MedCrave

Step into the Wonld of Research

i@

Material Science & Engineering International Journal

Research Article

a Open Access

‘ N CrossMark‘

Cure characteristics of nanocomposites containing
imidazolium ionic liquid modified carbon nanotubes
and styrene butadiene rubber

Abstract

Herein, imdazolium type ionic liquid modified Multiwalled carbon nanotube based
styrene butadiene rubber nanocomposites is prepared by simple two roll ill mixing.
Tonic liquid facilitates the dispersion of MWCNT in polymer matrix which is evident
from Transmission electron microscopy images. The effect of the incorporation of a
modified MWCNT (f- MWCNT) on the vulcanization Kinetics of natural rubber was

investigated by means of cure-meter testing (Figure 1).
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Figure I Vulcanization kinetics of natural rubber was investigated by means of cure-meter

testing.

Introduction

Potential applications as well as strength and durability of polymers
can be enriched by the reinforcement using various nanosized fillers.
Fillers with very high aspect ratio and different dimensionality or
morphology can be served as ideal reinforcing agent in the viewpoint
of their enhanced properties at low nanofiller loading thereby weight
savings of final material. Among the various nanofillers, carbon
nanotubes can be pursued as a promising reinforcing agent due to their
superb physical properties especially mechanical characteristics with
tensile strength of 60 GPa and Young’s modulus of 1TPa. Appropriate
dispersion MWCNT because interactions between neighbouring
tubes and the lack of efficient load transfer between MWCNT and
polymer matrix due to the atomically smooth surface of MWCNT are
the two critical difficulties in composite processing. Incorporation of
active groups on MWCNT by emerging chemistry is a good method
to overcome these tasks. The effective load transfer can be occurred
by primary or secondary bonding between filler and polymer or
entanglement with polymer. By functionalization, fillers became the
part of the cross-linked structure rather than separate segments. Use
of ionic liquid as novel dispersant for MWCNT has been developed
as an environment friendly technology to functionalize MWCNTs.
Commonly reported dispersants are solid in state which needs additional
solvent to disperse MWCNT. In contrast ionic liquids are fluid at room
temperature and are made entirely of ions. Special features of ionic
liquid like high boiling point, low toxicity, high ionic conductivity
and good solvation properties made them an attractive candidate in
green chemistry. Based on this, several works have been reported on

the surface functionalization of MWCNT by ionic liquid and their
use as a reinforcing agent in elastomers. The property improvements
and the reinforcement mechanism by the addition of surface modified
MWCNT are influenced by the behaviour of interfacial region and
microstructural development in the composites. Positive correlation
between mechanical performance and vulcanisation characteristics of
rubber composites were already established by various researchers.
Formation of three dimensional network structures via sulphur
linkages upon vulcanisation leads to variations in physical and
mechanical characteristics of elastomers to great extent. Therefore,
investigation of both the cure reaction and its kinetics provide detailed
information regarding vulcanisation mechanism and the correlation
between cure and mechanical properties of vulcanised rubber. In
this paper, cure kinetics is of prepared nanocomposites are studied
in detail using an autocatalytic model proposed by Kamal and Ryan.
Microstructural developments in nanocomposites are investigated by
transmission electron microscopy images.

Materials and methods

Multiwall carbon nanotubes (NANOCYLTM NC7000) with
minimum purity of 90%, average diameter of ca.lOnm, average
length of ca. 1.5 um were used in this work. Styrene butadiene Rubber
(Synaprene 1502) was used as the matrix. Surface modification of
MWCNT was done using ionic liquid, 1-benzyl-3-methylimidazolium
chloride purchased from Reinste Nano ventures. All other
compounding ingredients are purchased from Merck Chemicals,
Mumbai. Nanocomposite fabrication was done in three steps: Phase
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I: Surface functionalization of MWCNT using ionic liquid, Phase
II: Nanocomposite preparation by Two roll mill mixing, Phase III:
Compression molding. Schematic diagram showing different steps in

Table | Different -MWCNT/SBR nanocomposites prepared for this work
*| phr ionic liquid= | mmol of ionic liquid
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the fabrication of nanocomposites are displayed in (Figure 2) (Table
1) shows samples prepared for this study.

Sample designation = MWOCNT(phr) lonic liquid (phr)*  Ratio between MWCNT and lonic liquid
TOILO 0 0 0:00
THLI | | 1:01
T3ILI 3 3 1:01
T5ILI 5 5 1:01
T7ILI 7 7 1:01
TIOILI 10 10 1:01

Figure 2 Transmission electron microscopy images of T5ILI in different
magnifications

Characterization techniques

The cure characteristics of the SBR composites were determined
with a Moving die rheometer (MDR 3000, MonTech, Germany) at
160°C for 30min. The vulcanization behaviour of neat SBR and SBR
composites were determined at 140°C, 160°C and 180°C. The cure
reaction rate constant was calculated from the vulcanization reaction
and then the vulcanization kinetics was also analysed. The morphology
of the composites was analysed by TEM (JEM-2100HRTEM). The
cryocut specimens prepared using an ultra-microtome (Leica, Ultra
cut UCT) were placed on 300mesh Cu grids (35mm diameter) and
were analysed.

