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Webi nar starting soon; until thenO

o TEST YOUR KNOWLEDGE

Government regulations

often drive API specification
changes 9




Webi nar starting soon; until thenO

o TEST YOUR KNOWLEDGE

EGR stands for Extreme Gas

Reduction D

True




Webi nar starting soon; until thenO

o TEST YOUR KNOWLEDGE

Which of the following tests was
added as a new test for PC  -11: 9

Caterpillar C13

Cummins ISB

Mack T-11
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Mystik Resource Center
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Future Webinars

January 27, 2025: CITGARD Oft- W E B I N AR S .

Road & Mystik Heavy-Duty
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HD Specifitaitions

Regulation Leads to Specifications

_ Emissions Regulation Specification

Viear Blresed T Particulate Emissions NOx Emissions CQ
(g/bhp-hr) (g/bhp-hr) Emissions

1988 10.7 1985- API CE

199091 0.25 6.0-> 5.0 1990- API CH _
1994 0.10 5.0 1995- AP| CGl _

1998 0.10 4.0 1998- API CH! Active

2002 0.10 2.0 2002- AP| GK/CH4 PLUS Active
2007, 2010 0.01 1.2->0.2 2006- API G4 Active
20142018 GHG Phase 1 2016- API CK /| API FA Active (P€11)
2021-2027 GHG Phase 2

2027- New API Categories Under Development

Have Been Reguested
20242031 0.005 CARB (0.050.02) e q (PG12)
2027 0.005 EPA (0.035)
20272032 GHG Phase 3 |



D HD Specifiiaitioas

April 27, 2023 Mar 29, 2024
EPA Released GHG Phase 3 Proposal 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 Requirements | | Class 8 Sleeper Cab Final Target
Initial requirements Requirements Tighten Includes Engine Only Implementation
Reduction of 4-5%

2021 2022 2023 2024 2031 2032

CARB CARB CARB
Initial requirements Requirements Tighten Final Target
MOx Limits (75% Reduction) Lower NOx Limits (90% Reduction) Warranty Extended
Low Load NOx Limits Lower Low Load NOx Limits Useful Life Extended
Warranty Extended Warranty Extended

Useful Life Extended

Dec 20, 2022
EPA released final
Air Pollution ruling EPA Clean Trucks Plan
Final Target
Mar 3, 2022 Lower NOx Limits (82.5% Reduction)
EPA released proposals Low Load NOx Limits
for Clean Trucks Plan Warranty Extended

Useful Life Extended




> HD Specifiaitbons

Green House Gas Phase 2 (GHG2) Emissions Phase-In
Green House Gas Phase 3 (GHG3) on the Horizon

2019 2020 qul 2022 M023 Iq'lq- 2025 2026 .ZI:IIET" 2028 2039
. i ] ) ) i i 1

2030

Phase | GHG Phase Il GHG Step 1 Phase Il GHG Step 2 Phase Il GHG Step 3 Phase |ll GHG To Come?™*
2] P &)

—

Us-Federal

compared to MY 2017 Baseline

Combination Tractors*

Trailers 5% 7% 9%
Heavy Duty Pickup Trucks and Vans 2.5% 10% 16%
Vocational Vehicles* 12% 20% 24%

*Separate Engine Standards (tractor, vocational) 4-5%




- HD Specifinztdons

- More complex aftertreatment systems are required

After Treatment System of Today

Exhaust Gas One-Box Aftertreatment System
Recirculation ) ]
HC Injector Urea Injector

£\

DOC | DPF SCR | ASC

HC & CO NOx
Oxidation Reduction |

PM NH3
Trapping Oxidation

DOC - Diesel Oxidation Catalyst
DPF - Diesel Particulate Filter
DEF — Diesel Exhaust Fluid (Urea)
SCR - Select Catalytic Reduction
ASC — Ammonia “Slip” Catalyst




> HD Specifiaiibons

- More complex aftertreatment systems are required

—-———m TS
Eﬁ;;l;?f;tl fﬁﬁ' Close-Coupled One-Box Aftertreatment System

|
I
ﬁ 1 Urea Injector | HC Injector Urea Injector
|
|

SCR | ASC DOC | DPF SCR | ASC

Engine 1
g | NOx HC & CO \ NOX
Reduction Oxidation Reduction

|
: PM NH3

Trapping Oxidation

|
DOC - Diesel Oxidation Catalyst

DPF — Diesel Particulate Filter
DEF — Diesel Exhaust Fluid (Urea)

SCR — Select (?a"[‘ah{"llﬂﬁ Reduction *Based on possible solution for Class 8
ASC — Ammonia “Slip” Catalyst Truck proposed by CARB/EPA research
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Warranty periods and useful life periods for heavy-duty engines Longer

- Miles Years Hours Miles Years Hours i
Engines &
Systems

MY 2027 ' ‘ - il
AndTatot 450,000 10 22,000 650,000 11 32,000 S

Warranties and
Useful Life for

Current







PC-11

API CK-4 & FA-4:

Why Two API Oill
Categories? More Robust API CJ -4

Recommended by all
OEMs

- Full backward
& compatibility

b _ SAE XW-30 and xW -40
HTHSV >35mPa S s
b API CK-4, ACEA E

- o {9 |y TED T

Robust CJ -4 at lower
ViScosity

Some OEMSs opted out

Not backward
serviceable

SAE xW-30
HTHSV:2.9S32mPa S
AP| FA-4, New ACEA F

API CK-4 has the same durability requirements as API FA -4
2 to minimize risks associated with the new lower  -viscosity
fuel economy grades

7-Vd |IdVY
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. Test Performance Parameters

Caterpillar C13 Piston Deposits, Oil Consumption 15 ppm
Caterpillar 1IN Aluminum Piston Deposits, Oil Consumption ~ 500 ppm
Cummins ISB Valve Train Wear 15 ppm
Cummins ISM Valve Train Weatr, Filter Pluggigiidge 500 ppm
Roller FolloweWear Test Roller Follower Pikvear 500 ppm
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Mack F11 Soot Induced Viscositycrease 500 ppm
Mack F11A Sooted Oil Low Temperature Pumpability 500 ppm
Mack F12 Ring/Liner Weaparameters only 15 ppm

)
< Caterpillar C13 Oil Aeration Te&OAT) 15 ppm




PC-11

API CK-4 and FA-4: Improving Oxidation

ASTM D8048 (Volvo T-13 Oxidation Test)

13L Mack MP8 diesel engine
360 hours steady-state test
Oil temperatures:

= 130°C main gallery
= 140°C sump

API CK-4 & FA-4 Limits:

T-13 FTIR Oxidation Peak Height: 125 max
KV 40C % increase (300-360 hr): 75% max

Drove more anti-oxidants into oil
Largest increase of any API oil category!

o Volvo T-13 Viscosity Control
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m CJ-4 reference oil
Y m SAE 15W-40 API CK-4
SAE 10W-30 API FA-4
API| CK-4 and FA-4: ImpravingcAeratiomnn 12| _Industry Limit Max.
c
ASTM D8047 =
(Caterpillar -C13 Oil Aeration Test) 2 1o
A 13 L diesel engine > o
A 50 hours duration
A Aeration is measured real -time via 8 >
a Micromotion meter that measures
oil density

API CK-4 & FA-4 Limits:

A Average % aeration 40 -50 hrs:
11.8% max

A Drove rebalance of additives, promoting
lighter SAE viscosity grades
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PC-17

PC-12 — Category Proposal

2023 2024 2025 2026 2027
1H 2H 1H 2H 1H 2H 1H 2H 1H
INDUSTRY NCDT Tech Demo + Limit Setting Mandatory Waiting Period First Allowable Use
January 1, 2027




Bench tests

Engine tests

PC-12

Tests Included]

Characteristic

Test that measures
parameter

Upgraded/
changed for P2

Limits

RRRRR L

1 X ynz

High Temperature / High Shear Limit (Fresh QOil) HTHS X Ck4 2.6¢3.2cP

High Temperature / High Shear Limit (After Shear] HTHS X Ck4 TBD

Mass fraction of sulphated ash ASTM D874 X 0.9% max

Mass fraction of phosphorus ASTM D5185/D49"5 X 0.08% max

Mass fraction ofulfur ASTM D5185/D494 X 0.3% max

Elastomer Compatibility ASTM D7216 X Additional material added (HNBR)

Used OiViscometric§Low Temp) U (_Cumrnlns e X Ck4 TBD
Viscosity)

High Temperature Corrosion HTCBT Ck4 FA4

Shear Stability ASTM D7109 X Ck4 TBD

Volatility NOACK Ck4 FA4

Foaming ASTM D892 Ck4 FA4

Soot / EGR Valvetrain Wear

Valve Stem / Guide Wear ISM Ck4 FA4

Filter Plugging / Sludge

Piston Deposits, Fe and Oil Consumption C13 Ck4 FA4

Soot Valvetrain Wear (Sliding Wear) ISB Ck4 FA4

Thermal Stability (Oxidation) T-13 X ¢ NBESGAY3 C¢Lw t Sl

Oil Aeration COAT Ck4 FA4

Soot Viscosity in EGR Engines Sl (=12 Ck4 Targeting

12 cStat 4.8% Soot

Piston / Liner Scuffing Wear (Adhesive)

New test development

Viscositi

Targeting 31 hrs to scuff

.New test added

Existing test new limits




PC-12

Anticipated-Changess

PC-12A OILS PC-12B OILS

PC-12A Enhanced durability reguirements PC-12B

PC-12A OILS

PC-12B OILS

PC-124 Chemical Limits PC-12B

Phosphorus 0.08% Phosphorus 0.08%
Sulphur 0.3% Sulphur 0.3%
Sulphated Ash 0.9% Sulphated Ash 0.9%

PC-12A

Fuel economy

PC-12B

XW-30
and heavier

PC-12A Viscosity

2.6-3.2cP

API CH-4, Ci-4 (PLUS)

CJ4 CK4

Better/best

Less viscosity
control for soot

PC-12A

ar T a

Applications

PC-12B

(*) (o)
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HD Specifications

Current Category OEM Specifications and Recommendations

Most OEMs recommend
CK-4, some recommend
FA-4 today




