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Foreword

This Malaysian Standard was developed by the Technical Committee on
Petroleum Lubricants (NSC 08/TC 8) under the authority of the National Standards Committee
on Petroleum and Gas (NSC 08).

The third revision of MS 376 cancels and replaces MS 376:2010, Engine oils — Specification.
Major modifications in this revision are as follows:

a) incorporation of “Terms and definitions”;

b)  “Normative references” revised and rearranged accordingly in Annex A;

C) incorporation of new oil service categories in Annex B;

d) incorporation of new viscosity grades for engine oils in Table C.1; and

e)  incorporation of new test techniques and performance in Annex D.

Compliance with a Malaysian Standard does not of itself confer immunity from legal obligations.
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Engine oils - Specification
(Third revision)

1 Scope
This Malaysian Standard specifies requirement for engine oils.

This standard is applicable to all gasoline and diesel engines, and also high speed industrial
diesel engines.

2 Normative references

Refer to Annex A.

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

3.1 engine oil

one of various substances that consist of base oils enhanced with various additives, particularly
antiwear additives, detergents, dispersants, and, for multi-grade oils, viscosity index improvers
which are used for lubrication of internal combustion engines.

NOTE. Passenger car engine oils is a substance that lubricates moving parts in your engine to help reduce
heat buildup in the engine, reduce wear and tear, maintains engine cleanliness, reduce oxidation,
neutralize acid buildup, prevents rust and corrosion.

4 Descriptions

4.1 The lubricants are classified according to engine test performance standards specified
by American Petroleum Institute (API). Within each performance classification, the lubricants
are further classified according to the Society of Automotive Engineers (SAE) viscosity
standards.

4.2 The performance classifications adopted are in accordance with API Bulletin 1509,
where engine services are classified as API SA, SB, SC, SD, SE, SF, SG, SH, SJ, SL, SM, SN,
SN PLUS and SP for gasoline engines oils and CA, CB, CC, CD, CD-Il, CE, CF, CF-2, CF-4,
CG-4, CH-4, Cl-4, Cl-4 Plus, CJ-4 and CK-4 for diesel engines oils.

NOTE. The letters “SI” and “SK” have been omitted from the sequence of letter designators for API
Service Categories because of their common association with other organisations or systems.

4.3 Annex B describes the duties for which oils meeting the various API performance

classifications are suitable for use. Annex C illustrates the viscosity grade classifications
covered by the SAE J300 viscosity classifications for engine oils.
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5 Requirements

5.1  The engine and bench test techniques and primary performance criteria which shall be
met are listed in Annex D for each of the performance classifications. This Annex also refers to
the various reports which provide details of the engine test techniques stipulated by this
standard.

5.2 The oil viscosity shall be defined as per Annex C.

6 Sampling
Sampling of engine oils for the purpose of this standard shall be carried out in accordance with

the relevant procedures described in ASTM D4057. Samples are to be send by manufacturers
to the accredited lab for compliance with standard purpose as and when required.

7 Packaging and marking
7.1 Packaging

The material shall be supplied in bulk or in clean, sound and dry containers as agreed upon
between the purchaser and the vendor.

7.2 Marking
7.2.1 Marking shall be in accordance with prevailing labelling regulations.
7.2.2 The name of the material (product name), its performance classification, appropriate

viscosity classification and source of origin (new, recovered or blend) shall be clearly and
indelibly marked on each container e.g. Product name, AP| SM/CF, SAE 5W-40.

8 Certification mark

Each container may also be marked with the certification mark from any certification body
provided that the product complies with the standard requirement.

NOTE. The container must also include tempered proof seal at the bottle cap to prevent contamination or
reused.

2 © DEPARTMENT OF STANDARDS MALAYSIA 2024 - All rights reserved



MS 376:2024

Annex A
(normative)

Normative references

The following normative references are indispensable for the application of this standard. For
dated references, only the edited cited applies. For undated references, the latest edition of the
normative references (including any amendments) applies.

A.1 United States Federal Standard

FED-STD-791/3470.1, Testing Method of Lubricants, Liquid Fuels, and Related Products -
Homogenity and miscibility of oils

A.2 ASTM International

ASTM D92, Standard Test Method for Flash and Fire Points by Cleveland Open Cup Tester

ASTM D412, Standard Test Methods for Vulcanized Rubber and Thermoplastic Elastomers—
Tension

ASTM D445, Standard Test Method for Kinematic Viscosity of Transparent and Opaque Liquids
(and Calculation of Dynamic Viscosity)

ASTM D471, Standard Test Method for Rubber Property—Effect of Liquids
ASTM D892, Standard Test Method for Foaming Characteristics of Lubricating Oils
ASTM D2240, Standard Test Method for Rubber Property—Durometer Hardness

ASTM D2622, Standard Test Method for Sulfur in Petroleum Products by Wavelength
Dispersive X-ray Fluorescence Spectrometry

ASTM D2887, Standard Test Method for Boiling Range Distribution of Petroleum Fractions by
Gas Chromatography

ASTM D3244, Standard Practice for Utilization of Test Data to Determine Conformance with
Specifications

ASTM D4057, Standard Practice for Manual Sampling of Petroleum and Petroleum Products

ASTM D4683, Standard Test Method for Measuring Viscosity of New and Used Engine QOils at
High Shear Rate and High Temperature by Tapered Bearing Simulator Viscometer at 150 °C

ASTM D4684, Standard Test Method for Determination of Yield Stress and Apparent Viscosity
of Engine QOils at Low Temperature

ASTM D4741, Standard Test Method for Measuring Viscosity at High Temperature and High
Shear Rate by Tapered-Plug Viscometer
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ASTM D4951, Standard Test Method for Determination of Additive Elements in Lubricating Oils
by Inductively Coupled Plasma Atomic Emission Spectrometry

ASTM D5133, Standard Test Method for Low Temperature, Low Shear Rate,
Viscosity/Temperature Dependence of Lubricating Oils Using a Temperature-Scanning
Technique

ASTM D5185, Standard Test Method for Multielement Determination of Used and Unused
Lubricating Oils and Base Oils by Inductively Coupled Plasma Atomic Emission Spectrometry
(ICP-AES)

ASTM D5293, Standard Test Method for Apparent Viscosity of Engine QOils and Base Stocks
Between -10 °C and -35 °C Using Cold-Cranking Simulator

ASTM D5481, Standard Test Method for Measuring Apparent Viscosity at High-Temperature
and High-Shear Rate by Multicell Capillary Viscometer

ASTM D5800, Standard Test Method for Evaporation Loss of Lubricating Oils by the Noack
Method

ASTM D5966, Standard Test Method for Evaluation of Engine Oils for Roller Follower Wear in
Light-Duty Diesel Engine

ASTM D5967, Standard Test Method for Evaluation of Diesel Engine Oils in T-8 Diesel Engine

ASTM D6082, Standard Test Method for High Temperature Foaming Characteristics of
Lubricating Oils

ASTM D6278, Standard Test Method for Shear Stability of Polymer Containing Fluids Using a
European Diesel Injector Apparatus

ASTM D6335, Standard Test Method for Determination of High Temperature Deposits by
Thermo-Oxidation Engine Oil Simulation Test

ASTM D6417, Standard Test Method for Estimation of Engine Oil Volatility by Capillary Gas
Chromatography

ASTM D6557, Standard Test Method for Evaluation of Rust Preventive Characteristics of
Automotive Engine QOils

ASTM D6593, Standard Test Method for Evaluation of Automotive Engine Oils for Inhibition of
Deposit Formation in a Spark-Ignition Internal Combustion Engine Fueled with Gasoline and
Operated Under Low-Temperature, Light-Duty Conditions

ASTM D6594, Standard Test Method for Evaluation of Corrosiveness of Diesel Engine Oil at
135°C

ASTM D6709, Standard Test Method for Evaluation of Automotive Engine Qils in the Sequence
VIl Spark-Ignition Engine (CLR Oil Test Engine)

ASTM D6750, Standard Test Methods for Evaluation of Engine Oils in a High-Speed, Single-
Cylinder Diesel Engine—1K Procedure (0.4 % Fuel Sulfur) and 1N Procedure (0.04 % Fuel
Sulfur)
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ASTM D6794, Standard Test Method for Measuring the Effect on Filterability of Engine Oils
After Treatment with Various Amounts of Water and a Long (6 h) Heating Time

ASTM D6795, Standard Test Method for Measuring the Effect on Filterability of Engine Oils
After Treatment with Water and Dry Ice and a Short (30 min) Heating Time

ASTM D6838, Standard Test Method for Cummins M11 High Soot Test

ASTM D6891, Standard Test Method for Evaluation of Automotive Engine Qils in the Sequence
IVA Spark-Ignition Engine

ASTM D6894, Standard Test Method for Evaluation of Aeration Resistance of Engine Qils in
Direct-Injected Turbocharged Automotive Diesel Engine

ASTM D6922, Standard Test Method for Determination of Homogeneity and Miscibility in
Automotive Engine Oils

ASTM D6923, Standard Test Method for Evaluation of Engine QOils in a High Speed, Single-
Cylinder Diesel Engine—Caterpillar 1R Test Procedure

ASTM D6975, Standard Test Method for Cummins M11 EGR Test

ASTM D6984, Standard Test Method for Evaluation of Automotive Engine Qils in the Sequence
IIF, Spark-Ignition Engine

ASTM D6987, Standard Test Method for Evaluation of Diesel Engine Qils in the T-10 Exhaust
Gas Recirculation Diesel Engine

ASTM D7097, Standard Test Method for Determination of Moderately High Temperature Piston
Deposits by Thermo-Oxidation Engine Oil Simulation Test—TEOST MHT

ASTM D7109, Standard Test Method for Shear Stability of Polymer-Containing Fluids Using a
European Diesel Injector Apparatus at 30 Cycles and 90 Cycles

ASTM D7156, Standard Test Method for Evaluation of Diesel Engine Qils in the T-11 Exhaust
Gas Recirculation Diesel Engine

ASTM D7216, Standard Test Method for Determining Automotive Engine Oil Compatibility with
Typical Seal Elastomers

ASTM D7320, Standard Test Method for Evaluation of Automotive Engine Qils in the Sequence
IIG, Spark-Ignition Engine

ASTM D7320, Standard Test Method for Evaluation of Automotive Engine Qils in the Sequence
IIG, Spark-Ignition Engine

ASTM D7422, Standard Test Method for Evaluation of Diesel Engine Qils in T-12 Exhaust Gas
Recirculation Diesel Engine

ASTM D7468, Standard Test Method for Cummins ISM Test

ASTM D7484, Standard Test Method for Evaluation of Automotive Engine Oils for Valve-Train
Wear Performance in Cummins ISB Medium-Duty Diesel Engine
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ASTM D7528, Standard Test Method for Bench Oxidation of Engine Oils by ROBO Apparatus

ASTM D7549, Standard Test Method for Evaluation of Heavy-Duty Engine Oils under High
Output Conditions—Caterpillar C13 Test Procedure

ASTM D7563, Standard Test Method for Evaluation of the Ability of Engine Oil to Emulsify
Water and Simulated Ed85 Fuel

ASTM D7589, Standard Test Method for Measurement of Effects of Automotive Engine Oils on
Fuel Economy of Passenger Cars and Light-Duty Trucks in Sequence VID Spark Ignition
Engine

ASTM D8047, Standard Test Method for Evaluation of Engine Oil Aeration Resistance in a
Caterpillar C13 Direct-Injected Turbocharged Automotive Diesel Engine

ASTM D8048, Standard Test Method for Evaluation of Diesel Engine Oils in T-13 Diesel Engine

ASTM D8111, Standard Test Method for Evaluation of Automotive Engine Oils in the Sequence
IlIH, Spark-Ignition Engine

ASTM D8114, Standard Test Method for Measurement of Effects of Automotive Engine Oils on
Fuel Economy of Passenger Cars and Light-Duty Trucks in Sequence VIE Spark Ignition

ASTM D8256, Standard Test Method for Evaluation of Automotive Engine Oils for Inhibition of
Deposit Formation in the Sequence VH Spark-Ignition Engine Fueled with Gasoline and
Operated Under Low-Temperature, Light-Duty Conditions

ASTM D8279, Standard Test Method for Determination of Timing-Chain Wear in a
Turbocharged, Direct-Injection, Spark-Ignition, Four-Cylinder Engine

ASTM D8291, Standard Test Method for Evaluation of Performance of Automotive Engine Oils
in the Mitigation of Low-Speed, Preignition in the Sequence IX Gasoline Turbocharged Direct-
Injection, Spark-Ignition Engine

ASTM D874, Standard Test Method for Sulfated Ash from Lubricating Oils and Additives.

