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PETRO-CANADA LUBRICANTS

Petro-Canada Lubricants branded products have a longstanding, proven track record
in many sectors including heavy-duty on/off road fleet, gas plant, pipelines and power
generation, mining, food manufacturing, automotive and construction. Products in

our Petro-Canada Lubricants brand of engine oils, gear oils, greases and specialty
fluids have been engineered specifically to make customers’ operations more robust,
more efficient and more profitable.

With decades of experience formulating high-performance lubricants our R&D
team understands base oil requirements. The team selects high-quality base oils
that are perfectly suited to each product application for Petro-Canada Lubricants
products. Our R&D experts then work in partnership with our technical services
team and customers to further refine product formulations in real world applications.
This ensures finished products deliver to the specifications we demand and the
performance standards our customers need.

That’s how we deliver high-performance lubricants and why customers around the
globe are turning to Petro-Canada Lubricants products to help them meet increasingly
technical performance standards as well as profitability, sustainability

and efficiency targets.

This handbook is current as of time of publication; however, Petro-Canada Lubricants
products are constantly evolving to meet the ever-changing demands of the
marketplace; the information contained herein is subject to change.

This handbook is also available on petrocanadalubricants.com.

The products throughout are available in a wide range of package sizes and
are stocked at our strategic locations around the world or at one of our many
global distributors.
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PETRO-CANADA LUBRICANTS
INTEGRATED MANAGEMENT SYSTEM

The Petro-Canada Lubricants Inc. (PCLI) Lubricants Management System (LMS)
is a disciplined way of using consistent standards and practices to continually
improve product performance. The LMS focuses on the risk-based management
of operations, related activities, and supporting functions. The LMS is designed to
control and mitigate environmental impacts, enable safe and reliable operations,
deliver customer satisfaction, and support continual improvement.

Leveraging the LMS enables commitment to:

e the health and safety of employees and contractors who support
the creation of Petro-Canada Lubricants products

e fulfill the environmental obligations to regulators, customers and the
community in which we operate

e meet customer requirements and specific performance standards
to deliver customer satisfaction

e materially improve maintenance and reliability

The LMS is a fully integrated management system encompassing standards
and regulations such as ISO, IATF, GMP, & OEMS

1SO 9001 AND IATF 16949 CERTIFICATION

PCLI maintains the ISO 9001 and IATF 16949 certifications to demonstrate to
customers its commitment to quality.

ISO 9001 is an international standard that emphasizes the importance of a process
approach when developing, implementing and improving the quality management
system in order to enhance customer satisfaction by meeting customer requirements.

In 1993 Petro-Canada Lubricants earned the distinction of being the first lubricants
manufacturer in North America to be ISO 9001 certified. Stringent audits are
conducted to ensure detailed procedures are rigidly adhered to and all products
are manufactured consistently to the highest quality.

In October 2002, PCLI opened the door to the global market by being the first
lubricants manufacturer in the world to be certified to IATF 16949.

1SO 14001 CERTIFICATION

ISO 14001 is chosen as the foundation for our Environmental Management System
due to its wide recognition and global acceptance. In 2001, Petro-Canada Lubricants
Inc. earned the distinction of being the first lubricants manufacturer in the world to be
ISO 14001 certified. ISO 14001 is an internationally recognized approach to
Environmental Management. It is a disciplined approach to identification, prioritization,
and management of environmental impacts resulting from business operations.

ISO 14001 differs fundamentally from IATF 16949 and ISO 9001. IATF 16949 and ISO
9001 provide requirements to address customer needs and expectations in terms of
quality of product/service. ISO 14001 improves and sustains environmental regulatory
compliance and focuses on continual improvement in environmental performance.
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OUR NO-NONSENSE
LUBRICANTS WARRANTY

“We will repair equipment or replace equipment parts that
are damaged due to defects of a Petro-Canada Lubricants
product, as long as the lubricant is used in accordance with

your equipment manufacturer’s and our recommendations.”

IT'S MORE THAN JUST A WARRANTY. IT’S A COMMITMENT.
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SPECIALTY BASE
OILS & FLUIDS.
START PURE.
FINISH STRONG.

We apply more than 40 years of experience in choosing
the right catalyst and selecting high-quality feedstock
to provide you with crystal-clear, 99.9% pure base oil.

Visit petrocanadalubricants.com to find out more.
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INTRODUCTION

INTRODUCTION

This lubricants handbook is a comprehensive reference guide designed to provide
users with broad knowledge of the many Petro-Canada Lubricants products.

This handbook is divided into five (5) colour-coded sections:

1. Introduction (Grey Tab)
2. Automotive Lubricants  (Green Tab)
3. Industrial (Blue Tab)
4. Greases (Tan Tab)

(

5. Glossary of Terms Red Tab)

The Introduction section includes a reference guide with current and former names
where products have undergone name changes.

Each of the three (3) product groups, Automotive Lubricants, Industrial and Greases
is comprised of sub-sections that begin with a general description of the product
and its applications. Contents are arranged by product application and product
brand name. This includes the certifications and approvals granted by various
specification writing bodies and technical organizations. The product description is
followed by the typical characteristics for each of the various grades of the product.

The Glossary of Terms comprises valuable general lubricant and industry information
in addition to various conversion tables.

More comprehensive technical data for each lubricant can be sourced from our
extensive TechData series, available from your representative or one of our many
global distributors. TechDatas are also available on the global website, lubricants.
petro-canada.com. You can request additional information via email,
LubeCSR@HFSinclair.com



LUBRICANTS
HANDLING & STORAGE

Petro-Canada Lubricants lubricating oils and greases are the result of
considerable research and development work; they are carefully manufactured
and delivered, for optimum product performance. During storage it is important
to guard against contamination, which can drastically impact the performance
and life of a lubricant. Numerous studies have shown that both water and dirt can
decrease the life of bearings and other components. Preventing contamination
during storage has a direct pay-back in terms of ensuring optimum lubricant
performance, longer lubricant life and reduced maintenance costs.

INSIDE STORAGE

Lubricants should preferably be stored inside. However, even then there are

certain precautions that should be followed:

e The temperature of the storage area should remain moderate and not be
subject to wide fluctuations.

e The storage area should be located away from industrial contamination,
such as fumes or dust.

e The storage area and dispensing equipment should be clean and be part
of a regular cleaning schedule.

e Labels, stencils, markings on containers and dispensing equipment should
be kept legible to avoid cross-contamination or incorrect application.

e All oils should use separate dispensing equipment.

e The oldest dated product that is required should be used first (First IN First OUT)

e Grease tubes should be stored vertically, rather than horizontally.

OUTSIDE STORAGE

If outside storage is unavoidable, then the following additional precautions

should be followed:

e Ensure that the bungs on drums are screwed in tight.

e Store drums horizontally, with bungs below the oil level (i.e. at 3 o'clock
and 9 o'clock). This prevents the seals from drying out and leaking.

e Drums stored on their sides should be clear of the ground and preferably
rest on wooden or steel beams. They may be stacked three high if wedged
properly to prevent movement.

e Stacking often results in the bottom drums never being used, so the use
of arack is preferred.

¢ Do not store drums on end with the bungs on top. Rain water collects on
the drum head and is drawn into the oil when the drum breathes during
temperature cycles. If drums must be stored this way, they should be tilted first
by standing on edge (say on a 2 x 4 piece of lumber) with the bungs parallel to
the tilt. When oil is drawn from the drum, the head should be wiped clean first.
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e Drums should preferably be covered with a tarpaulin or plastic drum cover

to protect them from the elements.
e To minimize contamination and the effects of weathering, time spent in outdoor
storage should be kept to a minimum.
Outdoor storage locations should be away from dusty areas such as quarries
or unpaved roads. Opening drums in such conditions will contaminate the contents.
Smaller package sizes (e.g. pails) and larger package sizes (e.g. Intermediate
Bulk Containers (IBCs)) should be properly stored, covered, examined
regularly and kept to a minimum inventory to provide a quick turnover.
For product delivered in plastic IBCs, they must be stored out of direct sunlight.
These packages have minimal UV protective qualities, and exposure to direct
sunlight may cause discoloration of the oil.
e Plastic IBCs should not be used for long term storage outside.

HANDLING

Lubricating oils and greases are a relatively harmless class of material.
Nevertheless, care should be taken to avoid skin contact and inhalation of
oil mists. There are Safety Data Sheets (SDS) on all Petro-Canada Lubricants
products which are available from your sales representative, customer order
management representative (COMR) or can be accessed on the website,
lubricants.petro-canada.com.

Some general guidelines for handling lubricating oils and greases are as follows:
e Use personal protective equipment to avoid skin contact. This may also
include the use of a barrier cream to reduce direct contact.
Quickly remove any product that does get on the skin.
Do not use gasoline, kerosene or similar solvents to remove lubricants from
the skin as they take the natural oils from the skin and cause dryness.
Use only mild soap and warm water or a recommended hand cleaner to remove
lubricating oil and grease from the skin. Dry the skin using clean hand towels.
e Wash hands and arms at the end of the working day and before eating
and smoking.
Remove any contaminated clothing and clean thoroughly before re-use.
Avoid breathing in oil mists.
Clean-up lubricating oil and grease spills immediately and dispose of them
according to environmental guidelines.
Obtain medical advice concerning any potential health problems.
e Take special consideration to prevent any injection into the skin
(hydraulics, pneumatics, pressurized delivery equipment, etc.)

Always refer to product SDS for specific safety and handling requirements.
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PRODUCT SHELF LIFE

PRODUCT SHELF LIFE - LUBRICATING OILS

Depending on their composition, the performance properties and stability

of liquid lubricants (oils) will remain intact for a number of years provided they
are in their unopened, original sealed containers and have been in protected
storage* that prevents exposure to UV light or severe high/low temperature cycles.
Industry performance standards and lubrication formulations can change.

A lubricant which is near its expiry date may still perform to its original

design, but it may not meet the latest requirements and specifications

of newer equipment. It is always advised to consult the OEM manual.

The shelf life of Petro-Canada Lubricants lubricating oils is as follows:

*Protected conditions: indoor or covered storage with no freeze/thaw cycles.

Indefinite Storage Life - Base Oils and Process Oils

These may be stored indefinitely under protected conditions without any
significant deterioration in performance. Slight changes in appearance /
color may occur. If they are used as part of a manufacturing process or
application, the product properties should be reconfirmed if over 5 years
old. The only exceptions are the PARAFLEX™ HT3 and PARAFLEX™ HT5
process oils which should be reconfirmed at 3 years.

5 Year Shelf Life
e ENDURATEX™ EP and XL Syn Blend EP industrial gear oils

e Engine oils (diesel, gasoline, locomotive, natural gas, biogas) with the exception
of SENTRON™ Ashless 40

* Heat Transfer Fluids

e Hydraulic oils (except HYDREX™ Extreme)

e PURITY™ FG Silicone Spray and Penetrating Spray

e R&O and turbine oils

e SEPRO™ paper machine oils

e Tackified products such as way oils, chain oils, rock drill oils, saw guide oils
e Transmission and Drive Train Oils meeting Caterpillar TO-4 or FD-1

4 Year Shelf Life
e Automatic Transmission Fluids

3 Year Shelf Life

e Axle, Gear and Manual Transmission Oils

e Compressor fluids for air, ammonia, natural gas and other gases
e ENDURATEX Mild WG oils

e ENDURATEX SYNTHETIC gear fluids

e HARNEX™ wind turbine gear fluid

e HYDREX™ Extreme hydraulic fluid

e LUMINOL™ electrical insulating oils
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PURITY™ FG AW Hydraulic Fluids, EP Gear Fluids, Compressor Fluids,
Chain Fluids

PURITY FG Spray

SENTRON™ Ashless 40 natural gas engine oil

SYNDURO™ SHB multifunctional synthetic lubricants

UTF/THF/UTTO fluids

e White Mineral Oils USP (North America) with Vitamin E

2 Year Shelf Life

e PURITY FG Corrcut-E Fluid 15

e VULTREX™ Gearshield NC

e \White Mineral Oil DAB (Europe), without Vitamin E

1 Year Shelf Life
e PURITY FG Trolley Fluid

Storage under unprotected conditions can result in water ingress.

Water is detrimental to the appearance of the lubricant (hazy and milky)

but more importantly, it affects the additive system and greatly reduces the
performance level of the lubricant. It can also cause rust formation/corrosion
in metal containers and subsequently in the equipment.

PRODUCT SHELF LIFE - GREASE

The shelf life of a grease is affected by the type and amount of thickener used,
consistency of the grease, manufacturing method employed and the formulation
complexity. Generally, lithium, lithium complex and calcium sulfonate complex
greases remain stable for a long time. Some thickeners may have a tendency

to set and harden over long storage periods (such as aluminum complex),

while others may soften on aging (such as barium greases).

The shelf life of Petro-Canada Lubricants greases of NLGI grade 1 or higher
is five (5) years.

Petro-Canada Lubricants greases of NLGI grade O or softer (#0, 00 or 000)
generally have a shelf life of three (3) years. The list includes, but may not be
limited to:

e PEERLESS™ OGO

PRECISION™ XL EPOO, PRECISION XL EP0OOQO,
PRECISION XL 5 Moly EPO

PRECISION Synthetic EPOO
VULTREX MPG Synthetic Arctic
VULTREX OGL Heavy 6200 and OGL Synthetic 2200
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The only exception is the following grease which has a shelf life of two (2) years:
e VULTREX™ OGL Synthetic All Season 680

For specialty or niche products not listed, please consult your sales representative.

PRODUCT FILL DATES

Product fill dates appear on all packaging and indicate the date that
the particular package was filled. The shelf life of Petro-Canada Lubricants
products begins with these fill dates.

Here is a summary of how to interpret the fill dates on the products
packaged at the manufacturing plant in Mississauga, Canada (Lubeplex).
For all others, please contact your sales representative.

1L Bottle and 4L Jug: - 1L & 4L Case:
160305LX indicates the fill date March 5th 2016 and LX is for Lubeplex

Pails:
Label beneath handle inserts on side of pail. Fill date indicated as
YYYY-MM-DDLX (eg 2016-03-05LX). LX indicates Lubeplex.

Kegs:

2016/03/05LX indicates the fill date March 5th 2016 and LX is for Lubeplex
Drums:

2016/03/05LX indicates the fill date March 5th 2016 and LX is for Lubeplex
IBC/Cubes:

2016/03/05LX indicates the fill date March 5th 2016 and LX is for Lubeplex
Greases:

- Tubes:

03/05/2016LX indicates the fill date March 5th 2016 and LX is for Lubeplex
- Inner Pack (10 Tube Carton):

2016/03/05 indicates the fill date March 5th 2016

- Case:

2016/03/05 indicates the fill date March 5th 2016
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PRODUCT APPLICATION
14 AND SUBJECT INDICES

INDEX OF PRODUCT NAMES:
FORMER VERSUS REPLACEMENTS

FORMER ‘ REPLACEMENTS YEAR OF CHANGE
HYDRAULIC OILS

HARMONY/PREMIUM AW 22, 32, 46, 68, 80,100 | HYDREX™ AW 22, 32, 46, 68, 80, 100 2001
HARMONY/PREMIUM ARCTIC 15 HYDREX MV ARCTIC 15 2001
HARMONY/PREMIUM HVI 22, HYDREX MV 22 2001
HARMONY/PREMIUM HVI 36, 60 HYDREX MV 32, 68 2015
HARMONY/PREMIUM PLUS HYDREX XV ALL SEASON 2001
HEAVY-DUTY DIESEL ENGINE OILS

DURON-E DURON™ HP 2016
DURON-E XL DURON SHP 2016
DURON-E SYNTHETIC DURON UHP 2016
DURON-E UHP DURON UHP 2016
DURON DURON Monogrades 2016
DURON DURON HP 2016
DURON XL DURON SHP 2016
DURON SYNTHETIC DURON UHP 2016
COMPRESSOR FLUIDS

PURITY FG SYNTHETIC COMPRESSOR PURITY™ FG SYNTHETIC FLUID 46 2010
HEAT TRANSFER FLUIDS

CALFLOFG PURITY FG HEAT TRANSFER FLUID 2004
CALFLO SYNTHETIC ARCTIC CALFLO™ SYNTHETIC 2011
SMALL ENGINE OIL

SNOWMOBILE MOTOR OIL SUPREME™ SYNTHETIC BLEND 2-STROKE SMALLENGINE OIL | 2014
TWO CYCLE MOTOR OIL SUPREME SYNTHETIC BLEND 2-STROKE SMALL ENGINE OIL 2014
STATIONARY GAS ENGINE 0ILS

SENTRON 541C SENTRON™ ASHLESS 40 2014
SENTRON 445, 470 SENTRON LD 3000 2014
SENTRON FLEET 10W-40 SENTRON VTP 10W-40 2014
SENTRON FLEET OW-30 SENTRON VTP OW-30 2014
INDUSTRIAL GEAR OILS
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FORMER ‘ REPLACEMENTS YEAR OF CHANGE
ULTIMA SYNTHETIC ENDURATEX™ SYNTHETIC EP 2006
ULTIMAEP ENDURATEX EP 2006
ULTIMAPLUS ENDURATEX XL SYNTHETIC BLEND 68/220 2006
ULTIMAEP 68/150 ENDURATEX XL SYNTHETIC BLEND 68/150 2006
STEAM CYLINDER AND WORM GEAR OIL

SENATE ENDURATEX MILD WG 2006
GREASES

PRECISION GOLD HEAVY EP0O PRECISION™ SYNTHETIC EP0O 2005
PRECISION GOLD PRECISION SYNTHETIC* 2005
PRECISION GOLD HEAVY PRECISION SYNTHETIC HEAVY 460 2005
PRECISION SYNTHETIC HEAVY PRECISION SYNTHETIC HEAVY 460 2011
PRECISION GOLD MOLY PRECISION SYNTHETIC MOLY 2005
PRECISION EP1, EP2 PRECISION XL EP1*, EP2* 2005
PRECISION EP0O PRECISION XL EP0O 2005
PRECISION MOLY EP1, EP2 PRECISION XL 3 MOLY EP1, EP2 2005
MULTIPURPOSE EP1, EP2 PRECISION GENERAL PURPOSE EP1, EP2 2005
MULTIFLEX MOLY SPECIAL PRECISION XL 3 MOLY ARCTIC 2005
GREASE 0G-0, 0G-1, 0G-2 PEERLESS™ 0G0, 0G1*, 0G2* 2005
0G-2 (RED), 0G-PLUS PEERLESS 0G2 RED*; PEERLESS 0G PLUS

VULCAN SYNTHETIC ALL SEASON VULTREX™ OGL SYNTHETIC ALL SEASON 680 2008
VULTREX OGL HEAVY 3600 VULTREX OGL HEAVY 6200 2012

*This product has CG-LB certification.
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PRODUCT INDEX

