, and fuel storage in cold weather. Heavier
diesel fuels such as No. 2 diesel fuel can be used in
diesel engines that operate in cold temperatures with
a minimum ameunt of pour point depressant additive.
For more information on fuels which include blends of
No. 1 and No. 2 diesel fuel, consult your fuel supplier.

When you use No. 2 diesel fuel or other heavier
fuels, some of the fuel's characteristics may interfere
with successful cold weather operation. Additional
information about the characteristics of diesel fuel is
availabie. This information contains a discussion on
the madification to the characteristics of diesel fuel,
There are several possible methods that can be used
to compensate for the fuel qualities that may interfere
with cold weather operation. These methods include
the use of starting aids, engine coolant heaters, fue!
heaters, and de-icers. In addition, the manufacturer
of the fuel can add cold flow improvers.
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Starting Aids

The use of a starting aid is a conventional methoed
of assistance for cold starts in low temperature
conditions. A variety of starting aids are available for
Caterpillar engines. Follow the recommendations that
are provided by the manufacturer of the starting aid.

Engine Coolant Heaters

These heaters heat the engine coolant. The heated
coolant flows through the cylinder block. The flow

of heated coolant keeps the engine warm. A warm
engine is easier to start in cold weather. Most coolant
heaters use electrical power. A source of electricity
is necessary for this type of heater. Other heaters
that burn fuel are available as a source of heat.
These heaters may be used in place of the electrical
heaters.

With either type of heater, starting aids and/or fuels
with higher cetane numbers are less important
because the engine is warm. Problems with fuel
cloud point can cause the plugging of fuel filters.
Problems with fuel cloud point cannot be corrected
by engine coolant heaters. This is especially true for
fuel filters that are cooled by air flow during operation.

Fuel Heaters

The fuel cloud point is related to problems with fuel
filters. The fuel heater heats the fuel above the
cloud point before the fuel enters the fuel filter. This
prevents wax from blocking the filter. Fuel can flow
through pumps and lines at temperatures below the
cloud point. The cloud point is often above the pour
point of a fuel. While the fuel can flow through these
lines, the wax in the fuel can still plug the fuel filter.

In some engine installations, small modifications
can prevent problems that are caused by the cloud
point. One of the following changes can prevent
problems in many conditions: a change in the location
of fuel filters and/or supply lines and the addition

of insulation. In extreme temperatures, heating of
the fuel may be required to prevent the filters from
plugging. There are several types of fuel heaters that
are available. The heaters typically use either engine
coolant or exhaust gas as a heat source. These
systems may prevent filter waxing problems without
the use of de-icers or cold flow improvers. These
systems may be ineffective when the fuel contains a
large amount of dirt or of water. Use of a fuel heater
can help eliminate some cold weather problems.

A fuel heater should be installed so that the fuel is
heated before flowing into the fuel filter.

Note: A fuel heater is not effective for cold-soaked
starts unltess the fuel heater can be powered from
an external power source. External fuel lines may
require the use of heaters that circulate the fuel.

Note: Only use fuel heaters that are controlled
by thermostats or use fuel heaters that are
self-regulated. Do not use fuel heaters in warm
temperatures.

Note: Fuels with a high viscosity might reguire fuel
heaters in order to lower the viscosity to 20 ¢St or
less at the fuel injection pumps.

NOTICE
Do not ailow the fuel to get too warm, because fuel
above 52°C (125°F) will affect the power output of the
engine. Never exceed 75°C (165°F) with straight dis-
tillate fuel. The high fuel temperatures also affect the
fuel viscosity. When the fuel viscosity falls below 1.4
cSt, pump damage may occur.

Overheating the fuel or the fuel filter can resuit in
personai injury and/or damage to the engine. Use
extreme care and caution for heating of the fuel
filter.

Select a fuel heater that is mechanically simple, yet
adequate for the application. The fuel heater should
also prevent overheating of the fuel. Disconnect the
fuel heater or deactivate the fuel heater in warm
weather. An unacceptable loss of fuel viscosity and
engine power will occur if the fuel supply temperature
is allowed to become too hot.

For additional information on fuel heaters, see your
Caterpillar dealer.

De-lcers

De-icers lower the freezing point of the moisture in
the fuel. De-icers are not generally needed when
fuel heaters are used. If you experience trouble,
consult your fuel supplier for recommendations of a
compatible commercial de-icer.
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Characteristics of Diesel Fuel
SMCS Code: 1250; 1280

Lubricity and Low Sulfur Fuel

Note: The fuel lubricity is important. You should
consider the fuel's lubricity whenever you operate
the equipment in arctic weather. Also, you should
consider the fuel's lubricity whenever you use
fuels that are lower in viscosity. There are many
aftermarket additives that are available to treat fuel.
If the fuel's lubricity is an issue, consult your fuel
supplier for proper recommendations regarding fuel
additives.

In the USA, a 0.05 percent limit on the amount of fuel
sulfur in diesel fuel was mandated in January of 1994
for on-highway trucks. The removal of sulfur from
diesel fuel helps to reduce particulate emissions from
diesel engines. While limits for fuel sulfur have not
generally been mandated for off-highway use, some
local governments have regulations that include
off-highway use. There is frequently no difference

in the fuel that is sold for different applications.

The same fuel is often used for both on-highway
applications and off-highway applications. Other
areas of the world are mandating similar limits.
Regulations continue to become more stringent,
Lower sulfur limits can be expected in the future.

The fluid’s lubricity describes the ability of the fluid
to reduce the friction between surfaces that are
under load. This ability reduces the damage that is
caused by friction. Fuel injection systems rely on the
lubricating properties of the fuel. Untii fuel sulfur limits
were mandated, the fuel's lubricity was generally
believed to be a function of fuel viscosity.

The process that is most commonly used to remove
sulfur from fuel is called hydro-treatment. This
process is also the most economical process. Each
source of crude oil contains different amounts

of sulfur. Crude oils with low sulfur require little
hydro-treatment to obtain the Q.05 percent limit.
Crude oils with high sulfur require a more severe
treatment.

The Hydro-treatment removes the fuel's sulfur

as well as other components. The treatment
removes nitrogen compounds, polar materials,
bicyclic aromatics, polycyclic aromatics, and oxygen
compounds. While the removal of sulfur has shown
no detrimental effects to the engine, the removal of
other compounds have lowered the lubricity of the
fuel. As a result of the lowered lubricity, the fuel is
less tolerant of contamination by water and dirt. The
lower fuel lubricity can be seen as abrasive wear
of fuel system components. Fuels that have a low
lubricity may not provide adequate lubrication to
plungers, to barrels, and to injectors. This problem
may be compounded in areas that require winter
blends of fuel. The lighter winter fuel blend has the
following characteristics: lower viscosity, lower cloud
point, and lower pour point.

All low sulfur fuels do not have a low lubricity. The
fuels lubricity may be enhanced with additives. Many
fuel suppliers treat the fuel with these additives. Do
not use a fue! lubricity additive before you consult the
fuel's supplier. Some aftermarket additives may not
be compatible with the additives that are already in
the fuel. Some additive packages that are supplied by
the aftermarket manufacturer may not be compatible
with the seals that are used in fuel systems of
some diesel engines. Other additive packages that
are supplied by aftermarket manufacturers cannot
provide proper performance in high temperature
conditions. These additives may leave deposits
because of the high temperatures that exist in the
fuel systems of diesel engines.

Maximum life of the fuel system can be achieved
by performing the following tasks: using a reliable
fuel supplier and performing proper maintenance of
the fuel system. Caterpillar Advanced Efficiency fuel
filters are required for distillate fueled diesel engines
in order to provide maximum life to the fuel system.

Note: Lighter fuels are frequently used in arctic
temperatures. Lighter fuels may include the following
fuels: Jet A-1, JP-8, JP-5, and kerosene. The fuel
lubricity is not a requirement of the specifications for
these fuels. Do not assume that a fuel meets the
minimum Caterpillar specification. Contact the fuel
supplier for proper recommendations on fuel lubricity
additives.

Note: For best results, your fuel supplier should treat
the fuel when additives are required.
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Viscosity

The viscosity of the fuel is significant because the fuel
serves as a lubricant for fuel system components.
Arctic fuels need to have sufficient viscosity. The
fuel must lubricate the fuel system at a temperature
of 0°C (32°F) or below freezing. If the kinematic
viscosity of the fuel is lower than 1.4 ¢St as supplied
to the fuel injection pump or to the unit injectors,
excessive scuffing and seizure can occur,

For distillate fuel configured engines, Caterpillar
recommends a fuel viscosity as delivered to rotary
fuel injection pumps of between 1.4 ¢St and 4.5 ¢St,
and between 1.4 ¢St and 20 ¢St for all other fuel
injection pumps.

Cetane Number

The cetane number of the fuel has an effect on the
ability of the engine to start. Also, the cetane number
has an effect on the interval of time before the engine
runs smoaothly. Generally, an increase of ten in the
cetane number will allow the engine to be started at
a lower temperature. The starting temperature can
be improved approximately 7 to 8°C (12 to 15°F) for
every increase of ten in the cetane number. After the
engine reaches the normal operating temperature,

a change in the cetane from 40 to 50 will have a
minimal effect on engine performance.

Most fuels that have a cetane number above 40 will
permit acceptable engine starts in warmer outside
temperatures. The engine will start satisfactorily with
this fuel when the engine is kept warm. The engine
can be kept warm by using either a heated room or a
coolant heater.

During average starting conditions, direct injection
engines require a minimum cetane number of 40. A
higher cetane value may be required for operation
in high altitudes or for cold weather operation. The
minimum fuel cetane number that is required for the
precombustion engine is 35.

Modifying the Cetane Number

The cetane number of a fuel can be changed if the
fuel is mixed with a fuel that has a different cetane
number. Generally, the cetane number of the mixture
will be in direct relation tc the ratio of the fuels that
were mixed. Your fuel supplier can provide the
information about the cetane number of a particular
fuel.

Additives can also be used to improve the cetane
number of a fuel. Additives are evaluated through
testing in special engines. However, the fuel
characteristics of additives are not identical to a
natural product. While both fuels may be rated as
having the same cetane number, starting may be
different.

Cloud Point

It is important to understand that the cloud point of

a fuel is different from the pour point. There is no
relationship between cloud point and the pour point.
The cloud point is the temperature that allows some
of the heavier components in the wax to solidify in
the fuel. This wax is not a contaminant in the fuel.
The wax is an important element of No. 2 diesel fuel.
The wax has a high fuel energy content and the wax
has a very high cetane value. Removal of the heavier
wax lowers the cloud point of the fuel. Removal of the
wax also increases the cost because less fuel can be
made from the same amount of crude oil. Basically, a
No. 1 diesel fuel is formulated by removing the wax
from a No. 2 diesel fuel.

The cloud point of the fuel is important because the
cloud point can limit the performance of the fuel
filter. The wax can alter the fuel characteristics in
cold weather. Solid wax can fill the fuel filters. The
solidified wax will stop the flow of fuel. Fuel filters are
necessary in order to remove dirt from the fuel. The
fiters block foreign material, and the filters protect
the parts for the fuel injection system. Since fuel must
flow through the filters, installing a fuel heater is the
most practical way to prevent the problem. A fuel
heater will keep the fuel above the cloud point as the
fuel flows through the fuel system. The fuel heater will
permit the wax to flow through the filters with the fuel.

Modifying the Cloud Point

You can lower the cloud point of a diesel fuel by
mixing the diesel fuel with a different fuel that has a
lower cloud point. No. 1 diesel fuel or kerosene may
be used to lower the cloud point of a diesel fuel. The
efficiency of this method is not good, because the
ratio of the mixture does not have a direct relation
to the improvement in cloud point. The amount of
fuel with low cloud point that is required makes the
process less preferable to use.