ASTM D8350, Standard Test Method for Evaluation of Automotive Engine Qils in the Sequence
IVB Spark-Ignition Engine

ASTM D93, Standard Test Methods for Flash Point by Pensky-Martens Closed Cup Tester

A.3 American Petroleum Institute

API Bulletin 1509, Twenty-First Edition February 2022, Engine oil licensing and certification
system

6 © DEPARTMENT OF STANDARDS MALAYSIA 2024 - All rights reserved
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A.4 The Coordinating European Council

CEC L-36-A-90, The measurement of lubricant dynamic viscosity under high shear conditions
(Ravenfield viscometer)

A.5 Society of Automotive Engineers

SAE J300, Engine oil viscosity classification (April 2021)

SAE J2643, Standard Reference Elastomers (SRE) for Characterizing the Effect of Liquids on
Vulcanized Rubbers
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Annex B
(normative)

Duties for oils meeting various API performance classifications

Table B.1. 'S’- Service oils - Engine oils classification system for automotive gasoline

engine service (spark ignition engines)

Service category

Description

SP

2020 Gasoline Engine Warranty Maintenance Service

Introduced in May 2020, designed to provide protection against low-
speed pre-ignition (LSPI), timing chain wear protection, improved high
temperature deposit protection for pistons and turbochargers, and
more stringent sludge and varnish control. APl SP with Resource
Conserving matches ILSAC GF-6A by combining APl SP
performance with improved fuel economy, emission control system
protection and protection of engines operating on ethanol-containing
fuels up to E85.

SN PLUS

Introduced in November 2017, designed to provide API SN
performance and additional protection against low-speed pre-ignition
for turbocharged direct injection gasoline-powered vehicles. the API
Lubricants Standards Group approved the adoption of SN PLUS, a
new classification that may be used in conjunction with APl SN and
APl SN with Resource Conserving. Qils that satisfy SN PLUS can
effectively lubricate engines calling for API SN. Oils that satisfy SN
PLUS and “Resource Conserving” can also effectively lubricate
engines calling for APl SN with “Resource Conserving” or ILSAC GF-
5. API SN with SN PLUS and “Resource Conserving” and APl SN with
SN PLUS are also backward compatible to APl Service Categories
before APl SN.

SN

2011 Gasoline Engine Warranty Maintenance Service

Introduced in October 2010, designed to provide improved high
temperature deposit protection for pistons, more stringent sludge
control, and seal compatibility. APl SN with Resource Conserving
matches ILSAC GF-5 by combining APl SN performance with
improved fuel economy, turbocharger protection, emission control
system compatibility, and protection of engines operating on ethanol-
containing fuels up to E85.

For 2020 and older automotive engines.

SM

2005 Gasoline Engine Warranty Maintenance Service

Introduced November 30, 2004, SM oils are designed to provide
improved oxidation resistance, improved deposit protection, better
wear protection, and better low-temperature performance over the life
of the oil. Some SM oils may also meet the latest ILSAC specification
and/or qualify as Energy Conserving.

For 2010 and older automotive engines.

© DEPARTMENT OF STANDARDS MALAYSIA 2024 - All rights reserved
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Table B.1. 'S’- Service oils - Engine oils classification system for automotive gasoline
engine service (spark ignition engines) (continued)

Service category

Description

SL

2001 Gasoline engine warranty maintenance service

Service typical of gasoline engines in present and earlier passenger
cars, sport utility vehicles, vans and light trucks operating under
vehicle manufacturers' recommended maintenance procedures. Oils
meeting APl SL requirements have been tested according to the
American Chemistry Council (ACC) Product Approval Code of
Practice and may utilize the API Base Qil Interchange and Viscosity
Grade Engine Testing Guidelines. They may be used where API
Service Category SJ and earlier categories are recommended.

For 2004 and older automotive engines.

SJ

1997 Gasoline engine warranty maintenance service

Service typical of gasoline engines in present and earlier passenger
cars, vans and light trucks operating under vehicle manufacturers'
recommended maintenance procedures. Oils meeting APl SJ
requirements have been tested according to the American Chemistry
Council (ACC) Product Approval Code of Practice and may utilize the
APl Base Oil Interchange and Viscosity Grade Engine Testing
Guidelines. They may be used where API Service Category SH and
earlier categories are recommended.

For 2001 and older automotive engines.

SH

1994 Gasoline engine warranty maintenance service (Obsolete)

Service typical of gasoline engines in present and earlier passenger
cars, vans and light trucks operating under vehicle manufacturers'
recommended maintenance procedures. Engine oils developed for
this category provide performance exceeding the minimum
requirements of APl Service Category SG, which it is intended to
replace, in the areas of deposit control, oil oxidation, wear, rust, and
corrosion. Oils meeting APl SH requirements have been tested
according to the American Chemistry Council (ACC) Product
Approval Code of Practice and may utilize the API base oil
interchange and viscosity grade engine testing guidelines. They may
be used where API Service Category SG and earlier categories are
recommended. Effective August 1, 1997, API SH cannot be used
except with APl CF, CF-2, CF-4 or CG-4 when displayed in the API
service symbol and the C category must appear first.

CAUTION: Not suitable for use in most gasoline-powered automotive
engines built after 1996. May not provide adequate protection against
build-up of engine sludge, oxidation, or wear.
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Table B.1. 'S’- Service oils - Engine oils classification system for automotive gasoline
engine service (spark ignition engines) (continued)

Service category Description

SG 1989 Gasoline engine warranty maintenance service (Obsolete)

Service typical of gasoline engines in passenger cars, vans and light
trucks operating under manufacturers' recommended maintenance
procedures. Category SG oils include the performance properties of
API Service Category CC. (Certain manufacturers of gasoline engines
require oils that also meet the higher diesel engine Category CD). QOils
developed for this service provide improved control of engine
deposits, oil oxidation, and engine wear relative to oils developed for
previous categories. These oils also provide protection against rust
and corrosion. Oils meeting API Service Category SG may be used
when API engine Service Categories SF, SE, SF/CC, or SE/CC are
recommended.

CAUTION: Not suitable for use in most gasoline-powered automotive
engines built after 1993. May not provide adequate protection against
build-up of engine sludge, oxidation, or wear.

SF 1980 Gasoline engine warranty maintenance service (Obsolete)

Service typical of gasoline engines in passenger cars and some trucks
beginning with the 1980 through 1989 models model operating under
engine manufacturers' recommended maintenance procedures. Oils
developed for this service provide increased oxidation stability and
improved anti-wear performance relative to oils which meet the
minimum requirements for Service Category SE. The oils also provide
protections against engine deposits, rust and corrosion. Oils meeting
Service Classification SF may be used where Service Categories SE,
SD, or SC are recommended.

CAUTION: Not suitable for use in most gasoline-powered automotive
engines built after 1988. May not provide adequate protection against
build-up of engine sludge.

SE 1972 Gasoline engine warranty maintenance service (Obsolete)

Service typical of gasoline engines in passenger cars and some trucks
beginning with 1972 and certain 1971 models operating under engine
manufacturer's warranties. Oils designed for this service provide more
protection against oil oxidation, high temperature engine deposits rust
and corrosion in gasoline engines than oils which are satisfactory for
Engine Service Classifications SD or SC and may be used when
either of these classifications is recommended.

CAUTION: Not suitable for use in most gasoline-powered automotive
engines built after 1979.

10 © DEPARTMENT OF STANDARDS MALAYSIA 2024 - All rights reserved
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Table B.1. 'S’- Service oils - Engine oils classification system for automotive gasoline
engine service (spark ignition engines) (continued)

Service category

Description

SD

1968 Gasoline engine warranty maintenance service (Obsolete)

Service typical of gasoline engines in 1968 through 1970 models of
passenger cars and some ftrucks operating under engine
manufacturers' warranties in effect during those model years. Also
may apply to certain 1971 and/or later models as specified (or
recommended) in the owners' manuals. Oils designed for this service
provide more protection against high and low temperature engine
deposits, wear, rust and corrosion in gasoline engines that oils which
are satisfactory for Engine Service Classification SC and may be used
when Engine Service Classification SC is recommended.

CAUTION: Not suitable for use in most gasoline-powered automotive
engines built after 1971. Use in more modern engines may cause
unsatisfactory performance or equipment harm.

SC

1964 Gasoline engine warranty maintenance service (Obsolete)

Service typical of gasoline engines in 1964 through 1967 models of
passenger cars and some ftrucks operating under engine
manufacturers' warranties in effect during those model years. Oils
designed for this service provide control of high and low temperature
deposits, wear, rust and corrosion in gasoline engines.

CAUTION: Not suitable for use in most gasoline-powered automotive
engines built after 1967. Use in more modern engines may cause
unsatisfactory performance or equipment harm.

SB

Minimum duty gasoline engine service (Obsolete)

Service typical of gasoline engines operated under such mild
conditions that only minimum protection afforded by compounding is
desired. Oils designed for this service have been used since the
1930's and provide only anti scuff capability and resistance to oil
oxidation and bearing corrosion.

CAUTION: Not suitable for use in most gasoline-powered automotive
engines built after 1951. Use in more modern engines may cause
unsatisfactory performance or equipment harm.

SA

Utility gasoline and diesel engine service (Obsolete)

Service typical of engines operated under such mild conditions that
the protection afforded by compounded oils is not required. The
classification has no performance requirements.

CAUTION: Contains no additives. Not suitable for use in most
gasoline-powered automotive engines built after 1930. Use in modern
engines may cause unsatisfactory performance or equipment harm.

NOTE. Obsolete: The product is still in the market, but the test cannot be conducted due to
unavailability of the equipment for testing.

© DEPARTMENT OF STANDARDS MALAYSIA 2024 - All rights reserved 11
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Table B.2. 'C’ - Commercial oils - Engine oil classification system for commercial

diesel engines service (compression ignition engines)

Service category

Description

CK-4

Used in high-speed four-stroke cycle diesel engines

API Service Category CK-4 describes oils for use in high-speed four-
stroke cycle diesel engines designed to meet 2017 model year on-
highway and Tier 4 non-road exhaust emission standards as well as
for previous model year diesel engines. These oils are formulated for
use in all applications with diesel fuels ranging in sulfur content up to
500 ppm (0.05% by weight). However, the use of these oils with
greater than 15 ppm (0.0015% by weight) sulfur fuel may impact
exhaust aftertreatment system durability and/or oil drain interval.
These oils are especially effective at sustaining emission control
system durability where particulate filters and other advanced
aftertreatment systems are used. APl CK-4 oils are designed to
provide enhanced protection against oil oxidation, viscosity loss due
to shear, and oil aeration as well as protection against catalyst
poisoning, particulate filter blocking, engine wear, piston deposits,
degradation of low- and high-temperature properties, and soot-related
viscosity increase. APl CK-4 oils exceed the performance criteria of
AP| CJ-4, Cl-4 with CI-4 PLUS, Cl-4, and CH-4 and can effectively
lubricate engines calling for those APl Service Categories. When
using CK-4 oil with higher than 15 ppm sulfur fuel, consult the engine
manufacturer for service interval recommendations.