PRODUCT PAGE

ACCUFLO TK MACHINE TOOL LUBRICANTS 186
ARDEE™ ROCK DRILL OILS 188
CALFLO™, PETRO-THERM™ AND PURITY™ FG 166
COMPRESSOR OIL RP 142
COMPRO™ 138
COMPROE 140
COMPRO SYNTHETIC 140
COMPRO XL-S 139
DEXRON® 75W-90 111
DEXRON® LS GEAR OIL 75W-90 111
DURADRIVE™ CVT MV SYNTHETIC TRANSMISSION FLUID 102
DURADRIVE DCT MV SYNTHETIC TRANSMISSION FLUID 104
DURADRIVE HD LONG DRAIN ATF 106
DURADRIVE HD SYNTHETIC 668 ATF 106
DURADRIVE HD SYNTHETIC BLEND ATF 106
DURADRIVE LOW VISCOSITY MV SYNTHETIC ATF 100
DURADRIVE MV SYNTHETIC ATF 98
DURATAC™ OILS 189
DURATRAN™ 123
DURON™ ADVANCED 82
DURON CLASSIC 86
DURON ENGINE OILS 79
DURON EXTRA 87
DURON GEO LD 90
DURON HP 15W-40 80
DURON MONOGRADE ENGINE OILS 83
DURON SHP 10W-30 80
DURON SHP 15W-40 80
DURON SHP E6 10W-40 85
DURON UHP OW-30 80
DURON UHP 0W-40 80
DURON UHP 10W-40 80
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PRODUCT PAGE

DURON™ UHP 5W-30 80
DURON UHP 5W-40 80
DURON UHP E8 ENGINE OILS 84
ENDURATEX™ EP & ENDURATEX™ XL SYNTHETIC BLEND 180
ENDURATEX MILD WORM GEAR (WG) OILS 181
ENDURATEX SYNTHETIC EP 183
ENDURATEX SYNTHETIC OHV 680 182
ENVIRON™ AW HYDRAULIC FLUIDS 176
ENVIRON MV WIDE TEMPERATURE HYDRAULIC FLUIDS 176
ENVIRON MV R HYDRAULIC FLUIDS 178
HARNEX™ 320 WIND TURBINE GEAR OIL 184
HYDREX™ AW HYDRAULIC FLUIDS 170
HYDREX DT DETERGENT HYDRAULIC FLUID 175
HYDREX EXTREME WIDE TEMPERATURE HYDRAULIC FLUID 174
HYDREX MV WIDE TEMPERATURE HYDRAULIC FLUIDS 171
HYDREX XV ALL SEASON HYDRAULIC FLUID 173

| LUMINOL™ ELECTRICAL INSULATING OILS [ 149 |

‘ NG COMPOIL AW — COMPRESSOR OILS ‘ 148 ‘

| PARAFLEX™ HT [ 195 |
PC BAR & CHAIN OIL 190
PC GASCOMP HT 147
PC GASCOMP P 146
PC GasComp SP 146
PC WAYLUBE MACHINE TOOL LUBRICANT 187
PEERLESS™ 3 MOLY 322 220
PEERLESSLLG" 219
PEERLESS 06 PLUS 220
PEERLESS 060 220
PEERLESS 061* 220
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PRODUCT PAGE

PEERLESS 0G2* 220
PEERLESS™ 0G2 RED* 220
PEERLESS POLY EMB 222
PEERLESS SVG 102 VALVE GREASE 223
PEERLESS XCG-FLEX 223
PETRO-CANADA ATF D3M 93
PETRO-CANADA ATF+4® 95
PETRO-CANADA DEXRON®-VI ATF 94
PETRO-CANADA SUPREME™ C3 SYNTHETIC 5W-30 75
PETRO-CANADA SUPREME MULTIGRADE MOTOR OIL: 5W-20, 5W-30, 10W-30, 10W-40 and 20W-50 70
PETRO-CANADA SUPREME EU-X SYNTHETIC 5W-40 MOTOR OIL 73
PETRO-CANADA SUPREME HIGH MILEAGE MOTOR OILS: 5W-20, 5W-30, 10W-30 and SYNTHETIC 0W-20 78
PETRO-CANADA SUPREME SYNTHETIC HYBRID MOTOR OILS: 0W-16 AND 0W-20 i
PETRO-CANADA SUPREME SYNTHETIC 5W-40 MOTOR OIL 72
PETRO- CANADA SUPREME SYNTHETIC MOTOR OILS: 0W-16, 0W-20, 0W-30, 5W-20 and 5W-30 la
PETRO-THERM™ HEAT TRANSFER FLUID 167
PETROGLIDE™ — SAW GUIDE OIL and ELV 191
PETROGLIDE MC 32 192
PRECISION™ 214
PRECISION GENERAL PURPOSE EP1 214
PRECISION GENERAL PURPOSE EP2 214
PRECISION SYNTHETIC* 217
PRECISION SYNTHETIC 220 218
PRECISION SYNTHETIC EMB 218
PRECISION SYNTHETIC EP0OO 218
PRECISION SYNTHETIC GREASE 217
PRECISION SYNTHETIC HEAVY 460 218
PRECISION SYNTHETIC MOLY 218
PRECISION XL 3 MOLY ARCTIC 216
PRECISION XL 3 MOLY EP1AND EP2 215
PRECISION XL 5 MOLY EPO, EP1 AND EP2 216
PRECISION XL EPOO 215
PRECISION XL EP000O 215
PRECISION XL EP1* 215
PRECISION XL EP2* 215

*This product has CG-LB certification.
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PRODUCT PAGE

PRECISION XL GREASES 214
PRECISION XL RAIL CURVE GREASE 216
PRODURO™ FD-160 128
PRODURO™ FD-1 SYNTHETIC 129
PRODURO TO-4+ 126
PRODURO TO-4+ ALL SEASON 126
PRODURO TO-4+ UHP 126
PURITY™ FG AEROSOL SPRAYS 164
PURITY FG AW HYDRAULIC FLUIDS 162
PURITY FG CHAIN FLUIDS 152
PURITY FG COMPRESSOR FLUIDS 152
PURITY FG CORRCUT-E FLUID 154
PURITY FG EP GEAR FLUIDS 159
PURITY FG HEAT TRANSFER FLUID 161
PURITY FG PAG GEAR OILS 160
PURITY FG PENETRATING OIL SPRAY 164
PURITY FG SEAMER-E FLUID 162
PURITY FG SILICONE SPRAY 164
PURITY FG SPRAY 164
PURITY FG SYNTHETIC EP GEAR FLUIDS 160
PURITY FG SYNTHETIC FLUIDS 163
PURITY FG TROLLEY FLUID 165
PURITY FG WO WHITE MINERAL OILS 165
PURITY FG-X AW HYDRAULIC FLUID 163
PURITY FG2 CLEAR GREASE 157
PURITY FG2 EXTREME GREASE 157
PURITY FG2 SYNTHETIC GREASES 158
PURITY FG2 WITH MICROL™ MAX' GREASE 156
PURITY FG SYNTHETIC BARRIER FLUID 163
PURITY FGOO GREASE 155
PURITY FG1 GREASE 155
PURITY FG2 GREASE 155

*This product has CG-LB certification.
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PURITY FG2 MULTI PURPOSE GREASE 158
RALUBE™ LOCOMOTIVE DIESEL ENGINE OIL 92
RED GIANT LOCOMOQTIVE ENGINE OIL 20W-40 G7 92
REFLO™ REFRIGERATION COMPRESSOR OILS 144
REFLO SYNTHETIC 68A 145
SENTRON™ STATIONARY GAS ENGINE OIL 196
SENTRON ASHLESS 40 196
SENTRON CG 40 199
SENTRON CG 40 PLUS 196
SENTRON LD 3000 197
SENTRON LD 5000 197
SENTRON LD 8000 197
SENTRON LD SYNTHETIC BLEND 198
SENTRON SP 30 199
SENTRON SP 40 199
SENTRON VLA 40 198
SENTRON VTP OW-30 198
SENTRON VTP 10W-40 198
SENTRON VTP 10W-40 PLUS 199
SEPRO™ XL PAPER MACHINE OILS 193
SEPRO PM 193
SUPER VAC FLUIDS - VACUUM PUMP FLUIDS 194
SUPREME™ SYNTHETIC BLEND 2-STROKE SMALL ENGINE OIL 131
SUPREME C3 SYNTHETIC 5W-30 MOTOR OIL 75
SUPREME C3-X SYNTHETIC 5W-30 MOTOR OIL 76
SUPREME C3-X SYNTHETIC 5W-40 MOTOR OIL 74
SUPREME SYNTHETIC 5W-40 MOTOR OIL 72
SYNDURO™ SHB SYNTHETIC MULTI-FUNCTIONAL LUBRICANTS 185
SYNTHETIC GREASES 217
TRAXON™ MANUAL TRANSMISSION FLUIDS 17
TRAXON 80W-90 115
TRAXON 85W-140 115
TRAXON E SYNTHETIC 75W-90 116

fMICROL™ MAX is an antimicrobial product preservative
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PRODUCT PAGE

TRAXON E SYNTHETIC 80W-140 116
TRAXON E SYNTHETIC MTF 119
TRAXON GEAR OIL 12
TRAXON SYNTHETIC 75W-85 13
TRAXON SYNTHETIC 75W-90 13
TRAXON SYNTHETIC CD-50 122
TRAXON SYNTHETIC MTF 75W-80 118
TRAXON™ XL SYNTHETIC BLEND 75W-90 114
TRAXON XL SYNTHETIC BLEND 80W-140 116
TURBOFLO™ EP 204
TURBOFLO LOW VARNISH 202
TURBOFLO R&0/PREMIUM R&0 77 205
TURBOFLO XL 203
VULTREX MPG EP1 228
VULTREX MPG GREASES 228
VULTREX MPG SYNTHETIC ARCTIC 228
VULTREX G-124 228
VULTREX OGL 226
VULTREX OGL HEAVY 6200 226
VULTREX OGL SYNTHETIC 2200 226
VULTREX OGL SYNTHETIC ALL SEASON 680 226
VULTREX SPECIALTY GREASES 229
VULTREX GEAR SHIELD NC 229
VULTREX ROCK DRILL EP000 229
VULTREX™ DRILL ROD HEAVY 229
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PRODUCT APPLICATION INDEX

APPLICATION ‘ PETRO-CANADA LUBRICANTS ‘ PAGE
Air Compressor 0il COMPRO™ 138
COMPROE 140
COMPRO Synthetic 140
COMPRO XL-S 139
PURITY™ FG Compressor Fluids 152
PURITY FG Synthetic Fluids 153
SYNDURO™ SHB 185
Air-Line 0il ARDEE™ 188
HYDREX™ AW 170
PURITY FG AW Hydraulic Fluids 162
Allison C-4 Fluid DURADRIVE™ HD Synthetic Blend ATF 106
PETRO-CANADA ATF D3M 96
PRODURO™ TO-4+ 126
Ammonia Refrigeration REFLO™ 46A, 68A 144
Compressor Oil REFLO CFC 144
REFLO Synthetic 68A 145
REFLO XL Synthetic Blend 144
Automatic Grease PEERLESS™ 0G0 220
Lubrication System PRECISION™ General Purpose EP 214
PRECISION Synthetic, Synthetic Moly 217,218
PRECISION XL 3 Moly Arctic 216
PRECISION XL EP0O 215
PRECISION XL EP1*, EP2* 215
Automotive Gear Oil DEXRON® 75W-90 11
DEXRON® LS 75W-90 Gear Oil 111
PRODURO FD-1and FD-1 Synthetic 128,129
TRAXON™ 112
TRAXON E Synthetic 116
TRAXON Synthetic 13
TRAXON XL Synthetic Blend 114
Automatic Transmission Fluid ATFD3M 96
ATF+4® 95
DEXRON®-VI ATF 94
DURADRIVE HD Synthetic 668 ATF 106
DURADRIVE HD Synthetic Blend ATF 106
DURADRIVE HD Long Drain ATF 106
DURADRIVE Low Viscosity MV Synthetic ATF 98
DURADRIVE MV Synthetic ATF 98

*This product has CG-LB certification.
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APPLICATION ‘ PETRO-CANADA LUBRICANTS ‘ PAGE
Automotive/Wheel Bearing Grease PEERLESS™ 0G1*, 0G2*, 0G2-Red* and LLG* 219,220
PRECISION Synthetic* 217
PRECISION Synthetic 220 218
PRECISION Synthetic EPO0 218
PRECISION XL EP1*, EP2* 215
Ball & Rod Mill Lubricant PEERLESS 0G0 220
PRECISION General Purpose EP 214
PRECISION XL 3 Moly Arctic 216
PRECISION XL EP0OO 215
PRECISION XL EP1*, EP2* 215
VULTREX™ Gear Shield® NC 229
Bandsaw Oil PETROGLIDE™ MC 32 192
Barium Grease VULTREX Drill Rod Heavy 229
Bearing Lubricant PEERLESS LLG* Grease 219
PEERLESS 0G Greases 220
PEERLESS Poly EMB 222
PRECISION General Purpose Greases 214
PRECISION Synthetic Greases 217
PRECISION XL Greases 214
PURITY™ FG Greases 224
PURITY FG Synthetic* Greases 153
SYNDURO™ SHB 185
TURBOFLO™ Low Varnish 202
TURBOFLO R&0 205
TURBOFLO XL 203
Chain Saw 0il DURATAC™ Chain Oil 189
PC BAR AND CHAIN 190
Chassis/King Pin/5th Wheel Grease PEERLESS 0G2 220
PEERLESS 3 Moly 322 Grease 220
PRECISION XL 3 Moly EP1, EP2 216
VULTREX G-124 285
Circulating Oil HYDREX™ AW 170
SEPRO™ XL 193
SYNDURO SHB 185
TURBOFLO R&0 205

*This product has CG-LB certification.
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APPLICATION ‘ PETRO-CANADA LUBRICANTS ‘ PAGE

Continuously Variable DURADRIVE™ CVT MV SYNTHETIC 102
Transmission (CVT)
Conveyor Chain 0il DURATAC™ Chain Qil 189
PURITY™ FG Chain Fluid 152
PURITY FG Spray 154
Corrugator Lubricant PURITY FG Corrcut-E Fluid 154
Coupling Grease PEERLESS™ XCG-Flex 223
Diamond Drill Lubricant VULTREX™ Drill Rod Heavy Grease 229
Diesel Engine 0il DURON™ Advanced 82
DURON CLASSIC 86
DURON EXTRA 87
DURON HP 80
DURON Monograde 83
DURON SHP 80
DURON UHP 80
DURON UHP E8 84
RALUBE™ 92
Red Giant Locomotive Engine Qils 92
Dripless Lubricant DURATAC Chain Qil 189
PURITY FG Chain Fluids 152
PURITY FG Spray 164
Electric Motor Bearing Greases PEERLESS POLY EMB 222
PRECISION Synthetic EMB 218
Electrical Insulating Oils LUMINOL™ TRi, LUMINOL LS, LUMINOL DI 149
Engine Oil DURON Advanced 82
DURON CLASSIC 86
DURON EXTRA 87
DURON GEO LD 90
DURON HP 80
DURON Monograde 83
DURON SHP 80
DURON UHP 80
DURON UHP E8 84
PETRO-CANADA SUPREME™ MULTIGRADE MOTOR OIL 70
PETRO-CANADA SUPREME™ Synthetic 5W-40 72
PETRO-CANADA SUPREME Synthetic Motor Oils 7
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APPLICATION ‘ PETRO-CANADA LUBRICANTS ‘ PAGE
PETRO-CANADA SUPREME EU-X SYNTHETIC 5W-40 MOTOR OIL 73
PETRO-CANADA SUPREME HIGH MILEAGE MOTOR OILS 78
PETRO-CANADA SUPREME SYNTHETIC HYBRID MOTOR OILS 7
SUPREME C3 SYNTHETIC 5W-30 MOTOR OIL 75
SUPREME C3-X SYNTHETIC 5W-30 MOTOR OIL 76
SUPREME C3-X SYNTHETIC 5W-40 MOTOR OIL 74
RALUBE™ 92
Red Giant Locomotive Engine 0il 20W-40 G7 92
SENTRON™ 196
SUPREME™ Synthetic Blend 2-Stroke Small Engine Qil 131
Environmentally Friendly ENVIRON™ AW 176
ENVIRON MV 176
HYDREX™ Extreme 174
Incidental Food Contact PURITY™FGO0O, 1,2 155
(NSFH1) Greases PURITY FG2 CLEAR 157
PURITY FG2 EXTREME 157
PURITY FG2 Multi Purpose 158
PURITY FG2 with MICROL™ MAX* 156
PURITY FG2 Synthetic 158
PURITY FG2 Synthetic Heavy 220 158
Incidental Food Contact PURITY FG AW Hydraulic Fluids 162
(NSFHT) Lubricants PURITY F6 Chain Fluid 152
PURITY FG Compressor Fluids 152
PURITY FG Corrcut-E Fluid 154
PURITY FG EP Gear Fluids 159
PURITY FG Heat Transfer Fluid 161
PURITY FG PAG 160
PURITY FG Penetrating Oil Spray 164
PURITY FG Seamer E-Fluid 162
PURITY FG Silicone Spray 164
PURITY FG Spray 164
PURITY FG Synthetic Barrier Fluid 153
PURITY FG Synthetic EP Gear Fluid 160
PURITY FG Synthetic Fluids 153
PURITY FG Trolley Fluid 165
PURITY FG WO White Mineral Oils 165
PURITY FG-X AW Hydraulic Fluid 163

'MICROL™ MAX is an antimicrobial product preservative
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APPLICATION ‘ PETRO-CANADA LUBRICANTS ‘ PAGE
Gas Engine 0il DURON™ GEO LD 90
SENTRON™ 196
Gas Turbine Oil TURBOFLO™ EP 204
TURBOFLO Low Varnish 202
TURBOFLO R&0 32, 46, 68 205
TURBOFLO XL 203
Gear Compound VULTREX™ Gear Shield® NC 229
VULTREX OGL 226
Gear 0il DURATRAN™, DURATRAN XL, DURATRAN Synthetic 123
ENDURATEX™ EP 180
ENDURATEX Mild WG 181
ENDURATEX Synthetic EP 183
ENDURATEX Synthetic OHV 680 182
ENDURATEX XL Synthetic Blend 180
HARNEX™ 320 Wind Turbine Gear Oil 184
PRODURO™ FD-1 and FD-1 Synthetic 128,129
PRODURO TO-4+ 126
PURITY™ FG EP Gear Fluid 159
PUIRTY FG PAG 160
PURITY FG Synthetic EP Gear Fluid 160
SYNDURO™ SHB 185
TRAXON™ 12
TRAXON E Synthetic 116
TRAXON Synthetic 113
TRAXON XL Synthetic Blend 114
General Purpose Lubricant SYNDURO SHB 185
TURBOFLO R&0 205
Heat Transfer Fluid CALFLO™ 166
PETRO-THERM™ 167
PURITY FG Heat Transfer Fluid 161
High Speed Coupling Grease PEERLESS™ XCG-Flex 223
High Temperature Bearing Oil SYNDURO SHB 185
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APPLICATION ‘ PETRO-CANADA LUBRICANTS ‘ PAGE
High Temperature Grease PEERLESS™ LLG* 219
PURITY™ FG2 Synthetic 158
Hydraulic 0il DURATRAN™, DURATRAN XL 123
DURATRAN Synthetic 123
ENVIRON™ AW, MV 176
HYDREX™ AW 170
HYDREX DT 175
HYDREX Extreme 174
HYDREX MV il
HYDREX XV 173
PRODURO™ TO-4+ 126
PURITY FG AW Hydraulic Fluid 162
PURITY FG-X AW Hydraulic Fluid 163
Hydrocarbon Compressor Oil Compressor Oil RP 142
NG CompOQil AW 148
PC GasComp HT 147
PC GasComp IP 146
PC GasComp SP 146
Industrial Bearing Grease PEERLESS 0G1*, 0G2* 220
PRECISION™ General Purpose EP1, EP2 214
PRECISION Synthetic* 217
PRECISION Synthetic 220 218
PRECISION Synthetic Heavy 460 218
PRECISION XL EP1*, EP2* 215
Industrial Gear Oil ENDURATEX™ EP 180
ENDURATEX Mild WG 181
ENDURATEX Synthetic OHV 680 182
ENDURATEX XL Synthetic Blend 180
SYNDURO™ SHB 185
PURITY FG EP Gear Fluids 159
PURITY FG Synthetic EP Gear Fluids 160
TURBOFLO™ R&0 205

