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ABSTRACT

The rheological behavioof 1-ethyl3-methylimidazolium tosylate (EMIMTsOand its
dispersionsith aligned and nowlignedmulti-walled carbon nanotubes (MWCNTS) has
been studied. Raman spectroscopy analysis has been carried out to characterize the
samplesThe effects of concentration, type of CNTs and temperaturie viscolelastic
behavior of EMIMTsOhave been evaluate®egardless the concentration and type of
added CNTs, aonNewtonian behavioof the fluids has beerfound under shear stress

The ionic liquidandthe EMIMTsO-MWCNTs 1 wt% dispersioshowed a temperature
induced gelation. However, the addition of small concentrations of MWCNTSs prevents

from the formation of gels.
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INTRODUCTION

lonic liquids (ILs) are molten salts at room temperatdtenjhich are generallformed

by a combination of organic cations with organic and inorganic anions.t@®tieeir
unique propertiesuch as negligible vapor pressure, large liquidus range, high thermal
stability and ionic conductivityd], these salts have attractadyrowinginterest inthe

fields of materials sciencand engineerinfB-6]. In the recent yars, the combination of

ILs and oils with several types of nanophases has given rise to new nanostructured
dispersions, with promising engineering applicatiog]. Among available
nanaonaterials carbon nanostructures such as nanotdhesved promising re#ts as
additives in lubricant oils, due to the weak van de Waals forces between the sliding
surfaces §]. In particular, multiwalled carbon nanotubes (MWCNTSs) have been widely
used in solid lubrication9,1( and as lubricant additige[11,12. Previousresearch has
demonstrated that MWCNTs are well dispersed in an imidazddased IL and the
resultingdispersion shows an excellent tribological performance [13].

Carbon nanotubeéCNTSs) are known to bewell dispersed in ILs and the resulting
dispersionsare stable and homogeneous, giving rise to new hybrid nanomaterials with
exceptional properties and potential applications in a wide range of technbfads
[14-16. Fukusima et al. have reported the preparatiorCbIT-IL gels, in a large scale

by mechanical grindingwith applications in several fields such as sensors, actuators and
electrochemistry]4,17,18].Thereare several mechanisrof interactionbetweenCNTSs

and ILswhich can act in paralleBome authors have demonstrated that ILs interitict



CNTs through catiom and n—n interactions 19,20] and there are some evidences
revealing weak van der Waals interaction without an obvious influence of theoeiect
structure of CNTsZ41]. Moreover, it has been recently proved viaay diffraction and
molecular dynamics simulations that ILs can be endafexiinside CNTs and not only
on the external surface?,23].

In recent years, the rheological characterization of ionic liquidsirhasked a strong
interest in the scientific community sinti@s is one of the principal features to be taken
into account for tribological applicatiorj24,25]. In a Newtonian flow, shear stress is
proportional to shear rat@§] and the viscous behavior is not affected by shear Irate.
the case of fluids witha certain degree of phase orderingpe t ron-Newtonian
phenomenonis typically prevalent 27]. Shear thinning of Ik has been reported
previously inthe literature because of the existence of liquid phase aggregates
networks [24,28,29] This nonNewtonian behavior has been ascribed naolecular
layering in the case @fnidazoliumbased llIs [30,3].

To the best of our knoledge therheologicalstudy of MWCNTSsILs dispersion$as not
been attempted at the present. In this work pvesent aheological characterization of
mixtures of two different types of MWCNTsn 1-ethyl3-methylimidazolium tosylate
(EMIMTsO). The shear effect on EMIMTs®OIWCNTs dispersions at different
temperaturedas been studie®tudies have been carried out fmo differentMWCNT
concentration in IL. Therefore, the effects of shear, temperature, type of CNTs and

concentration are evaluated.



MATERIALSAND METHODS

Multi-Walled CarborNanotubes (MWCN$) were purchased from Nanostructured and
Amorphous Materia Inc. (Texas, USA Two different sets of nanotubes were used.
The first one is a sample of MWCNTs with an external diameter of 8 nm and length of
0.52 pm, with a purity of 95% and reference number 1225YJS. Aligned nanotubes were
used as well, with an external diameter of2D0nm anda length of 515 pum, with a

purity of 95% and reference nuehl215NMGA. In figure 1, transmission electron
microscopy (TEM)micrographsof the commercial noaligned (a) and aligned (b)
MWCNTs are shownlt is important to notice that not onlydahaligned MWCNTSs are
larger than the nealigned but also present a more highly orderadastructure These

TEM images were obtained with a high resolution JEOL JEM 2100 microscope.