The following illustration contains a table that can be
used to find the necessary mixture for two fuels with
different cloud points. In order to use the table, you
must know the exact fuel cloud point of each fuel.
This specification can change from one purchase of
fuel to the next purchase of fuel. This specification is
normally available from personnel at the source of
the fuel supply. When fuels that have a lower cloud
point are not available, this method cannot be used.
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The manufacturer of the fuel can add cold flow
improvers to the fuel. Cold flow improvers modify the
wax crystals in the fuels. The cold flow improvers do
not change the fuel's cloud point. However, the cold
flow improvers keep the wax crystals small enough
to pass through standard fuel filters. For mixing
precautions, see the topic “Pour Paoint”.

2°CI36°F)

k—- ¢ {30°F) —

"
\ :
\

| ~

F—-12:c{10F)

CLOUD POINT OF HEAVIER FUEL

|
CLOUD POINT OF LIGHTER FUEL

-
|
|
|
! [O!
- ' o
~18°C ( 0°F ) ' ~ -t ( or ) —
® N
—-z3c (=107 ) ~I3C {0 ) —]
| \\.
-29C (-20F) | =29 (-20°F ) —|
I .
— -34'C (=307 ) | -3¢0 {-30F)
L—40°C {-t0F) | —40°C {-40°F ) —|
—A8°C (=50 | —4B°C {-50°F ) —|
i -51C (-60°F) —
SR S S TR I N [
a 10 20 30 40 50 60 70 BO 80 100

A fuel's pour point should be at least 6°C {10°F)
below the lowest ambient temperature that is required
for engine start-up and for engine operation. To
operate the engine in extremely cold weather, No. 1
fuel or No. 1-D fuel may be necessary because of
these fuels' lower pour points.

Modifying the Pour Point

You can lower the fuel's pour point by using additives.
You can also lower the pour point of a diesel fuel by
mixing the diesel fuel with a different fuel that has a
lower pour point. No. 1 diesel fuel or kerosene may
be used to lower the pour point of a diesel fuel. The
amount of fuel with low pour point that is required
makes the process less preferable to use.

The following illustration contains a table that can
be used to find the necessary mixture for two fuels
with different pour points. This is true only if the fuels
do not have additives which change the pour point.
In order to use the table, you must know the exact
pour point of each fuel. This specification can change
from one purchase of fuel to the next purchase of
fuel. This specification is normally available from
personnel at the source of the fuel supply. When
fuels that have a lower pour point are not available,
this method cannot be used.
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Cloud point of fuel mixtures

Generally, the most practical method that is used to prevent
problems that are caused by fuel cloud point at low temperatures
is the use of fuel heaters. In most apptications, fuel heaters can
be used at a lower cost than fuel mixtures.

Pour Point

The fuel's pour point is a temperature below the
fuel’s cloud point. Fuel stops flowing below the pour
point. The pour point is the temperature which limits
movement of the fuel with pumps.

To measure the pour point, the fuel temperature is
lowered below the cloud point in steps of 3°C (5°F)
at a time. The temperature is lowered until the fuel
does not flow. The pour point is the last temperature
that is shown before the flow stops. At the pour point,
the wax has solidified out of the fuel. This makes the
fuel more solid than liquid. The pour point of the fue|
can be improved. This does not require the removal
of important elements. This process is the same
process that is used to improve the cloud point of

a fuel.
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Pour point of fuel mixtures
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In order to calculate the amount of lighter fuel that is
required to be blended with the heavier fuel, perform
the following steps:

1. Obtain the specification for the cloud point ar the
pour paint of bath fuels from your fuel supplier.

2. Locate the cloud point or the pour point of the
heavier fuel on the left side of the table. Mark the
point on the tabile.

3. Locate the cloud point or the pour point of the
lighter fuel on the right side of the table. Mark the
point on the table.

4. Draw a line between the two points that were
established. Label this line “A”.

5. Determine the lowest ocutside temperature for
machine operation. Find this point on the left side
of the table. Mark this point. Draw a herizontal line
from this point. Stop the line at the intersection of
line “A”. Label this new line “C”.

6. Line “C" and line “A” intersect. Mark this point.
Draw a vertical line from this point. Stop the line
at the bottom of the table. Label this line "B”.
The point at the bottom of line “B” reveals the
percentage of lighter fuel that is required to modify
the cloud point or the pour point.

The above example shows that the blending will
require a thirty percent mixture of lighter fuel.

Additives are a good method to use in order to lower
the pour point of a fuel. These additives are known
by the following names: pour point depressants,
cold flow improvers, and wax modifiers. When the
additives are used in a low concentration, the fuel
will flow through pumps, lines, and hoses. These
additives must be thoroughly mixed into the fuel at
temperatures that are above the cloud point. The
fuel supplier should be contacted in order to blend
the fuel with the additives. The blended fuel can be
delivered to your fuel tanks.

Moisture Content

Problems with fuel filters can occur at any time. The
cause of the problem can be water in the fuel or
moisture in the fuel. At low temperatures, moisture
causes special problems. There are three types of
moisture in fuel: dissolved moisture (moisture in
solution), free and dispersed moisture in the fuel, and
free and settled at the bottom of the tank.

Most diesel fuels have some dissolved moisture.
Just as the maisture in air, the fuel can only contain
a specific maximum amount of moisture at any cone
temperature. The amount of meisture decreases as
the temperature is lowered. For exampie, a fuel could
contain 100 ppm (0.010 percent) of water in solution
at 18°C (65°F). This same fuel can possibly hold only
30 ppm (0.003 percent) at 4°C (40°F).

After the fuel has absorbed the maximum possible
amount of water, the additional water will be free
and dispersed. Free and dispersed moisture is fine
droplets of water that is suspended in the fuel. Since
the water is heavier than the fuel, the water will slowly
become free and settled at the bottomn of the tank. In
the above example, when the fuel temperature was
lowered from 18°C (65°F) to 4°C (40°F), 70 ppm of
water became free and dispersed in the fuel.

The small drops of water cause a cloudy appearance
in the fuel. If the change in temperature is slow, the
small drops of water can settle to the bottom of the
tank. When the fuel temperature is lowered rapidly
to freezing temperature, the moisture that comes
out-of-solution changes to very fine particles of ice
instead of small drops of water.

The particles of ice are lighter than the fuel, and the
particles of ice will not settle to the bottom of the
tank. When this type of moisture is mixed in the fuel,
this moisture will fill the fuel filters. The ice crystais
will plug the fuel filters in the same way as wax plugs
the fuel filters.

If a filter is plugged and fuel flow is stopped, perform
the following procedure to determine the cause:

1. Remove the fuel filters.
2. Cut the fuel filters open.

3. Inspect the fuel filter before the filter warms. This
inspection will show that the filter is filled with
particies of either ice or wax.

The moisture which is free and settled at the bottom
of the tank can become mixed with the fuel. The force
of any pumjping action will mix the moisture with the
fuel whenever fuel is transferred. This moisture then
becomes free and dispersed water. This moisture can
cause ice in the filters. This moisture can cause other
problems with filters at any temperature. Generally,
the same force that mixes the water into the fuel will
also mix dirt and rust from the bottom of the tank with
the water. The result is a dirty mixture of fuel and
water which can also fill the filters and stop fuel flow.
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Specific Gravity / APl Gravity

The specific gravity of diesel fuel is the weight of a
fixed volume of fuel in comparison to the weight of
the same volume of water at the same temperature.
A higher specific gravity correlates into a heavier
fuel. Heavier fuels have more energy or power per
volume for the engine to use.

Note: The settings for the fuel mixture should not be
adjusted in order to compensate for a loss of power
with fuels that are lighter. The life of fuel system
components can be decreased with fuels that are
very light because lubrication will be less effective as
a result of the lower viscosity. This is compounded if
the fuel does not have sufficient lubricity. See this
publication, “Lubricity and Low Sulfur Fuel” under the
“Characteristics of Diesel Fuel” section.

The API gravity of a fuel is also a measure of the
density of the fuel or the relationship of the weight to
the volume. The scale for API gravity is inverse to the
scale for specific gravity. The API gravity will become
higher as the fuel becomes lighter.

Lighter fuels will not produce the rated power. Lighter
fuels may also be a blend of ethanol or methanol with
diesel fuel. Blending alcohol or gasoline with diesel
fuel will create an explosive atmosphere in the fuel
tank. In addition, water condensation in the tank can
cause the alcohol to separate in the tank.

Mixing alcohol or gasoline with diesel fuel can pro-
duce an explosive mixture in the engine crankcase
or fuel tank.

Personal injury and damage to the engine may
result. Caterpillar recommends against this prac-
tice.

NOTICE
Mixing alcohol or gasoline with diesel fuel may cause
damage to the engine. Caterpillar recommends
against this practice. Water condensaticn in the fuel
tank can cause the alcohol to separate which could
cause damage to the engine.

Heavier fuels tend to create more deposits from
combustion. Deposits from combustion can cause
abnormal cylinder liner and ring wear. This is most
noticeable in smaller diesel engines that operate at
higher speeds.

Gums and Resins

The gums and resins that occur in diesel fuel are
the result of dissolved oxidation products in the

fuel that do not evaporate easily. The products that
are dissolved in the fuel also do not burn cleanly.
Excessive gum in the fuel will coat the inside of fuel
lines, pumps, and injectors. Excessive gum will aiso
interfere with the close tolerances of the moving parts
of the fuel systems. Gum and resin in the fuel will
also cause the filter to plug rapidly. Oxidation of the
fuel will occur and the formation of additional gums
and resins will occur during fuel storage. The storage
time for fuel needs to be minimized in order to help
reduce the formation of gums and resins.

Note: Caterpillar recommends a maximum of cne
year for fuel storage.

02388769

Fuel Recommendations

SMCS Code: 1250; 1280

NOTICE
These recommendations are subject to change with-
out prior notice. Contact your local Caterpillar dealer
for the most up to date recommendations.

Diesel engines have the ability to burn a wide variety
of fueis. These fuels are divided into two general
groups. The two groups are called the preferred fuels
and the permissible fuels.

The preferred fuels provide maximum engine
service life and performance. The preferred fuels
are distillate fuels. These fuels are commonly called
diesel fuel, furnace oil, gas oil, or kerosene.

Note: The permissible fuels are some crude oils,
some blends of crude oil with distillate fuel, some
bicdiesel, and some marine diesel fuel. These fuels
are not suitable for use in all engine applications.
The acceptability of these fuels for use is determined
on a case by case basis. A complete fuel analysis is
required. Consult your Caterpillar dealer for further
information.

NOTICE
Use of permissable fuels can result in higher mainte-
nance costs and reduced engine service life.
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Distillate Diesel Fuel
SMCS Code: 1280

Diesel fuels that meet the specifications in Table

7 will help to provide maximum engine service life
and performance. In North America, diesel fuel that
is identified as No. 1-D or No. 2-D in “ASTM D975"
generally meet the specifications. Table 7 is for diesel
fuels that are distilled from crude cil. Diesel fuels from
other sources could exhibit detrimental properties
that are not defined or contrclled by this specification.

NOTICE

Ultra Low Sulfur Diesel (ULSD) fuel will have <15 ppm
(0.0015%) sulfur using the "ASTM D5453", “ASTM
D2622", or "DIN 51400" test methods, Certain ap-
plications and/or governments/localities MAY require
the use of ULSD fuel. Emission controlled diesel en-
gines and/or diesel engines equipped with exhaust af-
tertreatment devices MAY require the use of Ultra Low
Sulfur Diesel (ULSD) fuel. Consult federal, state, and
local authorities for guidance on fuel requirements for
your area. Also, consult the specific engine Operation
and Maintenance Manual for guidance.

