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Emissions Catalysts Primarily Deactivate due to HighEmissions Catalysts Primarily Deactivate due to High
Temperature and Chemical Interactions (Poisoning)Temperature and Chemical Interactions (Poisoning)

Thermal Deactivation is Quite Well UnderstoodThermal Deactivation is Quite Well Understood
Use of Arrhenius rate law widespreadUse of Arrhenius rate law widespread

Poisoning by Fuel and Oil Components / AdditivesPoisoning by Fuel and Oil Components / Additives
(e.g. S, P) is Still Less Well Understood(e.g. S, P) is Still Less Well Understood

Poisoning of Oxidation and ThreePoisoning of Oxidation and Three--Way Catalysts byWay Catalysts by
Lubricating Oil Components (mostly P) has BeenLubricating Oil Components (mostly P) has Been
Known for Decades, But Not Well UnderstoodKnown for Decades, But Not Well Understood

Background (1)Background (1)
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Background (2)Background (2)
What is KnownWhat is Known::

Phosphorus from ZDDP in oil poisons catalystsPhosphorus from ZDDP in oil poisons catalysts

Sulfur from fuel and oil poisons catalystsSulfur from fuel and oil poisons catalysts

Oil detergents can help to reduce poisoning effectOil detergents can help to reduce poisoning effect

What is Not KnownWhat is Not Known::

How the route of oil consumption affects poisoningHow the route of oil consumption affects poisoning

What effect other oil components have on catalystWhat effect other oil components have on catalyst
activity (calcium, zinc, boron, molybdenum, etc.)activity (calcium, zinc, boron, molybdenum, etc.)

How to accelerate oil poisoning effects in a realistic,How to accelerate oil poisoning effects in a realistic,
repeatable wayrepeatable way
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Background (3)Background (3)
Various Studies have Evaluated Acceleration Methods:Various Studies have Evaluated Acceleration Methods:

APBFAPBF--DEC, ORNL, OPEST, DASL/NDEC, ORNL, OPEST, DASL/N--TCDTCD…………..

In Most Cases, they Concluded That Their Results In Most Cases, they Concluded That Their Results DidDid
NotNot Match Real World DataMatch Real World Data

What Method Could be Used that What Method Could be Used that WouldWould Match RealMatch Real
World Data?World Data?

Evaluating the Various Studies a Pattern Emerges, andEvaluating the Various Studies a Pattern Emerges, and
Perhaps a Method to Perform Accelerated Oil Aging thatPerhaps a Method to Perform Accelerated Oil Aging that
Matches the Real World Matches the Real World andand is Repeatableis Repeatable
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P:ZnP:Zn RATIO DATA (1)RATIO DATA (1)

ZDDP Contains 1 Zn and 2 P atomsZDDP Contains 1 Zn and 2 P atoms

P:ZnP:Zn ratio on atom basis = 2:1ratio on atom basis = 2:1
P:ZnP:Zn ratio on weight basis = 1:1.06ratio on weight basis = 1:1.06
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P:ZnP:Zn RATIO DATA (2)RATIO DATA (2)
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P:ZnP:Zn RATIO DATA (3)RATIO DATA (3)
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P:ZnP:Zn RATIO DATA (4)RATIO DATA (4)
Normal Oil Consumption = Zn Depletion in the EngineNormal Oil Consumption = Zn Depletion in the Engine

FuelFuel--Oil Blends = Zn Depletion or Complete EliminationOil Blends = Zn Depletion or Complete Elimination

Intake Manifold Injection = Zn EliminationIntake Manifold Injection = Zn Elimination

Ring Pack Modification = Zn EliminationRing Pack Modification = Zn Elimination

Exhaust Manifold Injection = Zn Depletion Exhaust Manifold Injection = Zn Depletion OROR Same as Same as 
Base OilBase Oil

FOCAS Injection = Zn Depletion FOCAS Injection = Zn Depletion OROR Same as Base OilSame as Base Oil
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Accelerated Ash Accumulation MethodologyAccelerated Ash Accumulation Methodology
(One Viable Approach)(One Viable Approach)

Use OilUse Oil--inin--Fuel Fuel andand InIn--Exhaust Injection CombinedExhaust Injection Combined

Both acceleration methods are controllable and repeatableBoth acceleration methods are controllable and repeatable
which is key to an effective DAAACwhich is key to an effective DAAAC

The correct ratio should match real world catalyst depositThe correct ratio should match real world catalyst deposit
ratiosratios

analyze field catalysts to determine target ratiosanalyze field catalysts to determine target ratios

Determine maximum acceleration rates based on comparisonDetermine maximum acceleration rates based on comparison
of products with real world samplesof products with real world samples