*This product has CG-LB certification.
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APPLICATION ‘ PETRO-CANADA LUBRICANTS ‘ PAGE
Journal Bearing 0il DURATAC™ Chain Oil 189
HYDREX™ AW 170
TURBOFLO™ R&0 205
Leaky Bearing/Gear Case Lubricant PRECISION™ XL EP000 215
PURITY™ FGOO 155
Limited Slip Gear Oil DEXRON® LS 75W-90 Gear Oil m
Locomotive Diesel Engine Oil RALUBE™ 92
Red Giant Locomotive Engine 0il 20W-40 G7 92
Low Temperature Grease PRECISION Synthetic* Greases 217
PRECISION Synthetic Moly 218
PRECISION XL EP0O 215
PRECISION XL 3 Moly Arctic 216
PRECISION XL 5 Moly EPO 216
PURITY FG2 Synthetic 158
VULTREX™ MPG Synthetic Arctic 228
Marine Grease PEERLESS™ OG Greases 220
Medium-Speed Diesel Engine Oil RALUBE 92
Red Giant Locomotive Engine Qil G7 20W-40 92
Mineral Oil PARAFLEX HT Process Oils 195
Mining Grease PRECISION Synthetic* Greases 217
PRECISION Synthetic Moly 218
PRECISION XL 3 Moly Grease 215
PRECISION XL 5 Moly Grease 216
VULTREX Drill Rod Heavy 229
VULTREX G-124 228
VULTREX MPG 228
VULTREX 0GL 226
Motor 0il DURON™ CLASSIC 86
DURON EXTRA 87
DURON GEO LD 90
DURON HP 80
DURON SHP 80
DURON UHP 80
DURON UHP E8 84

*This product has CG-LB certification.
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APPLICATION ‘ PETRO-CANADA LUBRICANTS ‘ PAGE
Motor 0il PETRO-CANADA SUPREME™ MULTIGRADE MOTOR OIL 70
PETRO-CANADA SUPREME Synthetic MOTOR OIL 4l
PETRO-CANADA SUPREME Synthetic 5W-40 72
PETRO-CANADA SUPREME EU-X SYNTHETIC 5W-40 MOTOR OIL 73
PETRO-CANADA SUPREME HIGH MILEAGE MOTOR OILS 78
PETRO-CANADA SUPREME SYNTHETIC HYBRID MOTOR OILS 7
SUPREME C3-X SYNTHETIC 5W-30 MOTOR OIL 76
SUPREME C3-X SYNTHETIC 5W-40 MOTOR OIL 74
RALUBE™ 92
Red Giant Locomotive Qils 92
SENTRON™ 196
SUPREME C3 SYNTHETIC 5W-30 75
SUPREME Synthetic Blend 2-Stroke Small Engine Qil 131
Multi-Service Grease PEERLESS™ 0G1*,0G2* and LLG** 219,220
PEERLESS 0G2 Red” 220
PRECISION™ General Purpose EP1, EP2 214
PRECISION Synthetic* 217
PRECISION Synthetic 220 218
PRECISION XL EP1*, EP2* 215
PURITY™ FGOO, 1,2 155
PURITY FG2 Synthetic 158
PURITY FG2 Synthetic Heavy 220 158
Natural Gas Compressor Fluids PC GasComp IP 146
PC GasComp SP 146
NG Screw Oils 148
NG Comp Qil AW 147
Compressor Qil RP 142
Gas Engine 0il DURON™ GEO LD 90
SENTRON 196

*This product has CG-LB certification.

This product has NLGI HPM Certification.
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APPLICATION ‘ PETRO-CANADA LUBRICANTS ‘ PAGE
Open Gear Lubricants VULTREX™ Gear Shield® NC 229
VULTREX OGL 226
Paper Machine Lubricants PEERLESS 0G Greases 220
PRECISION Synthetic Heavy 460 218
PRECISION XL EP2* 215
SEPRO™ XL 193
Passenger Car Motor Oil PETRO-CANADA SUPREME MULTIGRADE MOTOR OILS 70
PETRO-CANADA SUPREME Synthetic MOTOR OILS al
PETRO-CANADA SUPREME Synthetic 5W-40 72
PETRO-CANADA SUPREME EU-X SYNTHETIC 5W-40 MOTOR OIL 73
PETRO-CANADA SUPREME HIGH MILEAGE MOTOR OILS 78
PETRO-CANADA SUPREME SYNTHETIC HYBRID MOTOR OILS 77
SUPREME C3 SYNTHETIC 5W-30 75
SUPREME C3-X SYNTHETIC 5W-30 MOTOR OIL 76
SUPREME C3-X SYNTHETIC 5W-40 MOTOR OIL 74
Penetrating Oil PURITY FG Penetrating Oil Spray 164
Pellet Mill Grease PEERLESS™ 0G2 Red* 220
PRECISION™ Synthetic Heavy Greases 218
PURITY™ FG2 Extreme 157
PURITY FG Synthetic Heavy 220 158
VULTREX™ G-124 228
Premium Grease PEERLESS 0G2 RED 220
PEERLESS LLG* 219
PRECISION XL Moly, Synthetic Moly 216,218
PRECISION XL, PRECISION Synthetic 215,217
Power Transmission Fluid DEXRON®-VI ATF 94
DURADRIVE™ CVT MV Synthetic Transmission Fluid 102
DURADRIVE DCT MV Synthetic Transmission Fluid 104
DURADRIVE HD Long Drain ATF 106
DURADRIVE HD SYNTHETIC 668 ATF 106
DURADRIVE HD Synthetic Blend ATF 106
DURADRIVE Low Viscosity MV Synthetic ATF 100
DURADRIVE MV Synthetic ATF 98
PETRO-CANADA ATF+4® 95

*This product has CG-LB certification.
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APPLICATION ‘ PETRO-CANADA LUBRICANTS ‘ PAGE
Process Oil PARAFLEX™ HT 195
Reciprocating Compressor 0il COMPRO™ 138
COMPROE 140
Refrigeration Oil REFLO™ A 144
REFLO CFC 144
REFLO Synthetic 68A 145
REFLO XL 144
Rock Drill Lubricant VULTREX Rock Drill EPO00 229
Saw Guide 0il PETROGLIDE™ 100 & 150 & ELV 191
PETROGLIDE MC 32 192
Screw Compressor Oil COMPRO XL-S 139
Seamer PURITY FG Seamer-E Fluid 162
Single Point Lubrication Grease PRECISION™ Synthetic* 217
PRECISION XL EP2* 215
Snowmobile Engine 0il SUPREME™ Synthetic Blend 2-Stroke Small Engine Qil 131
Special Application Greases PEERLESS™ 0G Greases 220
PEERLESS LLG* 219
PEERLESS SVG 102 223
PEERLESS XCG-Flex 223
PRECISION Synthetic Heavy Greases 218
PRECISION XL Moly Greases 216
Steam Turbine 0Oil TURBOFLO™ Low Varnish 202
TURBOFLO R&0 32, 46,68, 77 205
TURBOFLO XL 203
Synthetic Grease PRECISION Synthetic* Greases 217
PURITY™ FG2 Synthetic 158
PURITY FG2 Synthetic Heavy 220 158
VULTREX™ MPG Synthetic Arctic 228

*This product has CG-LB certification.
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APPLICATION ‘ PETRO-CANADA LUBRICANTS ‘ PAGE
Synthetic 0il/Fluid CALFLO™ LT 166
CALFLO Synthetic 166
COMPRO™ Synthetic 140
COMPROE 140
DEXRON® LS 75W-90 Gear Oil 11
DURADRIVE™ HD Synthetic 668 ATF 106
DURADRIVE HD Synthetic Blend ATF 106
DURADRIVE MV Synthetic ATF 98
DURATRAN™ Synthetic 123
DURATRAN XL Synthetic Blend 123
DURON™ SHP 80
DURON UHP 80
DURON UHP E8 84
ENDURATEX™ EP Synthetic 183
ENDURATEX XL Synthetic Blend 180
HARNEX™ 320 Wind Turbine Gear Oil 184
PC GasComp IP 146
PC GasComp SP 146
PETRO-CANADA SUPREME EU-X SYNTHETIC 5W-40 MOTOR OIL 73
PETRO-CANADA SUPREME HIGH MILEAGE SYNTHETIC OW-20 78
PETRO-CANADA SUPREME Synthetic MOTOR OILS 4l
PETRO-CANADA SUPREME SYNTHETIC 5W-40 MOTOR OIL 72
PETRO-CANADA SUPREME SYNTHETIC HYBRID MOTOR OILS 7
PRODURO™ FD-1 Synthetic 129
PRODURO TO-4+ UHP 128
PRODURO TO-4+ Lo Temp Synthetic Blend 126
PRODURO TO-4+ Synthetic All Season 126
PURITY™ FG Synthetic Barrier Fluid 153
PURITY FG Synthetic EP Gear Fluids 160
PURITY FG Synthetic Fluids 153
REFLO™ Synthetic 68A 145
REFLO XL Synthetic Blend 144
SENTRON™ LD Synthetic Blend 198
SUPREME C3 SYNTHETIC 5W-30 75
SUPREME C3-X SYNTHETIC 5W-30 MOTOR OIL 76
SUPREME C3-X SYNTHETIC 5W-40 MOTOR OIL 74
SYNDURO™ SHB 185




33

APPLICATION ‘ PETRO-CANADA LUBRICANTS ‘ PAGE
TRAXON™ E Synthetic 116
TRAXON Synthetic 13
TRAXON XL Synthetic Blend 114
Tractor Transmission DURATRAN™ 123
Hydraullc Fluld DURATRAN Synthetic 123
DURATRAN XL Synthetic Blend 123
Transformer Oil LUMINOL™ TRi, LUMINOL LS 149
Transmission Fluid DURADRIVE™ 98
DURATRAN 123
DURATRAN Synthetic 123
DURATRAN XL Synthetic Blend 123
DURON™ 79
PETRO-CANADA ATF D3M 96
PETRO-CANADA ATF+4® 95
PETRO-CANADA DEXRON® VI ATF 94
TRAXON Synthetic CD-50 122
TRAXON E Synthetic MTF 119
TRAXON Synthetic MTF 75W-80 118
Transmission and Drive PRODURO TO-4+ 126
Train Oil (TDTO) TRAXON Synthetic CD-50 122
Two-Stroke Engine Oil SUPREME Synthetic Blend 2-Stroke Small Engine Oil 131
Vacuum Pump 0il Super Vac Fluids 194
Water Resistant/Tolerant Grease PEERLESS™ 0G Greases 220
PEERLESS LLG* 219
PURITY™ FG2 Synthetic Greases 158
PURITY FG2 Synthetic Heavy 220 158
Way Lubricant ACCUFLO™ TK 186
PC WAYLUBE 187
White Mineral Process Fluid PURITY FG WO White Mineral Oils 165
Wind Turbine Gear Oil HARNEX™ 320 Wind Turbine Gear Oil 184
Worm Gear Oil ENDURATEX™ Mild WG 181
PURITY FG PAG 160
PURITY FG (Synthetic) EP Gear Fluid 160
SYNDURO™ SHB 185

*This product has CG-LB certification.
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SUBJECT INDEX

Additives Blending Chart 246
—Engine Ols o Boundary Lubrication 232
:Sm,‘i\,z,',s,:ﬂfs"y Grade 135 | | Brookfield Viscosity 233
Air Compressor Oils 142 Carbon Residue 233
Allison C-4 Fluids 96,106,125,126 Caterpillar ECF 62
Antiwear Agents 51 Chain Saw Oil 189
API Gravity/Density Table 245 Channelling 234
API Service Classifications Charts and Conversion Tables 246-262
:ér;girngigi\s 55{?8 Circulating Oils 205
API ice Classificati bol 66 Color Scale

Service Classification Symbo ZASTM 250
Applying Grease 212 —N.P.A. Descriptions 250

—Table of Equivalents 250

Ash Content 232 —Union 250
ASTM Blending Chart 246 Common Terms 232
Automatic Transmission Fluids 93 Compatibility of Greases 21
Automotive Gear Oils 108-121 Complex Grease 208
Automotive Lubricants Compounded Oil 234
— Additives 51 -
— APl Service Classifications 55,56 Compressor Oils
—API Symbol 66 —Air 138
— Power Transmission Fluids 93 —Hydrocarbon 146
—Engine Oils 69 —Natural Gas 146
:gt::;s%!s ;82 Conveyor Chain Oil 152,164,189
—Resource Conserving Classification 58 Corrosion Inhibitors 51,234
— SAE Viscosity Classification 52 i
— Two-Stroke Oils 130 Coupling Grease 223
Bandsaw Oil 192 Cummins 20072 62
Base Oil Classification 38 Cummins 20076 62
Base 0il Hydrotreating Process 40 Cummins 20078 63
Base Oil Manufacture 38 Cummins 20081 63
Base Oil Properties 42 Cummins 20085 90
Bearing Lubrication 204,212,224 Cummins 20086 63
Benefits of Base 0il Hydrotreating Cummins 20087 63
Process
—Base Oils 42
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Demulsibility 234 Gas Engine Oils 196
Detergents 51 Gas Turbine Qils 202
Detroit Diesel Engine 0il 63 Gear Oils
Requirements —AGMA Classification 135
N _ N — Automotive 108
Diesel Engine Oil Heavy-Duty — Industrial 159160
~High Speed 60 —Mack GO-J 120
~Locomotive 92 — SAE Viscosity Classification 109
—Medium Speed 92
— Two-Stroke 130 General Purpose Lubricant 185,205
Dispersants 51 Glossary of Terms 232
Drilling Compounds 226 Grease
N N — Application 212
Dropping Point 235 — Automotive Service Class 210
— Compatibility 211
— Definitions 209
Electric Motor Bearing Grease 218 ~NLGIHPM 210
— Properties 212
Engine Oils —Shelf Life "
— Additives 51
— API Symbol 66
_ Funcstiy(g?wo 44 Handy Conversion Charts and 252
—Heavy-Duty 79 Tables
—ILSAC Classification 66 Heat Transfer Fluid 166
—Locomotive 92
—Monograde 83 Heavy-Duty Diesel Engine Olls 79
—Passenger Car 69 .
— SAE VIscosity Classification 52 High Temperature Grease 219
— Stationary Gas 196 Hydraulic Oils 170
—Used Oil Analysis 67 yerautic o1
Engler Viscosity 240 Hydrodynamic Lubrication 236

Hydrotreating 236
Fire Point 235

Foam Depressants 52 ILSAC Certification Symbol 66
Foam Inhibitor 235 Industrial Greases 155
Food Grade Greases for Incidental 224 Indusirial Lubricants 186,196
Food Contact (H1) Industrial Process Fluids 195
Food Grade Lubricants for 151 Integrated Management System 3
Incidental Food Contact (H1)

Introduction 8
Four Ball Tests 235

1S0 9001 3
Friction Modifiers 52

1S0 14001 3

180 Viscosity Classification 134
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John Deere, JOM J20C, JDM J20D Natural Gas
K — Compression of Natural Gas 146

Neutralization Number 237
Kinematic Viscosity

NLGI Automotive Grease 210
L Service Categories
Leaky Gear Case Lubricant 218 NLGIHPM 210
Lithium Greases 0il Classification Systems 52
— Multi-application Lithium Greases 214 -
— Premium Performance Lithium/ 214 Oxidation 237

Lithium Complex Greases Oxidation Inhibitors 238

Lubricants Handling & Storage 9 N .

Paper Machine Oil 193
Lubricant Vapour Pressure i
_Table 251 Passenger Car Motor Oils 69
Lubricating 0il 209 Petro-Canada Lubricants

—Guarantee 4
Cleanliness Code 248 A

Petro-Canada Lubricants 3
Machine Tool Lubricant 186 Pour Point 238
Mack EO-M Plus 64 Pour Point Depressants 52
Mack EO-N Plus 64 Power Transmission Fluids 93
Mack EO-N Premium Plus 64 Premium Greases 214
Mack EO-0 64 Premium Steam Turbine Oil 202
Mack EOS 65 Process Oils 195
Mack GO-J 120 Product Application Index 22
MAN 65 Product Shelf Life

—Grease 12
Medium-Speed Diesel Engine 0il 92 — Lubrication Oils 1"
Mercedes-Benz 65
Mineral Oil 165 || quick Mix Chart 132
Mining Greases and Drilling 296
Compounds
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Refrigeration Lubricant 144 Used Oil Analysis 67
Renault 64 U.S.P. Mineral Qil 165
Rust Inhibitors 238 Vacuum Pump Oil 194
SAE Viscosity Classification 52 Viscosity Index 240
SAE Viscosity Grade 53 Viscosity Index Improvers 52
Saw Guide Oil 191 Volvo 64
SCANIA 65 Way Lubricant 187
Snowmobile Motor Oil 130 White 0il 165
Solvent Refining Process 39 Wide Temperature Range 171
Stationary Gas Engine Oils 196-201 Hydraulic 0il
—2-cycle 196-201 Wind Turbine Gear Fluid 184
—4-cycle 196-201

Worm Gear Oil 181
Steam Turbine Fluid 202
Timken OK Load 239
Tractor Transmission/Hydraulic 123
Fluids/Universal Tractor
Transmission 0il
Transformer Oil 149
Transmission/Drive-Train Oil 126
Trolley Fluid 165
Two Base 0il Blending
— Chart 242
Two-Stroke Engine Oils 130
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PROCESS

BASE OIL MANUFACTURE

Lubricant base oils are produced in a series of steps which are designed to
enhance certain desirable properties. For paraffinic oils, these include viscosity
index, oxidation resistance, thermal stability and low temperature fluidity.