Caterpillar does not mandate the across the board use
of ULSD fuel in non-road and stationary applications,
but does allow its use. When ULSD is used, there are
concerns with fuel viscosity, lubricity, and thermal sta-
bility. The fuel viscosity, lubricity, and thermal stabili-
ty limits stated in the Caterpillar Specification for Dis-
tillate Diesel Fuel address these concerns. In North
America, diesel fuel that is identified as "ASTM D975
Grade No. 1-D S15" or “ASTM D975 Grade No. 2-D
815" and meet the "ASTM D975 Thermal Stability
Guideline X2.10.2.2", generally meet the Caterpillar
requirements for ULSD fuel.

NOTICE
The footnotes are a key part of the “Caterpillar Spec-
ification for Distillate Diesel Fuel” Table. Read ALL of
the footnotes.

Table 7

‘ Caterpiliar Specification for Distillate Diesel Fuel(
ISO Test -

Specifications Requirements

ASTM -
Test .
Aromatics | 35% maximum | “D1319” ‘18O
U ; 3837
0.02% o
Ash maximum “D482" 6'25;2,,
{weight}
o (continuel

(Table 7, contd}

Caterpillar Specification for Distillate Diesel Fuel®

Sediment

maximum

Specifications | Requirements | ASTM ISO Test
Test
Carbon 0.35% S0
. Residue on maximum - "D524" 4262"
. 10% Bottoms {weight) :
40 minimum .
Cetane (DI engines) D613 “1SO
or ”
Number @ 35 minimum “DE8O0" 5165
(PC engines}
The cloud
point must
not exceed 80
Cloud Point the lowest “D2500" 3015
expected
ambient
temperature.
Copper Strip No. 3 “D130" “18C
Corrosion maximum 2180"
10% at 282 °C
(540 °F)
© maximum “
Distillation — “D8%" 3LS()%
90% at 360 °C
(680 °F)
maximum |
. o imaqe | (ISO
Flash Point legal limit D83 2719"
| Minimum
of 80% :
Thermal reflectance : : No
Stabilit after aging for * "D6468" | equivalent
Y 180 minutes test
at 150 °C
(302 °F)
30 minimum No
API Gravity & ‘D287" | equivalent
45 maximum test
6 °C (10 °F)
) minimum " . ‘180
Pour Point below ambient D97 3016~
temperature
| “D5453" “DIN
Sulfur M@ ! 1% maximum or 51400"
‘D2622"
1.4 cSt .
minimum i
_and 20.0 c5t ;
Kinematic | maximum ; _
Viscosity © | as delivered
to the fuel
injection
pumps
Water and L 0.1% " , “1S0
i D1796 3734"

{conti nue.d)
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(Table 7, contd)

Caterpillar Specification for Distillate Diesel Fueln
Specifications | Requirements | ASTM ISO Test
Test
: No
0.1% " . :
Water , . “D1744" | equivalent
| maximum test I
i 0.05% “S0
Sediment maximum “‘D473" "
) 3735
(weight}
Gums and 10 mg per 100 ‘D381 ‘180
Resins ® mL maximum 6246"
0.52 mm No
. (0.0205 inch) . . .
Lubricity @ maximum at D6079 equtg:tlent
60 °C (140 °F)

(1) This specification includes the requirements for Ultra Low
Sulfur Dieset (ULSD). ULSD fuet wiil have < 15 ppm (0.0015%)
sulfur using the “ASTM D5453", "ASTM D2622", or “DIN 51400”
test methods.

Alternatively, to ensure a minimum cetane number of 35 (PC
engines), and 40 (DI engines), distillate diesel fuel should have
a minimum cetane index of 37.5 {PC engines}, and 44.2 (DI
engines) when the ASTM D 4737-96a test method is used. A
fuel with a higher cetane number may be required for operation
at a higher altitude or in cold weather.

Via standards tabies, the equivalent kg/m® (kilograms per cubic
meter) using the "ASTM D287" test method temperature of
15.56 °C (60 °F) for the minimum AP gravity of 30 is 875.7
kg/m?, and for the maximum AP1 gravity of 45 is 801.3 kg/m®.
Caterpillar fuel systems and engine compenents can operate
on fuels with a maximum sulfur content of 3%. Fuel sulfur
levets affect exhaust emissions. High sulfur fuels alse increase
the potential for corrosion of internat components. Fuel sulfur
levels above 1% may significantly shorten the oil change
interval. Caterpillar strongly recommends that $-0-5 Services
oil analysis be used to determine oil change intervals when fue!
sulfur levels are above 1%. Contact your Caterpillar dealer for
guidance when fuel sulfur levels are above 1%. For additional
information, see this Special Publiication, “Engine Oil" topic.
ULSD fuel will have £ 15 ppm {0.0015%) sulfur using "ASTM
[5453", “ASTM D2622", or “DIN 51400" test methods.

The values of the fuel viscosity are the values as the fuel is
delivered to the fuel injection pumps. For ease of comparison,
fuels should also meet the minimum and maximum viscosity
requirements at 40 °C (104 °F) that are stated by the use of
either the "ASTM D445” test method or the "ISO 3104" test
method. If a fuel with a low viscosity is used, cooling of the fuel
may be required to maintain 1.4 ¢St or greater viscosity at the
fuel injection pump. Fuels with a high viscosity might require
fuel heaters in order to lower the viscosity to 20 ¢St or less at
the fuel injection pumps.

Follow the test conditions and procedures for gasoline (motor).
The lubricity of a fuel is a concern with low suffur fuel. To
determine the lubricity of the fuel, use the "ASTM D6479 High
Freguency Reciprocating Rig (HFRR)" test. If the lubricity of a
fuel does not meet the minimum requirements, consult your
fuel supplier. Do not treat the fuel without consulting the fuel
supptier. Some additives are not compatible. These additives
can cause problems in the fuel system.

(2

(3

4

(5

(6
(7

Ultra Low Sulfur Diesel (ULSD)

Caterpillar recommends that all distillate diesel fuel,
including ULSD fuel (fuel € 15 ppm sulfur using ASTM
D2622 or DIN 51400) meet the requirements of the
Caterpillar Specifications for Distillate Diese! Fuel.

NOTICE

Ultra Low Sulfur Diesel (ULSD) fuel will have <15 ppm
(0.0015%) sulfur using the "ASTM D5453”, “ASTM
D2622", or “DIN 51400” test methods. Certain ap-
plications and/or governments/localities MAY require
the use of ULSD fuel. Emission controlled diese! en-
gines and/or diesel engines equipped with exhaust af-
tertreatment devices MAY require the use of Ultra Low
Sulfur Diesel (ULSD) fuel. Consult federal, state, and
local authorities for guidance on fuel requirements for
your area. Also, consult the specific engine Operation
and Maintenance Manual for guidance.

Caterpillar doces not mandate the across the board use
of ULSD fuel in non-road and stationary applications,
but does allow its use. When ULSD is used, there are
concerns with fuel viscosity, lubricity, and thermal sta-
bility. The fuel viscosity, lubricity, and thermal stabili-
ty limits stated in the Caterpillar Specification for Dis-
tiliate Diesel Fuel address these concerns. In North
America, diesel fuel that is identified as "ASTM D375
Grade No. 1-D $15" or “ASTM D975 Grade No. 2-D
515" and meet the "ASTM D975 Thermal Stability
Guideline X2.10.2.2", generally meet the Caterpillar
requirements for ULSD fuel.

Note: Caterpillar recommends the filtration of
distillate fuel through a fuel filter with a rating of five
microns(c) absolute or less. This filter should be
located on the device that dispenses the fuel to the
fuel tank for the engine.

NOTICE
Operating with fuels that do not meet Caterpillar’s rec-
ommendations can cause the following effects: start-
ing difficulty, poor combustion, deposits in the fuel in-
jectors, reduced service life of the fuel system, de-
posits in the combustion chamber, and reduced ser-
vice life of the engine.
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In the USA, 0.05 percent sulfur diesel fuels have been
used in all on-highway truck engines since 1 January
1894. This low sulfur diesel fuel was mandated as a
means of directly reducing particulate emissions from
diesel truck engines. This low sulfur fuel will also be
used in Caterpillar commercial diesel engines and

in Caterpillar machine engines. This diesel fue! (or
ULSD) will be used when low emissions are required.
This fuel will be used when the fuel supplier can
provide this type of fuel. Caterpillar has not seen any
detrimental effects with .05 percent suliur fuel in
Caterpillar diesel engines. Regulations continue to
become more stringent. Lower suifur limits can be
expected in the future.

NOTICE

Heavy Fuel Oil (HFO), Residual fuel, or Blended fuel
must NOT be used in Caterpillar diesel engines (ex-
cept in 3600 Series HFO engines). Blended fuel is
residual fuel that has been diluted with a lighter fuel
{cutter stock) so that they will flow. Blended fuels are
also referred to as heavy fuel oils. Severe component
wear and component failures will result if HFO type
fuels are used in engines that are configured to use
distillate fuel.

In extreme cold ambient conditions, you may use the
distillate fuels that are specified in Table 8. However,
the fuel that is selected must meet the requirements
that are specified in Table 7. These fuels are intended
to be used in operating temperatures that are down
to —54 °C (-65 °F).

Note: The fuels listed in Table 8 typically do NOT
meet ULSD fuel requirements.

Table 8
 Distillate Fuels
7 WSpecification ; Grade
'MIL-DTL-5624U" . JP-5
 MIL-DTL-83133E" JP-8
“ASTM D1655-05" Jot-A-1

(1} The fuels that are listed in this table may not meet all of the
requirements that are specified in table 7. Consult the supplier
for the recommended additives in order to maintain the proper
fuet lubricity.

These fuels are lighter than the No. 2 grades of fuel.
The cetane number of the fuels in Table 7 must be
at least 40. If the viscosity is below 1.4 ¢St at 40 °C
(104 °F), use the fuel only in temperatures below

0 °C (32 °F). Do not use any fuels with a viscosity of
less than 1.2 ¢St at 40 °C (104 °F).

Note: Fuel cooling may be required in order to
maintain the minimum viscosity of 1.4 ¢St at the fuel
injection pump.

There are many other diesel fuel specifications that
are published by governments and by technological
societies. Usually, those specifications do not
review all the requirements that are addressed

in this specification. To ensure optimum engine
performance, a complete fuel analysis should be
obtained before engine operation. The fuel analysis
should include all of the properties that are listed in
Table 7.

Mixing alcohol or gasoline with diesel fuel can pro-
duce an explosive mixture in the engine crankcase
or fuel tank.

Personal injury and damage to the engine may
resuit. Caterpillar recommends against this prac-
tice.

Aftermarket Fuel Additives

There are many different types of fuel additives that
are available to use. Caterpillar does not generally
recommend the use of fuel additives.

In special circumstances, Caterpillar recognizes the
need for fuel additives. Fuel additives need to be used
with caution. The additive may not be compatible with
the fuel. Some additives may precipitate. This action
causes deposits in the fuel system. The deposits may
cause seizure. Some additives may he corrosive, and
some additives may be harmful to the elastomers in
the fuel system. Contact your fuel supplier for those
circumstances when fuel additives are required.
Your fuel supplier can make recommendations for
additives to use and for the proper level of treatment.

Note: For best results, your fuel supplier should treat
the fuel when additives are needed.

