Literature Study: Catalyst Compatibility of Engine Oil Additives

Brandon L. Gleeson

16-March-2005

Overall Thoughts:

· Want to read any source that says P does NOT degrade catalyst performance

· Want to read any source which investigates the means by which the P gets from the oil to the catalyst; studies which inject the oil into the fuel may provide the end-game effects, but a sound industry test I think needs to have the actual mechanism(s) in place.  So, we need to understand them.

· We need to find out if the action item identified in the box on slide 15 of the Ford presentation has been accomplished.

· If not, should we propose funding to accomplish that item before we ask for funding to develop the test, or can those two items be combined?

· End of Ford’s presentation still recommends use of an engine for the test

· How will the industry feel about correlation to field data?  Require? Prefer? Don’t care? [G Farnsworth cared]

· How about the effect of oil ageing on P deposition?  Does the ZnDTP ageing affect the chemistry of this whole process?

· What are the current thoughts on FOCAS rig in the committee?  It looks like it worked according the 2003 paper and matched GM’s RAT.  How does the committee feel about using a burner vs. a vehicle?

· Which type of catalytic converter is most represented in the field?  Which type would be most sensitive to poisoning? RAT paper = Pt/Rh more affected than Pd type.

· Small cat size should be used to minimize test time, along with oil consumption effects.

· Is there a specific FTP gas the industry is worried about?  HC vs. NOx?

· Do we have to beat the oil up too for the P to get loose?

· Probably not -- notes from Lz's 2003 paper answered a lot of questions and gave confidence to the whole idea of an engine test, and suggests, as we suspected, why no-one's gotten this thing right yet.  It's volatility type transport that appears to land the P onto the cat.

· In the IIIF the majority of the removed P was kicked out in the first 10 hours.

· What fuel do we use?

· What I wanted out of the boron paper was whether or not additive companies have found a solution around P yet, meaning they may no longer be opposed to chemical limits on P.  My evaluation is that perhaps Boron shows some promise, and while this research was very thorough and well thought-out, the results don’t show a smoking gun and oils have had ZDP for so long now, that it will take something very convincing to replace it, and this paper is maybe only a tiny step in that direction.  Bottom line = other possibilities may exist for ZDP replacement, but nothing has been proven as of yet, and additive companies will probably still want ZDP as an available component for their oils.

Main Concerns:

· Lack of understanding of the mechanism for P ( Cat

· Any preconceptions that the Committee may have already

· GM sees data that suggests 0.08% is plenty, 0.05% should be enough, 0.03% may be enough.

Specific Ideas for Test Development:

· Cold exhaust flow path could be used to control exhaust inlet temperature to the catalyst.

· A bypass of the catalyst such that the cat doesn’t undergo ageing until after break-in or flushes or whatever to keep repeatability.

· Age the cat thermally while running high oil temps, with frequent oil changes 10 - 20 hours?  Run a screener test at first to track P levels in the oil to determine when most of it has been kicked out.

· Suggests we might be able to use an engine of high quality and not induce a significant amount of mechanical oil consumption.

· Not all ZDP's are created equal says the 2003 LZ paper, and they back it up with data.

· In initial tests we need to pull oil samples and run ICP to track P, Zn, volatilization, etc.

Three-way catalyst deactivation by lubricants during fast aging engine test: 1995
· This test bypassed the oil consumption method, doping the fuel directly with engine oils containing different levels of P.  Convenient but I think this would be a hard-sell to industry to ignore the mechanics of oil consumption.

· The high-P oil did have a degrading effect at the leading edge of the catalyst, but overall efficiency was retained over the length of the ‘monolith’

· Overall conclusion = no appreciable difference was observed between the two levels of P oil/gas mixtures.

· Misfiring can occur, originating inside the catalyst = what is this?

An investigation into lubricant related poisoning of automotive three way catalysts: 1987