Figure 1. TEM pictures of nealigned (a) and aligned (b) muliialled carbon

nanotubes.

The ionic liquid tethyl3-methylimidazolium tosylate (EMIMTsO) was purchased from
SigmaAldrich with a purity > 98 %The chemical structure of the ionic liquidssown

in the scheme 1.
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Scheme 1. Chemical structure eéhityl3methylimidazolium tosylate.

The procedure for the elaboration EEMIMTsO+MWCNTSs dispersiongonsisted irthe
addition of MWCNTSs to the ionic liquidin a 1 wt% proportiorfollowing the method
describedpreviousy in [17] and also carried out in our earligrorks [13,32]. The
materials are weighed and mixed in an agate mamar the resulting disp&on is
manually blended for 10 minute§he amount of material obtained each time is
approximately 4 gAs aresult, a concentrated suspension of EMIMTsO+MWGMT
obtainedwith the appearance ad viscousblack fluid (figure 2a). From this point, this
fluid will be labeled as concentestdispersion. In order to obtain the diluted dispersions,
theseconcentratednixtures arecentrifugated at 4000 rpm for 1 hour. A€an be seen in
figure 2b, precipitationoccursafter centrifugatiorand a black precipitate appears at the
bottom of the vial and a yellowish suspension (darker than the pure ionic liquid) is
present in the upper part The precipitate is composed by ionic liqumodified
MWCNTs which has been previously describgdd2] as additive to improve the
tribological performance of polymersThe determination of the concentration of
MWCNTSs in the supernatant was attempted by means of thermogravimetyisig\n#

ray diffraction, infrared and visible spectroscopy, and differential scanningmatry,

but the sensitivity of the methods was not high enough to give a good estimation and the



differences between the spectra obtained for ribat ionic liquid and the iuted
dispersions were negligible. In summary, the influence of the concentratioWw/GiNM's
in a concentrated regime of 1 wt% and a diluted regime with traces of MWCNTSs will be

evaluated.

Figure 2. Concentrated (a) and diluted (b) dispersions of EMIMAISOMWCNTS.

Raman analysis at room temperature was carried out using a Renishaw (@fsbest

UK) InVia microscope spectrometer system. The spectrometer has a spectral resolution



of 1 cm’ and a lateral resolution of 800 nm. Raman spectra weréradgvith a Leica

x50 objective with a numerical aperture (NA) of 0.75 in a backscatteringyooation. A

785 nm diode laser dealing 170 mW on the sample at maximum power was used in this
work. All experiments were performed using low power intens{tbetow 0.1 mW) to
ensure no damage was inflicted to the samgdlgensities and wavenumber for the
characteristic features were obtained by fitting peaks with Lorer@sarssian functions.

At least three spectra were taken for each specimen.

The rheologcal behavior of pure ionic liquid and tHEEMIMTsO+MWCNTSs dispersions

was determined usingn AR-G2 rotationalrheometer from TA instrumentdléw Castle,
Delawere USA). All experiments were carried out wittptate-plate configuratiorwith a
diameter of e rotational plate of 60 mm and a gap between plates of 1000 microns.
Temperature was controlled by a Peltier system \aithaccuracy of 0.1 °CThree
different series of experiments were performed: shear flow curves, tearpatanps at

a constant sheaflow and oscillation. The shear flow influence on thscesity was
studied at 25, 50, 75 and 100 Bg increasing the shear rate from™1® 500 & for a

total period of time of 15 minuted\ series of experiments at 0.1, 1, 10 and 16@as
performed confirming that our samples had reached the stetadg-To studythe thermal

effect on the viscosity, temperature ramps from 25 to 100°C with a speed of 1 °C/min
were perforned at a constant shear rate 6f$. Finally, oscillation experimentsvere
performedemploying a frequency range from 0.1 to 200 radter setting the strain

value of 0.2% to evaluate the behavior of the loss and storage moduli.



RESULTSAND DISCUSSION

Raman spectroscopy.

