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Abstract. In the manuscript, the quaternization method followed by anion exchange reaction was used to prepare
1-dodecyl-3-methylimidazolium tetrafluoroborate [C12MIM]BF4 ionic liquid (IL). The prepared IL was verified through
Fourier transform infrared and 1H-nuclear magnetic resonance spectroscopy. The IL, as a novel plasticizer, is incorporated
into the acrylonitrile butadiene rubber (NBR) composite with different contents from 1 to 5 phr in comparison with dioctyl
phthalate (DOP) as a traditional plasticizer. The IL effect on the rheology, mechanical, electrical properties of the
vulcanizates and their resistance to thermal ageing were investigated. The morphology of NBR composites was investigated by a scanning electron microscope. The results show that adding IL to the NBR vulcanizates improves both
mechanical and electrical properties of composites more than traditional DOP.
Keywords.
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Introduction

Currently, incorporation of ionic liquid (IL) in polymeric
composites has been permitted to enhance the properties of
the composites. ILs are used as novel additives in polymeric composites for example as plasticizers, antistatic
agents, lubricants or compatibilizer in polymeric
nanocomposites [1–5]. This is due to the fact that ILs have
specific properties, such as highly thermal and chemical
stability, high ionic conductivity, negligible volatility,
inflammability, etc. Some research studies stated that
enhancing the ionic conductivities is due to increasing the
mobility of carrier charge [6–8]. Quaternization reaction of
amines is a well-known technique to prepare ILs [9]. This
technique has been used to prepare 1-alkyl-3-methylimidazolium salts. Halides can be introduced by the reaction
of N-methylimidazole with a suitable haloalkane [10]. The
anion exchange method is used to introduce several anions
such as halides, tetrafluoroborate [11], hexafluorophosphate
[12], etc.
Recent research studies have discussed the health and
eco-friendly features of the use of conventional plasticizer
such as dioctyl phthalate (DOP). These studies specified
that DOP is unhealthy because of its carcinogenic effect.
The accurate leaching and migration of DOP could interfuse
medical liquid and blood, and it is unhealthy because of its

carcinogenesis. Hence, to guarantee the safety of medical
material, a number of alternatives to phthalates have been
considered, including soya bean oil, poly(ethylene terephthalate) and ILs [13,14]. ILs can be used as plasticizers for
various types of polymers without the assistance of common
plasticizers and they can improve thermal and mechanical
properties of flexible polymers.
Imidazolium ILs are similar to some traditional plasticizers having an aromatic core linked with alkyl groups.
Phthalates, adipates and trimellitates are the three kinds of
functional groups of conventional plasticizers. Properly,
plasticizers have most of the following properties: low
volatility, low leachability, high and low temperature stability, good compatibility with polymer and negligible
health and safety concerns. Imidazolium ILs achieve many
of these characteristics, with performance, reproducibility
and wide thermal range being some of the greatest advantages over traditional plasticizing agents [15,16].
In our manuscript, 1-dodecyl-3-methylimidazolium
tetrafluoroborate [C12MIM]BF4 IL had been prepared by
the quaternization reaction followed by anion exchange
reaction. The synthetic method was verified through Fourier
transform infrared (FT-IR) and 1H-nuclear magnetic resonance (NMR) spectroscopy. The present study aims to
observe the probability using [C12MIM]BF4 as a novel
plasticizer for acrylonitrile butadiene rubber (NBR) and
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study its effect on physico-mechanical and electrical properties of the vulcanizates as a comparison with traditional
plasticizer DOP.

2.
2.1

80C for 2 h to remove the traces of dichloromethane. The
prepared IL was investigated though FT-IR using a JASCO
FTIR 430 (Japan) instrument and 1H-NMR was measured in
deuterated chloroform using JEOL ECA 500 MHz NMR
spectrometer.

Experimental
Materials

1-Methylimidazole (mol. wt: 82.10) (sp. gr: 1.03) and
ammonium tetrafluoroborate (mol. wt: 104.84) were supplied from Sigma-Aldrich (Germany). 1-Bromododecane
(mol. wt: 249.23) (sp. gr: 1.038), was supplied from Acros
Organic (USA). Dichloromethane (mol. wt: 84.93) was
supplied from Sisco Research Laboratories India; chloroform HPLC (mol. wt: 119.38) was supplied from Fisher
Chemical Company. Ethylacetate HPLC (mol. wt: 88.10)
was supplied from Panreac Instrumental.
NBR was supplied from Lanxess AG Germany with an
acrylonitrile content of 32%. High abrasion furnace (HAF)
carbon black N-330 was supplied from Transport and
Engineering Company, Alexandria, Egypt. All the rubber
ingredients zinc oxide, stearic acid, DOP and tetramethylthiuram disulphide (TMTD) were of commercial
grade. N-Cyclohexyl-2-benzothiazole sulphenamide (CBS),
sulphur and polymerized 2,2,4-trimethyl-1,2-dihydroquinoline were obtained from Aldrich Company, Germany.

