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Formulations
and additives
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Typical properties of HDD oills

Parameters

*Additive Package, % mass

SAE Viscosity Grades

HTHS Viscosity, mPae-s

TBN, mg KOH/g

Sulfated ash, % mass
Shear Stability Index of VM
Oil Drain Intervals, miles

Standard Engine Sump Sizes

10 fo 20

SAE 15W-40, 10W-30,
10W-40, 5W-40, 5W-30,
(5W-20, OW-20 coming)

291042
(2.6 — 2.9 coming)

8to 12
0.9to 1.3
25to 35

Up to 75,000
~ 8-10 Gallons

/to 12

SAE OW-16, OW-20, OW-30, 5W-20,
SW-30, and 10W-30
(OW-8, OW-12 available)

2.3 10 3.1
(1.7 = 2.3 available)

/109
0.81t0 0.9
25to 50

Up to 10,000

~ 1 Gallon

*Current quality levels
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Function of HDD oil additive components InfiRgum

Component Typical Type Property/Function Engine Test Stressing Property
Pre-EGR Engines + Diesel Cleanliness +1K, IN, 1P, 1R, C13
. (lower soot control need) +Soot & varnish control, + VH, llIH, VIIl, T-8, T-11, ISB Viscosity
Dispersant soot dispersancy

EGR Engines (2002+) + Filter plugglng i o

M What do Formulators consider the most important
et ° °
)eas  component in their tool-box?

o All components are critical as formulating is a very careful
Antioxid balance to optimize performance in HDD engines across all
engine tests. More in not always beftter!!

Anti-we ZDDP, metal based + Valve frain and cyl. + VH, RFWT, T-12, ISM, ISB, DD13
Clgeni's ring wear control
ViSCOS“’Y + High temp. viscosit +T-12
: y
Modifier OCP. Styrene lsoprene + Dispersancy +T1-8, T-11, ISM, ISB, ISB Viscosity

© 2026 Infineum International Limited. All rights reserved. Infineum confidential information



Heavy-duty engine oil tests Infirgum

Goal is to stress our formulations!

Accelerate formation of conditions
we are trying to protect against.

Deposit Formation

Aeration

Soot-induced Wear

Sludge build-up

Oxidation

Scuffing

Sooft-induced viscosity growth




Caterpillar C13 piston deposit & OC test InfiRgum

Evaluates Piston Deposits
& Oil Consumption

13L, electronically controlled, furbocharged,
after-cooled, é-cylinder engine designed for
on-highway use

Heavy-duty operating conditions selected to
accelerate deposit formation

— 500-hour steady-state test procedure
— OC compared from 100-150hrs to 450-500hrs

— Ratings: Top Groove Carbon, Top Land Carbon,
Second Ring Top Carbon




Caterpillar C13 oil aeration test (COAT) InfiRgum

* Evaluates and engine oil’s resistance to aeration

e Aerationis measured in real time via a
micromotion meter which measures oil density

* 13L engigs

ERlgelt  Why is high levels of aeration detrimental in engine?

— 50-hou « Air bubbles hinders the oil’'s ability to lubricate parts, carry

heat away from parts, increases oxidation and oill
breakdown, and lowers oil pressure.

limit: 11.8% max
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Cummins ISB valve-train wear test

 Evaluates Soot induced Valve-Train Wear

e Medium-Duty Engine

— 5.9L 6-cylinder with Exhaust Gas Recirculation

e Test Parameters: 2-Stage Test
— 100 hr soot building steady-state operation

— 250 hr “Wear” stage with transient cycle operation
(10s @ full-throttle, 800 nm, drop to idle in 1s... x 32,000 cycles!) — intense!