CJ-4

For 2010 severe-duty diesel engine service

Introduced in 2010. For high-speed, four-stroke engines designed to
meet 2010 model year on-highway exhaust emission standards. CJ-4
oils are compounded for use in all applications with diesel fuels
ranging in sulphur content up to 500 ppm (0.05 % by weight).
However, use of these oils with greater than 15 ppm (0.0015% by
weight) sulphur fuel may impact exhaust after treatment system
durability and/or oil drain interval. CJ-4 oils are effective at sustaining
emission control system durability where particulate filters and other
advanced after treatment systems are used. Optimum protection is
provided for control of catalyst poisoning, particulate filter blocking,
engine wear, piston deposits, low- and high-temperature stability, soot
handling properties, oxidative thickening, foaming, and viscosity loss
due to shear. API CJ-4 oils exceed the performance criteria of API CI-
4 with Cl-4 PLUS, Cl-4, CH-4, CG-4 and CF-4 and can effectively
lubricate engines calling for those APl Service Categories. When
using CJ-4 oil with higher than 15 ppm sulphur fuel, consult the engine
manufacturer for service interval.

Cl-4 Plus

Used in conjunction with API CI-4, 2004

Cl-4 PLUS designation identifies oils formulated to provide a higher
level of protection against soot-related viscosity increase and viscosity
loss due to shear in diesel engines. Like Energy Conserving, Cl-4
PLUS appears in the lower portion of the API Service Symbol “Donut”.

12
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Table B.2. 'C’ - Commercial oils - Engine oil classification system for commercial
diesel engines service (compression ignition engines) (continued)

Service category

Description

Cl-4

2002 Severe-duty diesel engine service

Service typical of high-speed, four-stroke cycle diesel engines
designed to meet 2004 exhaust emission standards, to be
implemented October 2002. These oils are compounded for use in all
applications with diesel fuels ranging in sulphur content up to 0.05 %
by weight. These oils are especially effective at sustaining engine
durability where Exhaust Gas Recirculation (EGR) and other exhaust
emission componentry may be used. Optimum protection is provided
for control of corrosive wear tendencies, low and high temperature
stability, soot handling properties, piston deposit control, valve train
wear, oxidative thickening, foaming and viscosity loss due to shear.
API Cl-4 oils are superior in performance to those meeting APl CH-4,
CG-4 and CF-4 and can effectively lubricate engines calling for those
API Service Categories.

CH-4

1998 Severe-duty diesel engine service

Service typical of high-speed, four-stroke diesel engines designed to
meet 1998 exhaust emission standards and are specifically
compounded for use with diesel fuels ranging in sulphur content up to
0.5 % weight. CH-4 oils are superior in performance to those meeting
AP| CF-4 and API CG-4 and can effectively lubricate engines calling
for those API Service Categories.

CG-4

1994 Severe-duty diesel engine service (Obsolete)

Service typical of high-speed four-stroke-cycle diesel engines used in
both heavy-duty on-highway (0.05 % weight sulphur fuel) and off-
highway (less than 0.5 % weight sulphur fuel) applications. CG-4 oils
provide effective control over high-temperature piston deposits, wear,
corrosion, foaming, oxidation stability, and soot accumulation. These
oils are especially effective in engines designed to meet 1994 exhaust
emission standards and may also be used in engines requiring API
Service Categories CD, CE, and CF-4. Qils designed for this service
have been in existence since 1994.

CAUTION: Not suitable for use in most diesel-powered automotive
engines built after 2009.
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Table B.2. 'C’ - Commercial oils - Engine oil classification system for commercial
diesel engines service (compression ignition engines) (continued)

Service category

Description

CF-4

1990 Diesel engine service (Obsolete)

Service typical of high-speed, four-stroke cycle diesel engines. API
CF-4 oils exceed the requirements for the AP CE category, providing
improved control of oil consumption and piston deposits. These oils
should be used in place of API CE oils. They are particularly suited for
on-highway, heavy-duty truck applications. When combined with the
appropriate "S" category, they can also be used in gasoline and diesel
powered personal vehicles: i.e., passenger cars, light trucks, and vans
- when recommended by the vehicle or engine manufacturer.

CAUTION: Not suitable for use in most diesel-powered automotive
engines built after 2009.

CF-2

Severe-duty two-stroke cycle diesel engine service (Obsolete)

Service typical of two-stroke cycle diesel engines requiring highly
effective control over cylinder and ring-face scuffing and deposits. Qils
designed for this service have been in existence since 1994 and may
also be used when APl Engine Service Category CD-Il is
recommended. These oils do not necessarily meet the requirements
of API CF or CF-4 unless they pass the test requirements for these
categories.

CAUTION: Not suitable for use in most diesel-powered automotive
engines built after 2009. Two-stroke cycle engines may have different
lubrication requirements than four-stroke engines, so the
manufacturer should be contacted for current lubrication
recommendations.

CF

Indirect-injected diesel engine service (Obsolete)

Service typical of indirect-injected diesel engines and other diesel
engines that use a broad range of fuel types, including those using
fuel with high sulphur content; for example, over 0.5 % weight.
Effective control of piston deposits, wear and copper-containing
bearing corrosion is essential for these engines, which may be
naturally aspirated, turbocharged or supercharged. Oils designated
for this service have been in existence since 1994 and may be used
when API Service Category CD is recommended.

CE

1983 Diesel engine service (Obsolete)

Service typical of certain turbocharged or supercharged heavy-duty
diesel engines, manufactured since 1983 and operated under both
low-speed, high-load and high-speed, high-load conditions. Oils
designated for this service may also be used when API Service
Category CD is recommended for diesel engines.

CAUTION: Not suitable for use in most diesel-powered automotive
engines built after 1994.

14
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Table B.2. 'C’ - Commercial oils - Engine oil classification system for commercial
diesel engines service (compression ignition engines) (continued)

Service category

Description

CD-llI

Severe-duty two-stroke cycle diesel engine service (Obsolete)

Service typical of two-stroke cycle diesel engines requiring highly
effective control of wear and deposits. Oils designed for this service
also meet all performance requirements of AP| Service Category CD.

CAUTION: Not suitable for use in most diesel-powered automotive
engines built after 1994.

CD

Severe duty diesel engine service (Obsolete)

Service typical of supercharged diesel engines in high-output duty,
requiring highly effective control of wear and deposits. Oils designed
for this service were introduced in 1955 and provide protection from
bearing corrosion and from high temperature deposits in
supercharged diesel engines when using fuels of wide quality range.

CAUTION: Not suitable for use in most diesel-powered automotive
engines built after 1994.

CcC

Moderate duty diesel and gasoline engine service (Obsolete)

Service typical of lightly supercharged diesel engines operated in
moderate to severe duty, and certain heavy-duty gasoline engines.
Oils designed for this service provide protection from high temperature
deposits in lightly supercharged diesels and also from rust, corrosion
and low temperature deposits in gasoline engines. These oils were
introduced in 1961 and used in many trucks and in industrial and
construction equipment and farm tractors.

CAUTION: Not suitable for use in most diesel-powered engines built
after 1990.

CB

Moderate duty diesel engine service (Obsolete)

Service typical of diesel engines operated in mild to moderate duty,
but with lower quality fuels which necessitate more protection from
wear and deposits. Occasionally has included gasoline engines in
mild service. Oils designed for this service provide necessary
protection from bearing corrosion and from high temperature deposits
in normally aspirated diesel engines with higher sulphur fuels. Oils
designed for this service were introduced in 1949.

CAUTION: Not suitable for use in most diesel-powered engines built
after 1961.
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Table B.2. 'C’ - Commercial oils - Engine oil classification system for commercial
diesel engines service (compression ignition engines) (continued)

Service category

Description

CA

Light duty diesel engine service (Obsolete)

Service typical of diesel engines operated in mild to moderate duty
with high quality fuels but occasionally has included gasoline engines
in mild service. QOils designed for this service provide protection from
bearing corrosion and from high temperature deposits in normally
aspirated diesel engine when using fuels of such quality that they
impose no unusual requirements for wear and deposit protection.
They were widely used in the late 1940's and 1950's.

CAUTION: Not suitable for use in most diesel-powered engines built
after 1959.

NOTE. Obsolete: The

product is still in the market, but the test cannot be conducted due to

unavailability of the equipment for testing.
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Table B.3. International Lubricants Standardisation and Approval Committee (ILSAC)

Standard for passenger car engine oils

Service category

Description

GF-6A

Introduced in May 2020, designed to provide protection against low-
speed pre-ignition (LSPI), timing chain wear protection, improved high
temperature deposit protection for pistons and turbochargers, more
stringent sludge and varnish control, improved fuel economy,
enhanced emission control system protection and protection of
engines operating on ethanol-containing fuels up to E85.

GF-6B

Applies only to oils having an SAE viscosity grade of O0W-16.
Introduced in May 2020, designed to provide protection against low-
speed pre-ignition (LSPI), timing chain wear protection, high
temperature deposit protection for pistons and turbochargers,
stringent sludge and varnish control, improved fuel economy,
emission control system protection and protection of engines
operating on ethanol-containing fuels up to E85.

GF-5

Obsolete. Use GF-6A where GF-5 is recommended.

GF-4

Obsolete. Use GF-5 where GF-4 is recommended.

GF-3

Obsolete. Use GF-5 where GF-3 is recommended.

GF-2

Obsolete. Use GF-5 where GF-2 is recommended.

GF-1

Obsolete. Use GF-5 where GF-1 is recommended.