Biodiesel

Biodiesel is a fuel that can be made from a variety of
sources. Soybean oil or rapeseed oil are the primary
sources. Without esterification, these oils gel in the
crankcase and the fuel tank. These fuels may not be
compatible with many of the elastomers that are used
in engines that are manufactured today. In original
forms, these oils are not suitable for use as a fuel

in compression engines. To use these oils as fuel,
the oit must be esterified. Alternate base stocks for
biodiesel may include animal tallow, waste cooking
oils, or a variety of other feedstocks.

Engines that are manufactured by Caterpillar are
certified by use of the prescribed EPA and European
Certification fuels. Caterpillar does not certify engines
on any other fuel.
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Note: The user of the engine has the responsibility
of using the correct fuel that is recommended

by the manufacturer and allowed by the EPA or
other local regulatory agencies. The user also

has the responsibility of obtaining the proper local
exemptions, regional exemptions, and/or national
exemptions that are required for the use of biodiesel
in any Caterpillar engine that is regulated by
emissions standards.

Warranty and the Use of Biodiesel in
Caterpillar Engines

Caterpillar neither approves nor prohibits the use

of biodiesel fuels. Caterpillar is not in a position

to evaluate the many variations of biodiese! and

the long term effects on performance, durability, or
compliance to emissions standards for Caterpillar
products. The use of biodiesel does not affect the
Caterpillar warranty for materials and the warranty for
workmanship.

NOTICE
Failures that result from the use of any fuel are
not Caterpiliar factory defects. Therefore, the cost
of repair would NOT be covered by a Caterpillar
warranty.

Recommendation for the Use of Biodiesel
in Caterpillar Engines

For Caterpillar ACERT Technology engine model
numbers C6.8, C7, C9, C11, C13, C15, C18, C27,
€32, and also for Caterpillar 3114, 31186, 3126, 3176,
3196, 3208, 3306, C-9, C-10, C-12, 3406, C-15, C-16,
C-18, 3456, 3408, 3412, 3500 Series, C175 Series,
3600 Series, C280 Series, CM20, CM25 and CM32
engines, biodiesel that meets the requirements that
are listed in the Caterpillar specification for biodiesel,
ASTM D6751, or EN 14214 are acceptable. Biodiesel
may be blended in amounts up tc a maximum of 30
percent with an acceptable diesel fuel. This blend is
acceptable provided that the biodiesel constituent
meets the requirements that are outlined in Table 9
prior to blending. In addition, the final biend must
meet the requirements for distillate diesel fuel that
are listed in Table 7.

Note: A complete Caterpillar $-0-S Services ail
analysis program is recommended when using
biodiesel blends of up te 30 percent.

Note: For blends of biodiesel above 30 percent,
contact your Caterpillar dealer for guidance. A
complete Caterpillar S-O-S Services oil analysis
program is required when bicdiesel or biends of
biodiesel that are above 30 percent are used.
Biodiesel or blends of biodiesel as used in the engine
must meet the requirements that are stated in the
"Caterpillar Specification for Distillate Diesel Fuel”

in Table 7.

For Caterpillar 3003 through 3034, 3046, 3054, 3056,
3064, and 3066 engines, biodiesel that meets the
requirements that are listed in Caterpillar's biodiesel
specification, ASTM D6751, or EN 14214 may be
blended with an acceptable diese! fuel. This biend
should be a maximum ratio of 5% biodiesel to 95% of
an acceptable diesel fuel. The biodiesel must meet
the requirements that are listed in Table 9 prior to
blending. Use of more than a 5% biodiesel can cause
premature failures. The repair for these failures would
not be covered under the Caterpitlar warranty.

Note: When bicdiesel, or any blend of biodiesel is
used, the user has the responsibility for obtaining
the proper local exemptions, regional exemptions,
and/or national exemptions that are required for

the use of biodiesel in any Caterpillar engine that

is regulated by emissions standards. Biodiesel that
meets the requirements that are listed in Caterpillar’s
specification for biodiesel, ASTM D&751, or EN
14214 should pose no problems when blended

with an acceptable distillate diesel fuel at the
maximum stated percentages, however, the following
recommendations must be followed:

Recommendations

» The oil change interval can be affected by the use
of biodiesel. Use S-0O-8 Services ¢il analysis in
order to monitor the condition of the engine oil.
Use 5-0-S Services oil analysis also in order to
determine the oil change interval that is optimum.

+ In a comparison of distillate fuels to bicdiesel,
biodiesel provides less energy per gallon by 5% to
7%. Do NOT change the engine rating in order to
compensate for the power loss. This will help avoid
engine problems when the engine is converted
back to 100 percent distillate diesel fuel.

« Compatibility of the elastomers with biodiesel is
currently being monitored. The condition of seals
and hoses should be monitored regularly.



36
Maintenance Section
Fuel Specifications

SEBU6251-09

» Biodiesel may pose low ambient temperature
problems for both storage and operation. At low
ambient temperatures, fuel may need to be stored
in a heated building or a heated storage tank. The
fuel system may require heated fuel lines, filters,
and tanks. Filters may plug and fuel in the tank may
solidify at low ambient temperatures if precautions
are not taken. Consult your biodiesel supplier for
assistance in the blending and attainment of the
proper cloud point for the fuel.

+ Biodiesel has poor oxidation stability, which can
result in long term storage problems. The poor
oxidation stability may accelerate fuel oxidation in
the fuel system. This is especially true in engines
with electronic fuel systems because these engines
operate at higher temperatures. Consult the fuel
supplier for oxidation stability additives.

+ Biodiesel is an excellent medium for microbial
contamination and growth. Microbial contamination
and growth can cause corrosion in the fuel
systern and premature plugging of the fuel filter.
The effectiveness of conventional anti-microbial
additives when used in biodiesel is not known.
Consult your supplier of fuel and additive for
assistance.

« Care must be taken in order to remove water
from fuel tanks. Water accelerates microbial
contamination and growth. When biodiesel is
compared to distillate fuels, water is naturally more
likely to exist in the biodiesel.

Biodiesel

Note: The final blend of biodiesel as used in
the engine must meet the requirements that
are stated in the “Caterpillar Specification for
Distillate Diesel Fuel” in Tabhle 7.

NOTICE
The footnote is a key part of the "Caterpillar Specifica-
tion for Biodiesel Fuel” Table. Read the footnote.
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Table 9
. Caterpillar Specification for Biodiesel Fuel® |
" Property | TestMethod | Test Method 7{ ~ Units L— ~ Limits —J
’Jf#  Specific Properties |
) nedSwes | ntemaonal L R
Density : at 15°C ., ‘ASTMDi2e8" | SO 3675 | gem’ | 08 86-0.90 ]
Lv!scguty at 40 c _jr  “ASTM D4;45f’ | tsosws [ mmis 4.0—6.L |
LF‘?S_“P?E ] ASTMDSY _tsO2rig . C 130 mnimum
Cold Filter Plugglng i I T ‘ ]
- Summer | "ASTMD4539" | CDINEN 116" °C o |
- Winter ‘ | ‘ 6 below ambient ‘
{p(;pomt ‘ _——— - — — — — — —
- Summer “ASTM D97” ‘ ‘1SC 30167 ‘ °C ‘ -9 maximum |
L—Wlnter J I o S —Zw\xmin
Sulfur Content ﬁL "ASTM D2622" “DIN 51400" ‘ % weight ‘ 0.0015 maximumﬁ
}TJIST.HlatIOI"I _[ - —‘ o - ﬁ - |
- 10% Evaporation ‘ “ASTM D1160° "1SO 6616" ; °C To Be Determined |
-9_%Eﬁoratlon_ - L - L - L - 345 45 |
kggﬁfggsffﬁs('g%i) l B “ASTM D189" | \ B 130 6615" B ! B i wei_g_hf B \ ._770.057 mame ‘|
' Cetane Number _' B “ASTM D613' ] "|s§_) 533_5" 1 esminimum |
| Sulfated Ash | ASTM D874" | sl | mgikg 002 maximum
| hater/Sediment | ASTM D1795" | ‘SO 3734” glm’ 500 maximum |
Particulate Matter _ DIN 51419 DN 51419 l: - _‘ 15 —|
| Copper Co_rrt_)smn_ ) l_ ASTM P130 — _ISO 2160 4 - L ) N07_1 S
[ Ogidatlop Stablhty ] ASTM D2274 - |SO 12205 ; B mg/100mL B 7 77175 maﬂmum o
Esterification ' | | % volume | 98.0 minimum i
| Acid vale |_ "ASTM D664 B 7 : “ISO 6619" :|  mg NaOHIg _4 0.5 maximum ;l
}”Methanol Content i GC Method o DIN 51_608 o % welght B 70.2 mﬂimumﬁ '
Monog!ycendes ' “ASTM D6584 \ ‘DIN 51609" J % welght 1 0.8 mammum
‘ Dlgiyceirldes N r ASTM D6584 - B DIN 51669 _____ ‘. B % welght o B 70 2 maximum i
Triglycerides o 7 ASTM 06584" ' DIN 51609”_. - % welght B - 0. 27maX|mum —
| Free Glycerine | C'ASTM DGS84" | 'DIN51609" | Sweight | 002maximum |
| Total Glycerine | ASTM D65B4" | ~“DIN 51609 o % weight o 02470 ma;mum )
| lodine Number i "DIN 53241 or 1P 84/81" DIN gifgf orte— cg lufg 110 maximum
‘ | Phosphorus Ccantenfi |  “DGF C- VI4”- I DI 51440 P  omgkg 02 —

RN — N

() The final blend of bicdiesel as used in the engine must meel the requ1rements that are stated in the Caterpnlar Specmcanon for Dlstaliate
Diesel Fuel” in Table 7,

Note: Fuels that meet “ASTM DE6751” or “EN14214"
may be used for blending with an acceptable distillate
fuel. The conditions, recommendations, and limits
noted in this biodiesel section apply.
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Cooling System
Specifications

102408365

General Coolant Information

SMCS Code: 1350; 1385

NOTICE
Every attempt is made to provide accurate, up to date
information. By use of this document you agree that
Caterpillar Inc. is not responsible for errors or omis-
sions.

The information that is provided is the latest
recommendations for Caterpillar 3500 Series, C175
Series and smaller diesel engines. This information
supersedes all previous recommendations which
have been published for Caterpillar 3500 Series,
C175 Series and smaller diesel engines that are
covered by this publication.

NOTICE
These recommendations are subject to change with-
out notice. Contact your local Caterpillar dealer for the
most up to date recommendations.

NOTICE
Never add coolant to an overheated engine. Engine
damage could result. Allow the engine to cool first.

NOTICE
If the engine is to be stored in, or shipped to an area
with below freezing temperatures, the cooling system
must be either protected to the lowest outside tem-
perature or drained completely to prevent damage
caused by freezing coolant.

NOTICE
Frequently check the specific gravity of the coolant for
proper freeze protection or for anti-boil protection.

Clean the cooling system for the following reasons:
» Contamination of the cooling system

« QOverheating of the engine

« Foaming of the coolant

Note: Air pockets ¢an form in the cooling system if

the cooling system is filled at a rate that is greater
than 20 L (5 US gal} per minute.

After you drain the cooling system and after you refill
the cooling system, operate the engine. Operate the
engine without the filler cap until the coolant level
stabilizes. Ensure that the coolant is maintained to
the proper level.

NOTICE

Never operate an engine withcut water temperature
regulators in the cooling system. Water temperature
regulators help to maintain the engine coolant at the
proper operating temperature. Cooling system prob-
lems can develop without water temperature regula-
tors. Removing the regulators allows some coolant to
bypass the radiator, potentially causing overheating.