— Ratings: Average Tappet Mass Loss, Average
Camshaft Lobe Wear, Average Crosshead
Mass LosS
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Cummins ISM test

e Evaluates soot-induced Valve-Train Wear:

Filter Plugging; & Sludge buvild-up (wear and
cleanliness)

e Heavy-Duty 11L 6-Cylinder Turbocharged
diesel engine

e Test Parameters: 4-Stage 200 hr Test
— Stage A & C: Soot Building — 50hrs Each

— Stage B & D: High Torque Wear Stage- 50hrs
Each

— Results: Crosshead Mass Loss, Injector
Adjusting Screw Mass Loss, Sludge Ratings,
Oil Filter Plugging
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Volvo T-13 oxidation test InfiRgum

m Tightened Limits for PC-12

Evaluates Oxidation performance

Heavy-Duty 13L 6-Cylinder MP8
Turbocharged Diesel Engine with EGR

Test Parameters: 360 hr Steady-State
— High Oil Temperature (130°C / 266°F)
— High Torque

— Results: IR Oxidation (Area and Peak),
Viscosity Increase at 40C

Oxidation performance is criticall

— Leads to thickening of oil, deposits, acid
formation, eventually loss of oil performance.
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Detroit DD 13 scuffing test

e Evaluates Piston/Liner Scuffing Wear (Adhesive)

 Heavy-Duty 12.8L 6-Cylinder Turbocharged
Diesel Engine with EGR

— Uncoated Top Rings to simulate high

mileage engine

e Test Parameters: 2-Stage Test

Stage 1: Lower Torque Steady-State (30hrs)
Stage 2: High Torque Steady-State (170hrs)
Slow transition period at 30 hrs to stage 2

Engine “soaks” every 20hrs of runtime (Shutdown
for 4 hrs)

Results: Hours to Scuff (Run to failure or 200 hrs)




Cummins ISB viscosity test

e Evaluates soot-induced viscosity growth
* Replacing the legacy Mack T-11 test for PC-12

e Test Performance

— Soot induced viscosity increase in EGR engines
- MRV

e Test Parameters: Steady-State

— ISBV108 - 108-hour test procedure for “F”
category performance level

— ISBV156 — 156-hour test procedure for “C”
category performance level

— Results: Soot % at 4cSt, 12c¢St, and 15¢St
Viscosity Increase, MRV
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HDD oll specification
drivers and evolution
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Heavy-duty diesel engine oll specifications

= APl sets the engine oil performance categories

= Meets APl ‘'C’ (Commercial/Compression)

- Category requirements (API CH-4, CI-4, CI-4 PLUS, CJ-
4 or CK-4)

= Now includes API “F" category (low viscosity / FE
improving grades)

=  Additive companies formulate and test their oils
to meet the standards defined by API.

Note: Upper left hemisphere
can be any contrasting
color.

= OEMSs often require oils to meet API categories

and/or their own specs. e "“C” categories for use in on-road and off-road

equipment and heavy-duty truck applications.

* “F" categories typically used on on-road
applications only.
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Changes in diesel engine hardware

- Ever tightening
emissions
regulations drives
evolution of
engine hardware

- Have achieved
near zero exhaust
emissions for Class
8 On-Highway
vehicles

© 2026 Infineum International Limited. All rights reserved.
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Federal On-Highway Emissions Legislation

E 040
Q
T
] 1988
= API CE
(7]
o
g 0.25
=
o
Q
S
> 0.10
£ 05 c
5 :
0.01
0.2 1.2 2.5 40 50
2016 2007
API CK-4 | API CJ-4 NOXx emissions (g/bHp-hr)

10.7

1988 - 2002
Combustion
efficiency

Retard injection
timing

Combustion
chamber design
changes
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Changes in diesel engine / after-freatment InfiRgum

hardware
. . Federal On-Highway Emissions Legislation
- Ever tightening T 0k T ? 2002 - 2010
o L] -: .
emissions i EGR
. . T + After
regulations drives Q 1988 treatment
evolution of 2 e
. e 2002 EGR
engine hardware % 0.25 =t
[= Recirculation (EGR)
- Have achieved o 2007 DPF
S
near zero exhaust 2 010 Diesel Particulate
emissions for Class 2 05 00 Filter (DPF)
R c © AP / A P AP A AP /
8 Olj—H|ghWOy “ 001 2010 SCR
vehicles 00 12 925 40 50 107 Selective Catalytic
P T Reduction (SCR)
APICK-4/|ARIC]-4 NOx emissions (g/bHp-hr)
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Changes in diesel engine / after treatment InfiRgum

hardware
. Ever iighiening Federal On-Highway Emissions Legislation
emissions = 010
regulations drives = 2027+
evolution of % After treatment
engine hardware 2 Focused
o
] @ e Cylinder
- Have achieved : Deactivation
near zero exhaust o 2016
. e S API CK-4 | API CJ-4
emissions for Class 3 * Closed
. = 0.01 Coupled SCR
vehicles 0.0350.2 1.2 2.5
NOx emissions (g/bHp-hr)
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Off-highway legislation trails on-highway by a few years InfiRgum

