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Introduction
Synthetic esters have been used for over 60 years now in various 
lubricating applications. Their use is well known, for instance, 
in aviation turbine oils, air compressor oils, high temperature 
chain oils, 2-stroke and racing engine oils, or even ultra-low 
temperature hydraulic oils. However, such uses of esters have 
been limited to specific areas where cleanliness, resistance 
to high temperatures, good lubricity and added solvency are 
required.

Rapid, recent legislation changes on exhaust gas emissions, 
and subsequent new technologies and equipment, the quest 
for higher power density, improved energy efficiency, extended 
durability, as well as the growing concern over environmental 
impacts of lubrication are clearly paving the way towards higher 
performance and better sustainability for lubricants.

1 Traditional uses of synthetic esters
The use of synthetic esters is well known in a number of 
specific applications where their high thermal stability, superior 
cleanliness, natural lubricity, and polarity have long been 
exploited.

1.1 Polar agents
One of the most traditional uses of esters is probably as a polar 
additive in non-polar hydrocarbons, such as Poly Alpha Olefins. 
In such base fluids, diesters in particular have been used as:
•	� seal swell agents to mitigate seal shrinkage normally observed 

in such formulations;
•	 dispersing agents in fluids that generate sludge;
•	 additive solubility auxiliaries in viscous non-polar media.

1.2 Aviation gas turbines
In aircraft or ground gas turbines, neopolyol esters have been 
used almost exclusively for decades, for their ability to sustain 
temperatures of up to 220°C in bulk, with excellent deposit 
control on hot metal parts (up to 375°C), either in liquid or in 
vapour phase. In addition, excellent low temperature behaviour 
is also required (pour point is typically lower than -54°C), which 
neopolyol esters also deliver.

1.3 Air compressors
In a number of volumetric air compressors, compression 
chambers are lubricated (piston, vane and screw compressors), 
thus submitting the oil to elevated temperatures of up to 230°C 
typically. Esters, particularly diesters (phthalates), have been used 
for their low volatility, delivering cleaner air, and their low coking 
propensity, thus protecting the equipment against possible 
auto-ignition of carbonaceous deposits or valve-sticking issues 
leading to possible explosions.

1.4 High temperature chains
The low volatility features of esters, along with their high resistance 
to thermo-oxidation and low deposit formation properties, have 
long been taken advantage of in high temperature chain oils to 
minimize formation of gummy and carbonaceous residues and 
preserve lubricity over time. In addition, high flash points delivered 
by synthetic esters (up to 325°C) bring additional safety features to 
such products. Diesters and triesters (trimellitates) in particular 
have been used in such formulations.

1.5 Two-stroke engine oils
In such applications, the cleanliness of the oil in operation, its 
ability to decrease smoke formation, and its lubricity are key 
features. Diesters, thanks to their clean burning properties, natural 
detergency, and good lubricity, are excellent base fluid for 2-stroke 
engine oils. Since a portion of the fuel/oil/air mix is released 
unburnt to the environment (total loss lubrication), the good 
environmental profile of synthetic esters is also of great value.

Compared to mineral oils, synthetic esters will typically reduce 
wear, deposit and varnish formation, and exhaust smoke. 
Moreover, a reduction of up to 25% Polycyclic Aromatic 
Hydrocarbons content in exhaust gases has been reported [1].

1.6 Refrigeration compressors
This is a major outlet for neopolyol esters. The switch to non-ozone 
depleting refrigerant fluids (HFC) has generated the need for 
highly polar lubricants, showing good miscibility and chemical 
compatibility features with HFC. Neopolyol esters also show good 
cold flow properties, high thermal stability, and excellent lubricity.
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With regards to safety, such products are able to show Flash 
Points of more than 300°C easily.

3.4 Pushing temperature limits on greases
A high temperature chain oil as described above was thickened 
with both clay and silica, in order to explore the possibility of 
producing a high temperature grease based on neopolyol ester 
technology.

Whilst clay yielded a mechanically stable grease, silica, as 
expected, did not. However, silica proved to be more neutral 
towards oxidation mechanisms, whilst organically modified clay 
did interfere with oxidation stability.

It was however possible to obtain a grease resisting 
temperatures of up to 230°C, maybe more (Figure 16 and 17). 
Such technologies may be able to compete with some silicone 
based greases in a temperature area where PAO based products 
start being strongly unstable.

3.5 Combination of high performance and low 
environmental impact
Hydraulics is a specific area where future fluids will have to be:
•	� more resistant to rising temperatures, as a result of increased 

power density;
•	� robust anti-wear fluids, to protect pumps and deliver energy 

efficiency;
•	 cleaner products, to facilitate filtration on finer filters;
•	� more consistent in viscosity over temperature for improved 

energy efficiency;
•	 fire resistant, as liability in case of fire is a growing concern;
•	 environmentally friendly.

Suitably selected neopolyol esters do provide high performance 
as base fluids for hydraulic oils. They show high Viscosity Indices, 
without using any polymer, thus ensuring excellent shear stability 

and hydraulic efficiency. They are resistant to oxidation and 
provide extended lifetime as well as superior cleanliness. They 
are excellent lubricity fluids, as demonstrated by wear test results 
on vane pumps. They also show high flash points, for improved 
fire safety. Seal compatibility and water or air separation are of a 
very good level. Finally, they show high levels of biodegradability 
and renewability, thus complying with European Ecolabel or 
Vessel General Permit requirements (Figure 18).

Neopolyol ester based hydraulic fluids are high performance 
lubricants that also demonstrate excellent environmental profile.

In a different area, specific high viscosity synthetic esters (up to 
ISO VG 1,000) do exhibit high biodegradability and renewability 
levels, which make them excellent fluids for the formulation 
of greases meeting environmental standards like the European 
Ecolabel or the Vessel General Permit. In particular, they may be 
used to formulate marine greases used for bearings, wire ropes, 
and open gears thanks to their high degree of tackiness and 
excellent overall performance level.

Conclusion
It appears that synthetic esters have a lot more to offer than 
what they have been traditionally used for, and the current 
market drivers will most probably unveil unexpected, sometimes 
unknown, added benefits of these base fluids, and promote 
their use in modern, high performance lubricating applications.
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Figure 16. Basic bench test results on ester based greases

Figure 18. European Ecolabel compliant hydraulic fluid

Figure 17. TGA, 230C, O
2