Starting from petroleum crude oil, the typical process for making a base oil

is as follows:

e Separation of lighter boiling materials, such as gasoline, diesel, etc.
e Distillation to isolate desired base oil viscosity grades
e Selective removal of impurities, such as aromatics and polar compounds
e Dewaxing to improve low temperature fluidity
e Finishing to improve oxidation resistance and heat stability

In general, both solvent refined and hydrotreated base oils are manufactured
this way, but differ in the type and severity of processes used.

BASE OIL CLASSIFICATION

Before reviewing how base oil is manufactured, the American Petroleum Institute’s
(API1) Base Qil Classification system should be explained. As shown below, the

API system classifies base oils into five major groups. While these groups were
originally intended to be used for formulation of engine oils, their definition is widely
understood and usage has expanded beyond this area.

Base 0il Characteristics

API Sulfur Saturates Viscosity Index Manufacturing
Group Wt, % Wt, % Vi Method
| >0.03 <90 80-119 Solvent Refined
Il <0.03 >90 80-119 Hydroprocessed
I <0.03 >90 120+ Severely Hydroprocessed
\% Polyalphaolefins (PAOs) Oligomerization
v Other Base Qils Various

Although not officially recognized by the API, the following additional terms are often

used in the industry.

Base 0il Characteristics

API Sulfur Saturates Viscosity Index Manufacturing
Group Wt, % Wt, % Vi Method

I+ <0.03 >90 110-119 Hydroprocessed

I+ <0.03 >90 130+ Severely Hydroprocessed
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Group |, or conventional base oils are manufactured by solvent refining and
contain more than 0.03 wt % sulfur and/or less than 90 wt % saturates. Group |
oils continue to be used in a number of applications due to their solvency and
performance characteristics.

Group Il and Il base oils are manufactured by what the API calls hydroprocessing
or severe hydroprocessing. With sulfur content of less than or equal to 0.03 wt %
and saturates content of more than or equal to 90 wt %, they are more pure than
Group | base oils. Many of the Petro-Canada Lubricants products are produced
using a special high severity version of hydroprocessing, called severe
hydrotreating, to produce Group I, ll+, lll and lll+ base oils.

SOLVENT REFINING PROCESS

Initially, lighter products such as gasoline, diesel, etc., are separated from crude

oil by atmospheric distillation. The heavier material is then charged to a vacuum
distillation tower, where lubricant fractions of specific viscosity ranges are taken off.
These fractions are then treated individually in a solvent extraction tower.

A solvent such as furfural is mixed with the fractions and extracts about 70-85%

of the aromatic material present. The solvent extracted lube fraction is then
dewaxed by chilling to a low temperature, which removes much of the wax.

This improves the low temperature fluidity of the product. Finally, the dewaxed

lube fractions can be finished to improve their color and stability, depending on the
application requirements. One common method of finishing is mild hydrofinishing.
The API classifies the products of solvent refining as Group | base oils.

Solvent Refining / Extraction Process

Atmospheric / Vacuum Solvent

Distillation Extraction

Solvent
Dewaxing

Solvent —>

CRUDE OIL Lube Fractions

Gas Oil

GROUP |
BASE OIL
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SEVERE HYDROTREATING PROCESS

The severe hydrotreating process works to eliminate aromatics and polar

compounds by reacting the feedstock with hydrogen in the presence of a

catalyst at high temperatures and pressures.

Several different reactions occur in this process, the principal ones being:

e Removal of unwanted or undesirable polar compounds containing sulfur,
nitrogen and oxygen

e Conversion of aromatic hydrocarbons to saturated cyclic hydrocarbons

e Breaking up of heavy polycyclo-paraffins into lighter, saturated hydrocarbons

These reactions take place at temperatures as high as 400°C/752°F, pressures
around 3000 psi and in the presence of a catalyst. The hydrocarbon molecules
that are formed are very stable and this makes them ideal for base oils used
for lubricant blending. They are classified by the APl as Group Il base oils.

There are two stages in the severe hydrotreating process. The first stage

removes unwanted polar compounds and converts the aromatic components to
saturated hydrocarbons. After separation into desired viscosity grades by vacuum
distillation, batches of waxy lube base oil are chilled and dewaxed. These are then
passed through a second stage high pressure hydrotreater for additional saturation.
This final step maximizes stability by removing the last traces of aromatic and

polar molecules, producing a water-white and 99.9% pure base oil.

Two-Stage Severe Hydrotreating Process

Atmospheric/ Vacuum X
Distillation Atml)_sph_erlc
Distillation

Hyd
r lydrogen Dewaxing r Hydrogen

CRUDE OIL
—_— e R —— —_ —_ —_—
Gas Oil

Hydrocracker High Pressure
W

ULTRA PURE
HT BASE OIL

(99.9% PURE)

Vacuum HydroTreater

Distillation
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SEVERE HYDROTREATING/ HYDROISOMERIZATION

In addition to severe hydrotreating, the hydroisomerization process employs a
specialized catalyst to selectively isomerize wax (mixture of long chain n-paraffins)
to high VI, low pour point, isoparaffinic base oil. The process yields base oils with
higher VlIs and improved yields, compared to previous conventional dewaxing
techniques. The process is capable of producing base oil with a VI above 130.
More often, it is set up to produce high viscosity index (Group Il+ and Ill) base
fluids with VIs ranging from 115 to 127. A further process feature is the flexibility

it offers to produce base oils with pour points lower than -25°C/-13°F.
Hydroisomerization is employed in conjunction with severe hydrotreating to
produce superior base oils that have:

e High Viscosity Index (VI)

e [ow Volatility

e Excellent Oxidation Resistance

e High Thermal Stability

e Excellent Low Temperature Fluidity

e Low Toxicity

These features give performance characteristics very similar to lubricants formulated
with polyalphaolefin (PAO), the most common type of synthetic.

Two-Stage Severe Hydrotreating/Hydroisomerization Process

Atmospheric / Vacuum Wax s heri
Distillation mospheric
\ Distillation

r Hydrogen r Hydrogen r Hydrogen

CRUDE OIL
— — +
Gas Oil

Hydrocracker ~ Hydroisomerization High Pressure
Wax Conversion HydroTreater Vacuum
Distillation

SYNTHETIC BASE FLUID
(99.9% PURE)
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KEY BASE OIL PROPERTIES

Base oils are fundamental building blocks of finished lubricants.

Their composition and physical properties are influenced by the refining
technology used. Formulators will choose base oils with characteristics
suited to the end application, and match them with specially selected
additives to optimize performance of finished products.

CHARACTERISTIC ‘ SIGNIFICANCE

Color Often used as a visual indicator of purity, as it is usually
related to the amount of aromatics present. Severely
hydrotreated base oils are clear and colorless.

Viscosity Index (V1) Is a measure of the rate of change of viscosity with
temperature. Severely hydrotreated base oils have high
Vls so they 'thin out' less at high temperatures

yet remain pumpable (or fluid) at low temperatures.

Oxidation Resistance | The ability to resist chemical degradation caused by
oxygen and /or increasing temperatures. Severely
hydrotreated base oils respond very well to anti-oxidants
resulting in excellent resistance to oxidation and long
lubricant life in finished products.

Thermal Stability The ability to resist permanent changes to physical
and chemical properties caused by heat. Severely
hydrotreated base oils have very good resistance
to heat.

Carhon Residue The amount of insoluble residue produced due to
thermal stress. Severely hydrotreated base oils produce
low amounts of carbon residue.

Demulsibility The ability of a lubricating oil to separate from water.
Severely hydrotreated base oils separate readily
from water.

Low Toxicity The degree to which a substance harms a living

organism. Severely hydrotreated base oils have
low toxicity, due to a virtual absence of impuirities.

Biodegradability The degree of biodegradability in a lubricant is
measured by calculating its rate of conversion to carbon
dioxide by living organisms. Severely hydrotreated base
oils have good biodegradability characteristics.
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INTRODUCTION

Automotive equipment is the largest user of lubricants and the steady improvement
of this equipment can only be maintained with the continued close association with
leading lubricant manufacturers. Operators of automotive equipment have come to
expect high quality and reliable performance from today’s automotive lubricants.
We are committed to maintaining our leadership in automotive lubricant quality.
Researchers at our Lubricants Centre are continually developing new and improved
products, conducting performance tests in both the lab and the field. Our goal is

to meet the ever-changing needs of the market so we keep in close contact with all
major car, truck, engine and other Original Equipment Manufacturers (OEMs) as
well as with our customers.

ENGINE OIL FUNCTIONS

Modern engine oil has been carefully developed by engineers and chemists to
perform several important functions. The efficient operation of an engine depends
on the oil to:

® Permit easy starting

e Disperse soot

e Lubricate engine parts and prevent wear

e Reduce friction

e Protect against rust and corrosion

e Help prevent sludge and varnish formation

* Reduce combustion chamber deposits

e Cool engine parts

e Seal combustion pressures

* Resist foaming

e Provide fuel efficiency

e Protect against low speed pre-ignition

® Emissions compatibility

Permit Easy Starting

The ease of starting an engine depends not only on the condition of the
battery, ignition and fuel quality, but also on the flow properties of the engine
oil. If the oil is too viscous or heavy at starting temperatures, it will impose
enough drag on the moving parts that the engine cannot be cranked fast
enough to start promptly and keep running.

Since cold temperatures thicken all oils, an oil for winter use must be thin enough
to permit adequate cranking speeds at the lowest anticipated temperature. It must
also be fluid enough to quickly flow to the bearings to prevent wear. In addition, the
oil must be thick enough, when the engine reaches normal operating temperatures,
to provide adequate protection.
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Viscosity is an important characteristic of an oil which is defined as the oil’'s
resistance to flow. It can be measured in many ways, but a critical one for engine
oil is referred to as the cold cranking temperature. It evaluates the ease with which
the engine crankshaft can rotate at the specified temperature. This resistance, or
fluid friction, keeps the oil from being squeezed out from between engine surfaces
when they are moving under load or pressure. Resistance to motion or flow is a
function of the molecular structure of the oil. Since it is this internal fluid friction that
is responsible for most of the drag put on the starter during cranking, it is important
to use an oil with viscosity characteristics that ensure ease of cranking, proper oil
circulation, and high temperature protection.

The effect of temperature on viscosity varies widely with different types of oil.

For this reason, a calculation has been developed to quantify the amount of
viscosity change with temperature, which is known as the Viscosity Index (VI).

An oil with a high viscosity index is one that shows less change in viscosity with
temperature variation. Today, through the use of enhanced refining methods and
special chemical additives, many high viscosity index engine oils are light enough
to enable easy cranking at low temperatures and yet will still be viscous enough
to protect satisfactorily at high temperatures.

These oils with high viscosity indexes are known as “multi-grade” oils.
Often they are also called by names that imply all-season usage since they
perform satisfactorily in both winter and summer. Multi-grade oils are most
often recommended by vehicle manufacturers.

Disperse Soot

Soot is a by-product of diesel and some direct injection gasoline engine
combustion. It is black carbonaceous particulate matter, which does not dissolve
in lubricating oil, but can be suspended by the oil and removed during an oil
change. If soot is not well dispersed it will cause the oil to thicken up from its
original SAE viscosity grade. In addition, soot can agglomerate to form particles
large enough to initiate abrasive wear and when the soot load of an oil gets too
high, it settles out and forms sludge. Agglomerated soot and/or highly thickened
oil can result in high pressure at the oil filter inlet. This can cause the filter by-pass
to open and allow unfiltered oil into the engine.

Engine oils formulated to fight soot are able to disperse large amounts of soot
without thickening up. Good soot dispersal stops large particles agglomerating,
reduces abrasive wear and inhibits the formation of sludge.

For many years the U.S. Environmental Protection Agency (EPA) has set stringent
limits on nitrogen oxide (NOx) and particulate matter (PM) emissions from on-road
trucks and buses. Through a combination of engine redesign, ultra-low-sulfur

diesel (ULSD) fuel and new engine oil technology, these new vehicles cut harmful
emissions by 98 percent. In addition, the regulation required a 97 percent reduction
in the sulfur content of on-road diesel fuel — from 500 parts per million (ppm) to 15
ppm - so the fuel won’'t damage the new exhaust aftertreatment devices, specifically
Diesel Particulate Filters (DPFs) that trap and further reduce soot emissions.

JAILONOLNY
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Engine manufacturers have been developing engines that not only utilize

DPFs but also run on pollution-reducing ULSD fuel and utilize cooled exhaust
gas recirculation (EGR) devices to redirect some of the exhaust gases normally
emitted by the vehicle back into the engine, thus lowering NOx production but
creating more internal soot.

Effective with the 2010 model year, limits for nitrogen oxide (NOx) emissions were
further reduced. Most original equipment manufacturers (OEMs) implemented
the use of Selective Catalytic Reduction (SCR) devices in order to meet the 2010
emission levels. The 2010 implementation of lower emissions limits did not require
any changes to the lubricants specifications.

Lubricate Engine Parts and Prevent Wear

Once an engine is started, the oil must circulate promptly and lubricate all moving
surfaces to prevent the metal-to-metal contact that would result in wear, scoring,
or seizure of engine parts. Qil films on bearings and cylinder walls are sensitive

to movement, pressure and oil supply. These films must be continually replenished
by adequate flow and proper oil distribution.

As mentioned earlier, the viscosity of an oil must be low enough at the starting
temperature to permit rapid cranking and starting, and high enough at peak
operating temperatures to ensure adequate separation of moving parts for
guaranteed engine protection.

Once the oil reaches the moving parts its function is to lubricate and prevent wear
of the surfaces. Lubrication specialists describe several classes of lubrication.

Full-film or elasto-hydrodynamic lubrication occurs when the moving surfaces
are continuously separated by a film of oil. The determining factor in keeping
these parts separated is the viscosity of the oil at its operating temperature.

The viscosity must remain high enough to prevent metal-to-metal contact.

Since the metals do not make contact in full-film lubrication, wear is negligible
unless the separated parts are scratched by particles of equal size or larger than
the thickness of the oil film itself. Bearings on crankshafts, connecting rods,

and camshafts normally operate with full-film lubrication.

Under some conditions, it is impossible to maintain a continuous oil film between
moving parts and there is intermittent metal-to-metal contact between the high
spots (asperities) on sliding surfaces. Lubrication specialists call this mixed film
lubrication. Under these circumstances, the load is only partially supported by

the oil film. The oil film is ruptured resulting in significant metal-to-metal contact.
When this occurs, the friction generated between the surfaces can produce

enough heat to cause one or both of the metals in contact to melt and weld together.
Unless counteracted by proper additive treatment, the result is either immediate
seizure or the tearing apart and roughening of the surfaces.

Boundary lubrication conditions exist during engine start-up and shutdown and
often during the operation of a new or rebuilt engine. Boundary lubrication is also
found around the top piston ring where oil supply is limited, temperatures are
high, and a reversal of piston motion occurs. Without additive protection, the result
would be excessive wear or seizure of the two surfaces.
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Reduce Friction

Under full-film lubrication conditions, a thick film of oil prevents metal-to-metal
contact between moving engine parts. Relative movement of these lubricated
parts requires enough force to overcome the fluid friction of the lubricant.

The viscosity of the oil should be high enough to maintain an unbroken film,
but should not be higher than necessary, since this increases the amount of
force required to overcome this fluid friction.

Vehicle manufacturers specify proper oil viscosity ranges according to expected
ambient temperatures. This is to ensure that the lubricant will provide adequate,
but not excessive, viscosity at normal operating conditions. When oil becomes
contaminated, its viscosity changes. With soot, dirt, oxidation, or sludge,

viscosity increases; with fuel dilution it decreases. Both directions of viscosity
change are potentially harmful to the engine. For this reason, contaminant levels

in engine oil must be kept low. This can be best accomplished by changing

the oil and filter at proper intervals. If an engine oil does not disperse contaminants
properly, the ail filter will plug and go into bypass allowing the contaminants to
cause damage to the internal parts of the engine.

The amount and type of chemical additives is important for reducing friction under
the extreme pressure conditions of boundary lubrication. The proper balance

of the total additive system in a modern engine oil is critical if all lubrication
conditions of an engine are to be satisfied. The oil formulator can achieve this
balance of motor oil compounding only through much research, with emphasis
on proof-testing in actual engines, both in the laboratory and in field service.

JAILONOLNY

Protect Against Rust and Corrosion

For each gallon of fuel burned in an engine, more than one gallon of water is
formed. Although most of this water is in vapour form and goes out the exhaust,
some condenses on the cylinder walls or escapes past the piston rings and is
trapped, at least temporarily, in the crankcase. This occurs most frequently in
cold weather before the engine has warmed up.

In addition to water and the by-products from incomplete combustion of the fuel,
other corrosive combustion gases also get past the rings and are condensed or
dissolved in the engine oil. Add to this the acids formed by the normal oxidation
of oil and the potential for rust and corrosive engine deposits becomes significant.

The life of engine parts depends in part on the ability of the motor oil to neutralize
these corrosive substances. Thanks to extensive research, effective oil-soluble
chemical compounds have been developed. These are added to engine oils
during manufacture to provide vital protection to engine parts.

Help Prevent Sludge and Varnish Formation

In formulating today’s high quality motor oils, a basic objective is not only to keep
engine parts clean, but also to prevent sludge and varnish deposits from interfering
with proper engine operation.

Engine sludge formation is generally a problem of low engine temperature operation.
Engine sludge deposits are formed by combinations of water from condensation,
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dirt and the products of oil deterioration and incomplete combustion. Sludge-forming
materials are often so small initially that no oil filter can remove them. They are much

smaller than the thickness of the oil film on engine parts and therefore cause no wear
or damage so long as they remain small and well-dispersed. However, as their levels
increase in the oil during use, they tend to join together to form larger masses and oil
flow can be restricted.

Sludge formation is aggravated by water vapour which condenses in the crankcase
in cold engine operation. The rate at which sludge-forming materials accumulate

in the crankcase oil is related to several factors of engine operation. Factors such
as, rich air-fuel mixtures which occur during starting or when a choke is sticking;
operating with dirty air cleaners; or cases of ignition misfiring, increase the rate of
sludge accumulation in the oil.

Straight mineral oils have only a very limited ability to keep these contaminants
from coagulating and forming masses of sludge within the engine. This is the job
of the detergent/dispersant additives that are blended into modern engine oils.
These additives keep vital engine parts clean and oil contaminants suspended
in such a fine form that they can be removed by regular oil and filter changes.

Detergent/dispersants are also very effective in preventing varnish deposits within
an engine. Varnish-forming materials react chemically or combine with oxygen in the
crankcase to form complex chemical compounds. These compounds continue to
react with each other and with oxygen on the hotter parts of the engine, especially
exhaust gas recirculation (ERG) valves and oxygen sensors and are baked by
engine heat into a hard coating on the hotter parts of the engine. The hydraulic
lifters, piston rings, and bearings are particularly sensitive to varnish deposits.

If varnish-forming materials are allowed to accumulate in these areas, engine
operation is impaired.