2020

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 +

Horsepower

<11 (7.8) [0.75] (5.6) [0.60] (5.6) [0.3

11£X<25 (7.1) [0.60] (5.6) [0.60] (5.6) [0.3]

25<X <50 (7.1) [0.60] (5.6) [0.45] (5.6) [0.22] (3.5) [0.022
50<X<75 6.9 [ - [-] (5.6) [0.3] (3.5) [0.022

75<X<101 6.9 /- [-] (5.6) [0.3] (3.5) [0.015] 0.30/0.14 [0.015
101£X<174 6.9 /1] (4.9) [0.22] (3.0) [0.015] 0.30/0.14 [0.015

174 < X <302 6.9 /0.97* [0.40] (4.9) [0.15] (3.0) [0.015] 0.30/0.14 [0.015

302 <X <603 6.9 /0.97* [0.40] | (4.8) [0.15] (3.0) [0.015] 0.30/0.14 [0.015

603 £ X <751 6.9 /0.97* [0.40] | (4.8) [0.15] (3.0) [0.015] 0.30/0.14 [0.015

751 £ X <1207 6.9 /0.97* [0.40] (4.8) [0.15] 2.6 /0.3 [0.075] 2.6 /0.14 [0.03]
{Generator Sets} {0.50 / 0.14 [0.022]}
> 1207 6.9 /0.97* [0.40] (4.8) [0.15] 2.6 /0.3 [0.075] 2.6 /0.14 [0.03]
{Generator Sefts} {0.50 / 0.3 [0.075]} {0.50 / 0.14 [0.022]}

Tier 1 Tier 2 B9 Tier 3 M Tier 4 Interim I Tier 4 Final

Tier 5 is coming. Off-Road typically trails on-road by 4-5 years

On-Road Emissions Standards NOx / NMHC [PM], g/HP-hr
NOx / HC* / [PM], g/HP-hr

Emission Current 2027 (NOx + NMHC) [PM], g/HP-hr

NO, 0.20 g/HP-hr | 0.035 g/HP-hr NOX — Nitrogen Oxides

PM 0.01 g/HP-hr | 0.005 g/HP-hr NMHC - Non-Methane Hydrocarbons
HC - Hydrocarbons

PM — Particulate Matter
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Industry Latest Updates: Changes for PC-12

PC-12 - proposed category Infirgum

PC-11

XW-30/40 API CH-4, Backward RS

APl CK-4 Cl-4 (PLUS), Licensable

CJ-4, CK-4 2> 3.5 cP HTHS

2 3.5 cP HTHS

First Allowable
<3.2 cP HTHS Use Targeted for
XW-30 Jan 1, 2027

e Key Drivers for PC-12

2 CATEGORIES

o After-Treatment protection
e Improved oxidation performance

Reduction i
systems (0.0

e Addifional
(Deftroit Dieserpp

-11)
HNBR Seal)
* Inclusion of XW-20 viscosity grades

* Improved Oxidation Performance
(Tighter Limits in Volvo T-13) * Removal of older tests through redundancy

(CAT 1N, RFWT, Mack T-12)
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API PC-12: test requirements InfiRgum

Combination of New and Carry forward tests from APl CK-4 and FA-4

Test Performance Parameters

® Caterpillar C13 Piston Deposits, Oil Consumption

§ Caterpillar C13 Oil Aeration Test (COAT) Oil Aeration

O Cummins ISB Valve Train Wear

8) Cummins ISM Valve Train Wear, Filter Plugging, Sludge
2 Volvo T-13 Oxidation

3 Cummins ISB Viscosity Soot-induced Viscosity increase, MRV
()

Z

Detroit DD13 Piston/Liner Scuffing Wear (Adhesive)