Figure 3 depictsRaman spectra obtained fohe ionic liquid andits concentrated
dispersions for botmon-aligned MWCNTSs (figure 33 and aligned MWCNTF (igure

3b). Spectra have been normalized with respect to maximum intensity peakhaRiets
been shifted for clarity. D, G and D’ bands are encountered in plots corresponding to
MWCNTs and concentrated dispersions, batbn-aligned and aligned MWCNTSs.
However, none of these bands are present in the diluted dispersions spectra, being thes
identical to the ionic liquid onelo obtain b, Ig, lg ratios in concentrated dispersions
plots, pure ionic liquid spectrum was subtracted, to remove the contributitime of
tosylate benzene ring C=C band centered at 160bfmm carbon nanotubes G band.
MWCNTs show the characteristic G band at 1592*crassigned to thén-plane
vibrations of the graphitic walls, the D band at 1308'ariginating from disorder in the
graphitic structure, and the G’ band, a second order feature of the D band, at 2600 cm
which is the result of a double resonance process, so it is more prevalent-pulttiigh
MWCNTs [33]. The Lk/lp intensity ratio is used as an indicator of the degree of
crystallinity and purity of carbon nanotub&gl]| In tablel a Aw~4cm™ shift in the D and

G peaks and a Aw~10cm™ shift in the G’ peaks are observed for both short and aligned
MWCNTSs in concentrated dispersions with respect to the pristine MWCNTSs. Thiftse s
might be due tar-cation interactions between nanotulzxl ionic liquids 35. The
variations in the d/lp, Ig/lp and k/lg ratios are not statistically meaningful, which
indicate that MWCNTSs suffer no major chemical or struatahanges when interacting

with ILs.
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Figure 3. Raman spectroscopy of carbon nanotubes, ionic liquid and 1 wt% dispersions:

(a) nonaligned MWCNTs and (b) aligned MWCNTSs.
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Tablel. Intensity ratios and wavenumbers of D, G and G’ bands for MWCNTs and its

concentrated dispersions. Values in ptreses indicate standard deviation.

non-aligned concentrated aligned concentrated
MWCNT dispersion MWCNT dispersion
l&/lp 0.52 (0.02)| 0.44 (0.06) 0.40 (0.01) 0.45 (0.01)
le/lp 0.13 (0.01)| 0.18 (0.07) 0.13 (0.01) 0.16 (0.02)
le/l 0.25 (0.02)| 0.42 (0.15) 0.33 (0.03) 0.35 (0.04)
op (cm?) | 1307.2 (0.3) | 1311.6  (0.3) 1308.5 (0.1) 1312.7 (0.3)
oc(cm?) | 1591.5 (0.4) | 1595.7  (1.6) 1593.6 (0.1) 1596.5 (0.6)
o (cm?) | 2599.9 (1.4) | 2610.9  (4.3) 2612.4 (0.8) 2621.1 (0.3)
Shear flow.

The viscosity values giure EMIMTsO underarying $iear rateat 25, 50, 75 and 100
°C are depicted in figuré. When shear is appliedhis viscous system exhibits shear
thinning behaviorA strong decay at low shear rate valeas be appreciated at every
temperaturelonic interactions are present in the fluid leading to highly ordered strsicture
in the absence of any kind of perturbation. Howeversdhateractiors between
moleculesare disrupted by the applied fleand a transition to a less ordered state might

happen [24hnd a decrease of viscosityseen

Two different regionsare observedor pure EMIMTsO under shear. Firstly, a dramatic
decrease of the viscosity is observed at very low shearfrare {0° s* to 1 s*) from
approximately 7 to 0.Pa-sat 25 °C This shear thinning region has been previously seen
in other midaalium-based ionic liquidsstudies [21,29,36,37] antdas alsobea
predicted by Molecular Dynamicssimulations B8]. After this value is reached, at

medium and high velocity ratea Newtonian behavior is found and thesoasity is
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constant with a value 10 times lower than the one found at low shear rate. At this point,
the remaining intermolecular interactions are strong enough to resisttithre @fcshear.
Time effects were checked out with a backwards flow ramp peefbrin analogous
conditions, i.e. the range of shear rate was set from 5001t 15 minutes. The
differences betweethe absolute values of viscosity from backward ramp to forward
ramp were negligble. Therefore, a total reversibility of the shear action can be
considered to happen and only non-bonding interactiogkt bedisrupted by the flow.