Table B.4. 'F’ - Commercial oils - Engine oil classification system for commercial
diesel engines service (high-speed four-stroke cycle engines)

Service category

Description

FA-4

API Service Category FA-4 describes certain XW-30 oils specifically
formulated for use in select high-speed four-stroke cycle diesel
engines designed to meet 2017 model year on-highway greenhouse
gas (GHG) emission standards. These oils are formulated for use in
on-highway applications with diesel fuel sulfur content up to 15 ppm
(0.0015% by weight). Refer to individual engine manufacturer
recommendations regarding compatibility with APl FA-4 oils. These
oils are blended to a high temperature high shear (HTHS) viscosity
range of 2.9cP-3.2cP to assist in reducing GHG emissions. These oils
are especially effective at sustaining emission control system
durability where particulate filters and other advanced after treatment
systems are used. AP| FA-4 oils are designed to provide enhanced
protection against oil oxidation, viscosity loss due to shear, and oil
aeration as well as protection against catalyst poisoning, particulate
filter blocking, engine wear, piston deposits, degradation of low- and
high-temperature properties, and soot-related viscosity increase. API
FA-4 oils are not interchangeable or backward compatible with API
CK-4, CJ-4, Cl-4 with Cl-4 PLUS, CI-4, and CH-4 oils. Refer to engine
manufacturer recommendations to determine if APl FA-4 oils are
suitable for use. AP FA-4 oils are not recommended for use with fuels
having greater than 15 ppm sulfur. For fuels with sulfur content greater
than 15 ppm, refer to engine manufacturer recommendations.
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Annex C
(normative)

SAE J300 Engine oil viscosity classification

Table C.1. Viscosity grades for engine oils2 ®

Low
Low Low-shear- Low-shear- .
SAE temperature (Q%Tsz'::::; rate kinematic | rate kinematic r:tlg\?i-ssgg:il;yf
. . (°C) cranking . - viscosity® viscosity®
viscosity . h viscosityd, > > (mPa-s)
viscosity®, (mm?/s) (mm?/s) o
grade mPa's mPas at 100 °C at 100 °C at 150 °C
[maximum] [maximum] with [minimum] [maximum] [minimum]
no yield stress
ow 6200 at -35 60 000 at -40 3.8 - -
5W 6600 at -30 60 000 at -35 3.8 - -
10W 7000 at -25 60 000 at -30 41 - -
15W 7000 at -20 60 000 at -25 5.6 - -
20W 9500 at -15 60 000 at -20 5.6 - -
25W 13000 at -10 60 000 at -15 9.3 - -
8 - - 4.0 <6.1 1.7
12 - - 5.0 <741 2.0
16 - - 6.1 <8.2 2.3
20 - - 6.9 <93 2.6
30 - - 9.3 <125 2.9
40 - - 12.5 <16.3 3.5
(OW-40,
5W-40,
10W-40
grades)
40 - - 12.5 <16.3 3.7
(15W-40,
20W-40,
25W-40
grades)
50 - - 16.3 <21.9 3.7
60 - - 21.9 <26.1 3.7

a {mPas=1cP,1 mm%s=1cSt

b All values, with the exception of the low-temperature cranking viscosity, are critical specifications as
defined by ASTM D3244.

¢ ASTM D5293. Cranking viscosity - the non-critical specification protocol in ASTM D3244 shall be
applied with a P value of 0.95.

d  ASTM D4684. Note that the presence of any yield stress detectable by this method constitutes a
failure regardless of viscosity.

¢ ASTM D445.

f ASTM D4683, ASTM D4741, ASTM D5481 or CEC L-36-A-90.
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Annex D
(normative)

Test techniques and performance

MS 376:2024

D.1 Test techniques and performance criteria for APl SJ, SL, SM, SN,
SN Plus and SP

Table D.1. Engine test requirements used in gasoline engine performance

classifications for APl SJ, SL and SM

Engine test

requirements Parameter [limit] API SJ |API SL |API SM

CRC L-38 Bearing weight loss (mg) [maximum] 40 NTS NTS
Piston skirt varnish [minimum] NR NTS NTS
Shear Stability 10 h stripped viscosity SIG NTS NTS

Or

Sequence VIII | Bearing weight loss (mg) [maximum] 26.4 26.4 26
Shear stability (10 h stripped viscosity) SIG SIG SIG

Sequence 11D Average engine rust [minimum] 8.5 NTS NTS
Lifter sticking [none] NF NTS NTS

Or
Average Gray value (minimum)

ASTM D6557 100

(Ball Rust Test)

Sequence IlIIE | Average piston skirt varnish [minimum] 8.9 NTS NTS
Average oil ring land deposits [minimum] 3.5 NTS NTS
Average engine sludge [minimum] 9.2 NTS NTS

Or Viscosity increase (%) at 64 h, 40 °C [maximum] NR NTS NTS
Time (h) to 375 % viscosity increase at 40 °C [minimum] 64 NTS NTS
Cam + lifter wear

ASTM D5533 Maximum (um) [maximum] 64 NTS NTS

Average (um) [maximum] 30 NTS NTS

Cam + lifter scuffing [none] NF NTS NTS
Ring sticking (oil related) [none] NF NTS NTS
Lifter sticking [none] NF NTS NTS

Sequence llIF | Kinematic viscosity increase (%) at 40 °C [maximum] 325 275 NTS
Average Piston skirt varnish rating [minimum] 8.5 9 NTS

Or Weighted piston deposits rating [minimum] 3.2 4 NTS
Stuck piston rings NF NF NTS

ASTM D6984 Average cam + lifter wear (um) [maximum] NTS 20 NTS
Low temperature viscosity NTS | R&R? NTS

Sequence llIG | Kinematic viscosity increase (%) at 40 °C [maximum] NTS NTS 150
Weighted piston deposits [minimum] NTS NTS 3.5
Stuck piston rings NTS NTS NF
Average cam + lifter wear (um) [maximum] NTS NTS 60
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Table D.1. Engine test requirements used in gasoline engine performance
classifications for API SJ, SL and SM (continued)

Engine test

. Parameter [limit] API SJ |API SL |API SM

requirements

Sequence Low temperature viscosity (MRV) NTS NTS Pass

NGA

OR

ASTM D8111

OR

ROBO ASTM

D7528

Sequence IVA | Average cam wear (um) [maximum] (7 position average) NTS 120 90

ASTM D6891

Sequence VE Rocker cover sludge [minimum] 7 NTS NTS
Average engine sludge [minimum] 9 NTS NTS
Average engine varnish [minimum] 5 NTS NTS
Average piston skirt varnish [minimum] 6.5 NTS NTS
Cam lobe wear

Maximum (um) [maximum] 380 380 NTS
Average (um) [maximum] 127 127 NTS

Qil screen clogging (%) [maximum] 20 NTS NTS
Hot stuck compression ring [none] NF NTS NTS
Qil ring clogging (%) [maximum] Report | NR NTS

Sequence VG | Average engine sludge [minimum] NTS 7.8 7.8
Rocker cover sludge [minimum] NTS 8 8
Average engine varnish [minimum] NTS 8.9 8.9
Piston skirt varnish [minimum] NTS 7.5 7.5
Oil screen clogging (%) [maximum] NTS 20 20
Hot stuck rings NTS NF NF
Oil screen debris NTS R&R R&R
Cold stuck rings NTS R&R R&R
Qil ring clogging NTS R&R R&R

NOTES:

1. Test techniques no longer available for performance classifications SA, SB, SC, SD, SE, SF, and
SG.

2. NTS: no test specified.

3. NF: no failure allowed.

4. NR: no test required.

5. Report: need to report the test result.

6. R&R: rate result against reference standard and report.

a  SAE J300 pumpability requirements defined by low temperature grade of oil (determined by CCS
viscosity) at the end of the Sequence IlIF test.
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Table D.2. Bench test requirements used in gasoline engine performance
classifications for APl SJ, SL and SM

Bench test Parameter [limit] APISJ | API SL | API SM
requirements

TEOST High-temperature deposits, total deposit weight (mg) 60 35
ASTM D6335 [maximum]

TEOST MHT High-temperature deposits, total deposit weight (mg)
ASTM D7097 [maximum]

SAE 0W-20, 5W-20, 0W-30, 5W-30, 10W-30 NTS 45 35
OTHER GRADES (excluding SAE XW-16) 45 45

Gelation index | Gelation index [maximum] 12 12 12

ASTM D5133 SAE 0W-20, 5W-20, 5W-30, 10W-30 NR NR NR
Others except SAE XW-16

Pumpability 30 000 cP [maximum] at —20°C NR NTS NTS

ASTM D4684 60 000 cP [maximum] at —20°C b NTS NTS

Volatility Loss (%) at 371 °C [maximum]

ASTM D5480 SAE 0W- 20 17 NTS NTS
SAE 5W- 20, 5W-30 17 NTS NTS

OR SAE 10W-30 17 NTS NTS
Others except XW-16 15 NTS NTS

Volatility Loss (%) at 371 °C [maximum] 17 10 NTS

ASTM D6417 SAE 0W-20 17 10 NTS
SAE 5W-20, 5W-30 17 10 NTS
SAE 10W-30 25 10 NTS
Others except XW-16 NTS NTS A0
Simulated Distillation

Or

Noack volatility | Evaporation loss (%) at 250°C [maximum] 22 15 15

ASTM D5800 SAE 0W- 20 22 15 15
SAE 5W- 20. SAE 5W-30 22 15 15
SAE 10W-30 20 15 NR
Others (except XW-16)

EOFT Flow reduction (%) [maximum]

ASTM D6795 Standard procedure 50 50 50

ASTM D6794 Modified procedure
With 0.6% H20 R&R 50 50
With 1.0% H20 R&R 50 50
With 2.0% H20 R&R 50 50
With 3.0 H20 R&R 50 50

Foaming Tendency/stability (mL) [maximum]

tendency

ASTM D892 Sequence | 10/0 10/0 10/0
Sequence I 50/0 50/0 50/0
Sequence i 10/0 10/0 10/0

ASTM D6082 Sequence |V/High temperature 200/50 | 100/0 | 100/0
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Table D.2. Bench test requirements used in gasoline engine performance

classifications for APl SJ, SL and SM (continued)

Flash point Flash point (°C) [minimum]

ASTM D92 SAE OW-XX 200 NTS NTS
SAE 5W-XX 200 NTS NTS
SAE 10W-30 200 NTS NTS
SAE 15W-40 NR NTS NTS

Catalyst

compatibility

ASTM D4951 Phosphorus content (% mass) [maximum] 0.102 | 0.1d 0.08¢

ASTM D4951 Phosphorus (% mass) [minimum]2 (wear) % NTS NTS 0.06d

ASTM D4951 Sulphur (% mass) [maximum]?

or - OW and 5W multi-grades NTS NTS 0.5¢

ASTM D2622 - 10W multi-grades NTS NTS 0.7¢

Homogeneity NTS Homo- | Homo-

and miscibility geneous | geneous

ASTM D6922 reference | reference

(FED-STD- oils oils

791/3470.1)

ASTM D4683, High Temp/High Shear Viscosity @150 C, mPa.s,

D4741 or minimum

D5481 High

Temperature/Hi | SAE OW-20, 5W-20, 5W-30, 10W-30 NR NR NR

gh Shear Others except XW-16 2.6 2.6 2.6

Viscosity

Ball rust test Average gray value [minimum] NTS 100 100

ASTM D6557

NOTES:

1. NTS: no test specified.

2. NR: no test required.

a2 SAE 0W-20, 5W-20, 5W-30 and 10W-30 only; exclude OW-30.

b All multi-grade oils must meet the requirements of SAE J300 JAN15.

¢ SAE 5W-30 and 10W-30 only.

