PAO vs ESTER:

Let me try to clarify the subject on which information tends to be muddied by marketing imperatives.

First, a few non-disputable facts:

· Esters have a common property that makes it prone to marketing abuse: they are easily detected in a lab test. 3% (the value of 3% is not so well determined. It is true that esters are more easily detected – at a lower concentration- than PAO. However in our lab we have managed to detect as low as 3% PAO by IR. Moreover, indeed such levels, being of ester or PAO will not bring any technical added value. It is just a marketing tool to be able to say contains ester or PAO) of Ester will have virtually no useful effect in a lubricant, but will still very visible in a simple lab test. This is not the case for PAO. This makes it tempting for companies to promote Ester as “the perfect elixir”, then put 3% in all their products that will be detected in cheap lab tests, while having no benefit in real-life.

· The Total group, maker of ELF lubricants, manufactures both Esters and PAO. Total extracts crude oil, operates refineries (one in Port Arthur, Texas), operates chemical plants, and employs 11,000 people in the US alone. It also operates 30 lubricant blending plants, where finished lubricants are blended. 3 of these are in the US.
Very few companies manufacture ESTERS or PAO’s
· None of the lubricant companies in the US like Red Line, Torco, spectro, silkolene, Motul nor Royal Purple manufacture either Ester or PAO. They are lubricant marketers who buy their raw materials from refining groups like Total. Motul has one main blending plant in Aubervilliers, France, and employs 300 people, mostly in sales and marketing.  

Now, about the respective merits of Esters and PAO for motorcycle oils, let’s first have a look at their pros and cons from a chemist’s perspective:
Qualities found in both PAO and Esters (versus Hydrocracked and Mineral base oils):

· High Viscosity Index (oil does not “melt” at high temperature), 
· Very low pour point 

· High resistance to oxidation at high temperatures

	
	PAO
	Ester

	Pros
	· Very wide viscosity range (high VI)
· Low polarity: good foaming and air entraining properties

· High temperature stability
	· High VI

· High polarity  (=good lubricity)
· Straight chain molecules are biodegradable (therefore true of a limited number of esters)  

	Cons
	· Low polarity (poor lubricity)
· tendency to retract and harden the joints (need to add some  esters)
	· Poor hydrolytic stability (reacts to water)

· Incompatible with acrylate seals, risk of incompatibility with nitrile and VAMAC (depends on the type of ester)


PAO’s low polarity means that they have better foaming and air entraining properties. Creation of foam and air entrainment is more likely to occur when the engine is going at very high speed (which is often the case for motorbike applications). Foam and any bubbles formation in the lubricant will lead to very poor lubricity properties which can be detrimental to the engine.

Polarity causes the ester molecules to be attracted to positively charged metal surfaces. As a result, the molecules tend to line up on the metal surface creating a film which requires additional energy (load) to penetrate. The result is a stronger film which translates into higher lubricity and lower energy consumption in lubricant applications.
So we can deduct the choices of the formulator when he makes a 100% synthetic lubricant:
· 100% ester: very unstable, incompatible for most seals. 100% ester lubricants will have to be drained from the engine every few hours. Reserved for applications when their polarity is so necessary than their inconvenience will be dealt with.
· Mix PAO-Ester, with balanced proportions: probably the best combination for high temperature engines. Three drawbacks: 

- The attraction of the oil to the metal is no longer needed at high speed, when hydrodynamic lubrication is protecting the metal (the equivalent of “aquaplaning” in your engine). On the contrary, the attraction of the Ester molecule to the metal will slow that “hydrodynamic” phenomenon and may cost horsepower

- Motorcycles with a wet-clutch: Esters’ polarity will act on the clutch much like Friction Modifiers do. They’ll make the clutch slip. A lubricant with strong Ester content is unlikely to pass the Japanese JASO MA test to prevent clutch slippage.

- 4-stroke oils are more often used off-road where the environment is not as controlled as on the race track: you may have to cross a river at low speed, and your Ester oil may not like the water…

. 

· Mostly PAO, with or without a few drops of Ester. Esters are sometimes used as a seal-softening agent to counter seal-hardening of some additive, sometimes as a “marketing boosting” additive (see earlier note on its detection by lab test), in which case, the label proudly claims “Ester/PAO” but also “JASO MA”.

Overall PAO will have a better high temperature stability and oxidation resistance than most commonly used esters. This is also a very important parameter for motorbikes lubricants since motorbikes engines will be working under higher revolutions and overall at higher temperatures than passenger car engines.
Our 100% 4-stroke oils are the latter: 100% PAO, with the proper additivation for motorcycles, and performance on the clutch that allows to pass the JASO MA test. 

We are confident that in our 4XT 10W50 and Campione 10W60 we put all the experience of the Total group to make these the best 4-stroke motorcycle oils on the market by their combination of:

· viscosity range (notice 10W50 and 10W60) and high temperature resistance,

· Clutch compatibility (JASO MA on our 10W50 !!)
· Capacity to yield horsepower.



