Engines cannot tolerate excessive amounts of sludge and varnish on sensitive parts.
Sludge deposits collect on oil pump screens, limiting the flow of oil to vital engine
parts and resulting in rapid and destructive wear. Piston rings which are stuck or
sluggish because of varnish accumulation prevent the engine from developing full
power. Sludged or plugged oil-control rings prevent removal of excess lubricant
from the cylinder walls and result in excessive oil consumption.

Reduce Combustion Chamber Deposits

In performing its lubrication function, some oil must reach the area of the top piston
ring in order to lubricate and seal the rings and the cylinder walls. This oil is then
exposed to the heat and flame of burning fuel and part of it actually burns off.

Modern refining techniques have produced oils that burn cleanly under these
conditions, leaving little or no carbon residue. The detergent/dispersant additives
in modern motor oils keep the piston rings free in their grooves, thereby maintaining
compression pressures and minimizing the amount of oil reaching the combustion
chamber. This not only reduces oil consumption, but more importantly, keeps
combustion chamber deposits to a minimum.
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Excessive combustion chamber deposits adversely affect engine operation.
Deposits that form on spark plugs may cause the plugs to foul. Excessive
deposit build-up causes pinging, knocking, or other combustion irregularities
that reduce the efficiency and economy of the engine. Since these deposits
also act as heat barriers, pistons, rings, spark plugs, and valves are not properly
cooled. This can result in damage or even failure of the parts necessitating
premature replacement/overhaul.
In preventing excessive combustion chamber deposits, it is important that
a motor oil accomplish two things:
e The oil must keep the piston rings free so that they can minimize the

amount of oil reaching the combustion chamber.
e That portion of the oil reaching the combustion chamber should burn

as cleanly as possible.

JAILONOLNY

Cool Engine Parts

Many people assume that engine cooling is accomplished only through the action
of the fluid in the cooling system. This in fact does only about 60 percent of the
cooling job. It cools the upper part of the engine only — the cylinder heads, cylinder
walls, and the valves. The crankshaft, the main and connecting rod bearings,

the camshaft and its bearings, the timing gears, the pistons, and many other
components in the lower part of the engine are directly dependent on the motor oil
for necessary cooling. All these parts have defined operating temperature limits
which must not be exceeded. Some can tolerate fairly high temperatures while
others, such as the main and connecting rod bearings, must run relatively cool to
avoid failure. Circulating oil picks up heat and carries it to the crankcase or oil cooler.
Afterwards, cooler fluid or surrounding air removes the excess heat.

To keep this cooling process working, large volumes of oil must be constantly
circulated to the bearings and other engine parts before eventually returning to the
oil pan to cool and be recirculated again. If the oil supply is interrupted, these parts
heat up rapidly from increased friction and combustion temperatures. A bearing
failure is often referred to as a “burned-out bearing” because temperatures rose
high enough to actually melt the bearing metal.

While only a small quantity of oil is required at any one time and place to provide
lubrication, the oil pump must circulate many litres/gallons of oil per minute.
Chemical additives and the physical properties of the oil have little effect on its
ability to provide adequate cooling. What is critical is the continuous circulation of
large quantities of oil throughout the engine and over hot engine parts. This is
made possible through the use of large-capacity oil pumps and oil passages
adequate to handle the required volume of oil. These oil passages cannot do the
job properly if they are allowed to become partially or completely clogged with
deposits. When this happens, the oil cannot circulate or cool properly and early
engine failure may result. This is another reason for changing the oil and filter
before the contaminant level becomes too high. Proper cooling also requires that
the oil level in the crankcase never be permitted to remain below the “add oil” line
on the dipstick. This is to ensure sufficient retention time of the oil in the crankcase.
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Seal Combustion Pressures

The surfaces of the piston rings, ring grooves, and cylinder walls are not completely
smooth. If examined under a microscope, these surfaces would show minute hills
and valleys. For this reason, the rings by themselves can never completely prevent
high combustion and compression pressures from escaping into the low pressure
area of the crankcase, which results in a reduction in engine power and efficiency.
Engine ail fills in these hills and valleys on ring surfaces and cylinder walls and helps
to seal in compression and combustion pressures. Since the oil film at these points
is rather thin — generally less than 0.025 mm thick — it cannot compensate for existing
excessive wear of rings, ring grooves, or cylinder walls. Where such conditions
already exist, oil consumption may be high. It may also be high in a new or rebuilt
engine until the hills and valleys on these surfaces have smoothed out enough to
allow the oil to form the right seal.

Resist Foaming

With the many rapidly moving parts in an engine, air in the crankcase is constantly
being whipped into the oil. This produces foam, which is simply a lot of air bubbles
which may or may not readily collapse. These air bubbles normally rise to the
surface and break, but water and certain other contaminants slow down the rate
at which this occurs, and the result is foam.

Foam is not a good conductor of heat, so if the amount of foam is excessive, engine
cooling will be impaired because the heat will not be dissipated. Foam also does
not have much ability to carry a load and has an adverse effect on the operation of
hydraulic valve lifters and bearings. This is because it contains air and air is easily
compressible. On the other hand, oil which is free of air is virtually incompressible.

Many engines have variable timing units, fuel injectors, valve control solenoids,
and many other units that require high pressure oil to make them operate properly.
Foam or air entrainment in the oil causes failure modes and shuts the engine down.

Provide Fuel Efficiency

As the lubricating oil performs the combination of functions described above,

the collective outcome is fuel efficiency. Providing low frictional resistance among
moving and reciprocating parts, the engines mechanical efficiency is optimized.
Energy loss in the engine components is reduced and this results in less drain on
the fuel system.

Protect Against Low Speed Pre-Ignition

Low Speed Pre-Ignition (LSPI) is a phenomenon associated with gasoline

direct injection (GDI) and turbocharged gasoline direct injection (TGDI) engines.
The proper additive balance in a lubricating oil will help mitigate LSPI events.
Unprotected, in severe cases, catastrophic engine failure can occur.
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ADDITIVES

In summary, an engine oil has to perform many basic functions. To carry out
these functions, the base oil must be refined to a very high level and then
compounded with specially selected chemical additives. The skillful selection
of additives formulated with severely hydrotreated base oils results in engine
oils of outstanding performance.

DETERGENTS

These chemicals, usually metallo-organic based, are designed to control deposits
and keep engine components clean. They are able to clean up existing deposits
in the engine, as well as disperse insoluble matter into the oil. Detergents control
contamination resulting from high temperature operation. Over-based detergents
also neutralize acidic contaminants from fuel sulfur, engine exhaust, oil oxidation
and/or nitration.

DISPERSANTS

These are usually ashless organic chemicals, which control contamination from
low temperature operation. Both detergents and dispersants attach themselves
to contaminant particles, such as soot or varnish and hold them in suspension,
preventing sludge and deposit formation. The suspended particles, together with
their additive carrier, are so small that they can pass harmlessly between moving
surfaces and through oil filters. This contamination is removed from the engine
when the oil is changed.

OXIDATION INHIBITORS

These agents reduce oxygen attack on the lubricant base oil to a minimum.
Severely hydrotreated base oils have a superior response to these additives
compared to solvent refined base oils. This results in an engine oil with high
resistance to oil thickening and the build-up of corrosive acids, hence maintaining
good oil flow properties and resistance to bearing corrosion.

CORROSION AND RUST INHIBITORS

Acids are produced by the combustion process and when an engine oil degrades
with use. Unless rendered harmless by the engine oil, these acids can cause
rapid deterioration of engine components. Corrosion inhibitors protect non-
ferrous metals by coating them and forming a barrier between the parts and

their environment. Rust Inhibitors protect iron/steel surfaces from oxygen

attack, by forming a similar protective screen as mentioned above. Parts such

as hydraulic lifters, push rods, etc. are prone to this type of corrosion.

ANTI-WEAR AGENTS

These agents prevent wear due to seizure or scuffing of rubbing surfaces.
Compounds such as zinc dialkyl-dithiophosphate (ZDDP) break down at
microscopic hot spots and form a chemical film which eliminates metal-to-metal
contact before it grows. Thus scuffing, galling and seizure are prevented.

JAILONOLNY
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FOAM DEPRESSANTS

Detergent and dispersant additives can facilitate aeration of an oil, which leads to
foaming. This can reduce the lubricating ability of an oil and even interfere with oil
pumping. Incorporation of a foam depressant controls this tendency by reducing
surface tension to speed up the collapse of foam.

VISCOSITY INDEX (VI) IMPROVERS

VI improvers are long chain polymers that can coil and uncoil in response to
changes in temperature. They improve an oil’s ability to resist changes in viscosity
with temperature (i.e. improve its viscosity index). At low temperatures they coil

up into tight balls which do not significantly increase the oil’s resistance to flow
(viscosity). However, at high temperatures, they uncoil into long chains which
interweave and increase the oil’s viscosity. VI improvers must resist breakdown due
to shear and high temperatures to ensure a long lasting effect.

POUR POINT DEPRESSANTS

Base oils in APl Groups |, Il and Il contain hydrocarbons that tend to crystallize
into waxy materials at low temperatures. Incorporation of a chemical which reduces
the size/rate of wax crystal formation can give an oil better low temperature fluidity,
hence a lower pour point. Severely hydrotreated base oils have a minimum of waxy
materials, so they have superior response to these additives compared to solvent
refined base oils.

FRICTION MODIFIERS

Some oils contain friction-modifying chemicals, which can reduce the fuel
consumption of an engine. These chemicals form a chemical or physically
bonded film that reduces the friction between the lubricated engine parts.

OIL CLASSIFICATION SYSTEMS

In selecting a proper engine oil, the vehicle operator must consider both the oil
viscosity and the lubricant service requirements for their vehicle. To enable the
operator to identify a proper oil, the engine manufacturers and the petroleum industry
utilize two complementary classification systems that are described below:

SAE ENGINE OIL VISCOSITY CLASSIFICATION

The earliest attempts to classify and identify motor oils were made when the first
automobiles appeared. Even then, the physical property viscosity was known

to be one of the most important characteristics of an oil and oils were classified

as light, medium, or heavy, depending on their viscosity. When calibrated
instruments became available to accurately measure viscosity, the Society of
Automotive Engineers (SAE) developed a classification system based on viscosity
measurements. This system (Engine Qil Viscosity Classification — SAE J300), which
has been modified over the years, establishes fifteen distinct motor oil viscosity
classifications or grades, as shown in the table on the following page.
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SAE VISCOSITY GRADES FOR ENGINE OILS (SAE J300 April 2021)
Low-Temperature La(v:;l)‘e:llm:ianl;re Low-Shear- Low-Shear- High-Shear-
SAE Viscosity (v?;g:i?;‘('a?g Viscosity®, Ra\;?slé:)l?:cg"lc Ra\;?slé:'nns?il;g’m Rate Viscosity®
AED mPas | MPAS | (mme/s)at 100°C | (mmejs)atfopeg | (MPA-S)atso’e
Max ax with No Yield Min Max in
Stress @ o
ow 6200at-35 60000 at -40 38 - - g
5W 6600at-30 60000at-35 38 - - =
10W 7000at-25 60000at-30 41 - - E
m
15W 7000at-20 60000 at-25 56 - -
20W 9500at-15 60000 at-20 56 - -
25W 13000at-10 60000 at-15 9.3 - -
8 - - 4.0 <6.1 1.7
12 - - 5.0 <71 2.0
16 - - 6.1 <8.2 2.3
20 - - 6.9 <9.3 26
30 - - 9.3 <12.5 29
3.5 (0W-40,
40 - - 12.5 <16.3 5W-40, and
10W-40 grades)
3.7 (15W-40,
40 - - 125 <16.3 20W-40, 25W-40,
40 grades)
50 - - 16.3 <219 3.7
60 - - 21.9 <26.1 3.7
Notes:
1. 1mPas=1cP; 1 mm%s=1cSt.
2. Allvalues, with the exception of the low-temperature cranking viscosity, are critical specifications as defined by ASTM D3244.
3. ASTM D5293: Cranking viscosity - The non-critical specification protocol in ASTM D3244 shall be applied with a P value of 0.95.
4. ASTM D4684: Note that the presence of any yield stress detectable by this method constitutes a failure regardless of viscosity.
5. ASTM D445 or ASTM D7042 bias corrected to ASTM D445.
6. ASTM D4683, ASTM D4741, ASTM D5481, or CEC L-36-90.

The “W” following the SAE viscosity grade stands for “winter” and indicates

that an oil is suitable for use in colder temperatures. Oils carrying the “W”
designation must have the proper viscosity value when measured at appropriate
low temperatures. Those SAE classifications which do not include the “W” define
oil grades for use at higher temperatures. The viscosity of these oils — SAE 8,

12, 16, 20, 30, 40, 50 and 60 — must have the proper value when measured

at 100°C and under high shear conditions at 150°C. As noted earlier, the
development of viscosity index improvers made the manufacture of multi-graded
motor oil possible. Many of these oils - SAE OW-20, 0W-30, 0W-40, 5W-20, 5W-30,
5W-40, 10W-30, 10W-40, 15W-40 and 20W-50 - have been marketed for decades
in North America. The most recent lower viscosity grades (SAE XW-8, XW-12,
XW-16) will become more popular in the near future as the engine manufacturers
modify their engines to utilize them to maximize fuel economy.

Multigrade motor oils are widely used because they are light enough for easy
cranking at low temperatures, but heavy enough to perform satisfactorily at
high temperatures as well.
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The engine manufacturers’ recommendations for oil viscosity remain the primary
references, particularly if warranty coverages are in force. However, a basic guide
prepared from owners’ manuals is shown in the table below:

GUIDE TO SAE GRADES OF ENGINE OIL

Ambient Temperature Range SAE Multi-Grades SAE Grade
°C °F
—40°C to +40°C —40°F to +104°F OW-8and OW-16
—40°C to +40°C —40°F to +104°F 0W-20 and OW-30
-35°C to +40°C -31°F to +104°F 5W-20 and 5W-30
—30°C to excess of +40°C —22°F to excess of +104°F 10W-30 and 10W-40
—25°C to excess of +40°C —13°F to excess of +104°F 15W-40
—20°C to excess of +40°C —4°F to excess of +104°F 20W-50
SAE Single Grades
—-30°C to +20°C —22°Fto +70°F 10w
—20°C to +30°C —4°F to +86°F 20W
0°C to excess of +40°C +32°F to excess of +104°F 30
+5°C to excess of +40°C +40°F to excess of +104°F 40
+10°C to excess of +40°C +50°F to excess of +104°F 50

Footnotes
i) The lowest ambient temperatures quoted above are for equipment with no starting aids. Starting aids, such as block coolant heaters,
oil sump heaters and battery warmers will further reduce the minimum starting temperature.
ii) The ambient temperatures quoted above should only be taken as a guide. For the exact SAE grade required, consult the owner’s manual.

It is important to understand that the SAE viscosity grade classification system
identifies only viscosity and indicates nothing else about the type or quality of
an oil or the service for which it is intended.

API ENGINE SERVICE CLASSIFICATION

Since 1970, the American Petroleum Institute (API), the American Society for
Testing and Materials (ASTM), and the Society of Automotive Engineers (SAE)
have cooperated in maintaining the API Engine Service Classification System.
This system enables engine oils to be defined and selected on the basis of their
performance characteristics and the type of service for which they are intended.

It should be emphasized that the API Engine Service Classification System has no
connection with the SAE Engine Qil Viscosity Classification System. The latter is
used to indicate only the SAE viscosities of oils. Both are necessary to adequately
define an engine oil’'s characteristics insofar as customer selection of the proper
product to meet the engine’s need is concerned.
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The API Engine Service Classification System presently includes twenty-five classes
of service (current and obsolete) which are summarized in the chart below:

Letter

Designation API Service

0il Description

SA Utility gasoline and diesel engine service. Qil without additive.
(OBSOLETE)
SB Minimum duty gasoline engine service. Some antioxidant and anti-scuff properties.
(OBSOLETE)
SC 1964 gasoline engine warranty requirements. Meets 1964-67 requirements of automotive
(OBSOLETE) manufacturers.
SD 1968 gasoline engine warranty requirements. Meets 1968-71 requirements of automotive
(OBSOLETE) manufacturers.
SE 1972 gasoline engine warranty requirements. Meets 1972-79 requirements of automotive
(OBSOLETE) manufacturers.
SF 1980 gasoline engine warranty requirements Meets 1980-88 requirements of automotive
(OBSOLETE) manufacturers.
SG 1989 gasoline engine warranty requirements Meets 1989-93 requirements of automotive
(OBSOLETE) manufacturers.
SH 1994 gasoline engine warranty requirements Meets 1994-96 requirements of automotive
(OBSOLETE) manufacturers.
SJ 1997 gasoline engine warranty requirements Meets 1997-2000 requirements of automotive
manufacturers.
SL 2001 gasoline engine warranty requirements Meets 2001-2004 requirements of automotive
manufacturers.
SM 2004 gasoline engine warranty requirements Meets 2004-2010 requirements of automotive
manufacturers.
SN (SN 2011 gasoline engine warranty requirements Meets 2011-2019 requirements of automotive
Plus) manufacturers. Some SN oils may meet the needs
of API SN Plus which includes additional protection
against low speed pre-ignition (LSPI).
SP 2020 gasoline engine warranty requirements Meets 2020 onwards requirements of automotive
manufacturers.
CA Light duty service on high quality fuels. Meets Military requirement MIL-L-2104A (1954).
(OBSOLETE)
cB Moderate duty service on lower quality fuels. Meets Military requirement MIL-L-2104A,
(OBSOLETE) but test run on high sulfur fuel (Suppl. 1).
cc Moderate to severe duty diesel and gasoline service. Meets Military requirement MIL-L-2104B (1964).
(OBSOLETE)
cD Severe duty diesel service. Provides moderately super charged diesel
(OBSOLETE) performance. Meets requirements of MIL-L-2104C
and Caterpillar Series 3 lubricants.
CD-ll Severe duty 2-stroke cycle diesel engine service. Meets requirements for API CD service,
(OBSOLETE) plus Detroit Diesel 6V53T approval.
CE Turbo-charged and Super-charged heavy-duty diesel Meets the requirements for API CD service,
engines, manufactured since 1983. (OBSOLETE) plus those for Mack E0-K/2 and Cummins
NTC-400 approvals.

JAILONOLNY
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Letter | Designation API Service

| 0il Description

CF Off-road indirect injected diesel engines and other Provides effective control of piston deposits,
diesel engines using a broad range of fuel types wear and corrosion in naturally aspirated
including high sulfur (>0.5%) fuel. (OBSOLETE) turbocharged or supercharged diesel engines.

Can be used to replace CD oils.

CF-2 Severe duty 2-stroke cycle diesel engine service. Service typical of 1994 severe duty two-stroke

(OBSOLETE) cycle diesel engines requiring highly effective
control over deposits and wear. Can be used
to replace CD-Il oils.

