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Tonic liquids are recently-developed smart materials that are not well known by mechanical engineers. They are of great interest due to their
non-volatility, viscosity and extremely high electrical conductivity. Up to now, no reports have appeared on their rheological properties

under magnetic or electrical fields.

In this work, we study the electro-rheological behaviour of a newly presented ionic liquid (2-hydroxyethylammonium formate).
Our experiments show that the ionic liquid is not sensitive to magnetic fields. Nevertheless, resonably high damping ratios (42.8%) have

been attained under relatively low electric fields (0.6 kVem™).
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1 Introduction

Electrorheological (ER) fluids are liquids with flow proper-
ties that can be changed by stimulation by an electric field. In
particular, changes in dynamic viscosity under an electric field
have found many applications in various devices such as
clutches, brakes, active engine mounts and shock absorbers
[1, 2]. The rheological properties of the oil dispersions of
stimulus responsive particles have been well documented.
The key principle of an ER fluid is the dispersion of electro-
-conducting particles in a non-conducting liquid medium.

We considered that it woud be interesting to investigate
the rheological properties of an ionic liquid. In this work, we
study the rheology of a new ionic liquid in electric and mag-
netic fields. To the best, of our knowledge, no reports have
appeared in the literature dealing with the rheology of ionic
liquids.

Ionic liquids are salts which are fluids at around room tem-
perature. In recent years they have attrached increasing
interest. Only in 2001-2002 more than five hundred papers
were published. Ionic liquids show unusual physical proper-
ties such as high ionic conductivity and powerful solution
efficiency for various organic and inorganic substrates. Two
types of ionic liquids, imidazolinium salts [3, 4, 5] and tri-
alkylammonium salts [6] have been studied extensively by
chemists.

More recently a new type of ionic liquid, 2-hydroxyethyl-
ammonium formate was discovered at the chemistry depart-
ment of our university. According to their report [7], it is
obtained simply by mixing ethanolamine and formic acid,
both of which are commercially available. The freezing tem-
perature of this salt is -82 °C, which is the lowest freezing
temperature among ionic liquids.

This work deals with measurements of the vibration
damping effect of the ionic liquid by the logarithmic degre-
ment approach under magnetic and electric fields. The
variation of the damping coefficient is derived and the results
are discussed. Our preliminary experiments show that the
new ionic liquid is not stimulated by magnetic fields. How-
ever, a relatively high vibration damping effect was detected
even under low electricfields, compared with the effects dis-
cussed in previous reports.
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2 Mechanism of the
electro-rheological effect

The electrorheological effect refers to the sudden and
reversible change in the flow characteristics by means of an
electric field. An abtract change in the molecular orientation
of the structure from an initially random distribution to a
more ordered structure takes place. Furusho classified ER
fluids into two-phase (particle-type) and one-phase (homoge-
neous-type) systems in terms of their characteristics [8].

Conventional ER fluids, for example suspensions of
polarizable solid particles and insulation oil, demonstrate an
orientational change in response to an external electric field
because of the induced aggregation of the particles. The main
disadvantage of two-phase ER fluids is that their characteris-
tics change greatly with the shape and dimensions of the par-
ticles [9].

Homogeneous-type ER fluids have been developed by
using a solution of low-molecule liquid crystals or macro-
molecular liquid crystals [10, 11]. Up to now, the ER effects of
electron conducting dispersed particles have been studied.
Here we present the rheological effect of an ionic liquid in
which electrical charges are created by ion migration rather
than by electron movements.

The ER effect is strongly dependent on polarization rate,
permittivity, the dielectric loss factor and conductivity [12]. It
is important to note that the structure of the carrier fluid may
break down under high electrical fields, when highly conduct-
ing substrates are used. Because of this fact, it is not possible
to obtain high damping forces. In this case, the dampings
received are substantially lower than those produced by mag-
netorheological fluids. Zhao et al. demonstrated that the ER
effect produced by conducting and dielectric systems are
completely different in nature [13]. For instance, network sys-
tems are formed rather than linearly aligned chain systems.
In fact, the conductivity effect dominates in low frequency AC
fields, and permittivity dominates at high frequencies. In
other words low frequency AC fields must be applied to con-
ductive ER fluids in order to achieve a better ER effect. In this
study, we have intestigated the rheological properties of an
ionic liquid under DC electric fields.
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2 Physical properties of the ionic

liquid

Recently a new ionic liquid (2-hydroxyethylammo-
nium formate), with an extremely low melting temperature
(—82 °C), has been reported [7]. This ionic liquid shows
reasonably high room temperature ionic conductivity
(3.3 mScm™!) and heat stability up to 150 °C. Other physical
properties are given in Table 1.