· 55 engine tests on 24 oils
· Catalyst poisoning = f(lubricant P) <> f(oil consumption)
· The mechanism whereby the oil is combusted is proposed as being a determining factor.
· Single-cylinder Honda generator engine, t = 312 hours
· They got 26 catalyst cores out of each research block
· Used air-injection into the exhaust to keep catalyst @ optimum.  Also to compensate for carburetor settings.
· In the used oil analysis, Ca and Mg stayed, ZnDDP was reduced
· Identified 4 sources of oil consumption
1. valve guides = mechanical
2. flash distillation from the cylinder walls on power stroke = volatile
3. Entrainment during induction and compression = mechanical
4. Sump oil evaporation = volatile
· Explanation of non relationship between oil consumption and cat poison: The ratios of Metal:P in the deposits was very consistent at the leading face of the cat [1.45:1], independent of oil formulations, and had a crystalline structure.  This suggests a rather specific compound was being formed, a balanced self-governing chemical reaction.  In the case of high mechanical oil consumption, meaning oil consumption that would take the P AND the metals, there was simply an excess of metallic elements to react with P and keep it from latching onto the cat.  This means that the other metals in the oil play an important intermediate role in the poisoning phenomenon. 
· If one were to translate this into test conditions which would favor severe catalyst poisoning, one would choose conditions which:
1. promote volatile oil consumption = high temperature
2. demote mechanical oil consumption = ‘tight’ engine, no transients
· Note = 20/24 of the test oils were < 0.08 wt% P, which is still below today’s GF-4 maximum allowed.
· Oil consumption rate range was ~ [2.5 to 8] g/hour
Engine Oil Additive Effects on Deactivation of Monolithic Three-Way Catalysts and Oxygen Sensors: 1994

· Oil poisoning = f(P), but Ca and Mg restrain the P from poisoning, same conclusion as previous paper.

· Need to get et al. (8) Bell, who found no detrimental effect on cats from P.

· 2.2 L, DOHC 4 cyl run @ 3000 rpm

· Fuel line is doped with 80 cm3/h of oil

· Metals/ash really showed the ability to mitigate P effects

Effects of Lubricant Derived Chemistries on Performance of the Catalyzed Diesel Particulate Filters: 2005

· They found a correlation between oil consumption and deposit loading

· Other than that didn’t peruse this one very closely = not concerned with diesel at this point.

OPEST: Ford’s Presentation

· Didn’t work, why?

· Ford’s 2.0 L work didn’t generate near the P loading as the field 4.6L did.
· Ah – 2.0 had very high Zn:P ratio, while 4.6 had lower ratio.  Suggesting perhaps excessive mechanical oil consumption, whereby extra Ca/Mg is left to mitigate P poisoning?  But, how does Zn compare to P wrt to getting into the exhaust stream.
· Next slide of Ford presentation – very very high mechanical oil consumption.  Maybe this is why it didn’t work?
· They suggested using LESS volatile oil formulations, why that direction?
· We need to find out if the action item identified in the box on slide 15 of the Ford presentation has been accomplished.
OPEST: 1999 Meeting Minutes
· Thirteen companies funded $50,000 ea for $650,000 for OPEST I – of which $490,000 was used from April 1996 to June 1997.

· OPEST study confirmed that a detergent package reduced P poisoning, but a lack of understanding about oil additive deposition remains.

· Doug Ball of Delphi, p3.  Reducing oil consumption decreases catalyst contamination.  Attachment 6.

· Gordon Farnsworth emphasized need to develop a dyno/bench test that correlated with field data.

· OPEST I – 4.6 L with natural oil consumption, no messing with ring pack or valve seals.

· OPEST I – Oil consumption range = 1.85 to 7.56 quarts

· OPEST I failed because? Lack of understanding the oil poisoning mechanism.

· Engine cold starts proposed as a possible addition to OPEST II

· Blowby past rings thought to be dominant source of oil consumption

· 55% of Arizona field failures were due to poisoning.

· Delphi = larger converters have better performance than smaller ones

· Delphi presentation; missing slides 

· OPEST I ( test length = f(oil consumption)

· Ford recommends avoiding high engine wear operating modes

· Ford recommends separate thermal and poisoning processes -> WHY!?!?! This is NOT what is happening in the field.

· Ford recommends elevated but source-proportional oil consumption of 1 qt/10 hours

· Single bank engine

· Inefficiency-seconds as the performance metric.  Interesting.

OPEST: September 2000 Meeting Minutes

· “it was concluded that the FOCAS MT cycle appears to be a valid aging procedure.”

· FOCAS noted as producing similar Zn:P ratios as that of the field

· FOCAS noted as producing similar light off and steady-state efficiencies as Ethyl field data

· Ford = does aged ZnDTP poison differently than fresh?

OPEST: 2003 website update
· Looks like they found an optimal temperature to discriminate efficiencies of two oils is 290 to 300 oC.

· “The amount of P in the fresh oil does not correlate directly with the percent P in the catalyst core sample.”

· Based on a glance, it looks like they saw discrimination and that it worked.  Final conditions were 20 hours pre-ageing, then 200 hours with oil injection. 

Development of a Methodology to Separate Thermal from….: 2003
· FLEXER rig = interesting idea.  Flow paths to cool the exhaust to a closed-loop temperature set point, that going into the catalyst.  Would be useful for the engine test?

· GM’s RAT sounds like a solid ageing program.