4 This is a non-critical specification as described in ASTM D3244.
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D.2 Test techniques and performance criteria for APl SN and SN Plus

Table D.3. Engine test requirements used in gasoline engine performance
classifications for APl SN and SN Plus

API SN
API SN with
SAE 0W-16, API SN “Resource
Engine test SAE 5W-16, Conserving”
| a Parameter [limit] SAE 0W-20, Other
requirements SAE 5W-20, viscosity All
SAE 0W-30, grades viscosity
SAE 5W-30, grades
SAE 10W-30
Sequence llIG Kinematic viscosity increase at 40°C (%) 150 150 150
ASTM D7320 [maximum] 4.0 4.0 4.0
Average weighted piston deposits [minimum] None None None
Hot stuck rings 60 60 60
Average cam plus lifter wear (um) [maximum]
Or
Sequence IlIH Kinematic viscosity increase at 40°C (%) 150 150 150
ASTM D8111 [maximum]
Average weighted piston deposits [minimum] 3.7 3.7 3.7
Hot stuck rings None None None
Sequence IVA Average cam wear (7 position avg) (um) 90 90 90
ASTM D6891 [maximum]
Sequence VGb Average engine sludge [minimum] 8.0 8.0 8.0
ASTM D6593 Average rocker cover sludge [minimum] 8.3 8.3 8.3
Average engine varnish [minimum] 8.9 8.9 8.9
Average piston skirt varnish [minimum] 7.5 7.5 7.5
Qil screen sludge (% area) [maximum] 15 15 15
Oil screen debris (% area) Rate & report | Rate & report | Rate & report
Hot-stuck compression rings None None None
Cold stuck rings Rate & report | Rate & report | Rate & report
Oil ring clogging (% area) Rate & report | Rate & report |Rate & Report
Or
Sequence VH Average engine sludge [minimum] 7.6 7.6 7.6
ASTM D8256 Average rocker cover sludge [minimum] 7.7 7.7 7.7
Average engine varnish [minimum] 8.6 8.6 8.6
Average piston skirt varnish [minimum] 7.6 7.6 7.6
Oil screen clogging (% area) Rate & report | Rate & report | Rate & report
Hot stuck compression rings None None None
© SAE XW-16 viscosity grade
Soquence ¥ | Fersum NR NR 2.8% min
FEI 2 1.3% min after

SAE XW-20 viscosity grade
FEI SUM
FEI 2

SAE XW-30 viscosity grade
FEI SUM
FEI 2

SAE 10W-30 and all other viscosity grades not
listed above

FEI SUM

FEI 2

100 hours aging

2.6% min
1.2% min after
100 hours aging

1.9% min
0.9% min after
100 hours aging

1.5% min
0.6% min after
100 hours aging
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Table D.3. Engine test requirements used in gasoline engine performance
classifications for APl SN and SN Plus (continued)

API SN
API SN with
SAE 0W-16, API SN “Resource
Engine test SAE 5W-16, Conserving”
i a Parameter [limit] SAE 0W-20, Other
requirements SAE 5W-20, viscosity All
SAE 0W-30, grades viscosity
SAE 5W-30, grades
SAE 10W-30
Or
¢ SAE XW-20 viscosity grade
roguence Ve | FEISUM 3.2% min
FEI 2 1.5% min after
125 hours aging
SAE XW-30 viscosity grade
FEI SUM 2.5% min
FEI 2 1.2% min after
125 hours aging
SAE 10W-30 and all other viscosity grades not
listed above
FEI SUM 2.2% min
FEI 2 1.0% min after
125 hours aging
Sequence VIF SAE XW-16 viscosity grade
ASTM D8226 FEI SUM 3.7% min
FEI 2 1.8% min after
100 hours aging
Sequence VIII Bearing weight loss (mg) [maximum] 26 26 26
ASTM D6709
Sequence X Average number of events [maximum] 5 5 5
ASTM D8291

a

Tests are per ASTM requirements.

If Cl-4, CJ-4, CK-4 and/or FA-4 categories precede the “S” category and there is no API Certification

Mark, the Sequence VG (ASTM D6593) or
and Gelation Index (ASTM D5133) tests are not required.

Viscosity grades are limited to OW, 5W and 10W multigrade oils.

Sequence VH (ASTM D8256), Ball Rust (ASTM D6557),

d  Required only for oils claiming to meet APl SN with SN PLUS or API SN with SN PLUS and “Resource

Conserving”.
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Table D.4. Bench test requirements used in gasoline engine performance
classifications for APl SN and SN Plus

Bench test

. a
requirements

Parameter [limit]

API SN

SAE 0W-16,
SAE 5W-16,
SAE 0W-20,
SAE 5W-20,
SAE 0W-30,
SAE 5W-30,
SAE 10W-30

API SN

Other
viscosity
grades

API SN with
“Resource
Conserving”

All
viscosity
grades

Sequence llIGA
ASTM D7320

Or

ROBO test
ASTM D7528

Aged oil low-temperature viscosity®

Aged oil low-temperature viscosity®

a)

If CCS viscosity measured is less than
or equal to maximum CCS viscosity
specified for original viscosity grade,
run ASTM D4684 (MRV TP-1) at MRV
temperature specified in SAE J300 for
original viscosity grade.

If CCS viscosity measured is higher
than maximum viscosity specified for
original viscosity grade in J300, run
ASTM D4684 (MRV TP-1) at 5°C
higher temperature (i.e., at MRV
temperature specified in SAE J300 for
next higher viscosity grade).

EOT IIIGA sample must show no yield
stress in ASTM D4684 test and its
ASTM D4684 viscosity must be below
maximum specified in SAE J300 for
original viscosity grade or next higher
viscosity grade, depending on CCS
viscosity grade, as outlined in a) or b)
above.

If CCS viscosity measured is less than
or equal to maximum CCS viscosity
specified for original viscosity grade,
run ASTM D4684 (MRV TP-1) at the
MRV temperature specified in SAE
J300 for original viscosity grade.

If CCS viscosity measured is higher
than maximum viscosity specified for
original viscosity grade in J300, run
ASTM D4684 (MRV TP-1) at 5°C
higher temperature (i.e., at MRV
temperature specified in SAE J300 for
next higher viscosity grade).

EOT ROBO sample must show no yield
stress in ASTM D4684 test and its
ASTM D4684 viscosity must be below
maximum specified in SAE J300 for
original viscosity grade or next higher
viscosity grade, depending on CCS
viscosity grade, as outlined in a) or b)
above.
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Table D.4. Bench test requirements used in gasoline engine performance

classifications for APl SN and SN Plus (continued)

API SN
API SN with
SAE 0W-16, API SN “Resource
Bench test SAE 5W-16, Conserving”
R a Parameter [limit] SAE 0W-20, Other
requirements SAE 5W-20, viscosity All
SAE 0W-30, grades viscosity
SAE 5W-30, grades
SAE 10W-30
Sequence |1IGB Phosphorus retention (%) [minimum] NR NR 79
ASTM D7320
Or
Sequence IIIHB Phosphorus retention (%) [minimum] NR NR 81
ASTM D8111
High temperature/ | At 150°C (mPa-s) [minimum] 2.3 2.6 2.3
High shear
viscosity
ASTM D4683,
ASTM D4741, or
ASTM D5481
Ball rust test Average gray value [minimum]b 100 100 100
ASTM D6557
Evaporation loss 1 hour at 250°C (%) [maximum]f 15 15 15
ASTM D5800
Simulated At 371°C (%) [maximum] 10 10 10
distillation
ASTM D6417
EOFT Flow reduction (%) [maximum] 50 50 50
ASTM D6795
EOWTT Flow reduction (%) [maximum]
ASTM D6794 with 0.6% H:O 50 50 50
with 1.0% H-O 50 50 50
with 2.0% H,O 50 50 50
with 3.0% H.O 50 50 50
Catalyst
compatibility
ASTM D4951 or | phogphorus (% mass) [maximim]’ 0.08’ NR 0.08"
ASTM D5185
. P h 0.06" h
ASTM D4951 or Phosphorus (% mass) [minimum] 0.06 0.06
ASTM D5185
ASTM D4951, Sulfur (% mass) [maximum]g . .
ASTM D5185, or SAE 0W-16, 5W-16, OW-20, OW-30, 5W-20, and 0.5 NR 0.5
ASTM D2622 5W-30
Al oiher vscosily grad o8 NA 0
other viscosity grades NR NR 0.6°
Foaming tendency | Tendency/stability (mL) [maximum]
ASTM D892 Sequence | 10/0i 10/0j 10/0i
(Option A) Sequence I 50/0i 50/0j 50/0i
Sequence llI 10/0i 10/0j 10/0i
High-temperature Tendency/stability (mL) [maximum]i 100/0 100/0 100/0
foaming
ASTM D6082
(Option A)
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Table D.4. Bench test requirements used in gasoline engine performance
classifications for APl SN and SN Plus (continued)

API SN
API SN with
SAE OW-16, API SN “Resource
Bench test SAE 5W-16, Conserving”
. a Parameter [limit] SAE 0W-20, Other
requirements SAE 5W-20, viscosity All
SAE 0W-30, grades viscosity
SAE 5W-30, grades
SAE 10W-30
Homogeneity and k K K
miscibility
ASTM D6922
Shear stability,
Sequence VIII
ASTM D6709
TEOST MHT High-temperature deposits, deposit weight (mg) 35 45 35
ASTM D7097 [maximum]g
Gelation index N ; b m NR m
ASTM D5133 Gelation index [maximum] 12 12
TEOST 33C High-temperature deposits, total deposit weight
ASTM D6335 (mg) [maximum]
SAE XW-16 NR NR NR
SAE 0W-20 NR NR NR
All other viscosity grades NR NR 30
Emulsion retention NR NR No water
ASTM D7563 separation
Elastomer Table D-5 Table D-5 Table D-5
compatibility
ASTM D7216
Annex A2

a

Mark, the Sequence VG (ASTM D6593) or

Tests are per ASTM requirements.

and Gelation Index (ASTM D5133) tests are not required.

Viscosity grades are limited to OW, 5W and 10W multigrade oils.

If Cl-4, CJ-4, CK-4 and/or FA-4 categories precede the “S” category and there is no API Certification
Sequence VH (ASTM D8256), Ball Rust (ASTM D6557),

d  Required only for oils claiming to meet APl SN with SN PLUS or API SN with SN PLUS and “Resource

Conserving”.

Not required for monograde and 15W, 20W, and 25W multigrade oils.

Calculated conversions specified in ASTM D5800 are allowed.

For all viscosity grades: If CH-4, Cl-4 and/or CJ-4 categories precede the "S" category and there is no
API Certification Mark, the “S” category limits for phosphorus, sulfur, and the TEOST MHT do not
apply. However, the CJ-4 limits for phosphorus and sulfur do apply for CJ-4 oils. This footnote cannot
be applied if CK-4 or FA-4 is also claimed. Note that these “C” category oils have been formulated
primarily for diesel engines and may not provide all of the performance requirements consistent with
vehicle manufacturers' recommendations for  gasoline-fueled engines.

This is a non-critical specification as described in ASTM D3244.
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Table D.4. Bench test requirements used in gasoline engine performance
classifications for APl SN and SN Plus (continued)

After 1-minute settling period.

After 10-minute settling period.

Shall remain homogenous and, when mixed with ASTM reference oils, shall remain miscible.
Ten-hour stripped kinematic viscosity must remain in original SAE viscosity grade.

To be evaluated from —5°C to temperature at which 40,000 cP is attained or —40°C, or 2 Celsius
degrees below the appropriate MRV TP-1 temperature (defined by SAE J300), whichever occurs
first.

Table D.5. Elastomer compatibility for APl SN and SN Plus

Elastomer material limits (SAE J2643)

Material properties Test Poly- Hydroge_n- Silicone | Fluoro- Ethyle_ne
(Units) procedures acrylate | ated nitrile | rubber | carbon acrylic

rubber rubber | (VMQ-1) | rubber rubber

(ACM-1) | (HNBR-1) (FKM-1) | (AEM-1)
Volume (% A) ASTM D471 -5,9 -5,10 -5,40 -2,3 -5, 30
Hardness (pts.) ASTM D2240 | -10, 10 -10,5 -30, 10 -6, 6 -20, 10
Tensile strength (% A) ASTM D412 -40, 40 -20, 15 -50, 5 -65, 10 -30, 30

NOTE. Candidate oil testing for elastomer compatibility shall be performed using the five Standard
Reference Elastomers (SREs) referenced herein and defined in SAE J2643. Candidate oil testing shall
be performed according to ASTM D7216 Annex A2. The post-candidate-oil-immersion elastomers shall
conform to the specification limits detailed herein.