An analogous behavior is found when temperatuiedseasedup to 100 °C. A shear
thinning regionappearsat low shear rate and a Newtonian plateau is reached cifta 1 s
shear rateHowever, the viscosity values at high shear rate have better reliabdityis
expected, the viscosity values of the ionic ligdetreasevith temperatureThe bonding

of themoleculesn EMIMTsO are easily disrupted witemperature because thie weak
hydrogen [39 and electrostati¢40] interactionsbetweenthe ion pair In figure 4 it can

be seen thata 25 °C the viscosity at high shear rate is approximately 1 Pa-s and this
value decreases 100 times at 100 PRerdore, the rheological behavior of this kind of
systems shows a strong dependency with temper&nedogous experiences have been
performedfor dispersions of EMITSO with two different types of CNST non-aligned
MWCNTs witha diameter oB nrm and longeand aligned MWCNTs with a diameter of

20 nm. In both cases, the diluted and concentrated regimes of CNTs were d\atl2&te

50, 75, and 100 °C.

12
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For the diluted suspension ofnon-aligned MWCNTs in EMIMTsO (figure 5a), a
Newtonian plateau is found at low values of shear rate. CNTs have a strongioreract
with ionic liquids providing a higher ordered structure. Thenefthe resistance to flow
will be higher tharfor pure ionic liquids and the viscosity is increasddwever,in the
case ofalignedMWCNTSs (figure5b) this Newtoniarplateaus not observedt low shear
rates indicaing that themorphologyof CNTs highy affects the order of the ions in the
ionic liquid at low shear rate. In both caseshear thinning region appears when the
shear rate is raised because of the disruption of intermolecular interaatidrigally a

Newtonian region can be observed at high speed.
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Figure 5. Shear flow dependence of diluted raligned MWCNTs (a) and aligned
MWCNTs (b), and concentrated dispersions of-abgned MWCNTs(c) and aligned

MWCNTSs (d) at several temperatures.

It is interesting to point out thaat high shear ratethe viscosity values of bottilute
dispersions are lower than the values found for MVBO, as it isshownin Tablell. Our
hypothesis is that MWCNTs can be oriented in the direction of the flow and the
resistage to flow is decreased because of the directional nature of shear flow. & simil
behavior is observed when inclusion of fibers in-hNgwtonian fluids results in a shear
thinning effect. Fibers are oriented in the direction of the flow and the viscous belavior i

hampered resulting in a decrease of viscodity. [Besides imidazoliumbased cations

14



have a great attraction to carbon nanoph@bs4ls and then the interaction between the
cation and the anion is suppressed the anion has a higher mobiljg2]. In our case,

the presence of low quantities of MWCNTSs may disrupt the interaction bhetiveeons

and the resulting dispersion shows a lower resistance to flow, as it will be further
explained in the following sectianThis effect seems to be decreased by the action of

temperature and at 100 °C the values of viscosity are similar.

Tablell. Values of viscosity in mPa-s at high shear rate extracted from figures 4, 5a and

5b.

Temperature (°C) EMIMTsO EMIMTsO + non EMIMTsO +

aligned MWCNTs | aligned MWNTs

25 0.546 0.178 0.302
50 0.093 0.069 0.084
75 0.035 0.024 0.030
100 0.012 0.012 0.016

The behavior othe concentratedispersios of EMIMTsO-MWCNTSs is also depicted in
Figures 5 (non-aligned CNTs) and 5d &lignedCNTs) The $ear thinning regias are
observed at low shear rate values. However, for the casercilignedMWCNTSs the
results were not reproducible under 0™ Is cortrast to the behavior describabove,
thesesystens are more viscous than pure ionic liquid in the whole sheag rahge

especially wheralignedMWCNTSs are addedrherefore the concentration of MWCNTs

15



in ionic liquids dispersions is a critical aspect to take into account in the visduagdye
under shear rate. A high concentration of nanotubes must lead toestintegactions
with EMIMTsO. Hence moreordered structures are formed dhd resistance to flow is
higher.An interesting difference from the pure ionic liquid and the diluted dispersion is
the absence of a Newtonian plateau at high speed. In the case wérthégned
nanotubes, the decrease of viscosity iseloand it seems thaa closely Newtonian
behavior must happéior higher shear ratedut still a constant value is noompletely
reached at 500's This behavior isnore clearfor the alignedMWCNTSs concentrated
dispersionsn figure 5d. The total disruption of the structure does not occur at high shear

rates, so a strongstructureshouldbe present in this case.

Temperatur e effect.

