Development of a Methodology to Separate Thermal from Oil Aging of a Catalyst Using a Gasoline-Fueled Burner System:

· In theory, thermal aging is predominantly a function of the time at an exposure temp.

· Compared catalysts aged with RAT cycle and FOCAS…same inlet temp, AFR profiles, space velocity conditions.

· Thermal deactivation can be increased by operating at higher catalyst temp.

· Thermal aging typically reduces the cat’s surface area, lower conversion efficiency, NOx impacted most significantly

· General Motors Rapid Aging Test Version A – what is this? 100hrs = 100,000 miles

· 4 stages: Stoichiometric, Fuel Rich, Fuel Rich w/ Air Injection, Stoichiometric w/ Air Injection

· Used Honda Civic ULEV production catalysts

· Used FLEXER tests system to run engine cycle

· Different inlet temps profiles between the 2 systems.

· Burner has much tighter AFR control than engine

· No significant difference in avg. emissions between aging methods

· Cats used on engine had significantly greater increase in CO from 0 to 100 hrs than those on FOCAS

· Engine cats have substantially more Zn.

· Catalysts lose surface area thermally through: agglomeration (migration of precious metal), phase change of alumina substrate and sintering (melting).  Non-thermally through physical blockage by deposits.

· Engine aged parts had lower surface area than FOCAS parts

· Overall, FOCAS produced thermal aging results similar to the engine cycle…isolates thermal/non-thermal aging effect

Application of Accelerated Rapid Aging Test (RAT) Schedules with Poisons: The Effects of Oil Derived Poisons, Thermal Degradation and Catalyst Volume on FTP Emissions:

· Phosphorus distribution profiles of RAT Cats were very similar to vehicle aged Cats.

· Data suggests that non-combusted ZDP is more detrimental to cat performance than combusted ZDP

· Fleet studies reported by Drury and Culley (references) claim no statistical differences in FTP emissions for different ZDP levels in engine oils

· Aged 50+ Cats

· Strong relationship between oil consumption and amount of P in first 25 mm.

· P deposits appear to be independent of the RAT aging temp.

· Compared Pt/Rh cats and Pd cats and different cat volumes

· Increase cat volume improves emissions

· Reduce aging temp improves emissions.

· Pd cat performed better than Pt/Rh

· HC emissions appear to be more sensitive to oil poisons than CO and NOx

· Effects of oil derived poisons on emissions a function of cat volume.

· Effects of aging temp on emissions independent of cat volume.

Effects of Oil-Derived Contaminants on Emissions from TWC-Equipped Vehicles

· Acid washing removed most of P on cat

· For oven-aged cat with no P, light-off temp unchanged by acid washing, vehicle-aged cat w/ P showed 200 deg C decrease in light-off temp.

· Largest impact of acid washing (especially for HC) is on cold-start emissions

· Cats with less thermal deactivation can handle more P and stay under limits.

Critical Topics in Exhaust Gas Aftertreatment, Ch. 6

· Chemical deactivation – axial gradient, Thermal deactivation – radial gradient

· Aging of Oxy sensor can increase emissions…sensor operating characteristics are modified, so it gives misleading info to ECU with regard to exhaust gas chemistry.  Fuel metering system then becomes shifted to the rich or lean side, and lambda no longer held in window.

· Literature often conflicting…ie. Which component affected most

The Effect of Phosphorus and Boron Lubricant Oil Additives on Catalyst and Engine Durability

· Sources of chemical poisoning…lead, sulfur, phos, zinc, calcium…an engine dyno test could essentially evaluate all these things, though may not discriminate which

· Replaces phos additive in oil with boron based additive.

· Mileage accumulation…used vehicles and drivers.  Oil change every 16,000 km.

· HC and CO emissions essentially same for both oils

· NOx levels greater w/ Phos

· Remember to turn the air conditioner off!!

· Vehicle as a testing variable is a significant factor

· Looks like used RAT cycle for accelerated engine ageing, correlates reasonably well with driving data.

Effects of Engine Oil Formulation Variables on Exhaust Emissions in Taxi Fleet Service

· Beginning 2004…requirements to light off quickly, conversion efficiencies (>99%) after 120,000 miles.

· Studies 100,000 mile taxi…lower limit no P (w/ & w/o Zn), upper limit of no detergents with ZDTP.

· Taxi service provide adverse driving cycle for Phos…low speed, capture efficiency may be high relative to retail customer service…this study is conservative?  This is good…

· 5 SAE 5W-30 oils, 4 vehicles per oil 20 total

· 3 catalyst bricks per bank.  Production Pd-only washcoat

· Some oil contamination – misuse of test oils

· Average oil volatilization 5-11%

· Assumes Phos coating wear surfaces is negligible

· Preconditioned cats prior to FTP to eliminate effects of transient poisons such as sulfur and carbon on emission performance?

· Oil with no detergent had highest emissions by far.  Lowest emissions were 2 oils with no Phos.  Standard oil and Standard w/high Ca were very similar.  No detergent oil had same amount of phos with huge difference.

· Phos on cat’s considerably high than Zn and Ca levels, therefore most phos loss from selective volatilization

Catalyst Aging Evaluation with Exposure to 0.06 and 0.11 Percent Phosphorus Oils Using the FOCAS Burner System

· Lay groundwork for creating a procedure that could demonstrate the impact of engine oil formulations on cat performance.

· OilA - .06 P, OilB - .11 P, same levels of ash-forming compounds.

· Used a Pt:Pd:Rh cat...specific details in paper…full size!!

· Utilized cold-start in test cycle

· Cycle – cold start, steady state stoich, mild thermal excursion, steady state lean, cool-down

· Combo of these cycles…1 hour, 280 hour total test.

· Degreening new catalysts

· Properties of consumed oil not represented (no oxidation or viscosity variations)

· FOCAS only simulates bulk oil consumption, but could (hasn’t yet) simulate volatile

The Impact of Passenger Car Motor Oil Phosphorus Levels on Automotive Emissions Control Systems

· Seemed to at least acknowledge a possible distinction between bulk oil consumption derived from internal leakage, volatile oil consumption.

· FOCAS used this paper for field data for OPEST

· What do we need to correlate to field data?

· FTP Catalyst Efficiencies?

· Light-Off times?  Measure with SGR

· Phos distribution along cat?

· FOCAS paper just showed same trends for light-off and efficiency (at 350 degC) as this paper…not same values

· FOCAS paper showed similar normalized axial distribution of P as this paper

· FOCAS concluded that their paper was able to differentiate the effect of Phos in oil on cat performance in agreement with field data

· FOCAS also said future improvement should included the ability of the procedure to determine the effect of other oil additives besides phosphorus on cat efficiency should be demonstrated in agreement with field data.

· Ethyl/Delphi corrected data for oil consumption differences and differences in starting emissions levels…correlated phos throughput to HC and CO degradation factors (emissions in g/mile at 100,000K – 4,000K divided by number of quarts of oil used in total test.