28 © DEPARTMENT OF STANDARDS MALAYSIA 2024 - All rights reserved




MS 376:2024

D.3 Test techniques and performance criteria for APl SP

Table D.6. Engine test requirements used in gasoline engine performance
classifications for APl SP

API SP
API SP with
SAE 0W-16, API SP “Resource
Engine test SAE 5W-16, Conserving”
| a Parameter [limit] SAE 0W-20, Other
requirements SAE 5W-20, viscosity Al
SAE 0W-30, grades viscosity
SAE 5W-30, grades
SAE 10W-30
Sequence IlIH Kinematic viscosity increase at 40°C (%) 100 100 100
ASTM D8111 [maximum]
Average weighted piston deposits [minimum] 4.2 4.2 4.2
Hot stuck rings None None None
Sequence IVB Average intake lifter volume loss (8 position avg) 2.7 2.7 2.7
ASTM D8350 (mms) [maximum]
End of test iron (ppm) [maximum] 400 400 400
Sequence VHb Average engine sludge [minimum] 7.6 7.6 7.6
ASTM D8256 Average rocker cover sludge [minimum] 7.7 7.7 7.7
Average engine varnish [minimum] 8.6 8.6 8.6
Average piston skirt varnish [minimum] 7.6 7.6 7.6

Oil screen sludge (% area)
Oil screen debris (% area)
Hot-stuck compression rings
Cold stuck rings

Oil screen clogging (% area)

Rate & report
Rate & report
None
Rate & report
Rate & report

Rate & report
Rate & report
None
Rate & report
Rate & report

Rate & report
Rate & report
None
Rate & report
Rate & report

ASTM D8256 (Sequence VH) 7.6 7.6 7.6
Sequence VIE® SAE XW-20 viscosity grade
ASTM D8114 FEI SUM (%) [minimum] 3.8
FEI 2, (%) [minimum] after 125 hours aging 1.8
SAE XW-30 viscosity grade
FEI SUM (%) [minimum] 3.1
FEI 2, (%) [minimum] after 125 hours aging 1.5
SAE 10W-30 and all other viscosity grades not
listed above
FEI SUM (%) [minimum] .8
FEI 2, (%) [minimum] after 125 hours aging 1.3
Sequence VIF SAE XW-16 viscosity grade
ASTM D8226 FEI SUM (%) [minimum] 4.1
FEI 2, (%) [minimum] after 125 hours aging 1.9
Sequence VIII Bearing weight loss (mg) [maximum]
ASTM D6709 SAE XW-16 NR NR NR
All other viscosity grades 26 26 26
Sequence IX Average number of events for four iterations 5 5 5
ASTM D8291 [maximum] 8 8 8
Number of events per iteration [maximum]
Sequence X (% increase) [maximum] 0.085 0.085 0.085
ASTM D8279

a

Tests are per ASTM requirements.

If Cl-4, CJ-4, CK-4 and/or FA-4 categories precede the “S” category and there is no API Certification

Mark, the Sequence VH (ASTM D8256), Ball Rust (ASTM D6557), and Gelation Index (ASTM D5133)
tests are not required.

Viscosity grades are limited to OW, 5W and 10W multigrade oils.
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Table D.7. Bench test requirements used in gasoline engine performance
classifications for API SP

Bench test
requirementsa

Parameter [limit]

SAE 0W-16,
SAE 5W-16,
SAE 0W-20,
SAE 5W-20,
SAE 0W-30,
SAE 5W-30,
SAE 10W-30

API SP

API SP with
“Resource
Conserving”

API SP

Other
viscosity All

grades viscosity
grades

Sequence IIIHA
ASTM D8111

Or

ROBO test
ASTM D7528

Aged oil low-temperature viscosity®

Measure aged oil low temperature viscosity on final
formulation, this includes base oil and additive
combination being licensed—for each viscosity
grade by either IIIHA or ROBO.

Measure CCS viscosity of EOT IIIHA or ROBO
sample at CCS temperature corresponding

Aged oil low-temperature viscosity®

Measure aged oil low temperature viscosity on
final formulation, this includes base oil and additive
combination being licensed—for each

viscosity grade by either IlIHA or ROBO.

Measure CCS viscosity of EOT IlIHA or ROBO
sample at CCS temperature corresponding to
original viscosity gradeto original viscosity grade.

a)

If CCS viscosity measured is less than
or equal to maximum CCS viscosity
specified for original viscosity grade,
run ASTM D4684 (MRV TP-1) at MRV
temperature specified in SAE J300 for
original viscosity grade.

If CCS viscosity measured is higher
than maximum viscosity specified for
the original viscosity grade in J300, run
ASTM D4684 (MRV TP-1) at 5°C
higher temperature (i.e., at MRV
temperature specified in SAE J300 for
next higher viscosity grade).

EOT ROBO sample must show no
yield stress in D4684 test and its
D4684 viscosity must be below
maximum specified in SAE J300 for
original viscosity grade or next higher
viscosity grade, depending on CCS
viscosity grade, as outlined in a) or b)
above.

If CCS viscosity measured is less than
or equal to maximum CCS viscosity
specified for original viscosity grade,
run ASTM D4684 (MRV TP-1) at MRV
temperature specified in SAE J300 for
original viscosity grade.

If CCS viscosity measured is higher
than maximum viscosity specified for
original viscosity grade in J300, run
ASTM D4684 (MRV TP-1) at 5°C
higher temperature (i.e., at MRV
temperature specified in SAE J300 for
next higher viscosity grade).

EOT ROBO sample must show no
yield stress in D4684 test and its
D4684 viscosity must be below
maximum specified in SAE J300 for
original viscosity grade or next higher
viscosity grade, depending on CCS
viscosity grade, as outlined in d) or e)
above.

30
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Table D.7. Bench test requirements used in gasoline engine performance
classifications for API SP (continued)

API SP
API SP with
SAE OW-16, API SP “Resource
Bench test SAE 5W-16, Conserving”
. a Parameter [limit] SAE 0W-20, Other
requirements SAE 5W-20, viscosity Al
SAE 0W-30, grades viscosity
SAE 5W-30, grades
SAE 10W-30
Sequence IIIHB Phosphorus retention (%) [minimum] NR NR 81
ASTM D8111
High temperature/ | At 150°C (mPa-s) [minimum] 2.3 2.3 2.3
High shear
viscosity
ASTM D4683,
ASTM D4741, or
ASTM D5481
Ball rust test Average gray value [minimum]b 100 100 100
ASTM D6557
Evaporation loss °C (9 ; e 15.0 15.0 15.0
ASTM D5800 1 hour at 250°C (%) [maximum]
EOFT Flow reduction (%) [maximum] 50 50 50
ASTM D6795
EOWTT Flow reduction (%) [maximum]
ASTM D6794 with 0.6% H,O 50 50 50
with 1.0% H,O 50 50 50
with 2.0% H,O 50 50 50
with 3.0% H,0 50 50 50
Catalyst
compatibility Phosphorus (% mass) [maximum]f 0.08" NR 0.08°
9
2§$m Bg?g; or Phosphorus (% mass) [minimum]f 0.06° 0.06 0.06°
ASTM D4951 or | Sulfur (% mass) [maximum] f 1
ASTM D5185 SAE 0W-16, 5W-16, 0OW-20, OW-30, 5W-20, and 0.5 NR 0.5
5W-30
1ow-30 0.6 NR 0.6
All other viscosity grades NR NR 06
Foaming tendency | Tendency/stability (mL) [maximum]
ASTM D892 Sequence | 10/0" 10/0 10/0"
(Option A and Sequence I h i h
excluding Sequence llI SO/Oh SO/Oi 50/0h
paragraph 11) 10/0 10/0 10/0
High-temperature Tendency/stability (mL) [maximum]h 100/0 100/0 100/0
foaming ASTM
D6082 (Option A)
Homogeneity and i i i
miscibility
ASTM D6922
Shear stability, XW-16 NR NR NR
Sequence VIII All other viscosity grades Stay in gradek Stay in gradek Stay in gradek
ASTM D6709
Shear stability, KV@100°C after 30 passes [minimum]
Diesel injector XW-16 5.8 5.8 5.8
ASTM D6278 All other viscosity grades NR NR NR
Gelation index o ; o : NR :
ASTM D5133 Gelation index [maximum] 12 12
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Table D.7. Bench test requirements used in gasoline engine performance
classifications for API SP (continued)

API SP
API SP with
SAE OW-16, API SP “Resource
Bench test SAE 5W-16, Conserving”
. a Parameter [limit] SAE 0W-20, Other
requirements SAE 5W-20, viscosity All
SAE 0W-30, grades viscosity
SAE 5W-30, grades
SAE 10W-30
TEOST 33C High-temperature deposits, total deposit weight
ASTM D6335 (mg) [maximum]
SAE XW-16 NR NR NR
SAE OW-20 NR NR NR
All other viscosity grades NR NR 30
Emulsion retention NR NR No water
ASTM D7563 separation
Elastomer Table D-8 Table D-8 Table D-8
compatibility
ASTM D7216
Annex A2

a Tests are per ASTM requirements.

b If Cl-4, CJ-4, CK-4 and/or FA-4 categories precede the “S” category and there is no API Certification
Mark, the Sequence VH (ASTM D8256), Ball Rust (ASTM D6557), and Gelation Index (ASTM D5133)
tests are not required.

¢ Viscosity grades are limited to OW, 5W and 10W multigrade oils.

4 Not required for monograde and 15W, 20W, and 25W multigrade oils.

¢ Calculated conversions specified in ASTM D5800 are allowed.

f For all viscosity grades: If CH-4, Cl-4 and/or CJ-4 categories precede the "S" category and there is no
API Certification Mark, the “S” category limits for phosphorus and sulfur do not apply. However, the
CJ-4 limits for phosphorus and sulfur do apply for CJ-4 oils, and the phosphorus limit in the “SP with
“Resource Conserving” column (0.08% mass maximum) applies when CK-4 with SP or FA-4 with SP
is claimed. Note that these “C” category oils have been formulated primarily for diesel engines and
may not provide all of the performance requirements consistent with vehicle manufacturers'
recommendations for gasoline-fueled engines.

9 This is a non-critical specification as described in ASTM D3244.

h After 1-minute settling period.

i After 10-minute settling period.

I Shall remain homogenous and, when mixed with ASTM reference oils, shall remain miscible.

k' Ten-hour stripped kinematic viscosity must remain in original SAE viscosity grade.

To be evaluated from —5°C to temperature at which 40,000 cP is attained or —40°C, or 2 Celsius

degrees below the appropriate MRV TP-1 temperature (defined by SAE J300), whichever occurs
first.

32 © DEPARTMENT OF STANDARDS MALAYSIA 2024 - All rights reserved




MS 376:2024

Table D.8. Elastomer compatibility for APl SP

Elastomer material limits (SAE J2643)

Material properties Test Poly- Hydro_ge_n- Silicone | Fluoro- Ether_ne
(Units) procedures acrylate | ated nitrile| rubber | carbon acrylic

rubber rubber | (VMQ-1) | rubber rubber

(ACM-1) | (HNBR-1) (FKM-1) | (AEM-1)
Volume (% A) ASTM D471 5,9 -5, 10 -5, 40 -2,3 -5,30
Hardness (pts.) ASTM D2240 | -10, 10 -10,5 -30, 10 -6, 6 -20, 10
Tensile strength (% A) ASTM D412 | -40, 40 -20, 15 -50, 5 -65, 10 -30, 30

NOTE. Candidate oil testing for elastomer compatibility shall be performed using the five Standard
Reference Elastomers (SREs) referenced herein and defined in SAE J2643. Candidate oil testing shall
be performed according to ASTM D7216 Annex A2. The post-candidate-oil-immersion elastomers shall
conform to the specification limits detailed herein.