We have seen that temperature is a crucial factor to lea fako account folubricants
since arising severe tribological conditipmsay result in saturation of the shear stress
[43]. We have evaluated the influence of temperaturepure ionic liquid anadn the
diluted dispersios in figure 6. At aconstant sar rate value ofs”, it can be seen in
figures 4, 5a and 5bthat thesesamples exhibit a Newtonian behavidrhus, we
performed a temperature ramp experiment from 25 to 100 °C aetalue of shear
rateto evaluate theviscosity evolutionExperments with the concentrated suspensions
were attemptedyith low reproducibility of the datgprobably due to the neNewtonian

behavior of the samples.

16
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Figure 6. Effect of temperature on viscosity for EMIMTsO and the dilutedVENMO-

MWCNT suspensions at a value of 5bshear rate.

According to the datahownin figure 6, the viscosity daeases with temperature for all

our samples. Furthermore, the pure ionic liquid presents the highest values ofyiscosit
and the sampleith the lowest viscositis the diluted dispersion of aligned MWCNTS in
EMIMTSO. Since the temperature dependency presents an expoti&etidtcay to take

into account the overall temperature effect at this high shear rate, these data have been

fitted to anArrheniusequation40] as follows:

n=neexp[E/RT] 1),

17



wheren is the viscosity;n, a preexponential factor, Eis the activation energy of the
flow and R is the ideal gases universal constant. The values exfiractethis fitting are
shown in Tabldll. The higher value of thactivation energy belongs to the pure ionic
liquid and the lower value is given by then-aligned MWCNTFEMIMTsO dispersion.
Therefore, the addition of MWCNTSs in a dilute regime enhances the capadite of
dispersion to flow compared to the pure ionic liquid. This is in agreement with the better
fluidity seen in the flow curves in figuré&aand 5b These higher values of, Enply that
EMIMTsO is more dependent on the effect of temperature than its diluted dispersions
with MWCNTs andpresentsa higher resistance to flow as it has bseanabove These
results could anticipate a good lubricating performance for the diluted MWICNT
dispersions.

Tablelll. Values of Eandn, for EMIMTsO, and diluted EMIMTsO+MWCNT

dispersions.
EMIMTsO EMIMTsO + EMIMTsO +
non-alignedMWCNTSs | alignedMWCNT
Ea (kJ/mol) 41.8 38.6 40.2
no (Pa-s) 10° 10.8 29.5 18.6

Oscillation.

A series of oscillation experiments at different temperaturepdog ionic liquidand
MWCNTSs dispersionsn EMIMTsO has been performeth figure 7, the influence of the
frequency onthe storage modulus, ‘Gand the loss modulusi”, of pure EMIMTsO

values are depicted at several temperatkégen the frequency isicreasedthe storage

18



and loss moduli increase but in different mannkrdigure 7a we can observe th&”
shows a potential growtwith the frequency, while Giirstly keeps constant and finally
there is a rapidncrease from I8 to 1 Paat 25 °C A similar trend can be seen if
temperature is raised to 50, 75 and 100AClow temperature (figuse7a and 7} the
viscous behavior prevails over the elasticity of the sample and G” is higherG'.
From this loglog plot, we can observe that 25°C (dG”/df) = 0.99 and (dG”/f) =
2.15, meaning a typical flow response lo¢ fluid [31]. A similar behavior is seen at 50
°C as well.On the contrary, two crossver of the two moduli happens and -gel
transitions are observed at 75 and 100 °C in figtcesd 7d At these high temperatures
the values of the slope of G’ are 1.05 and 1.00 at 75 and 100 °Gstrespeat low
shear But a crossing point occurs at approximately 20 Hz as frequency value at 75 °C
(figure 7¢), and 10 Hz at 100 °C (figurAd). We also observe a deviatia the ideal
value ofl in the slope of Gwhen the gel point is reachetiherefore, a temperature

induced gel transition for pure ionic liquid is observed.

19
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In figure 8 the analogous oscillation study fdispersedMWCNTs in EMIMTsO is

plotted Interestingly, vinenany kind ofMWCNTSs is added withlow concentrations the

loss modulus is predominant over the storage modulus all oveffrélogiencyrange

studed. Our samplesdilow a typical fluidic behavior witfdG”/df) ~ 1 and (dG”/df) =

2. Then the addition of low quantities of MWCNTiminishes the values of G” and this

effect is stronger for the aligned nanotubf&shigh frequencies, the values of G’ and G”

seem to merge, similarly to the behavior observed irtures of low concentration of