Current category OEM specifications
and recommendations

Most OEMs recommend CK-4
Some recommend FA-4today

L

N i : 2 =
RN T g N T

infiRdum
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OEM APl CK-4 APl FA-4
Cummins CES 20086 CES 20087
Detroit Diesel DFS 93K222 DFS 93K223
Mack Mack EOS-4.5 Mack EOS-5
Volvo Volvo VDS-4.5 Volvo VDS-5
Caterpillar APl CK-4
Navistar APl CK-4 APl FA-4
PACCAR APl CK-4
GM
(Duramax 6.6L) APTCK-4
Ford WSS M2C171-

(Power Stroke 6.71) F1
Ford WSS M2C214-
(Power Stroke 3.0L) Bl
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Industry Latest Updates: Changes for PC-12

7 : . InfiRéum
Future us emissions fimeline

Mar 29, 2024

EPA Released GHG Phase 3 Final Rule
GHG Phase 2 GHG Phase 3 GHG Phase 3 GHG Phase 3

GHG Phase 2 GHG Phase 2 Final Target Initial ;
Initial requirements Requirements Tighten ngguirce"m:nfs nita glogs 8 Sleeper Final Target

Includes Engine Only Imaplemenfaﬁon

2021 2022 2023 2024

CARB

Initial requirements

NOx Limits (75% Reduction)
Low Load NOx Limits
Warranty Extended

Dec 20, 2022
EPA released final
Control of Air Pollution ruling

Reduction of 4-5%

CARB

Requirements Tighten

Lower NOx Limits (0% Reduction)
Lower Low Load NOx Limits
Warranty Extended

Useful Life Extended

EPA Clean Trucks Plan

Final Target

Lower NOx Limits (82.5% Reduction)
Low Load NOx Limits

Warranty Extended

Useful Life Extended

2031 2032
|

CARB

Final Target
Warranty Extended

Useful Life Extended
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Summary
HDD lubricants meet API ‘C’ Continued tightening of emission limits (NOX,
or ‘F' category Particulates, GHG) have a significant impact
requirements and are on diesel engine design and operation, fuels
formulated to be extra and lubricant formulation
robust for diesel engines e Drives evolution of heavy-duty diesel engine oil
that operate under specifications
“severe” condifions » Focus has been on improving soot handling and

oxidation performance
e Addition of EGR significantly impacted HDD

Have higher levels of detergency, formulafion | o

dispersancy, and anti-wear e Chemical limits with introduction of API CJ-4 limited
; ’ use of some key components

componenis * API CK-4 and FA-4 HDD oils were developed with

and have been formulated fo significantly more oxidation performance, improved

higher SAE viscosity grades than aeration and shear stability as well as a new

Typ|cg| passenger car oils subcategory of lower viscosity oils to meet fuel

consumption and GHG Phase | regulations
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Thank you
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Formulating fomorrow together
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Permissions

Permission is given for storage of one copy in electronic means for reference purposes. Further reproduction of any material is prohibited without prior
written consent of Infineum International Limited.

The information contained in this document is based upon data believed to be reliable at the time of publication and relates only to the matters
specifically mentioned in this document. Although Infineum has used reasonable skill and care in the preparation of this information, in the absence of
any overriding obligations arising under a specific contract, no representation, warranty (express or implied), or guarantee is made as to the suitability,
accuracy, reliability or completeness of the information; nothing in this document shall reduce the user's responsibility to satisfy itself as to the suitability,
accuracy, reliability, and completeness of such information for its particular use; there is no warranty against intellectual property infringement; and
Infineum shall not be liable for any loss, damage or injury that may occur from the use of this information other than death or personal injury caused by its
negligence. No statement shall be construed as an endorsement of any product or process. For greater certainty, before use of information contained in
this document, particularly if the product is used for a purpose or under conditions which are abnormal or not reasonably foreseeable, this information
must be reviewed with the supplier of such information.

Links to third party welbsites from this document are provided solely for your convenience. Infineum does not control and is not responsible for the content
of those third party websites. If you decide to access any of those websites, you do so entirely at your own risk. Please also refer to our Privacy Policy.

‘INFINEUM', ji#3EX, and the corporate marks comprising of ‘INFINEUM' and the Infineum circle device are trademarks of Infineum International Limited.
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