


flammable as well as usually non-
explosive. Due to their outstand-
ing physicochemical properties
ILs have recently opened the door
to new applications.
Room-temperature Ionic Liquids
usually consist of nitrogen-con-
taining organic cations, the most
known are N,N’-dialkylimidazoli-
um cations as described by: J. S.
Wilkes, J. A. Levisky, R. A. Wilson,
C. L. Hussey, Inorg. Chem. 1982,
21, 1263; J. S. Wilkes and M. J.
Zaworotko, Chem. Comm. 1992,
965; and N-alkylpyridinium, F. H.
Hurley, T. P. Wier, J. Elettrochem.
Soc. 1951, 98, 203; H. L. Chum,
V. R. Koch, L. L. Miller, R. A. Os-
teryoung, J. Am. Chem. Soc.,
1975, 97, 3264; and common
weakly coordinating inorganic
anions (AlCl4¯, BF4¯, CF3SO3¯, etc.)
(Figure 1).
The chance to combine different
organic cations with both inor-
ganic and organic anions gives an
exceptional diversity on physical
and chemical properties of these
compounds. Physical properties
such as solubility of gases can be
designed in this way as well as lu-
brication properties, temperature
stability and compressibility.
Over the past few decades the
number of publications concern-
ing Ionic Liquids has increased
substantially, showing the con-
tinuously growing interest in
many different research fields.
First focusing on applying them
as alternative solvents in chemical processes, they are today discussed as
new materials in a broad range of applications. In the following we will
focus on their utilization as operating liquids in pump and compressor ap-
plications.

Outstanding properties of ILs in pump and
compressor applications
Offering the unique combination of being liquid and literally showing no
vapour pressure, ILs open new opportunities for operating liquids in pump
and compressor applications as they additionally can offer good lubrica-
tion properties, high temperature stability, low compressibility and low sol-
ubility for gases.
The experimental search through many IL-types revealed also some ILs
with better friction and wear values than normal motor oil (10 W 40) even
without additives. In combination with or without additives this opens a
big chance for smaller mechanical losses in machines. Criteria for good lu-
brication include an optimal viscosity and a small wetting ability angle,
which can be designed with the chemical structure.
ILs are often non-corrosive, but esp. together with friction, corrosion ef-
fects with ILs have been observed – e.g. ILs with alkylsulfates as anion can
be hydrolyzed in the presence of water and can show severe corrosion ef-
fects on e.g. ferrite steel. Therefore it is strongly recommended to check

the corrosivity of ILs to all mate-
rials involved and under relevant
conditions in the respective envi-
ronment.
Beside other positive factors ILs
offer low compressibility. For ex-
ample 1-ethyl-3-methylimid-
azolium ethylsulfate (EMIM
EtSO4) shows 1/3 of the com-
pressibility of mineral oil and 2/3
of water. Due to this, ILs enable
remarkable improvements in the
efficiency of high pressure gener-
ating pumps and pulsators (for
fatigue testing) [2, 3].
Remarkable positive effects can
be generated by the very small
vapour pressure of ILs together
with low gas solubility. These
properties predestine ILs for the
use as lubricating liquids in com-
pressors and also vacuum pumps
[2, 5]. Already EMIM EtSO4 deliv-
ers good results (see. ff) in this re-
spect. The only disadvantage is
that EMIM EtSO4 has low tem-
perature stability (about 200°C).
This leads to the last and most
challenging aspect. If ILs with a
high chemical and also tempera-
ture resistance can be developed,
the direct contact with critical
chemicals or highly reactive
gases would be possible. ILs then
might be used for a liquid piston
or lubrication and interface liquid
in high temperature compres-
sion. The chance for realizing
such applications is quite good.