· FOCAS was able to match the RAT-A in all results except Zn deposition.  Strangely, P levels were lower than ~700 ppm on both types of aged catalysts but absolute levels could not be discerned below 700.  But, since there were significant differences in Zn, which was assumed to have come from ZnDTP, we assume that the P was not deposited equally between the engine and burner?  It’s certainly a weak point in some regard, BUT the ageing effects WERE similar with regard to absolute levels of conversion efficiencies, and isn’t THAT what’s really important?

Application of RAT…:1997 Dephi
· Excellent, gives details of the three RAT schedules, though limited.

· Engine speed and load are adjusted to achieve cat inlet temperatures.  I wonder if it would be more repeatable to control inlet temperature via FLEXER means [eg HX’ers and flow paths] and keep engine speed and load constant….the idea that two tests with different speed/loads might have different oil consumption rates and thus different poisoning performance.

· Focus here is not so much on the robustness of the test, but rather on the significance of the results.

· Suggests small catalyst volume should be used.  Hey, another way to increase test severity/response + reduced test length = small cat.

· Catalyst volume down to 0.52 litres just picked up the cold HC effects P poisoning had on the cat.

· High poisoning and/or high aging temperatures seem to degrade HC emissions the most.

· For HC discrimination, this paper suggests small volume, high temp ageing of Pt/Rh type catalysts.  Ageing Temp effects = f(type), poisoning = f(volume)

· However, small Pd catalysts, despite giving better nominal performance, degraded much worse when small catalyst volumes were coupled with poisoning such that HC emissions became worse than Pt/Rh types with similar ageing/poisoning.

Effects of Oil-Derived Contaminants on Emissions from TWC-Equipped Vehicles: 2000
· They took dirty field catalysts and measured FTP emissions, then washed the cats with acid and remeasured FTP. 

· They found that P removal restored lost emission reduction performance.

The Impact of Passenger Car Motor Oils on Emissions Performance
· ZDP’s are a family of chemicals rather than one chemical because the choice of alcohols can vary and thus affect the properties of the resulting product.

· Likely explanation of the phosphorous loss is that the ZDP decomposes into other oil species and that these species are sufficiently volatile to leave the crankcase.  Since today’s crankcases are closed these volatile materials pass into the intake system through positive crankcase ventilation system.  This means that these volatile phosphorous components are drawn into the combustion chamber, combusted, and passed out through the exhaust system.

· The level of Phos found on the inlet to the catalyst was slightly higher than that in the oil.  These data are consistent with field data.

· Phos level <> f(poisoning)

· IIIF vs VG further emphasizes the volatility argument, for the IIIF saw a sharp decrease in P levels early in the test, like it was flashing off with the volatile components.

· P behaved differently than Ca/Mg, Zn behaved more like Ca/Mg

· Golden egg = oils N-1 vs N-2.  Same amount of Phos (0.075%) in each but they were formulated to different levels of Phos retention.  Excellent discrimination in P loss, figure 7.

· Noted that Phos volatility is separate from oil volatility, and changes in formulation affect the former more than the later.

· The P level of the oil does not indicate the loss of P that will occur

· Also argues for an engine test over a bench test to asses performance

How Much ZDP is Enough? : 2004
· …further [Phosphorous] reductions are likely in the future.

· $ for generating field data on non-standard test parts has not been available since the IIID and V-D days.

· …test components can be changed from production components as long as it can be shown that the resulting sequence test correlates with the field.

· Bennett, et al., (19) found that a small amount of ZDP was worse than no ZDP.

· Wrt TU3 test = “Arguing that modern oils should pass tests developed 25 years ago to protect engines built 30 years ago is a rather useless exercise.”

· “the expected maximum phosphorous limit for ILSAC GF-5 will be 0.05%.  The authors question if this is too high.”

· Secondary ZDP at 0.03% appears to be enough based on some IIIG testing.

The Effect of Phosphorous and Boron Lubricant Oil Additives on Catalyst and Engine Durability
· Points out that HC emissions are primarily affected by the thermal component of catalyst ageing.

· We need something like middle paragraph, 2nd column, page 4 to stand on for our development = pick some data set which shows relative field degradation of catalysts after 160 km, then we run our ‘test’ and keep checking the cat for the same relative performance change, i.e., NOx reduction efficiency is reduced by x% after 160 km, which correlated to 145 hours in the CatCompatTest…

· Large differences in oil consumptions of the 4 vehicles, how do they account for this in the results comparison?