2.2
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2.3

Preparation and characterization of NBR composites

NBR composites, with the formulations given in table 1,
were prepared using a laboratory two-roll mill. The samples
were cured at 152 ± 1C until they developed a 90%
increase in torque using a TA rubber cure rheometer
rotorless Monsanto oscillating disc rheometer model-100.
Mechanical properties of vulcanizates were determined
according to the standard methods using an electronic
Zwick tensile testing machine (model Z010, Germany), in
accordance with ASTM D412 standard. The thermo-oxidative degradation of the vulcanizates was performed at a
temperature of 90C for 7 days.
The morphology of NBR composites was investigated by
using a scanning electron microscope (SEM) Quanta
instrument (model FEG250, FEI, Hillsboro, Oregon, USA).
Samples were gold-coated, and the electron microscope was
operated at 10 kV of excitation potential. SEM was performed by mounting the polymer blend samples on a
standard specimen tube, and then created with very thin
layer of gold by deposition.

Characterization of [C12MIM]BF4

[C12MIM]BFwas prepared following the general
4
scheme presented in scheme 1. The procedure was as follows: in a 250 ml round flask the prepared 1-dodecyl-3methylimidazolium bromide (0.03 mol) and NH4BF4 (0.06
mol) were added to the single mouth flask with a definite
amount of acetone as solvent, for 24 h at 40C under vigorous stirring. The reaction mixture was filtered and vacuum-distilled. Dichloromethane was added to the residue of
[C12MIM]Br and NH4BF4 and white solids precipitate were
obtained. Then, the solid precipitate was separated by filtration. Finally, the product was vacuum-dried in an oven at

2.4

Dielectric measurements were carried out in the frequency
range 100 Hz up to 100 kHz by using an LCR meter-type
AG-411 B (Ando Electric Ltd., Japan). The capacitance C,
the loss tangent tan d and the resistance R were obtained
from which the permittivity e0 , the dielectric loss e00 and the
electrical conductivity r were calculated. The samples were
moulded in the form of discs of 5 cm diameter and 3 mm
thickness. A guard ring capacitor (type NFM/5T Wiss Tech.
Werkstatten GMBH, Germany) was used as a measuring
cell. The cell was calibrated with standard materials, and the
experimental errors in e0 and e00 were found to be ±3 and
±5%, respectively.

3.
3.1

Scheme 1. Synthesis of [C12MIM]BF4.

Dielectric measurements

Results and discussion
Characterization of [C12MIM]BF4

The FT-IR spectra of [C12MIM]BF4 are shown in figure 1.
The prominent peak at 1630 cm-1 is due to C=N stretch,
peak at 1571 cm-1 indicates C=C symmetric stretch,
another peak at (1165 cm-1) indicates C–N stretch, in
addition aromatic peaks at 3120 cm-1 due to C–H stretch
that confirmed the presence of an imidazolium ring.
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Formulation and rheometer characteristics of NBR vulcanizates.
[C12MIM]BF4 IL

DOP
Ingredients

1 phr

3 phr

5 phr

1 phr

3 phr

5 phr

NBR

100

100

100

100

100

100

1.09
10.08
1.37
4.57
31.25

1.13
8.67
1.40
5.36
25.25

ZnO 1.5, stearic acid 3, HAF 20, sulphur 1.5, TMTD 1, CBS 0.8, TMQ 1
Rheometer characteristic
ML (d nm)
MH (d nm)
ts2 (min)
Tc90 (min)
CRI (min-1)

1.02
11.41
2.62
4.73
47.39

0.96
10.82
2.95
5.34
41.84

0.96
10.38
2.96
5.24
43.86

1.13
12.02
1.77
4.52
36.36

3.2

Figure 1.

FT-IR for [C12MIM]BF4 IL.

Aliphatic C–H stretch signals were also observed at 2962
cm-1 due to the alkyl chain group. The broad peak at 3425
cm-1 can be attributed to the IL hydration.
1
H-NMR in figure 2 reveals that signals at d = 0.6–4.3
ppm corresponding to protons of alkyl group attached to N
of methylimidazolium proved the successful attachment of
the alkyl group onto the tertiary N of methylimidazole and
forming the quaternary ammonium salt. Also, 1H-NMR
shows that signals at d = 7.2–9.09 ppm are due to the
protons attached to the carbons of the imidazolium ring
which confirmed the presence of imidazole ring.