CF-4 Severe duty turbocharged 4-stroke cycle diesel Meets requirements of Caterpillar 1-K spec,
engines, especially late model (since 1988) lower plus those for Mack EO-K/2 and Cummins
emission engines. (OBSOLETE) NTC-400 approvals.

CG-4 Severe duty service in 4-stroke cycle diesel engines Provides effective control over high temperature
designed to meet 1994 emission standards using piston deposits, wear, corrosion,foaming,
low sulfur-fuel (<0.05% to <0.5%). (OBSOLETE) oxidation stability and soot accumulation.

Can be used to replace CD, CE and CF-4 oils.

CH-4 For high-speed, 4-stroke cycle diesel engines, Provides superior control overhigh temperature
designed to meet 1998 emission standards, piston deposits, wear, corrosion,foaming,
using low sulfur fuel (<0.05% to <0.5%). oxidation stability and soot accumulation.

Can be used to replace CF-4 and CG-4 oils.

Cl-4 Represents a performance boost over CH-4. For use Provides enhanced performance over that

(CI-4 in high speed, four-stroke cycle diesel engines used provided by CH-4, in terms of viscosity control,

Plus) in highway and off-road applications where fuel soot accumulation, oxidation stability and piston
sulfur contents range from less than 0.05% by deposits. May be used to replace CF-4, CG-4,
weight. Designed to meet 2002 emission standards and CH-4 oils. Some Cl-4 oils may also qualify
and to meet increased engine severity caused by for the CI-4 Plus designation which represents
Exhaust Gas Recirculation (EGR). even better protection against wear, improved

soot handling and shear stability.

CJ-4 For use in high-speed four-stroke cycle diesel Qils designated for this service are currently
engines designed to meet 2007 and 2010 model available from Petro-Canada Lubricants and
year on-highway exhaust emission standards as well may also be used where API CH-4 and Cl-4/
as for previous model years. These oils are suitable Cl-4 Plus oils are required.
foruse in all applications with diesel fuels ranging
in sulfur content up to 500 ppm (0.05% by weight).

This category is designed to cope with stringent
environmental emissions legislation and increased engine
severity caused by Exhaust Gas Recirculation (EGR).

CK-4 API Service Category CK-4 describes oils for use in high- | API CK-4 oils exceed the performance criteria
speed four-stroke cycle diesel engines designed to meet and are backwards compatible to API CJ-4,Cl-4
2017 model year on-highway and Tier 4 off-road exhaust | PLUS, Cl-4, and CH-4 API Service Categories.
emission standards as well as for previous model year When using CK-4 oil with higher than 15 ppm
diesel engines. These oils are formulated for use in all sulfur fuel, consult the engine manufacturer for
applications with diesel fuels ranging in sulfur content service interval recommendations.
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 after treatment
system durability and/or oil drain interval.

FA-4 API Service Category FA-4 describes certain XW-30 API FA-4 oils are not interchangeable or

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.

backward compatible with API CK-4, CJ-4,
Cl-4 PLUS, CI-4, and CH-4 oils. Refer to engine
manufacturer recommendations to determine if
API FA-4 oils are suitable for use. API FA-4 oils
are not recommended for use with fuels having
greater than 15 ppm sulfur. For fuels with sulfur
content greater the 15 ppm, refer to engine
manufacturer recommendations.
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The following are more detailed descriptions of the API Service Classification.
They are a guide to the proper selection of engine oils for significantly different
engine service operations.

API “S” (“Service”) CATEGORIES

This category applies to Gasoline, Propane and Compressed Natural Gas (CNG)
engines. Standards SA to SH have been removed as they are considered obsolete.
The current standard is backservicable to prior "S" standards.

JAILONOLNY

“S” category oils are generally associated with spark ignition engines.

SJ FOR 1997 GASOLINE ENGINE WARRANTY MAINTENANCE SERVICE

Service typical of gasoline engines in passenger cars, sport utility vehicles,
vans and light trucks beginning with 1997 model year, operating under
manufacturers’ recommended maintenance procedures. Oils meeting API
Service Classification SJ may be used where API Service Classifications SH
and earlier have been recommended.

SL FOR 2001 GASOLINE ENGINE WARRANTY MAINTENANCE SERVICE

Service typical of gasoline engines in passenger cars, sport utility vehicles,
vans and light trucks effective July 1, 2001. In addition to a general improvement
in quality, this new standard aims specifically to improve oil volatility, oil life,

fuel economy and emissions system compatibility. Oils meeting APl Service
Classification SL may be used where API Service Classifications SJ and earlier
have been recommended.

SM FOR 2004 GASOLINE ENGINE WARRANTY MAINTENANCE SERVICE

Service typical of gasoline engines in passenger cars, sport utility vehicles, vans
and light trucks effective December 2004. In addition to a general improvement
in quality, this new standard aims specifically to improve oil volatility, oil life,

fuel economy and emissions system compatibility. Oils meeting APl Service
Classification SM may be used where API Service Classifications SL and earlier
have been recommended.

SN FOR 2011 GASOLINE ENGINE WARRANTY MAINTENANCE SERVICE

API Service Category SN was adopted in October 2010 for use in describing

engine oils first available in 2011. These oils are for use in service typical of

gasoline engines in current and earlier passenger cars, sport utility vehicles,

vans, and light-duty trucks operating under vehicle manufacturers’ recommended
maintenance procedures. Vehicle owners and operators should follow their

vehicle manufacturer's recommendations on engine oil viscosity and performance
standard. APl SN aims generally to improve oil robustness and seal compatibility
over APl SM. In November of 2017, APl approved the adoption of a new
classification to be used in conjunction with API SN and API SN with Resource
Conserving. This supplement to the SN category was introduced as "SN Plus" and
API began licensing against it on May 1, 2018. The main purpose for this supplement
is protection against low speed pre-ignition (LSPI). Engine oils that meet the API
Service Category SN designation may be used where API Service Category SM and
earlier S categories have been recommended. Qils that have successfully met or
exceeded the limits of SN Plus and are properly licensed by API may also display
"SN Plus" in the lower portion of the API service symbol.



>
c
=t
=}
=
o
=
<
m

AUTOMOTIVE
58 LUBRICANTS

SP FOR 2020 GASOLINE ENGINE WARRANTY MAINTENANCE SERVICE

API Service Category SP was adopted in May 2020 for use in describing engine oils
specified for model year 2021. These oils are for use in service typical of gasoline
engines in current and earlier passenger cars, sport utility vehicles, vans, and light-
duty trucks operating under vehicle manufacturers’ recommended maintenance
procedures. Vehicle owners and operators should follow their vehicle manufacturer’s
recommendations on engine oil viscosity and performance standard. APl SP aims
generally to improve oil robustness and protection against accelerated timing-chain
wear in GDI engines over API SN or API SN with SN Plus.

When combined with Resource Conserving (see below), SP oils help improve fuel
economy, protect emissions systems, protect turbochargers and protect engines
when ethanol-containing fuels up to E85 are used. Engine oils that meet the API
Service Category SP designation may be used where API Service Category SN
or API SN with SN Plus and earlier S categories have been recommended.

PASSENGER CAR, SPORT UTILITY VEHICLE, VAN
AND LIGHT TRUCK RESOURCE CONSERVING OIL
CLASSIFICATION

The Resource Conserving classification for gasoline-powered passenger cars, sport
utility vehicles, vans and light trucks is a supplementary classification for engine

oils. Resource Conserving oils have been formulated to help improve fuel economy,
protect emissions system components, protect turbochargers from deposits and
help protect engines when operating on ethanol-containing fuels

up to E85. The performance requirements for this supplementary classification

are technically described in APl 1509, 20th Edition, May 2021.

RESOURCE CONSERVING IN CONJUNCTION WITH API SERVICE
CATEGORY SP

API Service SP engine oils designated as Resource Conserving are formulated

to help improve fuel economy and protect vehicle emission system components
in passenger cars, sport utility vehicles, vans, and light-duty trucks powered by
gasoline engines. These oils have demonstrated a fuel economy improvement
(FEI) in the Sequence VIE (XW-20/XW-30 grades) or Sequence VIF (XW-16) test
at the percentages listed in the following table when compared with a baseline

oil (BL) used in the Sequence VIE or Sequence VIF test. Additionally, these oils
have demonstrated in the tests listed that they provide greater emission system
and turbocharger protection and help protect engines when operating on ethanol-
containing fuels up to E85.

Many previous S-categories made reference to “Energy Conserving”, but this
reflected an emphasis on fuel-economy performance alone. Resource Conserving
in conjunction with API SP focuses on fuel economy, emission system and
turbocharger protection, and compatibility with ethanol-containing fuel up to E85.
Oils that have passed the tests at the limits shown and are properly licensed by API
may display “Resource Conserving” in the lower portion of the API Service Symbol
in conjunction with API Service SP in the upper portion. The fuel economy and other
resource conserving benefits obtained by individual vehicle operators using engine
oils labeled Resource Conserving may differ because of many factors, including

the type of vehicle and engine, engine manufacturing variables, the mechanical
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condition and maintenance of the engine, oil that has been previously used,

operating conditions, and driving habits.

AD

PERFORMANCE TEST

PERFORMANCE CRITERIA

Sequence VIE (ASTM D8114)°
Viscosity Grade
XW-20
XW-30
10W-30 and all other viscosity
grades not listed above.

Sequence VIF (ASTM D8226)°
Viscosity Grade
XW-16

FEI SUM minimum

3.8%
31%
2.8%

FEI SUM minimum

41%

FEI2 minimum after 125 hours aging
1.8%
1.5%
1.3%

FEI2 minimum after 125 hours aging
1.9%

Sequence IIIHB (ASTM D8111)

JAILONOLNY

81% phosphorus retention min

Emulsion Retention (ASTM D7563)

No water separation

High Temperature Deposits,

TEOST 33C (ASTM D6335),

Total Deposit Weight, mg
SAE XW-16, 0W-20 Not Required
All other viscosity grades 30 Max

#Viscosity grades are limited to OW, 5W and 10W multi-grade oils.

API “C” (“COMMERCIAL”) CATEGORIES (DIESEL)
“C” category oils are generally associated with diesel (aka heavy-duty) engines.

CA FOR DIESEL ENGINE SERVICE

Service typical of diesel engines operated in mild to moderate duty with high quality
fuels and occasionally has included gasoline engines in mild service.
They were widely used in the late 1940’s and 1950’s. (Obsolete)

CB FOR DIESEL ENGINE SERVICE

Service typical of diesel engines operated in mild to moderate duty, but with
lower quality fuels which necessitate more protection from wear and deposits.
Oils designed for this service were introduced in 1949. (Obsolete)

CC FOR DIESEL ENGINE SERVICE

Service typical of certain naturally aspirated, turbocharged or supercharged

diesel engines operated in moderate to severe duty service and certain heavy-duty
gasoline engines. QOils designed for this service provide protection from

high temperature deposits and bearing corrosion in these diesel engines and

also from rust, corrosion and low-temperature deposits in gasoline engines.

These oils were introduced in 1961. (Obsolete)

CD FOR DIESEL ENGINE SERVICE

Service typical of certain naturally aspirated, turbocharged or supercharged
diesel engines where highly effective control of wear and deposits is vital, or
when using fuels of a wide quality range including high sulfur fuels. Oils designed
for this service were introduced in 1955 and provide protection from bearing
corrosion and from high-temperature deposits in these diesel engines. (Obsolete)
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CD-I1l FOR SEVERE DUTY 2-STROKE CYCLE DIESEL ENGINE SERVICE

Service typical of 2-stroke cycle diesel engines requiring highly effective control
over wear and deposits. Oils designed for this service also meet all performance
requirements of API Service Category CD. (Obsolete)

CE FOR 1983 DIESEL ENGINE SERVICE

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 designed for this service must also meet

the requirements of the APl Engine Service Categories CC and CD. (Obsolete)

CF FOR 1994 OFF-ROAD INDIRECT INJECTED DIESEL
ENGINE SERVICE

API Service Category CF denotes service typical of off-road indirect injected diesel
engines and other diesel engines that use a broad range of fuel types including
those using fuel with higher sulfur content, for example, over 0.5% wt. Effective
control of piston deposits, wear and corrosion of copper-containing bearings

is essential for these engines which may be naturally aspirated, turbocharged

or supercharged. Qils designated for this service may also be used when API
Service Category CD is recommended. (Obsolete)

CF-2 FOR 1994 SEVERE DUTY 2-STROKE CYCLE DIESEL
ENGINE SERVICE

API Service Category CF-2 denotes service typical of two-stroke cycle engines
requiring highly effective control over cylinder and ring-face scuffing and deposits.
Oils designated for this service have been in existence since 1994 and may also
be used when API Service Category CD-Il is recommended. These oils do not
necessarily meet the requirements of CF or CF-4 unless the oils have specifically
met the performance requirements of these categories. (Obsolete)

CF-4 FOR 1991 DIESEL ENGINE SERVICE

Service typical of severe duty turbocharged, 4-stroke cycle diesel engines,
particularly late models designed to give lower emissions. These engines are
usually found in on-highway, heavy-duty truck applications. API CF-4 oils exceed
the requirements of CE category oils and can be used in place of earlier CC, CD
and CE oils. (Obsolete)

CG-4 FOR 1994 SEVERE DUTY DIESEL ENGINE SERVICE

For use in high speed, four-stroke cycle diesel engines used in highway and off-road
applications where the fuel sulfur may vary from less than 0.05 percent to less than
0.5 percent by weight. 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 emission
standards and may also be used in engines requiring API Service Categories CD,
CE and CF-4. (Obsolete).
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CH-4 FOR 1999 SEVERE DUTY DIESEL ENGINE SERVICE

For use in high speed, four-stroke cycle diesel engines used in highway and off-road
applications, where the fuel contents range from less than 0.05% to less than 0.5%
by weight. CH-4 oils provide superior control over high temperature piston deposits,
wear, corrosion, foaming, oxidation stability and soot accumulation. These oils have
been specifically formulated for engines designed to meet November 1998 EPA
emission standards and may be used where API CD, CE, CF-4 and CG-4 oils are
required. Oils designated for this service have been available since 1999.

JAILONOLNY

Cl-4 (Cl-4 PLUS) FOR 2002 SEVERE DUTY DIESEL ENGINE SERVICE

For use in high speed, four-stroke cycle diesel engines used in highway and off-
road applications where fuel sulfur contents range from less than 0.05% to less than
0.5% by weight. This new category is designed to cope with stringent environmental
emissions legislation and increased engine severity caused by Exhaust Gas
Recirculation (EGR). Oils designated for this service are currently available from
Petro-Canada Lubricants and may also be used where API CD, CE, CF-4, CG-4
and CH-4 oils are required.

CJ-4 FOR 2007 and 2010 SEVERE DUTY DIESEL ENGINE SERVICE

For use in high-speed four-stroke cycle diesel engines designed to meet 2007
and 2010 model year on-highway exhaust emission standards as well as for
previous model years. These oils are compounded 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 after treatment system durability and/or oil drain interval.

CK-4—For 2017 HEAVY-DUTY DIESEL ENGINE SERVICE

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 after treatment system durability and/or
oil drain interval.

FA-4—For 2017 HEAVY-DUTY DIESEL ENGINE SERVICE

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 API FA-4 oils.

OTHER DIESEL ENGINE OIL SPECIFICATIONS

Some diesel engine manufacturers have engine oil requirements that are not
completely covered by API classifications.
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CATERPILLAR ECF-1

A specification introduced in 2003, designed for the ACERT (Advanced
Combustion Emission Reduction Technology) engines. This requires oils to
be either Cl-4/CH-4 and <1.3% sulphated ash and 1 pass of CAT 1P test or
to be Cl-4/CH-4 and 1.3-1.5% sulphated ash and 2 passes of CAT 1P test.

CATERPILLAR ECF-1-a

A specification introduced in 2007, to replace ECF-1, designed for all 2006 and
older Caterpillar on-highway diesel engines, Caterpillar 3500 Series and smaller
commercial and machine diesel ACERT (Advanced Combustion Emission
Reduction Technology) engines. This requires oils to be either CH-4 and <1.3%
sulphated ash and 1 pass of CAT 1P test or to be CH-4 and 1.3-1.5% sulphated
ash and 2 passes of CAT 1P test.

CATERPILLAR ECF-2

A specification introduced in 2007, designed for all 2006 and older Cat on-highway
diesel engines, Cat 3500 Series and smaller commercial and machine diesel ACERT
(Advanced Combustion Emission Reduction Technology) engines. This requires

oils to be either CI-4/Cl-4 Plus and <1.5% sulphated ash.

CATERPILLAR ECF-3

This specification is equivalent to APl CJ-4 and the chief recommendation by
Caterpillar for their 2007 compliant engines equipped with diesel particulate
filters (DPFs). It is also recommended in legacy on-road equipment when used
with diesel fuel up to 500 ppm of sulfur.

CUMMINS 20071

The Cummins 20071 specification defines the premium quality engine oil that
must be used in Cummins 1997 year engines, operating in North America with
extended oil drain intervals. Cummins 20071 oils must pass the Cummins M-11
engine test at 200 hours, together with a matrix of other diesel engine tests
(Mack, Caterpillar and GM).

CUMMINS 20072

The Cummins 20072 specification defines the premium quality engine oil that
must be used in Cummins 1997 engines, operating globally with poor fuel
quality and inferior engine maintenance practices.

Cummins 20072 oils must pass the Cummins M-11 engine test at 200 hours,
a matrix of other diesel engine tests (Mack, Caterpillar and GM) and meet the
ACEA ES requirements for a diesel engine oil.

CUMMINS 20076

The Cummins 20076 specification defines the premium quality engine oil that
must be used in Cummins 1999 year engines, operating in North America with
extended oil drain intervals. Cummins 20076 oils must pass the Cummins M-11
engine test at 300 hours, together with a matrix of other diesel engine tests with
tightened limits, compared to the earlier 20071 specification.
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CUMMINS 20078

Cummins 20078 is also defined around the increased performance embodied
in the Cl-4 tests and limits.

CUMMINS 20081

A premium specification for Cummins 2007 and 2010 compliant engines equipped
with diesel particulate filters (DPFs). It contains no new tests beyond API CJ-4
requirements, however it has tighter pass limits on some of the engine tests.

Can be used with diesel fuel containing up to 500 ppm of sulfur.

JAILONOLNY

CUMMINS 20086

A premium specification for Cummins 2017 compliant engines equipped with
diesel particulate filters (DPFs). It contains no new tests beyond APl CK-4
requirements, however it has tighter pass limits on some of the engine tests.
Can be used with diesel fuel containing up to 15 ppm of sulfur.

CUMMINS 20087

This specification describes the requirements for premium quality engine oils
for use in Cummins engines that require an API FA-4 oil, and are equipped with
exhaust gas recirculation (EGR) and exhaust aftertreatment. The requirements
in the Cummins Engine Standard are more strenuous or equivalent to APl FA-4
category oils. Can be used with diesel fuel containing up to 15 ppm of sulfur.

