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Mechanical and Thermal Properties of Claypoly(norbornene) Nanocomposites from Ruthenium
Alkylidene-mediated Surface-initiated Polymerization
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In this work, the mechanical and thermal properties of nanocomposite films prepared
from the surface-initiated polymerization of norbornene mediated by a surface-bound
ruthenium alkylidine catalyst were investigated. Thermal gravimetric and dynamic
mechanical analyses revealed enhanced properties of the resulting nanocomposite films
over that of the unfilled polymer.
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INTRODUCTION
The silicate clay-based polymer nanocomposites derived from the use of an
organically modified clay montmorillonite
(MMT) mineral and other related materials
have attracted a great deal of technological
and scientific interest owing to the promise of
greatly improved properties over those of the
unfilled polymer. In incorporating a modified
clay to a bulk polymer, several properties - e.g.
mechanical strength, thermal stability and
flammability and barrier properties - of the
polymer-clay nanocomposites are enhanced
compared to their neat polymer counterparts
(Fornes et al., 2002; Lan et al., 1995; Vaia et al.,
1999; Wang et al., 2003; Zanetti et al., 2004).
In order to improve mechanical properties of
polymers, fillers in the form of fibers, particles
or platelets are incorporated in the polymer
*
*

matrix to form a composite. The researchers
from the Toyota’s Central Research and
Development Laboratories were the first to
demonstrate in the 1980s that a substantial
increase in the mechanical properties of a
polyamide resin can be realized through
reinforcing the nylon matrix with a silicate
clay. They successfully prepared a nylon-clay
hybrid (NCH) that possessed improved
mechanical and thermal properties – a higher
modulus, an enhanced strength and a better
heat distortion temperature – over the unfilled
nylon (Kojima et al., 1994; Usuki et al., 1997;
Usuki et al., 1995; Usuki et al., 1995; Yano et
al., 1997; Yano et al., 1993).
In this paper, the mechanical and thermal
characteristics
of
clay-based
polymer
nanocomposite films prepared by extending
beyond the incorporation of an organoclay in
the polymer matrix by directly growing the
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(exfoliation) (Fan et al., 2002; Fan et al., 2002;
Zhou et al., 2001). Here, a surface-attached
ruthenium alkylidine catalyst was used to
mediate the norbornene polymerization
directly from an organoclay surface resulting
in nanocomposites where the polymer chains
are grafted to the clay by covalent attachment
as shown in Figure 1. Two samples for TEM
observation were made. The first sample is a
physical mixture of the clay template and the
polymer where a phase separation was
observed. This was completely different from
the TEM micrograph of the nanocomposite
where the silicate clay platelets can be

B

Figure 1. TEM images of (A) a physical mixture of
Cloisite15A clay and poly(norbornene). The scale bar is
equivalent to 5 µm.; (B) Silylated Cloisite15A claypoly(norbornene) nanocomposite. This is a lower magnified
version of Figure 7B. The scale bar is equivalent to 2 µm.
(Reproduced from the Polymer Engineering and Science
Journal [Penaloza et al., 2015]).
polymer structure on the clay surface resulting
in covalently tethered long chains. The
synthetic route and characterization of the
nanocomposites
prepared
from
this
metholodogy was previously published
(Penaloza et al., 2015). In our previous work,
not only a stable attachment between the
polymer and the clay could be achieved but
having relatively longer polymer chains (as
compared to alkyl chains from ammonium
modifiers commonly used in clay additives for
nanocomposite preparation) increases the
possibility of clay structure delamination

B

Figure 2. XRD patterns of the silylated Cloisite 15A
clay before (clay template) and after (nanocomposite)
the SI-ROMP of norbornene; (B) TEM micrograph
of the nanocomposite. The scale bar is equivalent to
100 nm. (Reproduced from the Polymer Engineering
and Science Journal [Penaloza et al., 2015]).
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observed homogeneously dispersed within the
boundaries of the polymer matrix (Figure 8B).
This confirms that the polymer chains are
covalently attached to the clay.
This approach also produced an exfoliated
nanocomposite as confirmed by TEM and
XRD measurements as shown in Figure 2.
(Penaloza et al., 2015). The details of this
approach have been published elsewhere (Ahn et
al., 2008; Jordi & Seery, 2005; Penaloza & Seery,
2009; Yavuz et al., 2009). Such surface-initiated
polymerization approach, allows for better
control of polymer growth since polymerization
starts from immobilized initiators and monomer
adds to the propagating polymer chain
(Advincula, 2006). The nanocomposites which
were then hot-pressed into thin films were
prepared from this approach and in this work,
their mechanical and thermal properties were
compared to that of the free poly(norbornene).
MATERIALS AND METHODS