Mechanical properties of NBR vulcanizates

Figure 3 illustrates the tensile strength for the NBR composites. From this figure, it is clear that the ILs increased the
tensile strength of the vulcanizates by 1.5–5.8 MPa compared with the vulcanizate containing only typical DOP.
The highest tensile strength achieved for NBR vulcanizates
containing 5 phr from [C12MIM]BF4 was 12.65 MPa,
while the tensile strength of NBR vulcanizates containing
the same concentration of DOP was 6.75 MPa. Also, it is
obvious that the tensile strength of the NBR vulcanizates
increases gradually with increasing the IL content.
Also figure 4 represents the elongation at the break of the
NBR vulcanizates. From this figure it is clear that the ILs
increased the elongation of the NBR vulcanizates by
25–400% compared with the NBR vulcanizates containing
only typical DOP. The highest elongation values were
achieved for NBR vulcanizates containing 3 phr from
[C12MIM]BF4 . Also it is obvious that the elongation at
break values for NBR vulcanizates containing typical DOP

14

Tensile strength, MPa

12
10
8
6
4
2
0

11

33

55

Plasticizer content, Phr
NBR with DOP

Figure 2.

1

H-NMR for [C12MIM]BF4 IL.

Figure 3.

NBR with [C12MIM]BF4

Tensile strength for NBR vulcanizates.
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and [C12MIM]BF4 increased with increasing their content
then decreased at 5 phr content.

periods for NBR vulcanizates. From this figure, it is obvious
that there is no notable change in the tensile strength of
aged vulcanizates. So, we can state that NBR vulcanizates,
containing both IL and DOP, have good thermal stability.
Figure 6 represents changes in the elongation at break of
the NBR vulcanizates after ageing. From this figure, it is
clear that there is no notable change in elongation at break
of the aged vulcanizates. So, we can state that NBR vulcanizates are thermally stable.
SEM images of samples with 3% DOP or [C12MIM]BF2
4
(figure 7) showed that DOP developed a considerable
number of cracks on the surface and the surface became
smoother exhibiting less cracking on the surface of
[C12MIM]BF2
4 sample.
The morphology of the investigated compounds provides
direct evidence for evaluating the dispersion of HAF particles. It was expected that the addition of [C12MIM]BF2
4
would improve the dispersion of filler (HAF) particles in the
matrix, but the addition of DOP was slightly improved by
the dispersion of HAF particles and the adhesion between
HAF particles and matrix NBR.

3.3

3.4

1800
1600
Elongation, %

1400
1200
1000
800
600
400
200
0
Plasticizer content, Phr
NBR with DOP

Figure 4.

NBR with [C12MIM]BF4

Elongation at break for NBR vulcanizates.

Thermo-oxidative ageing of NBR vulcanizates

Figure 8 shows the permittivity e0 and dielectric loss e00 as a
function of the applied frequency and at room temperature
for NBR plasticized with the traditional way DOP and with
IL concentrations from 0 to 5 phr.
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Tensile strength, MPa

Tensile strength, MPa

Ageing resistance is an important feature for rubber products used in technological applications. The effect of ILs on
ageing resistance was studied through the changes in the
mechanical properties of the NBR vulcanizates. Figure 5
determines the change in tensile strength during ageing

Electrical properties of NBR vulcanizates
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Figure 5. NBR vulcanizates tensile strength after ageing.
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Figure 6. NBR vulcanizates elongation after ageing.

Figure 7. SEM images of NBR/29 phr HAF vulcanizates containing (a) 3% DOP, (b) 3% [C12MIM]BF4,
magnification 9500.

From this figure it is seen that e0 increased by increasing
both DOP and IL content. This increase is due to the fact
that the addition of polar material to polymer matrix adds
some interfacial polarization values to it and consequently
rises e0 values [17]. On the other hand, e0 values were found
to decrease by increasing the applied frequency f. The
reason for this decrease could be explained on the basis of
the fact that the dipole reversal could not follow-up the
speed of the field as the frequency increased.
The relation between e00 values and the applied frequency
shown in figure 8 are so complicated, indicating the presence of more than one relaxation processes in addition to

the dc electrical conductivity term, which is responsible for
the higher losses at low frequency range.
To understand the various relaxation mechanisms, these
curves were analysed by using a computer program on the
basis of Frohlich and Havriliak–Negami [17]. Example of
the analyses is given in figure 9. From this figure it is seen
that the absorption curves were analysed into two relaxation
processes in addition to the losses due to electrical dc
conductivity.
The first one at the low-frequency range belongs to the
Maxwell–Wagner effect due to the difference in permittivities and conductivities of the ingredients of the
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Figure 8. Permittivity e0 and dielectric loss e00 vs. the applied
frequency for NBR with DOP and [C12MIM]BF4 IL.

