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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 formula­
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-Si0 , Si N ­
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and silicon waferS-With mostly encouraging results. 

ILs don't evaporate like most
 
other liquids, one o/the reasons
 

they hold 50 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. 

•	 Expanded high temperature lubricant usage because of 

high thermal stability. 

•	 Safer transportation and storage because of non-flamma­

bility. 

In addition, ILs don't evaporate like most other liquids, 

one of the reasons they hold so much promise as lubricants. 
STLE-member Dr. ]un 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 friction 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
low 100 C and are capable of liquefying at room tempera­



ing into that, and there are many articles on toxicity. With 
the low vapor pressure, there isn't much to worry about, but 
in handling ionic liquids, you might have to deal with an 
unusually toxic compound. You'd have to do the necessary 
tests-to see if it's carcinogenic, for example. But from an 
environmental contamination standpoint, there's not much 
to dispose of. Depending on how benign they are, you can 
break down most ionic liquids with chemical reactions." 

Research into aquatic toxicity shows that some ILs are as 
toxic as most substances developed for the same uses. And 
in the case of ILs, mortality isn't the most important aquatic 
metric. Sublethal concentrations can still have dire effects on 
aquatic organisms. This is another area for study. 

ILs often can be recycled-which increases both environ­
mental and price appeal. "One of the advantages of using 
ionic liquids is that they can, in most cases, be recycled over 
and over again," Carper says. 

PRICE 
One of ILs' strongest selling points is that they're simple and 
relatively inexpensive to produce. IL reactions can be carried 
out with no special apparatus or methodology. In fact, the 
reactions often are quicker and easier to complete than those 
in conventional organic materials. But the poor economy of 
small batches makes them expensive to utilize. 

"Tribologists recognize that ionic liquids are expensive," 
Minami says. "While many researchers have found advantag­
es with ionic liquids, their cost/performance is prohibitive." 

Since the field of ILs is so new, it's difficult to make long­
term price predictions. But as far as synthesis goes, Carper 
expects the cost of ILs to be competitive with commercial 
synthetic oils soon. Right now, the uncertainty of IL lubri­
cant cost and availability makes ILs less attractive to indus­
trial users. 

"It's a little expensive when you start synthesizing a new 
compound, but once the compounds are ramped up, the cost 
goes down considerably," Carper says. "I looked at the price 
recently of certain compounds and saw that people can buy 
a ton of certain types of ionic liquids for as little as 50 Brit­
ish pounds (about $82 US. dollars). If you get something 
that's a winner, you should be able to upscale it without go­
ing broke." 

Lubricants 
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78Hydrocarbon 
oils 

0.86 159 56 
15W400il 0.86 229 91 11.3 128 
C4mim.PF. 1.37 281 108 13.3 110 

Imidazolium 
ionic liquids 

C.mim.Br 1.16 >/500 630 nlm* nlm* 
C4mim.Tf,N 1.42 51 25 5.8 152 
C omim.Tf,N 1.23 122 53 8.8 135 
CKmim.BETI 1.34 169 69 9.5 99 
C.Hn ,NH.TfN 1.12 170 72 9.7 113 

Ammonium 
ionic liquids 

CKH 1 NH.Tf,N 1.06 219 89 11.7 124 
CKH17 NH~.TflN 1.37 331 125 14.2 100 
C,H, ,NH.BETI 1.48 163 67 9.3 87 
rC8HI71NH~.BETI 1.45 763 265 111m * nlm* 

Figure 7 I Ionic liquid viscosity ranges. 

REducing thE friction in IL lubriconts 

According to Dr. Maria-Dolores Bermudez, professor at the 

Polytechnic University of Cartagena in Spain, there are a 

number of ways to reduce IL lubricant friction, but additives are 
key. She explains: 

In order to understand the complex surface chemistry taking 
place at the materials'-IL interfaces, most of the reported 
tribological works contain detailed surface interaction studies 
by XPS [X-ray photoelectron spectroscopy], particularly in 
the case of ceramic and metal lubrication with imidazolium 

hexafluorophosphates and tetrafluoroborates. 
The general process that takes place includes oxidation, 

dissociation of the anions, formation of metallic phosphates, 

oxides and fluorides and precipitation of ceramic phases such 
as boron oxide, boron carbide and boron nitride. Decomposition 

of the imidazolium cation with formation of nitrogen oxides 
and organometallic species also has been proposed. During the 
wear process, nascent metallic surfaces are produced which 
could enhance the metal-IL reactivity and favor the process of 
IL decomposition. 

When the formation of bridge complexes between the 
surfaces and the IL molecules is favored with electron-donor 

atoms, the adsorbed IL layers are more stable and protect the 
surface. 

For effective lubrication, these stable adsorbed tribolayers 
must combine with the presence of flexible units. The length of 

these units is acritical parameter in the antiwear properties 
since it determines the polarity of the IL. 

PROMISING APPLICATIONS 

"IL lubricants are currently not in commercial use yet, ba­
sically because they are so new," Qu explained. "Another 
reason they aren't being used is that right now the current 
market for ionic liquids is so small that it makes the price 
very high-even though the actual synthesis cost is relatively 
inexpensive. " 

There has been growing IL research interest in recent 
years because of unusual properties including high thermal­

oxidative stability, non-volatility, non-flammabil­
ity, high ionic conductivity and miscibility with 
organic compounds. 

"These unique properties make ILs strong 
candidates as lubricants, especially for high­
performance lubricants where thermal stability 
and non-volatility are the prerequisites," Carper 
says. "ILs have been verified as versatile lubri­
cation oils for different sliding pairs and exhibit 
high friction reduction, antiwear performance 
and high load-carrying capacity. They also can 
be used in the form of ultrathin films." 

Regarding the auto industry, a group of am­



IOne 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

sliding test.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 
(MEMSINEMS) 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 BOnOM 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). 

• The feasibility of a central IL re­
search facility. 

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

• 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. 

Polymer lubrication with Ils and
Figure 8 I Piston ring-on-flat reciprocatingplated piston rings against cast polymer-IL interactions in new nano­

composites. 

Currently, the general consensus is that Ils 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, "Ionic 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. im 
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