Synthesis
of
clay-poly(norbornene)
nanocomposites and free poly(norbornene).
Synthesis of clay-poly(norbornene) nanocomposites.
The procedure described below has been
published elsewhere (Penaloza, Seery, 2011;
Penaloza & Seery, 2009; Seery & Penaloza,
2013; Penaloza et al., 2015). A 100 mg C15Asil
was placed in 20-mL scintillation vial and was
brought inside glovebox. Five mL of distilled
tetrahydrofuran (THF) - stabilized with TCP,
0.69 g tricyclohexyl phosphine (TCP) per 150
mL THF - was used to disperse the clay. Five
mg of Grubbs 1st generation catalyst, a
ruthenium alkylidene, was then added to the
clay solution and stirred for 5 minutes. The
clay solution was then washed with 15 mL
hexane to get rid of unbound catalyst, sealed
with parafilm wax and brought outside the
glovebox
for
centrifugation.
After
centrifugation, clay solution was brought back
inside the glovebox, and the supernatant was
pipetted off. Then the clay was dispersed in 5
mL THF. Washing with hexane was done two
more times. After the last wash, the clay was
re-dispersed in 5 mL of THF.
In a separate vial, 500 mg of norbornene
monomer was dissolved in 10 mL of THF
KIMIKA • Volume 27, Number 1, January 2016

(with TCP). Then the monomer and the
activated clay solutions were combined and
allowed to stir for the desired reaction times.
Two
sets
of
clay-poly(norbornene)
nanocomposites were prepared using 120 and
180 minutes of polymerization time,
respectively. For each reaction time, 5
replicates were used to produce enough
materials for film preparation. For each
replicate, the reaction was terminated by
adding 0.5 mL of ethyl vinyl ether (EVE). The
mixture was then brought out of the glovebox
and precipitated in cold methanol. The
polymer nanocomposites were collected by
gravity filtration and dried under vacuum. The
final composition of the clay and the polymer
in each of the nanocomposite was determined
by thermogravimetric analysis (TGA).
Synthesis of free poly(norbornene). The free
poly(norbornene) sample was prepared in
glovebox. In a 20-mL scintillation vial, 500 mg
of norbornene monomer was dissolved in 10
mL of THF. 5 mg of the Grubbs 1st
generation catalyst was then added to the
monomer solution. The mixture was allowed
to stir for the 120 minutes. Five replicates
were used to produce enough materials for
film preparation. The reaction was terminated
by adding 0.5 mL of EVE. The mixture was
then brought out of the glovebox and
precipitated in cold methanol. The polymer
was collected by gravity filtration and dried
under vacuum.

Physical property measurements of claypoly(norbornene) nanocomposites and
free poly(norbornene). Dynamic mechanical

analysis (DMA). To compare the mechanical
properties of the nanocomposites from the
unfilled poly(norbornene), a dynamic
mechanical analysis (DMA) was performed.
The storage and loss moduli of the
poly(norbornene) and the clay-poly(norbornene) nanocomposite samples were obtained
by DMA, at a heating rate of 5 °C/min from 50 °C to 150 °C. Also, a stress-strain testing
was also conducted on the unfilled
poly(norbornene) films and two claypoly(norbornene) nanocomposites which were
determined to contain 5 % (C15Asil_PNB5)
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and 13 % organoclay (C15Asil_PNB13).
Three replicates for each of the sample films
were used. From the stress-strain plot, the
tensile modulus of the samples was
determined using the TA Instruments
Universal Analysis 2000 software.
Thermogravimetric Analysis (TGA). Thermogravimetric analysis was performed to
determine the thermal properties of the
organoclay, poly(norbornene) and the
nanocomposites that include degradation
temperature (Td) and total residual mass at
1000 °C (m1000 °C). Samples were placed in
alumina pan and were heated up to 1000 °C
under nitrogen atmosphere with a heating rate
of 10 °C/min. TGA analyses of the clay,
polymer and clay-polymer nanocomposites
were carried out on a TA Instruments SDT
Q600
Simultaneous
TGA/DSC.
TA
Instruments Universal Analysis 2000 software
was used to process the data.
RESULTS AND DISCUSSIONS

Figure 3. Stress-strain plot the poly(norbornene) films
containing varying amounts of C15Asil organoclay:
(a) 0%; (b) 5% and (c) 13%.
13 % organoclay (C15Asil_PNB13) increased
the film modulus to 833 ± 23 MPa (128 %).
Without
the
organoclay
filler,
the
poly(norbornene) film samples have an
average tensile modulus of only 365 ± 23
MPa. Also, both nanocomposite samples have
exhibited considerably higher percent
elongation than the pure poly(norbornene)
(Figure 3).

