onic liquids

These under-researched materials have
unusual properties that could make them
an ideal lubricant choice.

In other words, it's not easy.
However, it’s really more like try-
ing to take care of two-year-old
triplets than herding cats—if
you're successful, the rewards are
substantial.

Those involved in IL research are wowed by the possibili-
ties and—at the same time—frustrated by the complexities.
While all new disciplines suffer from lack of coordination
and focus, this is especially true with ILs because of the enor-
mous range of options and the fact that they're relatively easy
to formulate.

While IL lubricant research is very new, ILs are currently
in use in chemical synthesis and separation, food science,
cellulose processing, petroleum processing, paint {ormula-
tion, nanomaterial processing, nuclear energy, solar energy,
hydrogen storage, waste recycling and battery manufacture.

IL tribology studies have looked at interfaces including
aluminum-steel, steel-steel, steel-copper, steel-SiO,, Si,N -
S$i0, and silicon wafers—with mostly encouraging results.

ILs don't evaporate like most
other liquids, one of the reasons
they hold sa much promise
as lubricants.

These studies and others conclude that the many benefits of
using IL lubricants include:

* Reduced parasitic energy loss by reducing friction.

* Extended service life and maintenance cycles because of
wear reduction.

e Expanded high temperature lubricant usage because of
high thermal stability.

* Safer transportation and storage because of non-flamma-
bility.

In addition, 1Ls don’t evaporate like most other liquids,
one of the reasons they hold so much promise as lubricants.

STLE-member Dr. Jun Qu, R&D staff scientist at Oak
Ridge National Laboratory in Oak Ridge, Tenn., who is
working with IL lubricant formulation, says, “Basically these
lubricants can improve and replace many lubricants that are
currently being used with potential {riction and wear reduc-
tions up to 50%. But people need to understand that ionic
liquid lubricants are fundamentally very different than ex-
isting lubricants, both from a chemistry perspective and a
performance point of view.”

THE DEFINITION

An IL is pretty much a liquid salt made up of ions and ion
pairs. More specifically, “ionic” refers to inorganic salts with
high melting points. The term ionic liquid, introduced to
avoid using the ambiguous term “molten salts” and possibly
for patent purposes, refers to thermally stable molten salts
composed of asymmetrical cations and anions that melt be-
Jow 100 C and are capable of liquefying at room tempera-






‘Une of the advantages of using ionic liquids is that they can, in most
cases, be recycled over and over again.’

monium ILs have been developed with
encouraging lubrication performance.
When compared with 15W40 diesel
engine oil in laboratory bench tests,
these ILs exhibit:

* A surface-boundary film believed to
reduce friction and wear.

* Up to 35% less friction and up to
55% less wear in lubricating steel-
aluminum contacts.

* Up to 55% less friction and up to
21% less wear in lubricating Cr-
plated piston rings against cast
iron.

A major goal of current tribological research is to find
effective lubricants for reactive light alloys such as magne-
sium, aluminum and titanium, which are of particular inter-
est in the auto industry because of their lower densities and
the ability to form corrosion-protective surface layers.

Because of their excellent thermal and electrical con-
ductivity, ILs are perfect for micro/nano-electromechanical
(MEMS/NEMS) systems. Research on MEMS devices coated
with a thick film of IL showed significant improvement in
wear life.

Since ILs have inherent properties that are particularly
advantageous for aerospace applications—such as low vapor
pressure and high thermal stability—aerospace researchers
are very interested.

Also, because they are nonflammable, ILs make sense in
applications where fire risk is significant such as in combus-
tion engines and machining processes and chemical, petro-
leum and aircraft industries.

THE BOTTOM LINE

The study of IL lubricants continues to expand, mainly be-
cause they are so versatile and there are so many combina-
tions yet to be developed.

Researchers believe that IL lubricants will be discovered
that ideally suit high-vacuum, extreme-temperature and
high-pressure applications. Ultimately, ILs won'’t be able to
compete in the marketplace until researchers solve the stabil-
ity, toxicity and cost issues. Areas that call for further study
include:

* The environmental, safety and health of IL development,
handling and implementation.

* Economic benefits (a thorough analysis).

Figure 8 | Piston ring-on-flat reciprocating
sliding test.

¢ The feasibility of a central IL re-
search facility.

e The formation of protective tribo-
films as they relate to surface interac-
tions and tribochemical reactions be-
tween ILs and sliding counterparts.

e The synergistic effect and long-
term stability of tribocorrosion-reduc-
ing IL additives.

¢ The feasibility of IL lubricants in
contact with cryogenic or high tem-
perature materials.

e Polymer lubrication with 1Ls and
polymer-IL interactions in new nano-
composites.

Currently, the general consensus is that 1Ls make better
additives than either bases or neat lubricants. But that may
change quickly. Researchers in Europe, Asia and the U.S. are
working hard to capitalize on the enormous potential of ILs
and hope these designer fluids will eventually solve some of
the toughest lubricating problems global industries face.

“Commercialization takes time,” Qu says. “Synthetic lu-
bricants have been around for about 50 years, but they still
have a small share of the lubricant market today. ILs may
have a faster route due to their promising potential. In 5-10
years I'd like to see ionic liquid lubricants starting to get into
the market and in 10-15 years grow into a bigger market
share.”

FOR MORE INFORMATION

For comprehensive information on ionic liquids, Dr. W.
Robert Carper recommends the compilation, Ionic Liquids
in Synthesis, published in 2007 by VCH and edited by Peter
Wasserscheid and Tom Welton. This book does not cover the
newly emerging field of ionic lubricants, though.

To read/download Dr. Ichiro Minami’s 2009 Molecules
article, “lonic Liquids in Tribology” visit the following link:
www.mdpi.com/1420-3049/14/6/2286.

To read two recent reviews covering the field of ionic
liquid lubricants, visit the following links: www.mdpi.
com/1420-3049/14/8/2888 and www.mdpi.com/1429-
3049/14/6/2286.
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