Figure 9.

Example of the analyses for NBR and NBR/3 phr IL.
[C12MIM]BF4

DOP

-

4.0

τ x 106 s

4.0

τ x 106 s

composites [18,19]. This process was found to be in the
order of 10-3 s and it does not get affected by either the
type or concentration of plasticizer used. The second one
with relaxation time s2 is attributed to the aggregation
movement and was found to be in the order of 10-6 s. The
relaxation time associated with this region was found to
decrease by increasing the plasticizer content. This decrease
reflects some sort of elasticity in the polymeric matrix. This
elasticity eases to some extent the movement of such
aggregates and consequently decreases the relaxation time
values. This finding achieves further justification through
the mechanical results. It was of great interest to find that
this decrease is more in the event of using IL than the
traditional DOP plasticizer. This finding recommends the
prepared IL to act as plasticizer for NBR rather than DOP.
The obtained values of the second relaxation process are
illustrated graphically in figure 10. From this figure it is
seen that the value of s2 decreases by increasing either DOP
or IL content in the composite. This decrease indicates that
NBR chain becomes flexible to move under the influence of
the electric field. This finding justifies the presumption
obtained by the mechanical investigation. This means that
IL can act as a plasticizer for NBR matrix instead of the
traditional DOP.
To understand the effect of thermal ageing upon the
composites under investigation, samples were exposed to

3.5

3.5

3.0

3.0

2.5

2.5
0

2
4
DOP, phr

6

00

22
IL, phr

44
DOP, phr

66

Figure 10. Second relaxation time s2 vs. plasticizer content ()
before and (•) after thermal ageing.

thermal ageing for 7 days at 90C and re-measured with the
same manner, as mentioned before.
In order to follow-up the changes obtained before and
after ageing, the values of the permittivity e0 and dielectric

Bull Mater Sci (2020)43:222
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Figure 13. Electrical conductivity r vs. plasticizer content ()
before and (•) after thermal ageing.

The electrical conductivity r was calculated from the
measured resistance and the obtained data are illustrated
graphically in figure 13.
From this figure it is seen that the electrical conductivity
increases by increasing the content of plasticizer in both
cases. But for IL this increase is very fast and slightly
affected by thermal ageing which indicates higher resistance to thermal ageing. These results lead to a conclusion
that IL not only acts as a plasticizer for NBR matrix but also
increases its electrical conductivity as well which widens its
industrial application.
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Figure 11. Permittivity e0 vs. plasticizer content at f = 100 Hz ()
before and (•) after thermal ageing.
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Figure 12. Dielectric loss e00 vs. plasticizer content at f = 100 Hz
() before and (•) after thermal ageing.

loss e00 at fixed frequency f = 100 Hz are illustrated in figures 11 and 12, respectively.
From these figures it is seen that both e0 and e00 values
increase by increasing the plasticizer content. This increase
is logic as both DOP and IL are polar additives. But both
values are very highly increased by increasing IL content
when compared with DOP. This finding indicates that the
addition of IL to NBR matrices not only acts as plasticizer
but also adds another demanded property (increase its
electrical conductivity) which widen its application.
Also it is seen that both values slightly increase by
thermal ageing. This increase reflects slight degradation by
thermal ageing. On the other hand, for IL it is clear that both
values do not get affected by thermal ageing indicating
much more stability than the traditional DOP.
However, the addition of IL causes pronounced increase
in both e0 and e00 values. This increase reflects an increase in
electrical conductivity when compared with the traditional
DOP which is always used as plasticizer.

4.

Conclusion
• [C12MIM]BF4 IL was prepared through the quaternization method followed by anion exchange reaction
and characterized through FT-IR and 1H-NMR.
• The highest tensile strength achieved for NBR
vulcanizates containing 5 phr from [C12MIM]BF4
was 12.65 MPa, while the tensile strength for NBR
vulcanizates containing the same concentration of
DOP was 6.75 MPa.
• Elongation at break values for NBR vulcanizates
containing typical DOP and [C12MIM]BF4
increased with increasing their content then decreasing at 5 phr content.
• Permittivity e0 and dielectric loss e00 values increase
by increasing the plasticizer content; this increase is
logic as both DOP and IL are polar additives. But
both values are very highly increased by increasing
IL content when compared with DOP.
• Incorporation of IL into NBR matrices not only acts
as a plasticizer but also adds another demanded
property (increases its electrical conductivity) which
widens its application.
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