Table D.9. Types of tests and respective test evaluations for gasoline engines

Engine tests

Test evaluates

CRL-38 Performance of crankcase lubricants with respect to piston deposits, ring
sticking, ring and cylinder wear piston, ring and liner scuffing, as well as oil
consumption, with lower sulphur fuel.

Sequence IID Lubricant's performance in combating internal engine corrosion, which can

cause improper functioning of hydraulic valve lifters and oil pump relief valves.

Sequence llIE

Lubricant's performance in combating high temperature oxidation and in
preventing cam lobe flat tappet lifter wear.

Sequence VE

Lubricant's performance in combating sludge and varnish formation and
preventing valve train wear in a modern overhead camshaft engine. In
comparison to the VD procedure, sludging tendency is increased and wear
performance is better discriminated.

Sequence llIF

Lubricant's performance in combating high temperature oxidation

Sequence G

The objective of this procedure is to measure oil thickening and piston deposits
under high temperature conditions and to provide information about valve train
wear.

Sequence IlIGA

The objective of this procedure is to determine the cold-temperature viscosity
performance on an end of engine oil sample.

Sequence IVA

The objective of this procedure is to evaluate a lubricant’s performance in
preventing camshaft lobe wear in an overhead camshaft engine. This procedure
replaces the VE procedure in this respect.

Sequence VG Lubricant's performance in combating sludge and varnish formation in a modern
engine. This procedure replaces the VE procedure in this respect.
Sequence VI Lubricant’s performance in combating copper/lead/tin bearing corrosion and to

measure viscous shear stability.

Ball Rust Procedure

The objective of this procedure is to evaluate a crankcase lubricant’s
performance in combating corrosion of iron engine parts. This procedure
replaces the Sequence |ID procedure.

Sequence VIBSJ
(The VIBSJ is an
abbreviated length
VIB procedure used
as a substitution for
the Sequence VIA
procedure)

The objective of this procedure is to measure the effects of automotive engine
oils on the fuel economy of passenger cars and light-duty (3 856 kg, 8 500 Ib or
less gross vehicle weight) trucks equipped with a “low-friction” engine.
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D.4 Test techniques and performance criteria for APl CF-4, CG-4, CH-4,

Cl-4, ClI-4 Plus, CJ-4 and CK-4

Table D.10. Engine test requirements used in diesel engine performance classifications

for API, CH-4 and CI-4

Engine test

requirements Parameter [limit] API CH-4 API Cl-4
CRC L-38 Bearing weight loss NTS NTS
(mg) [maximum]
Test 1/2/3 Average
Viscosity (cSt) at 100 °C NTS NTS
Qil viscosity (cSt) above NTS NTS
SAE J300 [minimum]
Caterpillar 1K Weighted demerits (WDK) [maximum] 332/347/353 332/347/353
ASTM D6750 Test 1/2/3 Average
Top groove fill (%) [maximum] 24/27/29 24/27/29
Test 1/2/3 Average
Top land heavy carbon 4/5/5 4/5/5
(%) [maximum]
Test 1/2/3 Average
Piston, ring, liner distress, None None
stuck rings
Average oil consumption
(0 - 252 h) (g/kW-h) [maximum] 0.54/0.54/0.54 0.54/0.54/0.54

(0 — 252 h) (g/MJ) [maximum]
Test 1/2/3 Average

0.15/0.15/0.15

Caterpillar 1R Weighted demerits [maximum] NTS 382/396/402
ASTM D6923 Test 1/2/3 Average
Total groove carbon (groove 1) demerits NTS 52/57/59
[maximum]
Test 1/2/3 Average
Total land carbon (land 1) demerits NTS 31/35/36
[maximum]
Test 1/2/3 Average
Initial oil consumption NTS 13.1/13.1/13.1
(0 -252 h) (g/h) [maximum]
Test 1/2/3 Average
Final oil consumption NTS 10C + 1.8/
(432 - 504 h) (g/h) [maximum] 10C + 1.8/
Test 1/2/3 Average I0C + 1.8
Stuck rings/scuffing NTS None
Cummins M11 Rocker Pad Average Mass Loss 6.5/7.5/8.0 NTS
ASTM D6838 normalized to 4.5% soot (mg)
Test 1/2/3 Average
Delta filter pressure 79/93/100 NTS
(kPa) [maximum]
Test 1/2/3 Average
Average engine sludge [minimum] 8.7/8.6/8.5 NTS
Test 1/2/3 Average
Cummins M11 EGR Crosshead weight loss (corrected to NTS 20.0/21.8/22.6
ASTM D6975 4.6 % soot) (mg) [maximum]
Test 1/2/3 Average
Top ring weight loss NTS Report
(mg) [maximum]
QOil filter DP @ 250 h NTS 275/320/341
(kPa) [maximum]
Test 1/2/3 Average
Average engine sludge [minimum] NTS 8.1/8.0/8.0
Test 1/2/3 Average
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Table D.10. Engine test requirements used in diesel engine performance

classifications for API, CH-4 and CI-4 (continued)

Engine test

d Parameter [limit] API CH-4 API CI-4
requirements
Deotrit Diesel 6V92TA Liner scuffing (%) [maximum] NTS NTS
Test 1/2/3 Average
Average face ring distress NTS NTS
Fire ring [maximum] NTS NTS
Test 1/2/3 Average
2 & 3 compression [maximum] NTS NTS
Test 1/2/3 Average
Broken rings [maximum] NTS NTS
Average port plugging NTS NTS
(%) [maximum]
Maximum port plugging NTS NTS
(%) [maximum]
Mack T-8 Viscosity increase (cSt) NTS NTS
3.8 % soot
Test 1/2/3 Average
Filter plugging, different pressure (psi) NTS NTS
[maximum]
Test 1/2/3 Average
Oil consumption NTS NTS
(gm/bhp-h) [maximum]
Mack T-8A Average rate of viscosity increase (cSt/h) NTS NTS
(Alternative at 100 °C (100-150 h test interval)
for T-7) [maximum]
Mack T-8E Relative viscosity, 4.8 % soot 2.1/2.2/2.3 1.8/1.9/2.0
ASTM D5967 Test 1/2/3 Average
Viscosity increase (cSt) 11.5/12.5/13.0 NTS
at 3.8 % soot [maximum]
Test 1/2/3 Average
Mack T-9 Liner wear step (um) 25.4/26.6/27.1 NTS
at 1.75 % soot
Or Test 1/2/3 Average
Ring weight loss (mg) [maximum] 120/136/143 NTS
ASTM 6483 Test 1/2/3 Average
Lead change (ppm) [maximum] 25/32/36 NTS
Test 1/2/3 Average
Mack T-10 Liner Wear (um) [minimum] 30/30.8/31.1 1000/1000/1000
ASTM D6987/D6987M Test 1/2/3 average
Or Ring Wear (mg) [maximum] 150/159/163
Test 1/2/3 average
Mack T-12 Lead content at EOT, mg/kg, max 65/75/79
ASTM D7422 Test 1/2/3 average
Roller Follower Wear Test | Pin wear (um) [maximum] 7.6/8.4/9.1 7.6/8.4/9.1
ASTM D5966 Test 1/2/3 Average
Sequence llIE Average piston skirt varnish NR NR
[minimum]
Average oil ring land deposits NR NR
[minimum]
Time to 375 % viscosity NR NR
increase (h)
Test 1/2/3 Average
Viscosity increase (%) at 64 h 200/200/200 NR
Test 1/2/3 Average
Maximum cam wear (um) NR NR
[maximum]
Average cam wear (um) NR NR
[maximum]
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Table D.10. Engine test requirements used in diesel engine performance classifications
for API, CH-4 and CI-4 (continued)

Engine test .
requirements Parameter [limit] API CH-4 API Cl-4
Sequence llIF Viscosity increase at 40 °C 295/295/295 275/275/275
ASTM D6984 (%) [maximum] (MTACQC) (MTAQ)

NOTES:
1. NTS: no test specified.

2. NR: no test required.

3. MTAC: a statistical method for treating engine test results.

Table D.11. Bench test requirements used in diesel engine performance classifications
for API, CH-4 and CI-4

) ;eunlfgnzzﬁ . Parameter [limit] API CH-4 API Cl-4
Used Oil Elemental Copper increase mg/kg [maximum] 20 20
Concentration (HTCBT at | Lead increase mg/kg [maximum] 120 120
135° C) Tin increase mg/kg [maximum] Report Report
Copper strip rating [maximum] 3 3
ASTM D6594
Foaming tendency Tendency/stability (mL) [maximum]
ASTM D892 Sequence | 10/0 10/0
Sequence I 20/0 20/0
Option A not allowed Sequence Il 10/0 10/0
EOAT ASTM D6894 Aeration volume (%) [maximum] 8 8
HTHS SAE J300 Non-critical limit (cP) (XW-30 only) NTS 3.5
[minimum]
DIN shear test Viscosity (cSt) at 30 cycles NR NR
SAE 15W-40 12.5 NTS
SAE 10W-30 9.3 NTS
Low temperature viscosity | Viscosity (cP) on 75 h sample [maximum] NTS 25 000
ASTM D4684
Noack volatility Evaporation loss (%) at 250°C NR 15
ASTM D5800 (XW-40/XW-30) [maximum]
SAE 15W-40 18 NTS
Or SAE 10W-30 15 NTS
ASTM D6417 Evaporation Loss (%) at 371°C
[maximum]
SAE 15W-40 15
SAE 10W-30 17
Pumpability 30 000 cP [maximum] at -20°C
ASTM D4684 SAE 10W NTS NTS
SAE 15W-40 NTS NTS
Shear stability Kinematic viscosity (cSt) at 100°C after
ASTM D6278 shearing [minimum]
XW-30 9.3 9.3
XW-40 25 12.5
Seal compatibility NTS
CEL-L-39-T-96
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D.3 API CI-4 Plus requirements

API Cl-4 PLUS is a supplement to the Cl-4 Service Category. In addition to meeting all of the
performance requirements of API Cl-4, oils formulated to meet Cl-4 PLUS provide a higher
level of protection against soot related viscosity increase and viscosity loss due to shear.

Additional passing requirements are as per Table D.11.

Table D.12. API CI-4 PLUS requirement

Mack T 11 90 pass shear
Viscosity Increase at > 6 % soot?, 12 ¢St Stay in grade (SIG)

For situation where multiple tests are run on the same formulation, the following tiered limits can
be applied as per Table D.12.

a

Table D.13. API CI-4 PLUS multiple test run requirement

Number of tests 1 2 3 or more
Minimum % TGA soot at 12.0 6.00 5.89 5.85
¢St increase at 100 °C
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Table D.14. Engine test requirements used in diesel engine performance classifications

Test 1/2/3 Average
Weighted demerits [maximum]
Test 1/2/3 Average

for API CJ-4
Engine test Parameter [limit] API CJ-4
requirements
Mack T-11 Soot at 4 ¢St Inc (%) [minimum] 3.5/3.5/3.3
ASTM D7156 Test 1/2/3 Average
Soot at 12 ¢St Inc (%) [minimum] 6.0/5.9/5.9
Test 1/2/3 Average
Soot at 15 ¢St Inc (%) [minimum] 6.7/5.9/6.5
Test 1/2/3 Average
Mack T-12 Merits [minimum] 10002
Caterpillar 1N Top land heavy carbon (%) [maximum] 3/4/5
ASTM D6750 Test 1/2/3 Average
Top groove fill (%) [maximum] 20/23/25

286.2/311.7/323.0

1. R&R: rate result against reference standard and report.

2. MTAC is a statistical method for treating engine test results.

Average oil consumption 0 -252 h 0.5/0.5/0.5
(9/kW-h) [maximum]
Test 1/2/3 Average None
Ring/liner scuffing
Caterpillar C13 Merits [minimum] 10002
Hot stuck rings None
Cummins ISB Tappet wear (mg) [maximum] 100/108/112
Test 1/2/3 Average
Cam wear (microns) [maximum] 55/59/61
Test 1/2/3 Average
Crosshead weight loss (mg) R&R
Cummins ISM Merits [minimum] 10002
Top ring weight loss (mg) [maximum] 100
Engine oil aeration Oil aeration volume (%) [maximum] 8.0 (MTAC)
ASTM D6894
Roller Follower Wear Test | Pin wear (um) [maximum] 7.6/8.4/9.1
ASTM D5966 Test 1/2/3 Average
Sequence IIIF® Viscosity increase at EOT (%) 275 (MTAC)
ASTM D6984 [maximum]
NOTES.