DETROIT DIESEL DFS 93K218

This specification defines the requirements for Detroit Diesel engines designed

to meet the EPA 2007 and 2010 on-road emission requirements. These engine
emission systems are equipped with cooled EGR and diesel particulate filters
(DPFs). 93K218 is a premium oil specification and it exceeds API CJ-4 with higher
pass limits on several of the key engine tests of the CJ-4 test program. 93K218
surpasses the requirements of previous DD specifications and therefore the oils
are considered to be back serviceable in older engines. Preferred fuel for this
application is Ultra Low Sulfur Diesel (ULSD; 15 ppm Sulfur). In applications where
Low Sulfur Diesel (500 ppm) is used, drain intervals may be slightly shortened
relative to ULSD.

Detroit Diesel Corporation 2-stroke cycle engines require SAE 40 or 30 oils

of CF-2 quality and with a sulphated ash level of no more than 1.0% weight.

SAE 15W-40 oils of API CF-2 quality and having a High Temperature-High Shear
(HTHS) Viscosity of at least 3.7 cP are permitted as a third choice in Detroit
Diesel Model 53, 71, and 92 engines (must meet 1.0% wt ash limit). SAE 15W-40
and SAE 30 oils are not permitted at all in the large Model 149 engines.

Note that Detroit Diesel Corporation no longer manufacturers 2-stroke engines
for the commercial market.

DETROIT DIESEL DFS 93K222

This specification describes the type of engine lubricants preferred for use in DDC
engines meeting EPA 2007, EPA 2010, GHG 2014, and GHG 2017 exhaust emission
regulations, particularly those equipped with cooled EGR, Diesel Particulate Filters
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(DPF) and Selective Catalytic Reaction (SCR), including DD5, DD8, DD13,
DD15, DD16, MBE 900, MBE 4000, Series 50, and Series 60 engines. To meet
emission design criteria, these engines must burn <15 ppm Ultra Low Sulfur
Fuels and use the lubricants meeting this specification. These lubricants are
also recommended for all four-cycle Detroit Diesel engines including with

and without an after treatment system.

DFS93K222 is a premium oil specification that exceeds API CK-4 with higher
pass limits on several of the key engine tests as well requires additional testing
requirements.

DETROIT DIESEL DFS 93K223

This specification describes the type of engine lubricants recommended for

use in DDC engines meeting EPA2010 and GHG 2017 exhaust emission regulations,
particularly those equipped with cooled EGR, Diesel Particulate Filters (DPF) and
Selective Catalytic Reaction (SCR), including DD5, DD8, DD13, DD15, and DD16.
To meet emission design criteria, these engines must burn <15 ppm Ultra Low Sulfur
Fuels and use the lubricants meeting this specification.

DFS93K223 is a premium oil specification that exceeds APl FA-4 with higher
pass limits on several of the key engine as well requires additional testing
requirements. Further information regarding the application and use of oils
meeting this specification is available in the DDC Service Brochure Publication
DDC-SVC-BRO-0001.

MACK EO-M PLUS

The MACK EO-M Plus specification was introduced in 1999. Use of MACK
EO-M Plus oils is mandatory in all MACK 1999 year engines, where oil drain
intervals are as long as 50,000 miles or 80,000 km.

MACK EO-M Plus oils must be multigraded, meet the requirements of API
CH-4 and pass the following engine tests: Mack T-8E & Mack T-9 with
tightened limits and the Cummins M-11 extended to 300 hours.

MACK EO-N PLUS

This specification defines a premium oil performance above and beyond the
stringent Cl-4 tests, and consequently beyond the MACK EO-N specification.

MACK EO-N PREMIUM PLUS '03

This specification is required for the Mack ASET family of engines, which utilize
exhaust gas recirculation (EGR) and also highly recommended for all other Mack
engine models, regardless of vintage. MACK EO-N Premium Plus '03 engine oils
exceed both the API Cl-4 and previous EO-N performance specifications.

MACK EO-O PREMIUM PLUS '07 / VOLVO VDS-4 / RENAULT VI RLD-3

These specifications define the requirements for Mack, Volvo, and Renault engines
designed to meet the EPA 2007 and 2010 on-road emission requirements.

The new engines are equipped with diesel particulate filters (DPFs). As premium
specifications, they exceed API CJ-4 with tighter pass limits in the Mack T-12,
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Cummins ISM and Cummins ISB engine tests plus the addition of the Volvo
D12D test. EO-O Premium Plus surpasses the requirements of previous Mack
specifications and therefore the oils are considered to be backward serviceable
in older engines. Can be used with diesel fuel containing up to 500 ppm of sulfur.

MACK EO0S-4.5/ VOLVO VDS-4.5 / RENAULT RLD-3

These specifications define the requirements for Mack, Volvo, and Renault
engines designed to meet the EPA 2017 and GHG 2017 on-road emission
requirements. The new engines are equipped with diesel particulate filters
(DPFs) and SCR. As premium specifications, they exceed APl CK-4 with
tighter pass limits in the Mack T-12 and T-13, Cummins ISM and Cummins
ISB engine tests plus the addition of the Volvo D12D test. EOS-4.5 surpasses
the requirements of previous Mack specifications and therefore the oils are
considered to be backward serviceable in older engines.

JAILONOLNY

MAN 3477, 3677

These specifications define the performance requirements for MAN engines
designed to meet Euro IV, Euro V and Euro VI engines (only diesel fuel EN 590
with max. 50 ppm sulfur) requirements. The oils must be low SAPS. An SAE 5W-30
oil is the only viscosity grade that can be approved for MAN 3677, or MAN 3477.
MAN no longer approves SAE 10W-40 grade oils (10.2021).

MERCEDES-BENZ 228.31, 228.51

These specifications define the performance requirements for MB engines
designed to meet Euro IV, Euro V and Euro VI engines requirements. The oils
must be low SAPS to give the required protection for after treatment system
like DPF, EGR and SCR.

SCANIA LA, LDF-4

These specifications define the performance requirements for SCANIA.

The new engines are tested tough. Long drain means that SCANIA tests

the oils and engines for double the recommended mileages. For example,

an ordinary long haulage truck may normally call for an oil change every

60,000 km (SCANIA LA oils) and LDF-4 a minimum drain of 120,000 — 150,000 km,
depending on specific fuel consumption. SCANIA LDF-4 needs the latest available
high-performance engine oil technologies focusing on optimizing performance on
latest technology engines. To meet the needs of the modern Euro VI engines and
their exhaust gas after treatment systems, SCANIA created the LDF-4 specification
that allows the service life of the diesel particulate filter (DPF) to be doubled in
comparison with LDF-3. SCANIA LDF-4 is used as factory fill for Euro VI vehicles
and used in nearly all SCANIA trucks (excluded are the V8 engines which should
use LDF-3 or LA generation oils).
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API CERTIFICATION MARK

API’s Lubricants Subcommittee established the symbol illustrated below,
commonly referred to as “the donut”, to provide uniform identification and

an improved means for the general public to identify appropriate engine oils
according to the manufacturer’'s recommendation for the needs of a particular
vehicle. The symbol is used to display the appropriate API service category or
categories (upper part of the symbol), the SAE viscosity grade (center of the
symbol), and, if applicable, Resource Conserving and SN Plus features of an oil
(bottom part of the symbol). Resource Conserving and SN Plus are not applicable
for heavy-duty diesel engines. The symbol clearly provides all the pertinent
information a customer needs in one convenient location.

API CERTIFICATION MARK

The API Certification Mark identifies engine oils meeting the International Lubricants
Standardization and Advisory Committee (ILSAC) performance requirements and is
commonly referred to as “the Starburst”, shown below.

This symbol enables the general public to easily recognize oils which meet the
warranty requirements of Chrysler, Ford and the Japanese automakers and must
be displayed on the front of the motor oil container. General Motors currently
recommends “dexos®1 Gen 3" product for their more recent gasoline engines.
Consult the owner's manual to determine whether the engine requires ILSAC
GF-6A/API SP or dexos®1 Gen 3 approved engine oil.

The current ILSAC specification is ILSAC GF-6 (as of May 2020). The ILSAC
GF-6 specification was split into 2 categories, ILSAC GF-6A and ILSAC GF-6B,
each with their own trademarked symbol. The API “Starburst” only applies to
SAE OW-20, OW-30, 5W-20, 5W-30 and 10W-30 viscosity oils that not only meet
the ILSAC GF-6A specification, but also meet and are licensed API SP and the
Resource Conserving classification.

API CERTIFICATION MARK “SHIELD”

The Shield certification mark, shown here, is used on the front of
containers for SAE OW-16 products only, that meet ILSAC GF-6B,
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API SP and the Resource Conserving classification. It is used in place of
the Starburst, and can be combined with the API Certification “Donut”.

USED OIL ANALYSIS

Used oil analysis programs for engine oils, such as the 360 Technical Expertise
Oil Diagnostics program, provides several customer benefits:

¢ Reduce unscheduled vehicle downtime

* Improve vehicle reliability

e Help organize effective maintenance schedules
e Extend engine life

® Forecast extended oil change intervals

e Reduce cost of vehicle maintenance

JAILONOLNY

Used engine oil analyses are carried out principally to determine the overall
condition of the oil and the engine. Monitoring an oil’s condition at successive
intervals, over a relatively long time period, can be used to establish:

e Presence of Undesirable Contaminants, such as:
- Excess Wear Metals
- Gasoline or Diesel Fuel
- Coolant and excess water
- Road Salt
- Dirt, Sand or Dust
e Optimum Oil Change Interval

The following items are tested to determine the condition of an engine oil:

¢ Viscosity - is the measure of an oil’'s resistance to flow. An oil can
“thicken-up” due to oxidation, the presence of contaminants, or evaporation
of light components. It can “thin-down” due to oil shearing or fuel dilution.
Reported as ¢St @ 40°C and ¢St @ 100°C.

e Coolant - ethylene glycol is the major component of antifreeze coolant
systems, so the presence of glycol is determined. A positive test result
indicates a defective gasket or a cracked head/block. Detection of glycol
requires immediate attention, as it reacts quickly in a hot engine to become
acidic and form varnish and sludge.

e Water - presence due to condensation from low temperature engine
operation or from a leak in the cooling system.

e Dilution - the amount of gasoline or diesel present in an oil.

e Acid Number - expresses the quantity of base required to neutralize
all the acidic constituents present in the oil. Often an indicator of how
oxidized an oil has become.

e Base Number - measures the reserve alkalinity of an oil, which is the
ability of an alkali to neutralize the effect of acid formation.

e Wear Metals or Additive Elements - The presence of the following
elements is usually determined by Inductively Coupled Plasma Emission
Spectroscopy: Aluminum, Barium, Boron, Calcium, Chromium, Copper,
Iron, Magnesium, Molybdenum, Phosphorus, Sodium, Tin and Zinc.
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¢ Degradation by-product - includes oxidation, nitration and sulphation as
determined by the FTIR method. Elevated results, above normal trends, generally
indicate excessive stress of the oil due to extended oil service
or other combustion related issues.

e Soot - The fine black particles, chiefly composed of carbon, produced
by incomplete combustion of the fuel.

USED OIL ANALYSIS TESTS
ONTA A AR
TEST WARNING LIMIT
Viscosity - cSt@ 40°C 25% change versus the new oil viscosity
-cSt@100°C 15% change versus the new oil viscosity
Coolant Any positive identification
Water Greater than 0.1%
Fuel Dilution Greater than 5%
Acid Number More than 5 units (engine oil) or 1 unit (industrial oil)
Base Number No lower than 3 to 4 units
Soot Greater than 5%*
Oxidation Greater than 30 A/cm (above baseline)

* Confirm OEM recommended limits

1 ] ] i\ I i\

ELEMENT WARNING LIMITS COMMENTS

High levels indicate worn valves, cylinder-liner,

Iron (Fe) Greater than 100 ppm bearings, crankshafts,

High levels indicate worn piston rings, bearings or

Chromium (Cr) Greater than 10 ppm contamination by antifreeze.

Copper (Cu) Greater than 20 ppm High levels indicate worn bearings and bushings.
Tin (S) Greater than 10 pprm I;I(L%rlle\rel\geelsr:ir:]tgcate worn bearings, bushings and oil
Aluminum (Al) Greater than 20 ppm (>80 pom High levels indicate worn pistons or engine block.

Aluminum Block Engines)

High levels indicate worn bearings. Where leaded

Lead (Po) Greater than 25 ppm gasoline used, results are meaningless.

High levels indicate radiator fluid leak. Some engine oils

Boron (B) Greater than 20 ppm contain a boron dispersant additive. Check sample of new oil.

High levels indicate presence of dust or sand. May also be
Silicon (Si) Greater than 20 ppm due to high level of silicone anti-foam. Check sample of new oil.
Radiator fluids contain silicates that show up as Silicon in sample.

Magnesium (Mg), Molybdenum (Mo), These elements may be part of the additive package.
Calcium (Ca) Barium (Ba), Sodium (Na) They remain in the oil and do not deplete. The presence
Phosphorus (P), Zinc (Zn), Potassium (K) of Naand K can indicate a leak of radiator fluid.

ppm = parts per million
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PASSENGER CAR MOTOR OILS

Passenger cars are delivering more power and performance than ever before.
Engine power outputs, in horsepower per litre, have increased tremendously
over the past decade or so. Current smaller, higher powered passenger car
engines not only run hotter, but also work harder than ever before. As a result,
engines are much more demanding on motor oils for their lubrication.

The very close tolerances of rapidly moving engine parts together with
pressures for lower oil consumption, reduced engine emissions, increased
equipment durability and fuel economy, place heavy demands on today’s
passenger car motor oils. The Petro-Canada Lubricants line of passenger car
motor oils, formulated using the latest in lubricant technology, is ready and
able to meet these new challenges.

JAILONOLNY
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PETRO-CANADA SUPREME™ MULTIGRADE MOTOR OIL

PETRO-CANADA SUPREME is a superior passenger car motor oil formulated
using a high performance additive system. It exceeds the latest service
requirements for most gasoline powered engines found in North American and
Asian passenger cars and light duty trucks.

PETRO-CANADA SUPREME 5W-20, 5W-30 and 10W-30 synthetic blend
motor oils give excellent year-round performance in today’s passenger car
engines, equipped with the latest emission controls and turbochargers.
Meeting API SP, these oils demonstrate superior control of ring-zone deposits
in small high-output engines. PETRO-CANADA SUPREME 5W-20, 5W-30 and
10W-30 are all friction modified to save fuel and meet the latest API Resource
Conserving standard as well as the ILSAC GF-6A specification for motor oil.
PETRO-CANADA SUPREME 10W-40 and 20W-50 are specialty grades,
designed for older North American cars, or for engines operating under high
ambient temperatures.

PETRO-CANADA SUPREME is recommended for use in all passenger car,
propane and compressed natural gas (CNG) powered engines.
PETRO-CANADA SUPREME Multigrade Motor Oil is available in five SAE Grades:
5W-20, 5W-30, 10W-30, 10W-40 and 20W-50.

Typical characteristics are shown below:

PETRO-CANADA SUPREME

SAE Grade 5W-20 5W-30 10W-30 10W-40 20W-50
Viscosity  ¢St@40°C 50.1 64.4 69.7 102 164
cSt@100°C 8.7 10.9 10.7 14.9 191
Viscosity Index 153 161 142 152 132
Flash Point, COC, °C/°F 226/439 230/446 225/437 235/455 253/487
Cold Crank Viscosity, cP @ °C e e e e e
Borderline Pumping 14500 @ 18000 @ 16000 @ 24000 @ 17500 @
Viscosity, cP @ °C -35 -35 -30 -30 -20
Sulphated Ash, % Wt 0.84 0.81 0.84 0.81 0.79
Base Number (D2896), mg KOH/g 7.0 7.0 7.0 7.0 70
High-Temperature High-Shear 26 31 30 39 46

(HTHS) Viscosity, cP @ 150°C

Meet: API SP, SP Resource Conserving (only 5W-20, 5W-30, 10W-30), ILSAC GF-6A (only 5W-20, 5W-30, 10W-30).
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PETRO-CANADA SUPREME™ SYNTHETIC MOTOR OILS

PETRO-CANADA SUPREME Synthetic 0OW-16, 0W-20, 0W-30, 5W-20,

and 5W-30 are premium passenger car motor oils. These oils are specifically
formulated with Petro-Canada Lubricants Very High Viscosity Index (VHVI)
Synthetic Base Fluids and a unique additive chemistry, which delivers consistent,
superior performance under the toughest driving conditions.

PETRO-CANADA SUPREME Synthetic motor oils have outstanding resistance

to thermal breakdown and provide exceptional wear protection under both low
and high temperature situations. PETRO-CANADA SUPREME Synthetic OW-16,
0W-20 and OW-30 help protect against the extremes of Canadian winter, and their
exceptional fluidity facilitates starting down to -40°C.

PETRO-CANADA SUPREME Synthetic motor oils exceed most North American and
Asian passenger car and light duty truck manufacturers’ warranty requirements for
gasoline fueled vehicles. They also exceed API Service Category SP, SP Resource
Conserving and the ILSAC GF-6A or ILSAC GF-6B (0W-16 grade only) standard.

PETRO-CANADA SUPREME Synthetic OW-20, 5W-20 and 5W-30 are also fully
approved against the GM dexos® 1 Gen 3 specification.

Typical characteristics are shown below:

PETRO-CANADA SUPREME Synthetic

SAE Grade 0W-16 0W-20 0W-30 5W-20 5W-30
Viscosity  cSt@40°C 398 434 54.8 444 60.5
cSt@100°C 7.6 8.2 10.1 8.2 109
Viscosity Index 163 166 174 161 174
Flash Point, COC, °C/°F 228/442 225/437 235/455 2347453 233/451
Cold Crank Viscosity, cP @ °C 48%%@ 55%%@ 567%%@ 34%%@ 36%%@
Borderline Pumping 15200 @ 16500 @ 22300 @ 9800 @ 13900 @
Viscosity, cP @ °C -40 -40 -40 -35 -35
Sulphated Ash, % Wt 0.68 0.89 0.73 0.83 0.87
Base Number (D2896), mg KOH/g 7.0 8.0 7.0 8.0 8.0
High-Temperature High-Shear 93 26 30 26 31

(HTHS) Viscosity, cP @ 150°C

Meet: API SP, SP Resource Conserving, ILSAC GF-6A or ILSAC GF-6B (OW-16 grade only), GM dexos® 1 Gen 3 (OW-20, 5W-20 & 5W-30).
The dexos® specification and trademark are exclusive to General Motors, LLC.

JAILONOLNY
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PETRO-CANADA SUPREME™ SYNTHETIC 5W-40 MOTOR OIL

PETRO-CANADA SUPREME Synthetic 5W-40 is a premium advanced synthetic
motor oil designed to lubricate the engines of today’s gasoline and ethanol

(up to E85) fuelled passenger cars, vans, CUVs, SUVs and light duty trucks.