Note: Refer to the specific engine Operation

and Maintenance Manual, “Maintenance Interval
Schedule” for the correct interval for the replacement
of the cooling system water temperature regulator.

Refer to Special Instruction, SEBD0518, "Know
Your Cooling System” and Special Instruction,
SEBD0S870, "Coolant and Your Engine” for more
detailed information.

Many engine failures are related to the cooling
system. The following problems are related to cooling
system failures: overheating, leakage of the water
pump, plugged radiators or heat exchangers, and
pitting of the cylinder liners.

These failures can be avoided with proper cocling
systern maintenance. Cocling systerm maintenance is
as important as maintenance of the fuel system and
the lubrication system. Quality of the coolant is as
important as the quality of the fuel and the lubricating
oil.

Coolant is normally composed of three elements:
water, additives, and glycol.

Water

NOTICE
All Caterpillar diesel engines equipped with air-to-air
aftercooling (ATAAC) require a minimum of 30 percent
glycol to prevent water pump cavitation.

NOTICE
Never use water alone without Supplemental Coolant
Additives {SCA) or without inhibited coolant. Water
alone is corrosive at engine operating temperatures.
Water alone does not provide adequate protection
against boiling or freezing.

Water is used in the cooling system in order to
transfer heat.
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Note: Caterpillar recommends a minimum of 30
percent giycol in diesel engine cooling systems.
Refer to the Operation and Maintenance Manual for
your engine for exceptions.

Distilled water or deionized water is
recommended for use in engine cooling systems.

DO NOT use the following types of water in cooling
systems: hard water, softened water that has been
conditioned with sailt, and sea water.

If distilled water or deionized water is not avaitable,
use water that meets or exceeds the minimum
acceptable water requirements that are listed in Table
10.

Table 10 ] B 7
Caterpiliar Minimum Acceptable Water Requirements
Property Maximum Limit ASTM Test
. 40 mg/L ‘D5127,
Chloride (Cl) (2.4 grains/US gal) “‘D4327"
100 mg/L " -
Sulfate (SO.) : D516
5.9 grains/US gal
(599 gal) . ]
170 mg/L “ -
Total Hardness (10 grains/US gal) D1126
“Federal
. 340 ma/L
Total Sofids (20 grains/US gal) | Metiod
Acidity pHof 56510 8.0 ‘D1283" B

(1) Total dissolved solids dried at 103 - 105°C, "Standard Method
for the Examination of Water and Wastewater’, American
Public Health Association, et al, 1015 15th Street, N.W.
Washington, DC 20005

For a water analysis, consult one of the following
sSources:

Caterpillar dealer

Local water utility company

Agricultural agent

Independent laboratory

Additives

Additives help to protect the metal surfaces of

the cooling system. A lack of coolant additives or
insufficient amounts of additives enable the following
conditions to occur:

« Corrosion

« Formation of mineral deposits

* Rust

+ Scale

+ Pitting and erosion from cavitation of the cylinder
liner

» Foaming of the coolant

Many additives are depleted during engine operation.
These additives must be replaced periodically. This
can be done by adding Cat SCA (Supplemental
Coolant Additive) to Cat DEAC (Diesel Engine
Antifreeze/Coolant) or by adding ELC Extender to
Cat ELC {Extended Life Coolant).

Additives must be added at the proper concentration.
Overconcentration of additives can cause the
inhibitors to drop out-of-solution. The deposits can
enable the following problems to occur:

-

Formation of gel compounds

Reduction of heat transfer

Leakage of the water pump seal

Plugging of radiators, coolers, and smalt passages

Glycol

Glycol in the coolant helps to provide protection
against the following conditions:

+ Boiling
« Freezing
« Water pump cavitation (ATAAC equipped engines)

For optimum performance, Caterpillar recommends a
1:1 mixture of a water/gtycol solution.

Note: Use a mixture that will provide protection
against the lowest ambient temperature.

Note: 100 percent pure glycol will freeze at a
temperature of -23 °C (-9 °F).

Most conventional heavy-duty cootant/antifreezes
use ethylene glycol. Propylene glycol may also be
used. In a 1:1 mixture with water, ethylene and
propylene glycol provide similar protection against
freezing and boiling. See Tables 11 and 12.



40
Maintenance Section
Cooling Systern Specifications

SEBU6251-09

Table 11 _
a Ethylene Glycol Concentration
. Freeze Boil
‘ Concentration Protectlon Protection!!

} 50 Percentr -37°C( 34°F) 106 °C (223
60 Percent | -52°C(-62°F) | 111 °C (232

(1) Boiling protection is increased with the use of a pressurized
radiator.

il
)|

NOTICE
Do not use propylene glycol in concentrations that ex-
ceed 50 percent glycol because of propylene glycol's
reduced heat transfer capability. Use ethylene glycol
in conditions that require additional protection against
boiling or freezing. Do not use ethylene glycol in con-
centrations that exceed 60 percent glycol.

Table 12

F Propylene Glycol Concentration ]
. Freeze Boil

L Concentration Protection Protection®

50 Percent | ~32°C (-26 °F) | 106 °C (223°F)

(1} Bcullng protection is increased with the use of a pressunzed
radiator.

i

Note: Propylene glycol coolant that is used in

the cooling systems for Caterpillar diesel engines
must meet ASTM D6210-04, “Fully-Formulated
Glycol-Based Engine Coolant for Heavy-Duty
Engines”. When propylene glycol coolant is used

in heavy-duty diesel engines, a regular addition of
SCA is required for protection against liner cavitation.
Consult your Caterpillar deafer for additional
information.

Testing the Concentration of Glycol

To check the concentration of glycol, use the
245-5829 Coolant/Battery Tester/Refractometer.
The tester gives readings that are immediate and
accurate in both degrees Ceisius and degrees
Fahrenheit. The tester can be used with ethylene or
propylene glycol.

10
40
o 0
o
20
b -10
[T ] o
) 0 ps
- 20
£ =
& -20 5 30 B
> f=]
£ £
o L N
aJJ -40 r 40 %
IC A e
-60 \ 5 .50
i -l
-80 ' 60
U -70
-100
0 20 40 80 80 100
Ethylene Glycol Antifreeze
Percent by Volume
Nustration 7 g01189253

Curve of the freezing point for a typical ethylene glycol solution.

Table 13

Freeze Protectnon for Antlfreeze Concentratlonsﬂ?

Protection to Concentratlon

qE o o 30% glycol
15°C (5°F) . 70% water
| o o 400/ lycol
—24°C (12°F) 60"/2 evgter
50% glycol |

37 7C (734 °F) 50% water

60% glycol
40% water

-52 °C (=62 °F)

1} Ethylene glycol based antifreeze.

i02408358

Coolant Recommendations
SMCS Code: 1350; 1352; 1385

The following two types of coolants may be used in
Caterpillar diesel engines:

Preferred — Cat ELC (Extended Life Coolant) or
a commercial extended life coclant that meets the
Caterpillar EC-1 (Engine Coolant -1) specification
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Acceptable - Cat DEAC (Diesel Engine
Antifreeze/Coolant) or a commercial heavy-duty
antifreeze/coolant that meets “"ASTM D4985” or
"ASTM D6210" specifications

NOTICE
Do not use a commercial coolant/antifreeze that only
meets the ASTM “D3306” specification. This type of
coolant/antifreeze is made for light duty automotive
applications.

Use only the coolant/antifreeze that is recommended.

Caterpillar recommends a 1:1 mixture of water and
glycol. This mixture will provide optimum heavy-duty
performance as a coolant/antifreeze.

Note: Cat DEAC does not require a treatment with
an SCA at the initial fill. However, a commercial
heavy-duty coolant/antifreeze that only meets

the “ASTM D4985" specification WILL require a
treatment with an SCA at the initial fill. A commercial
heavy-duty coolant/antifreeze that meets the "ASTM
D6210" specification WILL NOT require a treatment
with an SCA at the initial fill. Read the label or the
instructions that are provided by the manufacturer of
the commercial heavy-duty coolant/antifreeze.

Note: These coolants WILL require a treatment with
a supplemental coolant additive on a maintenance
basis.

In stationary engine applications and marine engine
applications that do not require protection from
boiling or freezing, a mixture of SCA and water is
acceptable. Caterpiliar recommends a minimum
of six percent to a maximum of eight percent
concentration of Cat SCA in those cooling
systems, Distilled water or deionized water is
preferred. If distilled or deionized water is not
available, use water that meets or exceeds the
minimum acceptable water requirements that are
listed in this Special Publication, "General Coolant
Information” topic (Maintenance Section).

NOTICE
All Caterpiliar diesel engines equipped with air-to-air
aftercooling (ATAAC) require a minimum of 30 percent
glycol to prevent water pump cavitation,

Note: Caterpillar recommends a minimum of 30
percent glycol in diesel engine cooling systems.
Refer to the engine’s Operation and Maintenance
Manual for exceptions.

Table 14 _
’7 Coolant Service Life _‘
Service Life M2

12000 Service Hours orf
Six Years®

o [
Coolant Type i

-

Cat ELC 1

Commercial coolant that
meets the Caterpillar
EC-1 Specification |

6000 Service Hours or
Six Years#

3000 Service Hours or |

Cat DEAC Three Years

Commercial Heavy-Duty
Coolant/Antifreeze that
meets "ASTM D6210"

3000 Service Hours or
Two Years

Commercial Heavy-Duty
Coolant/Antifreeze that
meets “ASTM D4985"

3000 Service Hours or
One Year

3000 Service Hours or

Cat SCA® and water® Two Years

Commercial
supplemental coolant .
additive™ and water® |

3000 Service Hours or
One Year

1) Use the interval that oceurs first.

(2 Refer to the engine's Operation and Maintenance Manuals,

“Maintenance Interval Schedule” for the correct interval for

replacement of the cooling system water temperature regulator.

Cat ELC Extender must be added at 6000 service hours or one

half of the service life of the ELC.

4) An extender must be added at 3000 service hours or one half
of the service life of the coolant.

) The concentration of Cat SCA in a cooling system that uses

Cat SCA and water should be from 6 to 8 percent by volume.

Refer to this Special Publication, "General Coolant Information”

under the section that discusses the requirements for water,

(7} Consult the supplier for the commercial SCA for instructions
on usage. Also, refer to this Special Publication,
“Water/Supplemental Coolant Additive” topic for additional
information.

{3

(6

Note: These coolant change intervals are only
achievable with annual S-O-S Services Level 2
coolant sampling and analysis.

Cat ELC can be recycled into conventional coolants.

Cat ELC, Cat DEAC, Cat Extender, and Cat SCA are
available in several container sizes.
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Table 15 i
‘ Part Numbers of Coolant
Description | Size Part Number®
2P-9868
Bulk or
156-2649
(c%itcgrif;?e) 208.2 L 8C-3686
(55 US gal) °  238-8653@ |
‘ 8C-3684
| 38L(1USgal) | gl
Bulk 156-2653
2082 L 101-2845
(55 US gal) 238-8650@ :
Cat ELC ) 129-2151 -
(50/50 Premix} i -
| 189 L (5US gal} ! 2388649 :
| . 1012844 |
!
3.8L{1USgal) 238-8648(
Cat ELC 119-5150
(Concentrate) | S8L(1US @Al | Huggsira
Cat ELC 0946L (1qt) | 195152
Extender 3.8L(1US gal} 210-0786

{1} The availability of part numbers will vary by the region. Consult
your Caterpillar dealer.

{2} With embitterment. Embitterment makes the coolant taste bad.
This is done in order to deter accidental human or animal
ingestion of the coolant/antifreeze.