[

o

Requires all individual merit ratings to be equal to or greater than zero.

Passing Sequence IlIG viscosity increase at APl SM is an acceptable alternative.
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Table D.15. Bench test requirements used in diesel engine performance classifications for

API CJ-4

Bench test requirements

Parameter [limit]

API CJ-4

High temperature/
High shear viscosity
ASTM D4683

At 150 °C (cP) [minimum]

3.5 (No MTAC2 ")

High temperature corrosion
ASTM D6594

At 135 °C,

Copper, used oil increase (ppm)
[maximum]

Lead, used oil increase (ppm)
[maximum]

Copper strip rating [maximum]

20 (No MTACa b)
120 (No MTACab)

30 (No MTAGC? ®)

Shear stability
ASTM D7109

Kinematic viscosity at 100 °C after 90-
passes [minimum]

XW-40 (cSt)

XW-30(cSt)

12.5 (No MTAGa b ©)
9.3 (No MTAGa® 9)

Noack volatility
ASTM D5800

Evaporation loss at 250°C, Vis
Grades other than 10W-30 (%)
[maximum]

Evaporation loss at 250 °C, 10W-30
(%) [maximum]

13 (No MTACab)

15 (No MTAC=b)

Foaming tendency

Tendency/stability (mL) [maximum]

ASTM D892 Sequence | 10/0 (No MTAC? b)
Sequence Il 20/0 (No MTAC? b)
Sequence lli 10/0 (No MTAC? )
Low temperature Viscosity of 75h used oil sample from 25 000
Pumpability T-10 Test at -20 °C (mPa-s)
ASTM D4684 (MRV TP-1) [maximum]
Elastomer Volume Tensile .
Compatibility change Hardness strength Elongation
ASTM D7216
Nitrile +5/-3 +7/-5 +10/-TMC +10/-TMC
1006 1006
Silicone +TMC 1006/- +5/-TMC +10/-45 +20/-30
3 1006
Polyacrylate +5/-3 +8/-5 +18/-15 +10/-35
FKM +5/-2 +7/-5 +10/-TMC +10/-TMC
1006 1006

NOTE. Chemical limits for APl CJ-4 oils are sulphated ash 1.0 % maximum, phosphorous 0.12 %
maximum, sulphur 0.4 % maximum.

a2 Not an ACC test.

b MTAC is a statistical method for treating engine test results.

¢ Requires all individual merit ratings to be equal to or greater than zero.
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Table D.16. Engine test requirements used in diesel engine performance classifications

ASTM D7549

Test 1/23/32 Average

for API CK-4
Engine test requirements Parameter [limit] API CK-4
Mack T-11 Soot at 4 ¢St Inc (%) [minimum] 3.5/3.4/3.3
ASTM D7156° Test 1/23/32 Average
Soot at 12 ¢St Inc (%) [minimum] 6.0/5.9/5.9
Test 1/23/32 Average
Soot at 15 ¢St Inc (%) [minimum] 6.7/6.6/6.5
Test 1/23/32 Average
Mack T-12 Top ring mass Loss (mg) [maximum] 105/105/105
ASTM D7422 Test 1/23/32 Average
Cylinder Liner Wear (um) [maximum] 24.0/24.0/24.0
Test 1/23/32 Average
Mack T-13 IR peak at EOT, Abs. (cm™) 125/130/133
ASTM D8048 Test 1/23/32 Average
Kinematic viscosity increase at 40°C (%) 75/85/90
[maximum]
Test 1/23/32 Average
Average oil consumption, 48 hto 192 h Report
(g/h) [maximum]
Caterpillar C13 Merit rating? [minimum] 1000/1000/1000

Caterpillar C13 COAT

Average aeration?, 40 h to 50 h (%)

11.8/11.8/11.8

Test 1/23/32 Average

ASTM D8047 Test 1/23/32 Average
Cummins ISB Slider tappet mass loss, average (mg) 100/108/112
ASTM [maximum]
D7484 Test 1/23/32 Average

Cam lobe wear, average (um) [maximum] 55/59/61

Test 1/23/32 Average

Crosshead mass loss, average

Report

Cummins ISM Top ring mass Loss (mg) [maximum] 100/100/100
ASTM D7468 Test 1/23/32 Average

Merit rating® 1000/1000/1000

Caterpillar 1N
ASTM D6750

Weighted demerits (WDN) [maximum]
Test 1/23/32 Average

Top groove fill (TGF) (%) [maximum]
Test 1/23/32 Average

Top land heavy carbon (TLHC) (%)
[maximum]

Test 1/23/32 Average

Oil consumption, (0 h—252 h) (g/kWh)
[maximum]

Test 1/23/32 Average

(g/MJ) (0 h—252 h), (g/MJ) [maximum]
Test 1/22/32 Average

286.2/311.7/323.0
20/23/25

3/4/5

0.54/0.54/0.54

(0.15)/(0.15)/(0.15)

ASTM D5966

Test 1/23/32 Average

Piston, ring, and liner scuffing None
Piston ring sticking None
Roller Follower Wear Test Pin wear (um) [maximum] 7.6/8.4/9.1

a  See ASTM D4485 Annex A6 for additional information.

b MRV requirement listed as a bench test.
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Table D.17. Bench test requirements used in diesel engine performance classifications

xW-40 grades (mPa-s)

for API CK-4
Bench test requirements Parameter [limit] API CK-4
High temperature/ At 150°C,
High shear viscosity xW-30 grades (mPa-s) [minimum] 3.5
ASTM D4683 XW-30 grades (mPa-s) [maximum] N/A

Meet SAE J300

High temperature corrosion

At 135 °C,

represents the original blend or

ASTM D6594 Copper, increase (ppm) [maximum] 20
Lead, increase (ppm) [maximum] 120
Copper strip rating [maximum] 3

Shear stability Kinematic viscosity after 90 pass shearing, at

ASTM D7109 100°C (cSt) [minimum]
XW-30 9.3
0W-40 12.5
Other xW-40 12.8
HTHS viscosity (see above methods) at 150°C 3.4
(cSt) [minimum xW-30 grades]

Noack volatility Evaporation loss at 250°C (%) [maximum] 13

ASTM D5800

Foaming tendency Tendency/stability (mL) [maximum]

ASTM D892 Sequence | 10/0
Sequence I 20/0
Sequence Il 10/0

Low temperature Viscosity, 180 h used oil sample from T-11/T- 25000

Pumpability 11a test, tested at -20°C (mPa-s) [maximum]

ASTM D6896 Yield stress of 180 h used oil sample above

(MRV TP-1) (Pa) [maximum] <35

Elastomer Volume Tensile .

Compatibility change Hardness strength Elongation

ASTM D7216

Nitrile +5/-3 +7/-5 +10/-TMC +10/-TMC

1006 1006
Silicone +TMC 1006/-3 | +5/-TMC 1006 +10/-45 +20/-30
+5/-3 +8/-5
Polyacrylate +18/-15 +10/-35
+5/-2 +7/-5
FKM +10/-TMC +10/-TMC
1006 1006
NOTES:

1. Chemical limits for APl CK-4 oils are sulphated ash 1.0 % maximum, phosphorous 0.12 %
maximum, sulphur 0.4 % maximum.

2. These are the unadjusted specification limits for elastomer compatibility. Candidate oils shall,
however, conform to the adjusted specification limits described in ASTM D4485 Annex A4.

3. TMC 1006 is the designation for the reference oil used in ASTM D7216. This designation
subsequent approved re-blends of TMC 1006.
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Table D.18. Types of test and respective test evaluations for diesel engines

Engine tests

Test evaluations

Caterpillar TM-PC

Performance of crankcase lubricants with respect to piston deposits,
ring sticking, ring and cylinder wear as well as piston, ring and liner
scuffing.

CRC L-38

Performance of crankcase lubricants with respect to piston deposits,
ring sticking, ring and cylinder wear piston, ring and liner scuffing, as
well as oil consumption, with lower sulphur fuel.

Sequence lIIE

Lubricant's performance in combating high temperature oxidation and
in preventing cam lobe flat tappet lifter wear.

Roller Follower
Wear Test

To determine the effect of lubricating oils on roller follower axle wear.

Mack T-8

Soot handling capability of engine crankcase oil with regard to
viscosity.

Caterpillar 1N

Performance of crankcase lubricants with respect to piston deposits,
ring sticking, ring and cylinder wear piston, ring and liner scuffing, as
well as oil consumption, with lower sulphur fuel.

Cummins M11 EGR

To determine the effectiveness of lubricating oils at reducing "soot"
related wear of overhead components in engines with exhaust gas
recirculation.

Caterpillar 1P

Performance of crankcase lubricants with respect to piston deposits,
ring sticking, ring and cylinder wear piston, ring and liner scuffing, as
well as oil consumption, with a steel top, aluminium skirt, and two-
piece piston.

Caterpillar 1K

Performance of crankcase lubricants with respect to piston deposits,
ring sticking, ring and cylinder wear piston, ring and liner scuffing, as
well as oil consumption.

Caterpillar 1R

Performance of crankcase lubricants with respect to piston deposits,
oil control, and scuffing resistance for ferrous pistons.

(hydraulically-actuated,
electronically-controlled)

Mack T-8E This procedure is the same as Mack T8, but runs 300 h versus 250 h,
used in category CH-4, ClI-4, and Mack EON Premium Plus.

Mack T-10 Oil’s ability to minimize cylinder liner, piston ring and bearing wear in
engines with exhaust gas recirculation.

Mack T-11 Lubricant’s ability to limit viscosity increase with high soot loading.

Mack T-12 This 300 h procedure uses much the same hardware as the T10
procedure, but now has a variable geometry turbocharger and
production EGR cooling heat exchangers. To simulate 2007 engine
operation, EGR rates are increased significantly from the T-10 levels.
Procedure objectives are the same.

HEUI The objective of this procedure is to determine the effectiveness of

engine lubricating oils at minimizing the amount of air entrainment.

Sequence llIF

Lubricant's performance in combating high temperature oxidation and
in preventing sliding contact lifter and cam wear.

Caterpillar C13

Performance of crankcase lubricants with regard to piston deposits
and oil consumption.

Cummins ISB

This 350 h procedure uses a Cummins ISB engine and is used to
evaluate a crankcase lubricant’s ability to reduce camshaft lobe and
sliding cam follower wear.

Cummins ISM

This 200 h procedure uses a Cummins ISM engine and essentially is
intended as a replacement procedure for the M-11EGR, using newer
hardware. The engine has variable geometry turbo charge, production
EGR coolers and EGR valve, and evaluates a lubricant’s effectiveness
at reducing soot-related overhead wear, sludge, and filter plugging.
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