It provides exceptional resistance to high temperature thermal breakdown,
extended engine life, outstanding low temperature fluidity, reduced oil consumption
and protection of exhaust emission control systems. SUPREME Synthetic 5W-40
Motor Qil is specially formulated to exceed the latest API Service Classification

for gasoline engines, API SP.

PETRO-CANADA SUPREME Synthetic 5W-40
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SAE Grade 5W-40
Viscosity ~ ¢St@40°C 87.0
cSt@100°C 143
Viscosity Index 1
Flash Point, COC, °C/°F 233/451
Cold Crank Viscosity, cP @ °C 5100 @-30
Borderline Pumping Viscosity, cP @ °C 27000 @-35
Sulphated Ash, % Wt 0.89
Base Number (D2896), mg KOH/g 7.0
High-Temperature High-Shear (HTHS) Viscosity, cP @ 150°C 38
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PETRO-CANADA SUPREME™ EU-X SYNTHETIC 5W-40
MOTOR OIL

(AVAILABLE ONLY IN NORTH AMERICA AND SELECT GEOGRAPHIES)

PETRO-CANADA SUPREME EU-X Synthetic 5W-40 is a premium European
synthetic motor oil designed to help provide long engine life by lubricating
critical parts effectively.

PETRO-CANADA SUPREME EU-X Synthetic 5W-40 motor oil meets ACEA
A3/B4-16 and is also suitable for use where API SN is specified. It is also suitable
for use in vehicles which specify the following OEM specifications:

- BMW LL-01

-MB 229.3/229.5

- Opel GM-LL-B-025

- Peugeot PSA B71 2296

- Porsche A40

- Renault RN0700 / RN0710

- Volkswagen 502 00 / 505 00

PETRO-CANADA SUPREME EU-X Synthetic 5W-40 Motor 0il

JAILONOLNY

SAE Grade 5W-40
Viscosity  ¢St@40°C 83.2
cSt@100°C 13.6
Viscosity Index 167
Flash Point, COC, °C/°F 217 /422
Cold Crank Viscosity, cP @ °C 5600 @-30
Borderline Pumping Viscosity, cP @ °C 31000 @ -35
Sulphated Ash, % Wt 12
Base Number (D2896), mg KOH/g 10.0
High-Temperature High-Shear (HTHS) Viscosity, cP @ 150°C 38
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SUPREME™ C3 SYNTHETIC 5W-30 MOTOR OIL
(AVAILABLE ONLY IN EUROPE AND OTHER SELECT GEOGRAPHIES)

SUPREME C3 Synthetic 5W-30 motor oil is designed to lubricate gasoline

and light duty diesel engines with after-treatment systems; gasoline catalytic
converters and diesel particular filters (DPFs). This fully synthetic motor oil is
formulated for European passenger cars, sport utility vehicles, vans and light
duty trucks. With today’s high-powered engines, SUPREME C3 Synthetic
5W-30 motor oil can provide long engine life through enhanced lubrication
and protection of critical engine parts. It is specially formulated to protect after-
treatment systems and achieve a minimum high-temperature high-shear (HTHS)
viscosity of 3.5 cP. HTHS is an indicator of the oil film thickness that will protect
the engine from wear at high temperature in the narrow confines between fast
moving parts in an engine. SUPREME C3 Synthetic 5W-30, meeting ACEA C3
and API SN, offers better wear protection and deposit control under severe
high-speed operations while providing excellent fuel economy performance.

SUPREME C3 Synthetic 5W-30

SAE Grade 5W-30
Viscosity  ¢St@40°C 71.3
cSt@100°C 1.9
Viscosity Index 164
Flash Point, COC, °C/°F 235/455
Cold Crank Viscosity, cP @ °C 5500 @-30
Borderline Pumping Viscosity, cP @ °C 19600 @ -35
Sulphated Ash, % Wt 0.8
Total Base No. (TBN), mgKOH/g 6.7
High-Temperature High-Shear (HTHS) Viscosity, cP @ 150°C 35
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SUPREME™ C3-X SYNTHETIC 5W-30 MOTOR OIL

SUPREME C3-X Synthetic 5W-30 is a top tier “Mid SAPS” motor oil designed to
lubricate demanding, high-performance, gasoline and light duty diesel engines and
protect their emission systems. This full synthetic motor oil is specially formulated
with advanced additive technology for today’s modern passenger cars, sport utility
vehicles, vans and light duty trucks. SUPREME C3-X Synthetic 5W-30 premium
motor oil offers exceptional all-round performance with outstanding wear protection
and deposit control under severe high-speed, high-temperature operations while
promoting lower fuel consumption and long engine life through balanced lubrication
and protection of your engines critical parts. It exceeds the requirements of ACEA
C3 and API SN. The formulation is also approved against select European OEM
specifications: VW 504 00 / 507 00, MB-Approval 229.51 and Porsche C30.

Meets the requirements of BMW LL-04.

SUPREME C3-X Synthetic
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SAE Grade 5W-30
Viscosity  ¢St@40°C 66.4
cSt@100°C 1.7
Viscosity Index 172
Flash Point, COC, °C/°F 229/444
Cold Crank Viscosity, cP @ °C 5900 @-30
Borderline Pumping Viscosity, cP @ °C 16,400 @-35
Sulphated Ash, % Wt 0.8
Total Base No. (TBN), mgKOH/g 78
High-Temperature High-Shear (HTHS) Viscosity, cP @ 150°C 35
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SUPREME™ C3-X SYNTHETIC 5W-40 MOTOR OIL
(AVAILABLE ONLY IN EUROPE AND OTHER SELECT GEOGRAPHIES)

SUPREME C3-X Synthetic 5W-40 is produced with high quality synthetic base
oils and an advanced additive system. This full synthetic motor oil provides
excellent low temperature fluidity, resistance to high temperature lubricant
breakdown, longer oil life, lower oil consumption and outstanding wear protection.
It exceeds the ACEA C3 requirements for gasoline and light duty diesel engines.
SUPREME C3-X Synthetic 5W-40 meets VW standards 502 00, 505 00 and

505 01. It also meets the requirements of Mercedes-Benz 229.51, BMW LL-04,
Porsche A40 and Ford M2C917-A.

SUPREME C3-X Synthetic 5W-40

SAE Grade 5W-40
Viscosity ¢St@40°C 82.8
cSt@100°C 14.0
Viscosity Index 175
Flash Point, COC, °C/°F 233/451
Cold Crank Viscosity, cP @ °C 5,050 @-30
Borderline Pumping Viscosity, cP @ °C 33,270 @-35
Sulphated Ash, % Wt 0.8
Base Number (D2896), mg KOH/g 77
High-Temperature High-Shear (HTHS) Viscosity, cP @ 150°C 36

Contact your sales manager to see if this fluid is available in your geography.
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PETRO-CANADA SUPREME™ SYNTHETIC HYBRID

MOTOR OILS

PETRO-CANADA SUPREME Synthetic Hybrid 0W-16 and 0W-20 are
formulated to meet the needs of hybrid engines. The internal combustion (IC)
engine in a hybrid vehicle will experience significantly more start-ups than a
regular internal combustion engine. Engine start-up is the time in an engine’s
cycle where the most wear can occur. SUPREME Synthetic Hybrid motor oils
provide exceptional lubrication of critical engine parts and protection of the latest
gasoline direct injection IC engine emission control systems and turbochargers.
SUPREME Synthetic Hybrid motor oils exceed the API Service Classification

for gasoline service, API SP and SP Resource Conserving. SUPREME Synthetic
Hybrid also exceeds the requirements of ILSAC GF-6A (OW-20) and ILSAC
GF-6B (0W-16). The SAE OW-20 grade is also approved against the GM dexos® 1

Gen 3 global specification.
Typical characteristics are shown below:

SUPREME Synthetic Hybrid

SAE Grade 0W-16 0W-20
Viscosity  ¢St@40°C 39.6 442
cSt@100°C 7.6 8.4
Viscosity Index 164 170
Flash Point, COC, °C/°F 229/444 223/433
Cold Cranking Viscosity, ¢cP @ °C 5000 @-35 5400 @-35
Borderline Pumping Viscosity, cP @ °C 15000 @ -40 15500 @ -40
Sulphated Ash, % Wt. 0.70 0.90
Base Number, (D2896), mg KOH/g 7.0 8.0
High-Temperature High-Shear (HTHS) Viscosity, cP @ 150°C 2.3 2.6

JAILONOLNY
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PETRO-CANADA SUPREME™ HIGH MILEAGE MOTOR OILS

SUPREME High Mileage 5W-20, 5W-30, 10W-30 and Synthetic High
Mileage 0W-20 motor oils are specifically designed with REGEN Technology
to meet the needs of vehicles with higher mileage. They are specially designed
to reduce sludge deposit build-up that has been accumulating in the engine
and to improve ring sealing in the piston-liner interface. Continuous use will
help maintain engine cleanliness and support a reduction in engine blow-by.
This combination assists in providing more power for the driver. SUPREME
High Mileage motor oils with REGEN Technology protect vital engine
components and aid its performance as the miles add on.

SUPREME High Mileage motor oils are formulated to exceed the API Service
Classification for gasoline service, APl SP and SP Resource Conserving,
and the ILSAC GF-6A specification.

Typical characteristics are shown below:

SUPREME High Mileage

SAE Grade 0W-20 5W-20 5W-30 10W-30
Viscosity  ¢cSt@40°C 458 50.0 66.3 68.1
cSt@100°C 8.5 8.6 11 105
Viscosity Index 165 150 160 142
Flash Point, COC, °C/°F 235/455 233/451 237/459 237/459
e o 5500 @ 5200 @ 5800 @ 5300 @
Cold Cranking Viscosity, cP @ °C 35 30 30 5
’  iennei B 17100 @ 14500 @ 19000 @ 15500@
Borderline Pumping Viscosity, cP @ °C 40 35 35 30
Sulphated Ash, % Wt. 0.72 0.85 072 0.81
Base Number, (D2896), mg KOH/g 70 70 70 7.0
High-Temperature High-Shear (HTHS) 97 97 32 31

Viscosity, cP @ 150°C
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HEAVY-DUTY DIESEL ENGINE OILS

Commercial and Industrial requirements for heavy-duty engine oils continue to
stress higher levels of turbocharging, higher operating temperatures, and power
outputs, and demand the use of ultra low sulfur diesel fuel for highway fleet
operations. U.S. EPA regulations require heavy-duty diesel engine manufacturers

to reduce NOx emissions via modification of their engine and emissions system
designs. Exhaust Gas Recirculation (EGR) for example has resulted in a
considerable increase in the soot loading of engine oils. 2007 EPA compliant low
emission engines have adopted advanced exhaust after-treatment devices such as
Diesel Particulate Filters (DPF) with or without Diesel Oxidation Catalysts (DOC), and
increased rates of EGR. In addition to these technologies, the 2010 EPA compliant
low emissions engines now include emissions systems using Selective Catalytic
Reduction (SCR). These regulations resulted in an improvement in quality and
performance of diesel engine oils using high performance base oils and additives to
create superior products that increase equipment reliability and reduce downtime.

DURON™ ENGINE OILS

The DURON line of premium quality, Heavy-Duty Diesel Engine Qils are designed
to improve engine reliability and reduce operating costs through its better engine
protection, fuel economy potential and extended drain capabilities. The DURON
product line (APl CK-4 and FA-4) is formulated to meet the challenges of current low
emission engines including the latest EPA standards. DURON multigrades exceed
APl CK-4 standards required in many on-road and off-road engines and is fully
back serviceable to the API CJ-4, Cl-4 Plus, Cl-4, and CH-4 as required by pre-'07
diesel engines (CJ-4, Cl-4, etc), while the monogrades are suitable where former
API categories CF or CF-2 are recommended.

DURON Heavy-Duty Diesel Engine Oils may be used in engines fueled by
diesel, gasoline, and propane, and in some natural gas (CNG) applications.
This allows the selection of one engine oil for a mixed-fuel fleet, which meets
most manufacturers’ warranty requirements.

DURON Heavy-Duty Diesel Engine Qils are suitable for use in engines powered
by both ultra low and low sulfur diesel. DURON is formulated to the highest API
diesel and gasoline performance standards for 4-stroke engine oils and is suitable
for use in extended oil drain service.

DURON ENGINE OILS (API CK-4)

DURON multigrade engine oils are premium heavy-duty diesel engine oils that
exceed the requirements of API CK-4 and are back serviceable to the APl CJ-4,
Cl-4 Plus, Cl-4, and CH-4 as required by pre-'07 diesel engines (APl CJ-4, Cl-4,
etc...). They are suitable for use in current EPA compliant low emission engines
which employ advanced exhaust aftertreatment devices such as Diesel Particulate
Filters (DPF), Diesel Oxidation Catalysts (DOC), Selective Catalytic Reductions
(SCR) and increased rates of Exhaust Gas Recirculation (EGR).

JAILONOLNY
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DURONT s available in multiple performance offerings as shown below.
These engine oils have undergone rigorous engine testing and have
demonstrated extended drain capabilities in severe service field trials in
both new and older engine designs. DURON is formulated to meet the
latest OEM specifications for current low emission engines equipped with
advanced exhaust aftertreatment devices.

DURON HP 15W-40 High Performance heavy-duty diesel engine oil
that delivers all weather engine protection including dependable cold start
up and exceptional shear stability.

DURON SHP 15W-40 Super High Performance synthetic blend heavy-duty
diesel engine oil that delivers exceptional performance and outstanding shear
stability that helps deliver comprehensive protection to vital engine parts over
a wide range of operating conditions.

DURON SHP 10W-30 Super High Performance synthetic blend heavy-duty
diesel engine oil that delivers advanced engine protection and all-weather
performance. It provides optimal engine durability and can deliver up to
1%"* fuel economy improvements.

DURON UHP 10W-40 Ultra High Performance synthetic all-weather heavy-duty
diesel engine oil. It is designed to provide exceptional protection against engine
wear and extended drain performance (exceeding OEM standard intervals)*

even in the harshest operating conditions and maximum allowable load conditions.

DURON UHP 5W-40 Ultra High Performance full synthetic heavy-duty diesel
engine oil that provides excellent protection and performance, especially in
extreme temperature environments.

DURON UHP 5W-30 Ultra High Performance full synthetic heavy-duty diesel
engine oil is formulated with synthetic base oils and high performance additives
to provide fuel economy benefits, exceptional protection against engine wear
and extended drain performance (exceeding OEM standard intervals)t even in
severe operating conditions.

DURON UHP 0W-30 Ultra High Performance full synthetic heavy-duty diesel
engine oil with unique additives and high quality synthetic base oils to deliver
ultimate protection in extreme temperature conditions.

DURON UHP 0W-40 Ultra High Performance full synthetic heavy-duty diesel
engine oil specially formulated with a unique high performance additive system
in combination with high quality synthetic base oils to deliver ultimate protection
in extreme temperature conditions.

*Comparing 15W-40 with 4.1cP HTHS vs 10W-30 with 3.5¢P HTHS.
Extending drain intervals should always be undertaken in conjunction with an oil analysis program with guidance from a
Technical Services Advisor.
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DURON™

SAE Grade 15W40 1ol40 10U 80
Viscosity ~ cSt@40°C 118 114 80.1
cSt@100°C 15.6 15.4 12.0
Viscosity Index 139 142 145
Flash Point, COC, °C/°F 228/442 226/439 220/428
High Temp/High Shear Viscosity, cP @ 150°C 41 41 35

Cold Crank Viscosity, cP @°C/°F

5540 (-20/-4)

5000 (-20/-4)

5570 (-25/-13)

Pour Point, °C/°F

-36/-33

-36/-33

-42/-44

Borderline Pumping Viscosity, cP @°C/°F

21350 (-25/-13)

19880 (-25/-13)

18160 (-30/-22)

Sulphated Ash, % Wt

1.0

1.0

1.0

Base Number (D2896), mg KOH/g

9.8

9.8

10.0

SAE Grade 1WA | WAD | WD | oW | oWeo
Viscosity  ¢St@40°C 107 88.6 70.3 65.2 82
cSt@100°C 15.5 14.3 11.6 1.5 14.5
Viscosity Index 157 168 158 173 180
Flash Point, COC, °C/°F 229/444 235/450 215/418 220/428 224/435
High Temp/High Shear Viscosity, cP @ 150°C 41 38 3.5 34 39
Cold Crank Viscosity, cP @°C/°F (_252/3_?3) (_3%9_22) (_365/932) (e?é /921) (.359/0.31)
Pour Point, °C/°F -42/-44 -45/-49 -42/-44 -45/-49 -45/-49
Borderline Pumping Viscosity, cP @°C/°F (_%A}_Szoz) (_ggign (_%%01) (_1%?_030) (-it(})?/)—oz?O)
Sulphated Ash, % Wt 1.0 <1.0 1.0 1.0 1.0
Base Number (D2896), mg KOH/g 10.0 1.0 1.0 9.7 95

For DURON Performance Specifications, Refer to Table (see pages 88 and 89).

JAILONOLNY
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DURON™ ADVANCED DIESEL ENGINE OIL (API FA-4)

DURON ADVANCED premium performance synthetic and synthetic blend

diesel engine oils deliver industry leading durability against wear in technologically
advanced engines and are formulated to exceed API FA-4 requirements.

They are suitable for use in 2017 and future engines which specify the use

of an API FA-4 ail.

DURON ADVANCED (and all API FA-4 oils) have limited backwards compatibility
with older engines as these oils are specifically engineered for newer engines
designed to meet legislation around emissions and fuel economy. They are
characterized by having a lower high temperature high shear (HTHS) viscosity,
meaning they cause less friction and viscous drag in the engine and enable
reduced fuel consumption, while still offering increased levels of wear protection.
DURON ADVANCED provides additional fuel savings over CK-4 of the same

grade, up to 1%*.

Typical characteristics are shown below:

DURON ADVANCED

SAE Grade 10W-30 5W-30

Viscosity ¢St@40°C 66.2 56.3
cSt@100°C 10.3 9.96

Viscosity Index 143 165

Flash Point, COC, °C/°F 227/440 217/422

Pour Point, °C/°F -42/-44 -39/-38

High Temp/High Shear Viscosity cP@150°C 31 31

Cold Crank Viscosity cP @ °C/°F 4,900 (-25/-13) 5160 (-30/-22)

Borderline Pumping Viscosity cP @ °C/°F 13,100 (-30/-22) 19,700 (-35/-30)

Sulphated Ash, % Wt 1.0 1.0

Base Number (D2896), mg KOH/g 10.0 11.8

For DURON Performance Specifications, Refer to Table (see page 88)

*Comparing a typical CK-4 SAE 10W-30 with 3.5¢P HTHS vs a 10W-30 with 3.1cP HTHS.
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DURON™ MONOGRADE ENGINE OILS

Petro-Canada Lubricants DURON Monograde Engine Oils meet the performance
requirements of the former API categories CF and CF-2. They can be used in older
diesel or gasoline engines needing a single viscosity grade engine oil that specifies
API CF or CF-2 level of performance. They may also be used in many stationary and
marine applications, where automotive diesel fuel is used.

DURON Monograde Engine Oils are availabl