· They say phos loss is due to Volatilization AND the anti-wear component being laid down on the engine parts.  An earlier source said the later did not contribute to the bulk loss of phos concentration.  Conflicting data…

· What I wanted out of the boron paper was whether or not additive companies have found a solution around P yet, meaning they may no longer be opposed to chemical limits on P.  My evaluation is that perhaps Boron shows some promise, and while this research was very thorough and well thought-out, the results don’t show a smoking gun and oils have had ZDP for so long now, that it will take something ‘robust’ to replace it, and this paper is maybe only a tiny step in that direction.  Bottom line = other possibilities may exist for ZDP replacement, but nothing has been proven as of yet, and additive companies will probably still want ZDP as an available component for their oils.

Effects of Engine Oil Formulation Variables on Exhaust Emissions in Taxi Fleet Service
· They mention 120,000 mile target for catalyst durability

· Note that 100,000 miles for a taxi = more engine hours at lower speeds than a typical retail vehicle

· Used Pd-only cats

· They observed degradation of all three exhaust gases.

The Impact of Passenger Car Motor Oil Phosphorous Levels on Automotive Emissions Control Systems: 1996 SAE 961898
· In reference to their first field trial – tailpipe emissions were quite variable at 50k miles, as was oil consumption.  No statistically significant results could be deduced unless they corrected for OC and starting emissions levels.

· Even after the correction they didn’t see a NOx correlation

· Why did the two lower P oils have ‘slightly higher levels of dispersant and the antioxidants?’

· For the catalyst air/fuel sweep tests – air to fuel ratio was varied from 0.5 rich to 0.5 lean.

· I don’t like the oil choice because it only looked at different AMOUNTS of P in the oil.  I want some data on oils with the same amount but different TYPES of ZDP.

Catalyst Aging Evaluation with Exposure to 0.06 and 0.11 Percent Phosphorous Oils Using the FOCAS Burner System: 2003-01-1999
· The objective was to begin the groundwork for creating the next ASTM Sequence VII.  Not stated explicitly, but…

· “good correlation to the field data provided”, but that field data to my mind is not very conclusive.

· They mention EPA rules not cover up to 150,000 miles.  I’ve only seen 120K…

· They say NOx is typically the most affected gas from thermal ageing, yet their field data didn’t find ANY affect from NOx.

· Page 1918 = look at the advantages of using a FOCAS system.  Which of those advantages are OEM’s and Additive companies going to care about?

· They found that the synthetic gas reactor using stoichiometric perturbated  light-off procedure correlated to the field very well.  Question = do OEMS care about the light-off or do they care about FTP cycles?  Does this matter as long as the emissions metric correlates to the field?

· Lots of general, useful information in this paper about catalysts performance, cycle information, etc.

· Oil consumption in the FOCAS rig differs from oil consumption in an engine…

· Also the oil being injected is always fresh, it doesn’t get aged like in the crankcase.

· They acknowledge that the FOCAS only replicates bulk fuel consumption, not volatile.

· In FOCAS, >35 g/hour you start to plug up the cat prematurely.  This rate will probably apply to an engine test as well…no, I bet an engine test could achieve higher total oil consumption because the volatile component will deliver smaller particles that wouldn’t be as susceptible to clogging.

· They had about a 10 g/h range of oil consumption

· Figures 15 and 17 do suggest a good replication of field data

An Investigation of Poison Deactivation on Palladium Based Three Way Catalysts; 2005 Hyundai
· Just read conclusions = noted that fuel-sulfur deactivated Pd only catalysts, but addition of Rh seemed to make it a bit more resilient.  We don’t want to have a baseline fuel-borne poison in our testing, this will hurt discrimination.  So, it may be best to use a cat with Rh, and a fuel with low sulfur.

Influence of Phosphorous Poisoning on TWC Catalysts: 2003 Englehard
· They used oil injection into the exhaust.

· They developed a thermal ageing cycle.

· Designing a rapid ageing cycle for predicting the durability of the emissions control system is an art, and iterative process of trial and error.

· Engine dynamometer experiments have shown that short ageing cycle can be setup, which mimics the actual method of poison accumulation and deactivation of the catalyst.

The Effect of Lubricant Phosphorus Level on Exhaust Emissions in a Field Trial of Gasoline Engine Vehicles: Shell 1994
· Their test found a marked vehicle effect on cat performance.

· Their test did not find a marked lubricant effect.

· What did they do/not do that we should do/not do?

Analysis of Phosphorus Poisoning on Exhaust Catalysts from Compact-Class Vehicle: Mazda 2004
· Based on their conclusions only, nothing really popped out.  Mostly chemical analysis of the deposits on the cat.

The Effects of Oil-Derived Poisons on Three-Way Catalyst Performance: 2002 Johnson Matthey Inc.
· They claim to have developed a successful dyno ageing cycle; using poisoning and thermal components.