02408340

Extended Life Coolant
SMCS Code: 1350; 1352; 1395

Caterpillar provides Cat ELC (Extended Life Coolant)
for use in the following applications:

* Heavy-duty diesel engines
» Automotive applications

When Cat ELC is compared to conventional coolants
the Cat ELC anti-corrosion package is based on a
totally different additive system. Cat ELC has been
formuiated with the correct amounts of additives in
order to provide superior corrosion protection for all
metals that are in engine cooling systems.

Cat ELC extends the service life of the coolant to
12000 service hours or six years. Cat ELC does not
require the frequent addition of a SCA (Supplemental
Coolant Additive}. An Extender is the only additional
maintenance that is needed at 6000 service hours or
one half of the ELC service life.

Cat ELC is available in a 1:1 premixed cooling
solution with distilled water. The Premixed ELC
provides freeze protection to —37 °C (-34 °F). The
Premixed ELC is recommended for the initial fill
of the cooling system. The Premixed ELC is also
recommended for topping off the cooling system.

ELC Concentrate is also available. ELC Concentrate
can be used to lower the freezing point to -52 °C
(-62 °F) for arctic conditions.

Containers of several sizes are available. Refer to
this Special Publication, “Coolant Recommendations”
for available quantities and part numbers.

Note: Caterpillar deveioped the EC-1 specification.
The EC-1 specification is an industry standard. The
EC-1 specification defines all of the performance
requirements that are needed for an engine coolant
to be sold as an extended life coolant for Caterpillar
engines. Cat ELC can be used in most OEM engines
of the following types: diesel and gasoline. Cat ELC
meets the performance requirements of “ASTM
D4985" and "ASTM D6210" for heavy-duty low
silicate antifreeze/coolants, but does not require
treatment with a conventional SCA. Cat ELC also
meets the performance requirements of “ASTM
D3306” for automotive applications.

102408330

Extended Life Coolant Cooling
System Maintenance

SMCS Code: 1350; 1352; 1395

Proper Additions to the Cat ELC
(Extended Life Coolant)

NOTICE
Use only Caterpillar preducts or commercial products
that have passed Caterpillar’s EC-1 specification for
pre-mixed or concentrated coolants.

Use only Cat ELC Extender with Cat ELC.

Do NOT use conventional SCA with Cat ELC. Mixing
Cat ELC with conventional coolants and/or conven-
tional SCA reduces the Cat ELC service life.

Do NOT mix brands or types of coolant. Do NOT mix
brands or types of SCA. Different brands or types may
use different additive packages to meet the cooling
system requirements. Different brands or types may
not be compatible.

Failure to follow the recommendations can reduce
cooling system component life unless appropriate
corrective action is performed.
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In order to maintain the correct balance between
the antifreeze and the additives, you must maintain
the recommended concentration of ELC. Lowering
the proportion of antifreeze lowers the proportion of
additive. This will lower the ability of the coolant to
protect the system from pitting, from cavitation, from
erosion, and from deposits.

During daily maintenance, use the premixed Cat
ELC as a cooling system top-off. This will bring the
coolant up to the proper level. Check the specific
gravity of the coolant system with the 245-5829
Coolant/Battery Tester/Refractometer. This tester
gives readings that are immediate and accurate in
both degrees Celsius and degrees Fahrenheit. Use
Cat ELC Concentrate fo restore the proper glycol
concentration in the coolant system. This should
be done before the engine is exposed to freezing
temperatures.

NOTICE
Do not use a conventional coolant to top-off a cooling
system that is filled with Cat ELC.

Do not use standard conventional SCA. Only use Cat
ELC Extender in cooling systems that are filled with
Cat ELC.

Cat ELC Extender

Cat ELC Extender is added to the cooling system
halfway through the Cat ELC service life. Treat the
cooling system with Cat ELC Extender at 6000 hours
or one half of the coolant service life. Refer to this
Special Publication, “Coolant Recommendaticns” for
available quantities and part numbers.

Use the formula in Table 16 to determine the proper
amount of Cat ELC Extender for your cooling system.
Refer to Operation and Maintenance Manual, “Refill
Capacities and Recommendations” in order to
determine the capacity of the cooling system.

Table 16 | _
}' Formula For Adding Cat ELC Extender To Cat ELS
V % 002 = X '

‘ V is the total capacity of the cooling system. ‘

Q( is the amount of Cat ELC Extender that is required. \

Table 17 is an example for using the formula that is
in Table 16.

Table 17

Example Of The Equation For Adding Cat
ELC Extender To Cat ELC

| Amount of Cat

Total Volume | Multiplication
of the Cooling Factor ELC Extender
System (V} that is Required
- [— . (X) -]
946 L x 0.02 19 L (5 US gal)
(250 US gal) }
NOTICE

When using Cat ELC, do not use conventional SCAs,
or, if equipped, SCA maintenance elements. To avoid
SCA contamination of an ELC system, remove the
SCA element base and plug off or bypass the coolant
lines.

Cat ELC Cooling System Cleaning

Note: if the cooling system is already using Cat
ELC, cleaning agents are not required to be used
at the specified coolant change interval. Cleaning
agents are only required if the system has been
contaminated by the addition of some cther type of
coolant or by cooling system damage.

Clean water is the only cleaning agent that is required
when Cat ELC is drained from the cooling system.

Cat ELC can be recycled into conventional coolants.
The drained coolant mixture can be distilled in order
to remove the ethylene glycol and the water. The
ethylene glycol and the water can be reused. The
distilted material does not contain the additives that
are required to be classified as either Cat ELC or
Cat DEAC. Consult your Caterpillar dealer for more
information.

After the cooling system is drained and after the
cooling system is refilled, operate the engine while
the cooling system filler cap is removed. Operate
the engine until the coolant level reaches the normal
operating temperature and until the coolant level
stahilizes. As needed, add the coolant mixture in
order to fill the system to the proper level.

Changing to Cat ELC

To change from heavy-duty cooclant/antifreeze to the
Cat ELC, perform the following steps:
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NOTICE
Care must be taken to ensure that fluids are contained
during performance of inspection, maintenance, test-
ing, adjusting and repair of the product. Be prepared to
collect the fluid with suitable containers before open-
ing any compartment or disassembling any compo-
nent containing fluids.

Refer to Special Publication, NENG2500, “Caterpillar
Dealer Service Tool Catalog” and to Special Publica-
tion, GECJ0001, “Cat Shop Supplies and Toois™ for
tools and supplies suitable to collect and contain flu-
ids on Caterpillar products.

Dispose of all fluids according to local regulations and
mandates.

1. Drain the coolant into a suitable container.

2. Dispose of the coolant according to local
regulations.

3. If equipped, remove the empty SCA maintenance
element and remove the element base. Plug the
coolant lines or bypass the coolant lines.

NOTICE
Do not leave an empty SCA maintenance element on
a system that is filled with ELC.

The element housing may corrade and leak causing
an engine failure,

Remove the SCA element base and plug off or
by-pass the coolant lines.

4. Flush the system with clean water in order to
remove any debris,

5. Use Caterpillar cleaner for cooling systems in
order to clean the system. Follow the instructions
on the label.

6. Drain the cleaner into a suitable container. Flush
the cooling system with clean water.

Note: Deposits that remain in the system may be
loosened and removed by the Cat ELC.

7. In systems with heavy deposits, it may be
necessary to disconnect the hoses. Clean the
deposits and debris from the hoses and the
fittings. Install the hoses and tighten the hose
fittings. Refer to Specifications, SENR3130,
“Torque Specifications” for the proper torques.
Pipe threads may also need to be cleaned and
sealed. Seal the threads with 5P-3413 Pipe
Sealant.

8. Fill the cooling system with clean water and
operate the engine until the engine is warmed to
49 °C to 66 °C (120 °F to 151 °F).

NOTICE
Improper or incomplete rinsing of the cooling system
can result in damage to copper and other metal com-
ponents.

To avoid damage to the cooling system, make sure
to completely flush the cooling system with clear wa-
ter. Continue to flush the system until all signs of the
cleaning agent are gone.

9. Drain the cooling system into a suitable container
and flush the cooling system with clean water.

NOTICE
The cooling system cleaner must be thoroughly
flushed from the cooling system. Cooling system
cleaner that is left in the system will contaminate the
coolant. The cleaner may also corrode the cooling
system.

10. Repeat Steps 8 and 9 until the system is
completely clean.

11. Fill the cooling system with the Cat ELC.

12, Operate the engine until the engine is warmed.
While the engine is running, inspect the engine for
leaks. Tighten hose clamps and connections in
order to stop any leaks.

13. Attach the Special Publication, PEEP5027,
“Label” to the cooling system filler for the engine
in order to indicate the use of Cat ELC.

Note: Clean water is the only flushing agent that is
required when Cat ELC is drained from the cooling
system.

Cat ELC Cooling System
Contamination

NOTICE
Mixing ELC with other products reduces the effective-
ness of the ELC and shortens the ELC service life.
Use only Caterpillar products or commercial products
that have passed the Caterpillar EC-1 specification for
premixed or concentrate coolants. Use only Cat ELC
Extender with Cat ELC. Do NOT mix brands or types
of coolants. Failure to follow these recommendations
can resultin shortened cooling system component life.
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Cat ELC cooling systems can withstand
contamination to a maximum of ten percent of
conventional heavy-duty coclant/antifreeze and/or
SCA hefore the advantages of Cat ELC are reduced.
If the contamination exceeds ten percent of the
total system capacity, perform ONE of the following
procedures:

+ If the cooling system contamination is caused by
cooling system damage, follow the procedures
under the “Changing to Cat ELC” heading. Also
follow the procedures under the “Changing to Cat
ELC" heading if the engine has been operated
since being contaminated with mere than ten
percent conventional heavy-duty coolant/antifreeze
andfor SCA. Certain types of cooling system
contamination may require disassembly of the
cooling system and manual cleaning of system
components.

» If the cooling system is contaminated with
more than ten percent conventional heavy-duty
coolant/antifreeze and/or SCA, but the engine
has not been cperated, drain the cooling system
into a suitable container. Dispose of the coolant
according to local regulations. Thoroughly flush
the system with clean water. Fill the system with
the Cat ELC.

« Maintain the system as a conventional DEAC
(Diesel Engine Antifreeze/Coolant) or other
conventional coolant. If the SCA concentration
is less than three percent, treat the system with
an SCA. Maintain a three to six percent SCA
concentration in the coolant. Change the coolant
at the interval that is recommended for Cat DEAC
or at the interval that is recommended for the
conventional commercial coolants.

Commercial Extended Life Coolant

If Cat ELC is not used, then select a commercial
extended life coolant that meets the Caterpillar
specification of EC-1 and the "ASTM D6210”
specification. Do not use an extended life coolant
that does not meet the EC-1 specification. Follow the
maintenance guide for the coolant from the supplier
of the commercial extended life coolant. Follow the
Caterpillar guidelines for the quality of water and the
specified coolant change intervai.

NOTICE
Caterpillar does not warrant the quality or perfor-
mance of non-Caterpillar fluids.

02408325

Diesel Engine Antifreeze/
Coolant

SMCS Code: 1350; 1352; 1385

Caterpillar recommends using Cat DEAC (Diesel
Engine Antifreeze/Coolant) for cooling systems that
require a high performance conventional heavy-duty
coolant/antifreeze. Cat DEAC is an alkaline
single-phase ethylene glycol type antifreeze that
contains corrosion inhibitors and antifoam agents.

Cat DEAC is formulated with the correct amount of
Cat SCA (Supplemental Coolant Additive) . Do not
use Cat SCA at the initial fill when Cat DEAC is used.