Application examples for pumps and
compressors
Due to the good lubrication capabilities of Ionic Liquids, often combined
with chemical inertia and stability, all machines using lubrication oil can
expect an improvement in efficiency. Preliminary tests with simple drive
units have already confirmed this expectation even without additives, and
the necessary long life requirements seem also to be fulfilled. With these
results also the basic requirements for using IL in pumps and compressors
are given.
The first idea for using ILs in pumps was to replace the hydraulic oil in hy-
draulically driven diaphragm pumps with an Ionic Liquid with low com-
pressibility. In such machines the compressibility is linked with the so called
volumetric efficiency. Just by using EMIM EtSO4 instead of mineral oil, a
remarkable increase of the volumetric efficiency of about 10 to 30% was
achieved.The higher the pressure, the bigger the detrimental space (liquid
content) or the smaller the adjusted stroke length, the bigger is this benefit.
Furthermore, it can be expected that an Ionic Liquid can be found which
is able to decrease the gas dissolution effect during the suction process,
so leading to a higher metering precision [2].
The low compressibility effect is also beneficial in pressure pulsating de-
vices for fatigue behaviour testing e.g. of common rail tubes. In this ap-
plication, Ionic Liquids can nearly double either the number of parts test-

N e w sWORLDWIDE

6 A special edition from PROCESS

Figure 2: Characteristic delivery curves of liquid ring pumps with water and
EMIM-EtSO4

Figure 1: Common cations and anions for Ionic Liquids
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ed with one machine or the volume of the parts [4], so introducing an
economy of about 100% in the testing procedure.
A liquid ring vacuum pump uses a star shaped impeller rotating eccen-
trically in a circular housing. The liquid ring is generated by this rotation
and generates together with the impeller a positive displacement effect
in each chamber of the impeller. The limit of the vacuum possible with
this machine is given by the vapour pressure and some design aspects.
Just by replacing water with Ionic Liquid, the vacuum pressure was re-
duced from about 70 mbar to about 10 mbar (Fig. 2). Some improvements
in the machine design allowed a further reduction to 1 mbar and even
lower pressures appear to be achievable.This result, which is nearly ready
for introduction into the market, offers a new field of applications for this
type of machine.
Given adequate temperature stability, gas conveying processes can also
be improved. An already available type is an Ionic Liquid piston com-
pressor [2, 6] which acts like a reciprocating positive displacement com-
pressor,usually with a smaller stroke frequency.This device is already used
for pure hydrogen and other gases. Because liquid can penetrate com-
plicate working chambers or the “piston” can move along pipelines and
around bends, the volumetric efficiency (delivery rate) can be quite high,
and with IL contact the compression process is close to isothermal.
Using ILs with high temperature stability [3] higher compression ratios
and higher end temperatures are possible, and the danger of oil confla-
gration does not exist anymore. From this result it is only a short step to
the use of high temperature stable Ionic Liquids as lubrication liquids in
all types of positive displacement compressors [2], also with higher pres-
sure ratios.
Finally, two ILs were found which are able to withstand pure oxygen in a
30 MPa pressure impact test several times and also in an aerosol state.
Using this outstanding property, a lubricated oxygen compressor is pos-
sibly no longer a dream.

Summary and outlook
The brief examples described above prove, that the outstanding proper-
ties of Ionic Liquids offer a lot of chances for remarkable improvements
in the pump and compressor technology. The efficiency of all lubricated
machines, e.g. engines, can rise remarkably. An increase of up to 30%
higher volumetric efficiency of high pressure pumps is achievable; the
economics of pulsating pressure testing devices can be improved by up
to 100%. Utilizing Ionic Liquids in liquid ring vacuum pumps can lower
the vacuum pressure from about 70 mbar to below 1 mbar. Liquid pis-
tons for gas conveying are already realised as well as higher pressure
ratios, due to the lack in danger of oil conflagration. Further, the realisa-
tion of the dream of lubricated oxygen compression is close to become
reality.
Since Ionic Liquids can be tailored in order to optimize their properties,
the authors firmly believe that in the future ILs will be designed, that are
able to improve nearly each of the applications mentioned in this article
even further. The authors are also convinced that this is not yet the end.
There still is a wide open field for new ideas and applications. ■
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