Table 1: Some physical characteristics of the ionic liquid*

Viscous clear liquid
1.204 gcm_?’
nD = 1.4772 (at 25 °C)
=105 cP (at 25 °C)
0=3.3mScm™! (at 25 °C)
Approx. 150 °C (by TGA®)

2.2%x1072 Torr
(air saturation method)

Appearance

Density

Refractive index

Viscosity

Conductivity

Decomposition Temperature

Vapor pressure

Melting point Mp (freezing point): — 82°C

(*adapted from ref. [7], ®Thermo gravimetric Analysis)

The room temperature conductivity of the ionic liquid is
3.3 mScm-1, which is in the order of metallic conductivities.

The ionic conductivity increases exponentially with tempera-
ture, and reaches 40 mS em tat92°C (Fig. 1). This effect can
be attributed to fast ion mobilities at elevated temperatures.

The AC conductivity — frequency plot of the ionic liquid
(Fig. 2) shows a sharp increase in the (0.1-10) Hz range. A
plateau appears between 10 Hz-10 MHz, in which the con-
ductivity is around 68 mScm™! at room temperature.

The viscosity of the ionic liquid decreases with tempe-
rature. For instance, 105 cP of room-temperature viscosity
reduces to 15 cP at 70 °C. Processing of the temperature
dependent viscosity data shows an Arhenius type of relation-
ship from which the following correlation is obtained:

logn =-5265 + %,

where 7 denotes viscosity in terms of cP, and 7" is tempera-
ture (K).

3 Experimental

We designed a home-made experimental setup shown
in Fg. 3, for damping measurements under an electric field
effect. The same setup can also be used under a magnetic
field by replacing the electric field with a magnetic coil.

The measurements were carried out under
(0-0.6) kVem™! of a DC electric field. For this purpose the
damper reservoir was filled with about 25 ml ionic liquid. The
electric field was created by two parallel plates using a control-
lable power supply. Meanwhile, the shaker was stimulated by
amplified signals. The oscillations generated by the shaker
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Fig. 2: AC conductivity — frequency plot
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Fig. 3: Schematic diagram of the testing unit

were collected and the output responses were collected by a
data collector (Bruel & Kjaer). The displacements-time plots
are illustrated in Fig. 4., and the logarithmic degrement of the
oscillations was calculated by tracing the maxima of the dis-
placement signals using the following formula

s=tm A g 1
v A Y1+ (271/6)2

where A; is the first significant amplitude, and A;,, is ampli-
tude after r cycles.

| Data Collector |

Transducer

The damping forces were recorded simultaneously by
means of the force transducers. These experiments were
carried out under various electric fields. The data collected is
pictured as a function of the electric field, as shown in Fig. 5.

3.1 Measurements under a magnetic field

The experiments described above were repeated under
constant and sinusoidal magnetic fields supplied from an
electromagnetic coil with an inner diameter of 10 cm. Varia-
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Fig. 5: Damping force — time relationship under an electrical field
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tion of the magnetic field (0-1) Tesla did not give any signifi-
cant change in response relative to blank experiments.

4 Results and discussion

Although we are not able to apply high electric fields, we
have observed reasonable rises in damping ratios as high as
42.8 % in moderate electrical fields up to 0.6 kVem™ (Fig. 6).
This seems to be due to the quick orientation of the dipoles
of the ionic liquids under an electric field. This result is espe-
cially significant because such high damping can only be
achieved under high electric fields (i.e. 40 kVem™), as de-
scribed many times in the literature [13]. Since the viscosity of
the liquid is inversely proportional to the temperature, high
damping performances are expected at lower temperatures.

However, the conductivity of the ionic liquid increases
with temperature. In other words, the effects of viscosity and
conductivity, in our case, are contraversal in the damping ef-
tect. Nevertheless, the high solubility of of the liquid compen-
sates the disadvantage of the temperatures. For instance, the
addition of ammonium chloride (NH4CI ) increases both the
conductivity and the viscosity at the same time.

It is important to note that there is a great difterence be-
tween the present system and the reported data obtained
from electroconducting particle dispersions. In the present
case, electric conduction is provided by ion migration rather
than by electron conduction.

In our case, 3.3 mScem™! of conductivity at room tempera-
ture is comparable with the conductivities of conducting met-
als. In other words, the conductivity of the ionic liquid is about
10 times that of particle dispersions reported so far.

Better damping effects can be attained by dissolving dis-
sociable salts in the ionic liquid at low temperatures. The
advantage of the liquid presented here over reported systems
is that it can be stimulated by low electric field strengths. The
non-volatility of the liquid is another advantage.

We have also studied the damping response under a mag-
netic field in the (0-1) T range supplied by a magnetic coil.
However, no significant response was detected, as expected.

5 Conclusion

Ionic liquids are ion conducting viscous liquids which
provide reasonable dampings under relatively low electrical
fields. The new ionic liquid without any added ingredient
does not show any magnetorheological effect. However, due
to its powerful solvating effect, the homogeneous or semi-
-homogeneous magnetic particle dispersions are of interest.
Further studies are under consideration.
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