MWCNTSs dispersed in melt polymerd4]. When temperature is raised, the values of

loss modulus decrease, as seen for the pure ionic liquid. However, the values of the
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storage modulus barely show a temperature effect. It is noteworththéhptesence of
MWCNTs at low concentrations seems to avoid the temperatdoeed gel transition
seen for EMMTsO at high temperatureffigures 7c and 7d).As it has beemmentioned
above this can be interpreted as a breaking of the interecbetween the ion pairA
high affinity of imidazolium cations with carbon nanotulbes beerpreviously reported
[14,45-47] and the addition of low quantities of MWCNTSs in BWITSO provokes an
interaction between the cation and the nanotlgsatingto a new structure which seems
to be moramobilethan the pure ionic liquidhecaus®f a higher mobilityof the tosylate,
in agreement with the rheological data shown in tabblesd Ill. Then, the inclusion of
these low quantities of MWCNTmevents fran gel formation at high temperatur@sda

prevalent viscous behavior has been found.

On the other hand, when the concentrated dispersibmon-aligned MWCNTs are
studied, the values of both G’ and G” increase in comparison to the pure EMINTSO,
agreement with shear rate dependergg is predominant over G’ at low temperatures,

but gel points can benly seen when the temperature is raised. These results could
indicate that the presence of MWCNTs at high concentration promotes a rderedor
strucure and gels can be formed at lower temperatures in comparison to the pure ionic
liquid. Besides, the crossing point and the deviation of the slope of G’ to the value of 1

occurs at lower frequencies.
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Diluted non-aligned MWCNTs
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Figure8. Lossand storage moduli of EMIMTsO-MWCNTSs dispersions at 25 and 100 °C.

Figure 9 shows the influence of the addition of 1 vefigned MWCNTsto EMIMTsO

on the loss and storage moduli at different temperatdes can be seenhis kind of

CNTs dramatically enhansethe formation of a gelAlthough he presence of this

additive increases the values of both G’ and &’room temperature, gel point is not
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seen showing asimilar behavior tahe dispersions studied aboveowever,when the
temperature is raised some differences appeab0AC acrosspoint can beobserved
probably due to the presenceaomoreorganizedstructure in comparison with tregher
samplesFurthermore, ahigher temperature5 and 100 °C) Gis always lower than
G”. Thus, a teperatureénduced gelformation might occur probably due to the
developmenbf an ordered nanostructurd§,49. Then, the concentration effect is clear
for this type of CNTs. At the low concentration studied above, the carbon nanotubes
seem to disrupt thatructure of the EMIMTsO, but at 1 wt% different scenario
emerges. The concentration oENTSs in the dispersiors high enougtto form a three
dimensional ordered structuteadingto the formation of a gel, as seen for the -non
aligned MWCNTSs. Regarding the kind of CNTs studied, our hypothesimisa higher
alignment in the carbon nanotubes mpatesthe formation of stronger networkEhese
findings are in agreement with th&aman spectroscopy and TEMsults where the
spectra andmagesshowed morerdered structures in the aligned MWCNTSs than in the

non-aligned MWCNTSs.
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Figure 9. Loss and storage moduli of concentrated dispersions of aligned MWCNTs

dispersions at 25 (a), 50(b), 75 (c) and 100 °C (d).

CONCLUSIONS

The effect of émperatureconcentration and type of MWCNTIm the viscosity of the

EMIMTsO ionic liquid has been evaluated by rheological measuremétitsamples

showed a noiNewtonian shear thinning behavior when a shear flow is applied.

addition of MWCNTSs indilutedregime provokes a decrease on the viscadityigh flow

values but the concentrated dispersions always presé@rgher viscosity than the pure

EMIMTsO. Aligned MWCNTSs have a more pronounced effect on the viscosity than non
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aligned MWCNTs According to an Arrhenius fitting, the ionic liquid presents a higher
resistance to flow than the diluted dispersi@tsa constant shear rate of 56 én
evaluation of the viscoelastic behavior has been carried out by meascildition
expeiments At room temperature all our samples presentatlies of loss modulus
higher than storage modulusith (dG”/df) = 1 and (dG’’/df) = 2, meaning a typical

fluid behavior. Neither the pure ionic liquid ntire dispersionspresent any cross value

of the storage and loss moduli. Therefore, none of the samples showed a gel transition at
room temperature. When temperatisgaised, a temperatuneduced gel formation is

seen in pure ionic liquid and concentrated dispersiitl higher G’ and G” valuesn

the case of the aligned MWCNTs. Howevitrese threelimensional networkare not

found in the diluted dispersions.
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