Containers of several sizes are available. Refer to
this Special Publication, “Coolant Recommendations”
for available container sizes and part numbers, or
consult your Caterpillar dealer for the part numbers.

If concentrated Cat DEAC is used, Caterpillar
recommends mixing the concentrate with distilled
water ar with deionized water. If distilled water or
deionized water is not available, use water which has
the required properties. For the water properties, see
this publication, “General Coolant Information”.

Note: The concentrated Cat DEAC and the

recommended water must be thoroughly mixed prior
to filling the cooling system.

02408288

Supplemental Coolant Additive
SMCS Code: 1350; 1352; 1395

The use of SCA (supplemental coeclant additive) helps
to prevent the following conditions from occurring:

« Corrosion

» Formation of mineral deposits

Cavitation erosion of the cylinder liners

» Foaming of the coolant
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Cat DEAC {Diesel Engine Antifreeze/Coolant) is
formulated with the correct level of Cat SCA. When
the cooling system is initially filled with Cat DEAC,
adding more Cat SCA is not necessary until the
concentration of Cat SCA has been depleted. To
ensure that the correct amount of Cat SCA is in the
cooling system, the concentration of Gat SCA must
be tested on a scheduled basis. Refer to the specific
engine's Operation and Maintenance Manual,
“Maintenance interval Schedule” (Maintenance
Section).

Containers of Cat SCA are available in several
sizes. Refer to this Special Publication, “Coolant
Recommendations” for available quantities and part
numbers.

Note: Do not exceed a six percent maximum
concentration of SCA.

02408278

Conventional Coolant/
Antifreeze Cooling System
Maintenance

SMCS Code: 1350; 1352; 1395

NOTICE
Caterpillar does not warrant the quality or perfor-
mance of non-Caterpillar fluids.

NOTICE
Never operate an engine without water temperature
regulators in the cooling system. Water temperature
regulators help to maintain the engine coolant at the
proper operating temperature. Cooling system prob-
lems can develop without water temperature regula-
tors.

Check the coolant/antifreeze (glycol concentration)
in order to ensure adequate protection against
boiling or freezing. Caterpillar recommends the

use of a refractometer for checking the glycol
concentration. Use the 245-5829 Coolant/Battery
Tester/Refractometer. The tester gives readings in
both degrees Celsius and degrees Fahrenheit that
are immediate and accurate. The tester can be used
with ethylene or with propylene glycol.

Caterpillar engine cooling systems should be tested
at 250 hour intervais or at the PM Level 1 intervals
for the concentration of SCA (Supplemental Coolant
Additive). SCA test kits are available from your
Caterpillar dealer. Test the concentration of SCA or
submit a coolant sample to your Caterpillar dealer at
250 hour intervals or at the intervals for PM Level

1. Refer to this Special Publication, *S-0-S Services
Coolant Analysis” for more information on this topic.

Additions of SCA are based on the results of the test
or based on the results of the coolant analysis. An
SCA may be needed at 250 hour intervals or at the
intervals for PM Level 1.

Note: Conventional heavy-duty coclant/antifreeze of
all types REQUIRE periodic additions of SCA.

Note: Specific engine applications may require
maintenance practices to be periodically evaluated
in order to properly maintain the engine's cooling
system.

Refer to Table 18 for part numbers and for the sizes
of containers of SCA.

Tablei 18 - L L o ) -
Caterpillar Liquid SCA® !
| o — _—
i Part Number ! Size of Container
__ @r7ers ] 5L(13USga) |
] 8C-3680 ‘ 19 L (5.0 US gal)
217-0617 | 20L(3USga) |
- - T R I A
| 5P-2007 208 L (55 US gal)

217-0618 | 208 L (55 US gal) W!

L ‘ !
(1} The availability of part numbers will vary from one region to
ancther region.

Cooling Systems with Larger
Capacities

Adding the SCA to Conventional
Coolant/Antifreeze at the Initial Fill

Note: When the coolant system is first filled, the
SCA is not required to be used with Cat DEAC or
with fully formulated coolants that meet the “ASTM
D6210" specification.

Note: Do not exceed the six percent maximum
concentration. Check the concentration of SCA with
a SCA test kit, or check the concentration of SCA
with Cat 5-O-8 coolant analysis.
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Commercial heavy-duty coolant/antifreeze that meets
only the "ASTM D4985" specification WILL reguire
adding supplemental coolant additive at the initial fill.
Read the labei or the instructions that are provided
by the manufacturer of the commercial heavy-duty
coolant/antifreeze.

Use the equation that is in Table 19 to determine the
amount of Cat SCA that is required when the cooling
system is initially filled with fluids that only meet the
“ASTM D4985" specification.

Table 19

Equation For Adding The Cat SCA To Conventional
Cooclant/Antifreeze At The Initial Fill

V x 0.045 = X ‘

V is the total volume of the cooling system.
X is the amount of Cat SCA that is required. J

Table 20 is an example for using the equation that
is in Table 19.

Table 20
Example Of The Equation For Adding The Cat SC
To Conventional Coolant/Antifreeze At The Initial Fill
| Total Volume | Muttiplication | Amount of Cat
| of the Cooling | Factor SCA that is
System (V) ‘ Required (X} ‘
946 L | x0045 ‘ 43 L ‘;
(250 US gal) | (11 US gal) J

Adding the SCA to Conventional
Coolant/Antifreeze For Maintenance

Heavy-duty coolant/antifreeze of all types REQUIRE
periodic additions of a supplemental coolant additive.

Test the coolant/antifreeze pericdically for the
concentration of SCA. For the interval, see the
Operation and Maintenance Manual, “Maintenance
Interval Schedule” for your engine. SCA test kits
are available from your Caterpillar dealer. Test the
concentration of SCA or submit a coolant sample to
your Caterpillar dealer. See this Special Publication,
“S-0'S Services Coolant Analysis” topic.

Additions of SCA are based on the resuits of the test
or based on the resuits of the coolant analysis. The
size of the cooling system determines the amount of
SCA that is needed.

Use the equation that is in Table 21 to determine the
amount of Cat SCA that is required, if necessary.

Table 21

Equation For Adding The Cat SCA To Conventional
Coolant/Antifreeze For Maintenance

V x 0014 =X

V is the total volume of the cooling system.

X is the amount of Cat SCA that is required.

Table 22 is an example for using the equation that
is in Table 21.

Note: Specific engine applications may require
maintenance practices to be periodically evaluated
in order to properly maintain the engine’s cooling
system.

Table 22

( Example Of The Equation For Adding The Cat SCA—‘
‘= To Conventional Coolant/Antifreeze For Maintenanci"

‘ Total Volume | Multiplication | Amount of Cat

. of the Cooling Factor SCA that is
System (V) Required (X}

. 946 L x 0.014 9L 3

| (250 US gal) (4 Us gal)

Table 18 lists part numbers and the sizes of
containers for Cat SCA that is available from your
Caterpillar dealer.

Cleaning the System of Heavy-Duty
Coolant/Antifreeze

Before Caterpillar's SCA can be effective, the cooling
system must be free from rust, scale, and other
deposits. Preventive cleaning helps avoid downtime
caused by expensive out-of-service cleaning required
for extremely dirty and neglected cooling systems.

Caterpillar Cooling System Cleaner - Standard:

» Dissolves or depresses mineral scale, corrosion
products, light oil contamination, and sludge.

* Cleans the cooling system after used coolant is
drained or before the cocling system is filled with
new coolant.

« Cleans the cooling system whenever the coolant is
contaminated or whenever the coolant is foaming.

« Cleans the engine while still in service.
» Reduces downtime and cleaning costs.
+ Avoid costly repairs from pitting and other internal

problems caused by improper cooling system
maintenance,
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* Can be used with glycol-based antifreeze.

+ For the recommended service interval, refer to the
Operation and Maintenance Manual, “Maintenance
Interval Schedule” for your engine.

Caterpillar Standard Cooling System Cleaner is
designed to clean the cooling system of harmful
scale and corrosion without removing the engine
from service. The cleaners, both “Standard” and
“Quick Fiush" can be used in ali Caterpiilar engine
cooling systems. Contact your Caterpillar dealer for
part numbers.

Note: These cleaners must not be used in systems
that have been neglected or that have heavy
scale buildup. These systems require a strenger
commercial solvent that is available from local
distributors.

ollow label directions for proper usage.

02387127

Commercial Heavy-Duty
Coolant/Antifreeze and
SCA (Supplemental Coolant
Additive)

SMCS Code: 1350; 1352; 1385

NOTICE
Caterpillar does not warrant the quality or perfor-
mance of non-Caterpillar fluids.

If Cat DEAC (Diesel Engine Antifreeze/Coolant) is
not used, select a coolant/antifreeze with low silicate
content for heavy-duty applications that meets
“ASTM D6210" or "ASTM D4985" specifications.

When a heavy-duty coolant/antifreeze is used, treat
the cooling system with three to six percent Cat SCA
by volume. Maintain a concentration level of SCA in
the cooling system that is between three percent and
six percent. For more information, see this Special
Publication, “Conventional Coolant/Antifreeze
Cooling System Maintenance” topic.

If Cat SCA is not used, select a commercial SCA.
The commercial SCA must provide a minimum of
1400 mg/L or 1400 ppm (82 grains/US gal) of nitrites
in the final coolant mixture.

Maintain a concentration level of nitrites in the cooling
system that is between 1200 ppm (7Qgrains/US gal)
and 2400 ppm (140 grains/US gal).

Coolant/antifreeze for heavy-duty applications that
only meets the "ASTM D4985" specification WILL
require treatment with SCA at the initial fill. These
coolants WILL require treatment with SCA on a
maintenance basis.

Coolant/antifreezes for heavy-duty applications that
meet the “ASTM D6210" specification do not require
treatment with SCA at the initial fill. Treatment with
SCA WILL be required on a maintenance basis.

When concentrated coolant/antifreeze is mixed,
Caterpillar recommends mixing the concentrate with
distilled water or with deionized water. If distilled
water or deionized water is not available, water
which has the required properties may be used. For
the water properties, see this Special Publication,
“General Coolant Information” topic.

02387174

Water/SCA (Supplemental
Coolant Additive)

SMCS Code: 1350; 1352; 1395

NOTICE
All Caterpillar diesel engines equipped with air-to-air
aftercooling (ATAAC) require a minimum of 30 percent
glycol to prevent water pump cavitation.

Note: Caterpillar recommends a minimum of 30
percent glycol in diesel engine cooling systems.
Refer to the Operation and Maintenance Manual for
your engine for any exceptions.

NOTICE
Never use water alone without SCA (Supplemental
Coolant Additives). Water alone is corrosive at engine
operating temperatures. Water alone does not provide
adequate protection against boiling or freezing.

In engine cooling systems that use water aione,
Caterpiltar recommends the use of Cat SCA. Cat
3CA helps to prevent the following conditions from
occurring:

= Corrosion

+ Formation of mineral deposits

« Cavitation erosion of the cylinder liner

« Foaming of the coolant

if Cat SCA is not used, select a commercial SCA. The
commercial SCA must provide a minimum of 2400

mg/L or 2400 ppm (140 grains/US gal) of nitrites in
the final coolant mixture,
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The quality of the water is a very important factor

in this type of coaling system. Distilled water or
deionized water is recommended for use in cooling
systems. If distilled water or deionized water is not
available, use water that meets or exceeds the
minimum reguirements that are listed in the table for
recommended water properties in this publication,
“General Coolant information” topic.