Results and discussion

Microstructural transmission electron

microscopy (TEM)

studies,

TEM technique was carried out to know the dispersion situation
of the modified MWCNTs in polymer matrix, as displayed in Figure
2. Modified MWCTs were relatively finely distributed in matrix
indicating the good interfacial communication between matrix and
filler.

Cure characteristics and theoretical modelling

To elucidate the influence of -MWCNT concentration on the
vulcanisation kinetics of SBR, cure graphs of nanocomposites are
presented in Figure 3A. Systematic shifting of curing curves towards
the short time side with increasing -MWCNT is evident from this

figure, proposing that the vulcanisation phenomenon of SBR is
augmented. It is found that ionic liquids can be used to enhance the
speed of the sulphur vulcanisation of butadiene—styrene elastomer
composites. Here imidazolium group of ionic liquid present on the
surface of MWCNT can act as cure accelerator. As seen in Figure
3B both scorch time and cure time drop rapidly with increase in filler
loading up to 3 phr -MWCNT, and then levels off t90-ts2, which is a
measure of vulcanisation time and rate reduced with increase in filler
loading.
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Figure 3 (A) Cure graphs of nanocomposites having diverse -MWCNT
loading, (B) Variation in scorch time and cure time with -MWCNT loading.

Vulcanisation kinetics

To have a better understanding of the influence of -MWCNT on
the vulcanisation process of SBR nanocomposites, the kinetics of
vulcanisation is studied based on cure rheometric data. Vulcanisation
kinetics of rubber can be modelled using a differential equation related
to time and temperature. Kamal and Ryan in their model proposed
that the overall reactions during vulcanisation process could contain

autocatalytic reactions. Equation is given as follows,
da
0 K(T) fa (1)

Where a is the degree of vulcanisation, do/dt is the vulcanisation
rate, t is the time, K is a kinetic constant at temperature T, and f(a) is
a function corresponding to the phenomenological model. The degree
of vulcanisation o calculated from torque time curves obtained by
Moving die rheometer (MDR) is as follows

a=AM
M, -M,

Where M0, Mt, and M are the torque values at time zero, at a given
curing time and at the end of the vulcanisation process respectively.
It has been generally realized that the vulcanisation process is an
autocatalytic reaction, thus f(a) is given as
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fl@)=a"(1-a)" (3)

Where 0<m < 1 and n>1 are both the orders of reaction. Thus, Eq.
(4.1) can be given as:

& ka1 @

As shown in Figure 4 the experimental data can be well fitted with
equation 4. The reasonable good closeness between experimental
and theoretical prediction and also the fraction values of n and m
suggest that the vulcanisation process cannot be characterized by
a simple elemental reaction, but rather by various reactions which
can occur simultaneously or in series, and these reactions undergo
an autocatalytic process during vulcanisation. From the fitting
parameters displayed in Table 2, it is clear that the vulcanisation rate
is promoted with -MWCNT loading. Here k value increases with
filler loading which suggests the improvement of vulcanisation rate
with filler loading. Dependency of the vulcanisation reaction on the
initial reactants of the compound is evident from the large n value as
compared to m value.

= TOILO
4. < T5IL1
+  T10IL1
Model
34
e
T 2
3
=
14
04

Figure 4 Plots of vulcanisation rate against degree of vulcanisation for the
nanocomposites at |60°C.The lines are the results predicted from Equation. 4.

Table 2 Kinetic parameters obtained by fitting the experimental data in Figure
2 with Equation 4

Sample Temperature (K) k(min') m n m+n
413 0.045 0.64 098 1.62
TOILO 423 0.067 072 132 2.04
443 0.153 076 146 222
413 0.401 068 .51 2.19
T5ILI 423 0.608 079 223 3.02
443 0.881 081 263 3.44
413 1.43 073 278 351
TIOILI 423 2.36 087 289 3.76
443 391 098  3.07 4.05

Conclusion

f-MWCNT/SBR nanocomposites were prepared by two roll mill
mixing method. TEM results suggest that the method is efficient in
dispersing MWCNT in the SBR matrix. It is found that ionic liquids
can be used as accelerators for the sulphur vulcanisation of SBR
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composites. The increase in torque with filler loading can be attributed
to the formation of three dimensional network of MWCNT in rubber
matrix. Vulcanisation kinetics study shows that cure reaction is an
autocatalytic reaction.!
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