Mechanical properties of the claypoly(norbornene) nanocomposites and the
free poly(norbornene). To study the effect
of the clay composition in the mechanical
properties of the nanocomposites prepared by
surface initiated ring opening metathesis
polymerization (SI-ROMP), sample films of
poly(norbornene) and clay-poly(norbornene)
nanocomposites
containing
5
%
(C15Asil_PNB5) and 13 % organoclay
(C15Asil_PNB13) (as determined by TGA)
were prepared using hot press. The stressstrain test was performed on these samples
using dynamic mechanical analysis (DMA).
Three replicates for every film sample were
used. The tensile modulus of the different
samples was determined as the slope of the
stress-strain plot (Figure 3).
The calculated values of the tensile modulus
of the different poly(norbornene) films are
presented in Figure 3. Both nanocomposite
samples have higher tensile moduli than the
unfilled poly(norbornene) sample. The
nanocomposite containing 5 % organoclay
(C15Asil_PNB5) registers a tensile modulus
equal to 675 ± 26 MPa (85 % increase) while

Figure 4. Tensile moduli of the poly(norbornene) films
containing varying amounts of C15Asil organoclay:
(a) 0%; (b) 5% and (c) 13%.
Figures 5a-b present the loss and storage
modulus of the poly(norbornene) and the
clay-poly(norbornene)
nanocomposite.
Sample films were run from -50 °C to 150 °C.
DMA measurements show that the
nanocomposite sample has higher storage and
loss modulus as compared to the unfilled
poly(norbornene) film.
Several studies in the literature have attributed
the increase in mechanical properties of the
nanocomposites over the unfilled polymer due
to the homogeneous dispersion of the
inorganic fillers in the bulk material
KIMIKA • Volume 27, Number 1, January 2016
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organomodified clay plays a key role in the
preparation and processing of clay-polymer
nanocomposites. In this study, a comparison
of the thermal properties of the organoclay,
poly(norbornene) and clay-poly(norbornene)
nanocomposites
was
made
using
thermogravimetric (TGA) measurements. The
thermal properties considered in this study
include the degradation temperature and the
total residual mass after heating the samples to
1000 °C (m1000C). These properties are
summarized in Table 1.
Table 1. Thermal Properties of the C15Asil
Organoclay, Poly(norbornene) and Claypoly(norbornene) Nanocomposites.

Figure 5. Loss and storage moduli of (a) free
poly(norbornene) film and (b) C15Asilpoly(norbornene) nanocomposite film (13% clay).
(Alexandre & Dubois, 2000; Awad et al., 2009;
Braganca et al., 2007; Kawasumi et al., 1997;
Kaynak et al., 2009; Maiti et al., 2002; Pramanik
et al., 2003; Ray et al., 2003). The stable
grafting of the polymer chains to the inorganic
clay substrate may have also contributed to
the increased tensile modulus of the clay-filled
poly(norbornene) films. For instance, in the
work of Karesoja et al. (2009) on the
preparation of a clay-poly(butyl acrylate-comethyl methacrylate) nanocomposite via SIATRP, the mechanical properties of the
polymer films were improved as a function of
the organoclay content. The authors also
observed that the polymer-modified clay when
used as fillers affects the stress-strain
properties more than using only unmodified
MMT clay. In their work, they grafted the
poly(butyl acrylate-co-methyl methacrylate) on
the MMT organoclay and use this polymermodified clay as a filler in the same poly(butyl
acrylate-co-methyl methacrylate) copolymer as
the matrix.

Thermal properties of the claypoly(norbornene) nanocomposites and the
free poly(norbornene). Thermogravimetric
analysis (TGA). The thermal stability of the
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Samples
Td
m1000 °C
C15Asila
300 °C
59 %
b
Poly(norbornene) 453 °C
0%
Clay-poly(norbornene) nanocomposite
C15Asil_PNB13c 462 °C
8%
c
C15Asil_PNB5
462 °C
3%
a

organoclay only; bpolymer only; corganoclay
composition as determined by TGA

The clay-poly(norbornene) nanocomposite
samples degrade at a much higher temperature
(462 °C). The degradation temperature for the
unfilled poly(norbornene) is 453 °C.
Another point of comparison is between the
C15Asil (organoclay only) and the
nanocomposites. Two kinds of organoclays
can be considered in this comparison: (1) the
C15Asil as an organoclay that is modified with
alkyl ammonium salt via an ion exchange
reaction and (2) the clay-poly(norbornene)
nanocomposites as organoclays modified by
polymer chains via surface-initiated ROMP.
The nanocomposites (as a polymer-modified
organoclay) exhibit a much higher Td as
compared to the C15Asil indicating better
thermal properties of the nanocomposites.
The observed difference between the two
kinds of organoclays can be attributed to the
stability of the chain attachment - with the
nanocomposites having chains attached by
covalent bonding as compared to the C15Asil
having alkyl chains tethered by ionic
attachment.
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CONCLUSIONS
The clay-poly(norbornene) nanocomposites
exhibited better mechanical properties and
higher thermal stability as compared to the
unmodified poly(norbornene). DMA studies
showed that the clay reinforcement increases
the tensile, storage and loss moduli as well as
percent elongation of the nanocomposites.
TGA measurements, on the other hand,
confirmed that the nanocomposites were
found to degrade at a much higher
temperature
compared to the
free
poly(norbornene).
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