A cooling system that uses a mixture of SCA and
water only needs more SCA than a cooling system
that uses a mixture of glycol and water. The SCA
concentration in a cooling system that uses SCA and
water should be six to eight percent by volume.

Note: Do not exceed the eight percent maximum
concentration. Check the concentration of Cat SCA
with a test kit for SCA or perform an S-0-S coolant
analysis.

Refer to Table 23 for part numbers and for the sizes
of containers of SCA.

Table 23

F—  — — = = —— —— ——— —

Caterplllar qumd SCAM
. Part Number T

— — e —

237 7673 | sLa3usqa

\ 8C-3680 19 L (5.0 US gal)

# 2170817 20 0L (53USgal)
5P-2907 208 L (55 US gal)

- ‘

217-0618 | 208 L (55 US gal)

M The avallabnllty of part numbers w1l| vary from one region to
another region.

Size of Contamer

’__

Maintain the Cat SCA in the same way as you would
maintain a cooling system that uses heavy-duty
coolantantifreeze. Adjust the maintenance for the
amount of Cat SCA additions.

Adding the Cat SCA to Water at the
Initial Fill

Use the equation that is in Table 24 to determine
the amount of Cat SCA that is required at the initial
fill. This equation is for a mixture of only Cat SCA
and water.

Table 24

Equatlon For Addlng The Cat SCA To Water
At The Initial Fill

rir B 7777V*007—X

‘ V is the total volume of the cooling system.

| X is the amount of Cat SCA that is requtred J

Table 25 is an example for using the equation that
is in Table 24.

Table 25

]
[ Example Of The Equation For Addlng The Cat
SCA To Water At The Initial Fill

Total Volume Multiplication —[_Amount of Cat ‘

} of the Coolmg Factor ‘ SCA that is
B UN R | Required () |

! 946 L i x 0.07 66 L
| (250 US gab) L ‘ {18 US gal)

Adding the Cat SCA to Water for
Maintenance

For the recommended service interval, refer to the
Operaticn and Maintenance Manual, “Maintenance
Interval Schedule” for your engine.

Submit a coolant samble to your Caterpillar dealer.
See this Special Publication, “S-0-S Services Coolant
Analysis” topic.

Additions of Cat SCA are based on the results of
the coolant analysis. The size of the cooling system
determines the amount of Cat SCA that is required.

Use the equation that is in Table 24 to determine the
amount of Cat SCA that is required for maintenance,
if necessary:

Table 26
Equatlon for the Addltlon of Cat SCA To ‘
Water For Malntenance J
vV x Q. 023 =X i

V is the total volume of the cooling system.

X |s the amount of Cat SCA that is reqmred

Table 27 is an example for using the equation that
is in Table 24.

Table 27

‘ Example of the Equation for the Addltuon of Cat
SCA To Water For Malntenance

r Total Volume ‘ Multlpllcatlon | Amount of Cat ‘
of the Cooling Factor SCA that is

| Systm() || Required ()
946 L | %0023 ‘ 22 L ‘
@sousgy || @Usgl) |

Note: Specific engine applications may require
maintenance practices to be periodically evaluated
in order to properly maintain the engine’'s cooling
system.
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Table 23 lists part numbers and the sizes of
containers for Cat SCA that is available from your
Caterpillar dealer.

102408382

S:0:'S Services Coolant
Analysis

SMCS Code: 1350; 1395; 7542

Testing the engine coolant is important to ensure
that the engine is protected from internal cavitation
and corrosion. The analysis also tests the ability of
the coolant to protect the engine from boiling and
freezing. $3-O-8 coolant analysis can be done at
your Caterpillar dealer. Caterpillar $-O-S coolant
analysis is the best way to monitor the condition of
your coolant and your cooling system. S-Q-S coolant
analysis is a program that is based on periodic
sampies.

NCTICE
Do not use the same vacuum sampling pump for ex-
tracting oil samples that is used for extracting coolant
samples.

A small residue of either type sample may remain in
the pump and may cause a false positive analysis for
the sample being taken.

Always use a designated pump for oil sampling and a
designated pump for coolant sampling.

Failure to do so may cause a faise analysis which
could lead to customer and dealer concerns.

New Systems, Refilled Systems,
and Converted Systems

Perform an S-0-S coolant analysis {Level 2) at the
following maintenance intervals.

+ Every Year
« [nitial 500 service hours

Perform this analysis at the interval that occurs first
for new systems, for refilled systems, or for converted
systems that use Cat ELC (Extended Life Coolant} or
use Cat DEAC (Diesel Engine Antifreeze/Coolant).
This 500 hour check will alse check for any residual
cleaner that may have contaminated the system.

Recommended Interval for S-O-S
Services Coolant Sample

Table 28
— .

Rect;mmended Interval

M L ——
| Typeof Coolant  Level1 | Level 2

Every g) T

| catDEAC Hoora)

Yearlyn@

Teatid T optonam | veanyw |

(1) This is the recommended sampling interval for all conventional
heavy-duty coolant/antifreeze. This is also the recommended
sampling interval for commercial coolants that meet Cat EC-1
{Engine Coolant specification - 1)

{2) The Level 2 Coolant Analysis should be performed soaner if a
problem is suspected or identified.

Note: Check the SCA (Supplemental Coolant
Additive) of the conventional coclant at every oil

change or at every 250 hours. Perform this check at
the interval that occurs first.

S-0-S Services Coolant Analysis
(Level 1)

A coolant analysis (Level 1) is a test of the properties
of the coolant.

The following properties of the coolant are tested:

» Glycol concentration for freeze protection and boil
protection

+ Ability to protect from erosion and corrosion
+ pH

« Conductivity

« Visual analysis

» Odor analysis

» Water hardness

The results are reported, and appropriate
recommendations are made.

S-0-S Services Coolant Analysis
(Level 2)

A coolant analysis { Level 2) is a comprehensive
chemical evaluation of the coolant. This analysis is
also a check of the overall condition of the inside of
the cooling system.

The 3:0-S coolant analysis { Level 2) has the
following features:
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+ Full coolant analysis (Level 1}

« Identification of the source of metal corrosion and
of contaminants

« |dentification of buildup of the impurities that cause
corrosion

« ldentification of buildup of the impurities that cause
scaling

« Determination of the possibility of electrolysis
within the cooling system of the engine

The results are reported, and appropriate
recommmendations are made.

For more information on S-O-S coolant analysis,
consult your Caterpillar dealer.
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02408416

Reference Material
SMCS Code: 1000; 7000

The following publications are available for order
through your Caterpillar dealer.

Note: The information that is contained in the listed
publications is subject to change without notice.

Note: Refer to this publication, the respective
product data sheet, and to the appropriate Operation
and Maintenance Manuai for product application
recommendations.

Coolants

Data Sheet, PEHJ0067, "Cat ELC (Extended Life
Coolant)" (Worldwide)

Special Publication, PEEP5027, “Label - ELC
Radiator Label”

Special Publication, PELJ0176, “Cat ELC
(Extended Life Coolant) 223-9116 Dilution Test Kit"

Data Sheet, PEHP9554, “Cat DEAC (Diesel
Engine Antifreeze/Coolant) (Concentrate)”’

Special Publication, SEBD(518, "Know Your
Cooling System”

Special Publication, SEBD0970, “Coolant and Your
Engine”

Diesel Engine Oil

Special Publication, PELJG179, "Caterpillar Engine
Crankcase Fluid-1 Specifications (Cat ECF-1)" (All
international markets)

Data Sheet, PEHJ0059, “Cat DEO {(SAE 10W-30
and SAE 15W—40)" (North America - Canada,
Mexico, and United States)

Data Sheet, PEHJ0021, “Cat DEO {SAE 10W-30
and SAE 15W-40)" (Worldwide - except North
America, Egypt, Saudi Arabia, and Brazil)

Data Sheet, PEHJ0072, “Cat DEQ (SAE 10W-30
and SAE 15W-40)’ (Brazil)

Data Sheet, PEHJ0091, “Cat DEGC (SAE 10W-30
and SAE 15W-40)" (Egypt and Saudi Arabia)

Data Sheet, PEHP7062, “Cat DEO SYN (SAE
5W-40)"

Data Sheet, PEHJ0093, “Cat DEO (SAE 30

and SAE 40)" (For use in 3600 Series diesel
engines, C280 Series diesel engines and in older
precombustion chamber diesel engines. Do NOT
use in 3500 Series, C175 Series and smaller direct
injected diesel engines.}

Data Sheet, PEHJ0008, “Cat Arctic DEO (SAE
0W-30)" (Canada and United States)

Grease

Special Publication, PEGJ0035, "Grease Selection
Guide”

Data Sheet, PEHP0002, “Cat Advanced 3Mcly
Grease” (NLGI grade 2)

Data Sheet, NEHP6010, “Cat Ultra 5Moly Grease”
(NLGI grades 1 and 2)

Data Sheet, NEHP6011, "Cat Arctic Piatinum
Grease” (NLGI grade 0)

Data Sheet, NEHP6012, “Cat Desert Gold Grease”
(NLGI grade 2)

Data Sheet, NEHP8015, “Cat High Speed Ball
Bearing Grease” (NLGI grade 2)

Data Sheet, PEHJ0088, “Cat Multipurpose Grease”
{NLGI grade 2)

Filters

Data Sheet, PEHP6028, “Cat Ultra High Efficiency
Air Filters”

Data Sheet, PEHFP7032, “Radial Seal Air Filters”
Data Sheet, PEHJ0092, “Cat Cabin Air Filters”

Data Sheet, PEHP7077, “Cat Turbine
Pre-Cleaners”

Data Sheet, PEHP9013, “Air Filter Service
Indicator”

Data Sheet, PEHJ0082, “Cat Fuel/Water
Separators and Prime Time Priming Pumps”
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Data Sheet, PEHP7046, “Fuel Contamination
Control”

Data Sheet, PEHJ0068, "Cat Advanced Efficiency
Engine Oil Filter”

S-0-S Services

Special Publication, PEDP7036, "S-0O-S Services”

Special Publication, PEHP7052, “Making the Most
of S-0-S Services”

Special Publication, PEHP70786, “Understanding
S-0-S Services Tests”

Special Pubtication, PEHP8001, “How To Take a
Good Qil Sample”

Special Publication, PEHP7057, “S-0O-S Coolant
Analysis”

Miscellaneous

Special Publication, AECQ1042, “Caterpillar
Product Line Brochure”

Special Publication, PECP9067, "One Safe
Source”

Special Publicaticn, PEDP9131, “Fluid
Contamination - The Silent Thief’

Special Publication, PEW.J0074, “Cat Filter & Fluid
Application Guide”

Special Publication, SEBD0345, “Caterpillar
Performance Handbook (Edition 35)"

Special Publication, SENR9620, “Improving Fuel
System Durability” (Package of 10)

Special Publication, SEBF1018, “Improving
Component Durability - Engines” (Package of 10)

Additional Reference Material

Engine Manufacturers Association “Engine Fluids
Data Book”

Engine Manufacturers Association

Two North LaSalle Street, Suite 2200
Chicago, lllincis, USA 60602

E-mail: ema@enginemanufacturers.org
(312) 827-8700

Facsimile: (312) 827-8737
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Product and Dealer Information

Note: For product identification plate locations, see the section "Product identification information” in the Operation
and Maintenance Manual.

Delivery Date:

Product Information

Model:

Product Identification Number:

Engine Serial Number:

Transmission Serial Number:

Generator Serial Number:

Attachment Serial Numbers:

Attachment Information:

Customer Equipment Number:

Dealer Equipment Number:

Dealer Information

Name: Branch:
Address:
Dealer Contact Phone Number Hours
Sales:
Parts:

Service:







