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ABSTRACT: The vulcanization behavior and mechanical
properties of clay/fluoroelastomer nanocomposites pro-
duced by melt-mixing of Dyneon FPO 3741 (a terpolymer
of vinylidene fluoride, hexafluoropropylene, and tetra-
fluoroethylene) with 10 phr of unmodified montmorillon-
ite (CloisiteNA) or di(hydrogenated tallow-alkyl) dimethyl
ammonium-modified montmorillonites (Cloisite15A and
Cloisite20A) were studied. The properties of clay/FKM
nanocomposites were compared with composites prepared
using 10 and 30 phr of carbon black. The effects of clay
surfactant and surfactant concentration on the vulcaniza-
tion behavior, mechanical, and dynamical properties of
peroxide cured composites were studied. XRD results of
cured composites showed a decrease in d-spacing and
indicated deintercalation of the clays after the vulcaniza-
tion process. It was also found that organoclays retard the

FKM peroxide vulcanization process. Significantly, higher
maximum torque on vulcanization was obtained with
organoclays versus unmodified clay and carbon black.
Although the morphologies of organoclay/FKM nanocom-
posites studied by XRD and TEM suggest similar interca-
lated/exfoliated structures, the organoclay with the lowest
concentration of surfactant (95 meq/100 g clay) resulted in
the highest increase in torque, modulus, hardness, and
tear strength in the clay/FKM nanocomposites. It was also
found that organoclays can increase both the hydrody-
namic reinforcement and hysteresis loss of FKM nanocom-
posites. VC 2011 Wiley Periodicals, Inc. J Appl Polym Sci 124:
5056–5063, 2012
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INTRODUCTION

Fluorocarbon rubber (FKM) is a specialty elastomer
often used in severe and demanding environments.
The main drawback of FKM stems from its low
strength, which may limit its usage in many new
areas. Carbon black has been the leading reinforcing
filler for elastomers for many decades, primarily due
to its ability to significantly improve mechanical
properties and to reduce compound cost. However,
an increased recent attention toward nanoclays
arises from their ability to improve composite prop-
erties at a much lower loading when compared with
conventional fillers like carbon black. Nanoclays
have been proved to impart substantial mechanical
strength to many thermoplastic polymer matrices at
very low loadings when compared with conven-
tional fillers.1,2 Although thermoplastics and thermo-
set elastomers fall under the broad category of poly-
mers, elastomers differ from thermoplastics in
numerous methods. The foremost difference
between elastomers and thermoplastics is vulcaniza-

tion of the elastomer matrix using curing agents.
Therefore, in addition to applying the currently
available technology on nanoclays, elastomer-specific
parameters and processes need to be investigated.
There have been previous reports on the effect of

nanoclay on vulcanization behavior of elastomer
matrices.3–7 There has been only one such study on
FKM composites.8 That work reported that the cur-
ing of FKM using diamines was accelerated by the
presence of organically modified clays. In addition,
changes in the morphology of clay/elastomer nano-
composites during the vulcanization process have
been reported.9–11 For instance, it has been found
that high vulcanization pressure produced re-aggre-
gation of individually dispersed clays, which may
reduce the reinforcement effect of nanoclays on the
composite.9 This phenomenon has been observed for
elastomers cured using diamine system. Fluoroelas-
tomers can be also cross-linked using peroxide.
However, the effect of nanoclays on peroxide curing
behavior of FKM has not been formerly studied.
Herein, the authors have selected a peroxide curing
system due to the enhancement in thermal stability
of the composites versus those cured with diamines.
In this study, the authors have studied the effect of

unmodified clay and organoclays on the behavior of
peroxide vulcanization of FKM and the mechanical
properties of clay/FKM nanocomposites produced by
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melt compounding. In our previous study, the
authors have used melt compounding to study the
effect of the surfactant type and the clay concentra-
tion on the rheological behavior and the morphol-
ogy of unvulcanized clay/FKM nanocomposites.12

The authors concluded that CloisiteV
R

nanoclays 15A
and 20A exhibit better compatibility with FKM ma-
trix. Thus, a higher enhancement in mechanical
properties of clay/FKM nancomposites could be
expected using these organoclays. Herein, the vul-
canization, mechanical, and dynamic mechanical
properties of organoclay/FKM nanocomposites are
presented.

EXPERIMENTAL

Materials

DyneonTM FPO 3741, a terpolymer of vinylidene flu-
oride (VDF), hexafluoropropylene, and tetrafluoro-
ethylene with fluorine content of 69.5%, specific
gravity 1.89, and Mooney viscosity 38 ML (1 þ 10)
at 121�C was obtained from Dyneon, 3M. Nanoclays
CloisiteV

R

NA (untreated), 15A and 20A were
obtained from Southern Clay Products. Medium
thermal carbon black (Thermax N-990; Bulk density:
1.7–1.9 g/mL), peroxide curative (Triganox 101-45B-
pc; 2,5-dimethyl-2,5-di-t-butylperoxyhexane), co-
agent TAIC (SR533; triallylisocyanurate), and acid
acceptor (ZnO) were donated by Cancarb, Akzo No-
bel Polymer Chemicals, Sartomer, and L.V. Lomas.

Nanocomposites preparation

Uncured FKM/Clay composites were prepared
using the procedure described earlier.12 The compo-
sites were further compounded with curing ingre-
dients as follows: uncured FKM/clay composites
were loaded in a Haake Rheomix Series 600 with
Banbury blades. Then, ZnO (3 phr), TAIC (3 phr),
and peroxide (3 phr) were added simultaneously
and mixing was continued for 15 min. The tempera-
ture during mixing was maintained between 50 and
75�C to avoid scorching. Fill factor was 0.70 and
rotation speed was 40 rpm. After mixing, the com-
pound was removed from the mixer, cooled, and

pulled out as a sheet from a two-roll mill. The car-
bon black sample (10CB) was mixed at the same
conditions. The rubber was initially masticated for 2
min and then the other ingredients were added. Af-
ter another 2 min, carbon black was added. Com-
pounding was carried out for 15 min at the same
conditions. The mixing procedure for the blank sam-
ple (FKM) was the same as that of sample 10CB
except no carbon black was added. The cure charac-
teristics of the compounds were studied using a
Moving Die Rheometer (MDþ) operated at 160�C.
The composites were denoted in the format XY,
where the X denotes the concentration of the filler
and Y the type of filler (i.e., 1020A is used for 10 phr
of Cloisite 20A). Table I describes the formulation of
the composites.

Vulcanization, sample preparation, and testing

For X-ray diffraction (XRD) characterization, samples
of 25 mm diameter, and 2 mm thickness were pre-
pared by compression molding. Approximately, 2 g
of sheeted out compounds were molded in a hy-
draulic-hot press, at 160�C and 10 MPa for a dura-
tion of five times the cure time (Tc90) values. Since
no reversion or marching was observed for the for-
mulations, extension of curing time ensures that the
compound reaches uniform crosslink density
throughout the sample. The compression molded
samples were conditioned for 1 day before testing.
Samples for tensile, tear, and hardness tests were
prepared using the same procedure explained above
but using a mold cavity dimension of 150 mm �
150 mm � 2 mm. Dumbbell-shaped tensile samples
and trouser-tie-shaped tear samples were punched
out from the slabs prepared. For dynamic mechani-
cal and thermal analysis (DMTA), the unused
portion of tensile slabs were used and cut to the
required dimension.
XRD was performed using a Rigaku diffractome-

ter (CoKa ¼ 0.1789 nm) operated at room tempera-
ture in the range of 2–10�. Tensile and tear tests
were performed according to ASTM D412 and D624,
respectively. Figure 1 shows the dimensions of the
trouser-tie tear test sample along with the position

TABLE I
Formulation of FKM Composites Used in this Study

Composites ! materials; FKM 10CB 30CB 10NA 1015A 1020A

Filler None
C-black
N990

C-black
N990

Clay
CloisiteNA

Clay
Cloisite15A

Clay
Cloisite20A

Filler conc. (phr) 0 10 30 10 10 10
ZnO (phr) 3 3 3 3 3 3
TAIC (phr) 3 3 3 3 3 3
Peroxide (phr) 3 3 3 3 3 3
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of the sample in a TensiTech testing machine. The
test rate for tensile test was 500 mm/min and for
tear strength was 50 mm/min. Shore A indentation
hardness tester (ASTM D2240) was used to measure
hardness. Strain-sweep experiments were performed
in a Rheometrics DMTA V under three-point bend-
ing mode, at room temperature (30�C) and at a fre-
quency of 125 s�1 between the strains 0 and 10%.

TEM analysis of the nanocomposites was carried
out from ultra-cryomicrotomed sample sections on
copper grids using a JEOL 2010 TEM at an accelerat-
ing voltage of 200 kV. Samples previously vulcan-
ized were ultra-cryomicrotomed to sections of � 70
nm in thickness using a Ultracryo-microtome Leica
EM UC6.

RESULTS AND DISCUSSION

Morphology changes after vulcanization

In this section, the morphology of uncured FKM/
clay composites is compared with the morphology
of corresponding vulcanizates. As mentioned in the
experimental section, after the preparation of the
uncured rubber/clay composites, they were further
compounded in the internal mixer and press-cured
to obtain rubber/clay vulcanizates. Therefore, any
changes in morphology had to have occurred during
internal mixing and/or press-curing.

Figure 2 shows the X-ray diffractograms of the dif-
ferent organoclays and organoclay/FKM composites
before and after vulcanization. It is worth mention-
ing that for unmodified clay (CloisiteNA), mixing

Figure 1 (a) Dimensions of tear sample, (b) Tear sample clamped in testing machine (ASTM D624).

Figure 2 Wide angle X-ray (WAX-D) diffractograms for
organoclays and organoclay/FKM nanocomposites before
and after vulcanization (a) 1015A/FKM composite (b)
1020A/FKM composite.
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and vulcanization did not change the morphology of
this composite and d-spacing of 1.21 nm was
retained. However, in the composite filled with
10 phr Cloisite 15A (Fig. 2), the peak corresponding
to the d001 reflection of the vulcanized sample shows
a slight but definite shift to higher angles indicating
that the clay d-spacing in the vulcanizate is lower
than that in the masterbatch. The d-spacings of mas-
terbatch and vulcanizate were 3.40 and 3.12 nm,
respectively. It is not surprising that the d-spacing of
the vulcanizate is lower than that of the clay 15A
(3.27 nm) because the original d-spacing in 15A clay
is high due to unbound surfactant in the galleries.
However, the unbound surfactant is prone to being
flushed out of the clay galleries as the authors have
discussed earlier.12 In Figure 2(b), a decrease of d-
spacing is clearly seen for 10 phr Cloisite 20A/FKM
evident from the shift of XRD peak to higher angle.
The vulcanizate d-spacing is about 2.93 nm located
between the d-spacings of pure Cloisite20A and
masterbatch.

As mentioned above, either or both of the two
processes, i.e., vulcanization and compounding can
contribute to morphological changes in the vulcani-
zates. The internal mixing conditions during com-
pounding do not differ greatly from those of the
mixing process for preparing rubber/filler master-
batches. Therefore, compounding can be considered
as an extension of the initial mixing process. How-
ever, the vulcanization process may have more of an
effect on morphology, since it involves heating to a
temperature of 160�C and exerting high pressure (10
MPa) for a significant amount of time. Moreover,
vulcanization induced changes in morphology have
been reported in previous studies.9–11 This suggests
that vulcanization plays a more important role in
the observed morphological changes. For vulcaniza-
tion-induced changes (e.g., deintercalation or
restacking of clay layers), two reasons previously
cited are the interference of organic intercalants in
the curing reaction13–18 and the effect of curing pres-
sure.9–11 As the organic amines in organoclays pos-
sess a similar chemical structure to that of accelera-
tors used in sulfur-cures, when they are extracted
out of the clay layers, they can participate in curing
reactions, thereby causing the clay layers to col-
lapse. In contrast, such reactions have not been
reported for peroxide curing of elastomers. For
these compounds, it was hypothesized that, at high
molding pressure and high temperature, the clay
platelets may restack in the elastomer matrix and
then subsequently, there is a reduction in gallery
spacing due to the pressure pushing platelets to-
gether.9 More evidence for this pressure effect is
given by the fact that in oven-cured composites
without pressure, this deintercalation behavior is
absent.9 For the present case, the deintercalation in

1015A and 1020A is thought to be the result of
high pressure curing during the compression mold-
ing process.

Vulcanization characteristics

The vulcanization behavior of organoclay-filled com-
posites has been a subject of intense discussion in
earlier studies.6,7,19,20 The discussion is mainly cen-
tered around the role of the organic surfactant pres-
ent in modified clays and its ability to influence the
crosslinking reaction rate and reaction extent. Figure
3 shows the rheographs of the clay-filled and carbon
black-filled vulcanizates along with the gum
(unfilled) vulcanizate. It is very obvious from the
plot that organoclay filled compounds (1015A and
1020A) show a drastically different curing behavior
than the rest of the compounds studied including
the compound prepared with unfunctionalized clay
(10NA).
When comparing the rheographs of different rub-

ber compounds, a curve with higher storage modu-
lus or higher maximum torque (MH) results from
higher stiffness. Usually, such an increase in stiffness
is attributed to either higher crosslinking density or
reinforcement due to filler addition. It has been
widely reported that the amines in nanoclays can
influence sulfur curing resulting in increased cross-
link density.5,21 On the other hand, previous studies
on peroxide curing of elastomer nanocomposites
suggest that the nanoclay cannot influence the cross-
link density of peroxide-cured vulcanizates.22,23

Table II shows that significantly higher MH were
obtained for the composites prepared with organo-
clays (2.28 and 2.53 N/m for 15A and 20A, respec-
tively) versus other composites (14.5 N/m for 30CB).
Therefore, since a peroxide cure was used, the
higher MH observed in 1015A and 1020A (Fig. 3) is
probably the result of reinforcement caused by

Figure 3 Rheographs of different clay/FKM and carbon
black/FKM composites.
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organoclays. In our earlier study, the rheological
behavior of uncured 15A and 20A filled composites
indicated that these clays exhibited more significant
reinforcement of FKM.12 The reason that 1015A has
lower MH compared with 1020A can be attributed to
its higher content of unbound intercalant, which will
plasticize the compound when it is flushed out of
the clay galleries. Unmodified clay-filled composite
(10NA) shows a similar maximum torque value to
that of the unfilled composite, because there is no
significant reinforcement. The slight decrease of
maximum torque in the case of 10 phr carbon black-
filled composite is hard to explain as this behavior is
usually not seen with most reinforcing fillers. Even a
higher concentration of carbon black (30 phr) did
not result in significant change in the rheocurve for
FKM composite. The torque value, a function of
both curing state and filler reinforcement, begins to
sharply increase after 1 min in the case of nanocom-
posites (1015A and 1020A). As a result, the slope of
the curing region of the rheograph is much higher
for organoclay/FKM nanocomposites. This increase
is caused by the increased stiffness due to clay dis-
persion combined with the effect of crosslinking.

Table II shows the scorch time and cure times of
the composites. The scorch times (Ts2) of all compo-
sites fall within a narrow range and show that the
Ts2 is not significantly affected by the presence of
clay and organoclays. However, curing time (Tc90),
similar to MH, was drastically affected by organo-
clays. From Table II, the authors can see that nano-
clays tend to retard the vulcanization process (i.e.,

they give higher Tc90). The cure rate index was the
lowest for the composite prepared with Cloisite15A,
which indicates that the retardation effect is stronger
in the presence of higher concentrations of intercalat-
ing surfactant in the composite. Such retardation
with peroxide curing has been previously reported
in published reports and it was suggested that it
could be due to the scavenging of free radicals by
organoclays.23

Mechanical properties

Figure 4 and Table III show the tensile results for all
composites and the crosslinked gum compound. The
tensile properties of FKM improved upon adding 10
and 30 phr carbon black but improved more signifi-
cantly upon adding organoclays. It is very clear that
organoclays drastically change the stress–strain rela-
tionship, especially in the lower-strain region
(<100%). 1015A and 1020A vulcanizates show
increases of 400 and 583%, respectively, in 100%
modulus compared with the blank compound (see
Table III). The 10NA composites also show increases
in 100% modulus but not as significant as in the
case of nanocomposites prepared with organoclays.
When a rigid entity is dispersed in a liquid, it

results in an increase in viscosity; whereas in an

TABLE II
Vulcanization Characteristics from Rheocurves for FKM,

Carbon Black/FKM, and Clay/FKM Composites

Sample
Ts2

(min)
Tc90

(min) CRI
MH

(N/m)
ML

(N/m)
MH � ML

(N/m)

FKM 1.4 2.8 71.4 1.36 0.21 1.15
10CB 1.5 3.2 58.8 1.24 0.24 1.00
30CB 1.3 2.8 66.7 1.45 0.32 1.13
10NA 1.4 3.7 43.5 1.54 0.29 1.25
1015A 1.3 4.2 34.5 2.28 0.24 2.04
1020A 1.3 3.9 38.5 2.53 0.27 2.26

Cure rate index: CRI ¼ 100/(Tc90 � Ts2).

Figure 4 Tensile test curves for FKM, clay/FKM and car-
bon-black/FKM composites.

TABLE III
Tensile Test Results for FKM, Carbon Black/FKM, and Clay/FKM Composites

Sample

Tensile
strength
(MPa)

Elongation
at break (%)

Modulus
100% (MPa)

Modulus
200% (MPa)

Hardness
(Shore A)

Tear strength
(kN/m)

FKM 9.49 354.04 1.2 3.29 60 22
10CB 16.04 301.51 2.5 7.78 67 27
30CB 13.15 241.76 4.4 10.89 75 26
10NA 12.89 315.94 4.0 7.32 70 40
1015A 16.12 322.04 6.0 9.08 80 46
1020A 15.98 311.87 8.2 11.72 85 67
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elastomer, it imparts higher modulus to the matrix.24

Such reinforcement arises from the hydrodynamic
effect of the filler, which in turn is dictated by the
shape factor (i.e., aspect ratio) of dispersed filler.
Clay platelets, when dispersed, have a much higher
shape factor than conventional fillers and this results
in an even higher increase in stiffness.25 This par-
tially explains the large increase in modulus
observed in 1015A and 1020A nanocomposites. The
small fraction of polymer trapped in nanoclay gal-
leries in the case of intercalated nanocomposites
behaves like filler rather than polymer and thus
leads to an increase in the effective volume fraction
of filler in the matrix. This further contributes to the
hydrodynamic reinforcement. The reason for 1015A
exhibiting a lower modulus than 1020A can be
ascribed to the same argument presented in the
analysis of vulcanizates, i.e., higher amount of
unbound surfactant in 1015A plasticizes the matrix.
This highlights the importance of the concentration
of surfactant in the organoclays.

In addition to the hydrodynamic effect, strong
rubber–filler interaction is also needed to provide
sufficient reinforcement to the matrix, particularly,
when the strain increases. For an elastomer to have
high fracture strength, it must be able to dissipate
energy.26 When a rubber composite is stretched,
energy dissipation usually occurs due to hysteresis
loss, which develops from the rubbing action of elas-
tomer molecules on the filler surface. Therefore, hys-
teresis loss mainly depends on the adhesion between
rubber and filler. When clays are intercalated by the
polymer, more clay surface is in contact with the
elastomer chains, which then increases the resistance
to rubbing action, and thus increases hysteresis. This
would increase the stress needed to bring about the
same level of extension. This explains the improved
modulus and tensile strength obtained for organo-
clay/FKM nanocomposites. Usually an increase in
tensile strength properties results in substantial
reduction in elongation; but this was not the case
with organoclay/FKM nanocomposites. It was previ-
ously shown that higher elongation in the presence
of filler can be due to irreversible orientation of elas-
tomer chains at the filler surface, which reduces the
retractive force but enhances the capability to extend
in the direction of applied strain.27 The retention of
elongation properties is thought to be related to the
higher surface area of nanoclay, since more filler
surface area aids in the orientation of elastomer
chains in the direction of strain. Although 10 phr
carbon black provided only small enhancement in
tensile modulus, it imparted similar tensile strength
as that of nanoclay. This suggests that CB has an ef-
ficient energy release mechanism but poor hydrody-
namic effect due to the roughly spherical shape of
carbon black particles.

Table III shows the Shore A hardness and trouser-
tie tear strength of the composites. The hardness,
which is an indicator of level of reinforcement,21,25

follows the same trend as that observed for the ten-
sile modulus. Organoclays resulted in compounds
with higher shore A hardness (80 and 85 for 10 phr
of 15A and 20A, respectively). In addition, a signifi-
cant increase in tear strength of the composites con-
taining organoclays was observed (67 kN/m for 10
phr 20A versus 26 kN/m for 30 phr carbon black).
This also correlates to other mechanical properties
like hardness and modulus.
The analysis of the tear curves gives some under-

standing of the mechanism of elastomer reinforce-
ment. Usually tear curves can be classified as having
a smooth or knotty pattern. In this study, FKM,
10CB, and 10NA showed knotty tear patterns and
1015A and 1020A showed smooth tear patterns. Dur-
ing tearing of a carbon black-filled composite
(10CB), as the crack-tip advances, the crack proceeds
in the path offering least resistance, traveling from
one filler particle to another and prolonging the tear
significantly.28 This type of crack advance results in
a knotty tear pattern. Tear strength data shows that
the nanocomposites prepared with organoclays ex-
hibit significantly higher tear strengths than other
composites studied. In conventional compounds, an
enhancement in tear strength is usually accompanied
by a presence of knotty tear pattern. However,
smooth tearing gives higher tear strength in nano-
composites. De and Gent proposed that even with
smooth tearing, significantly improved tear strength
can be obtained, if the composites possess enhanced
hysteresis.29 It was mentioned earlier that interca-
lated nanocomposites can have higher hysteresis
because the intercalated structure offers higher re-
sistance to rubbing action between clay and filler
due to the higher surface area. The difference in tear
strength between 1015A and 1020A is quite signifi-
cant. The reason why 1015A has lower tear strength
value than 1020A is that a higher quantity of
unbound surfactant in 1015A could lead to slip
between elastomer and clay platelets, which would
then drastically reduce the tear strength.

Dynamic mechanical properties

The results of dynamic mechanical analysis (strain
sweep) performed at room temperature are shown
in Figure 5. The results indicate that 1020A and
1015A possess about four to five times the storage
modulus of composites made with 10NA and 10CB
at low strains. This reveals the advantage of the
nanoreinforcement. It was discussed in earlier sec-
tions that the reinforcement arises from a combina-
tion of hydrodynamic effect and rubber–filler inter-
action. In carbon black-filled compounds, in addition
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to these two factors, filler-networking also plays a
major role.30 However, the filler-networking effect
has only been observed in the low-strain range and
the network tends to break down at higher strains.
DMTA analysis of nanocomposites performed under
strain–sweep mode shows this behavior. It was
reported that nanocomposites exhibit filler-network-
ing in well intercalated (or exfoliated) compounds,
and the filler-networking effects are greater, when
the clay tactoids are expanded and the distance
between tactoids reduces.25 For the nanocomposites,
the storage and loss modulus of 1015A and 1020A
begin to decrease after a strain of about 1%. Above
1%, the filler networks break down. Composites
made with 10 phr carbon black did not show any fil-
ler-networking. This may be due to the lower-sur-
face area and the large-particle size of medium ther-
mal black, which does not lead to a network at this
filler concentration. However, at high strains, it can
be seen that the slope of the storage and loss modu-
lus of the composites tends to suddenly change at a
certain strain value. This behavior was reported ear-
lier with FKM composites and was attributed to the

crystallization of the VDF units in the FKM
elastomer.31

Morphological characterization

Figure 6 shows TEM micrographs of clay/FKM com-
posites prepared with unmodified clay and organo-
clays. The morphology of the composites prepared
with unmodified clay consists of large tactoids with

Figure 5 Storage modulus (a) and loss modulus (b) as a
function of the strain amplitude of clay/FKM and carbon-
black/FKM composites.

Figure 6 TEM images of clay/FKM nanocomposites.
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limited degree of dispersion at the nanolevel. In
comparison, TEM images at same magnification of
samples prepared with organoclays indicated signifi-
cant dispersion of the organoclays at the nanoscale
and suggested a mixture of intercalated and exfoli-
ated morphology. There is a large amount of clay
platelets dispersed in the sample and there is no any
striking difference between the morphologies of
composites prepared with Cloisite15A and 20A. The
level of dispersion supported the mechanisms
behind the level of reinforcement seen using organo-
clays versus using the unmodified clay.

CONCLUSIONS

Vulcanized FKM/clay nanocomposites were pre-
pared by melt-mixing, and mechanical and dynamic
mechanical properties were studied. Although surfac-
tants in Cloisite15A and 20A were advantageous in
enhancing the interaction with elastomer matrix, the
results from this study indicate that an excess of
intercalated surfactant in the clay had an unfavorable
effect on mechanical and dynamic mechanical prop-
erties. The gallery spacing of intercalated clay reduces
during high-pressure curing. Silicate layers were
found to be mobile at such high pressure and temper-
ature favoring deintercalation. Clay intercalation and
exfoliation provide high stiffness to the elastomer ma-
trix. Although, the rate of vulcanization of the elasto-
mer is reduced in the presence of organoclays, a sig-
nificant increase in mechanical properties was still
obtained with organoclay addition. Dynamic mechan-
ical properties clearly showed the presence of filler-
networking in composites prepared with organoclays.
The intercalated/exfoliated structures obtained for
organoclay/FKM nanocomposites can increase both
hydrodynamic reinforcement and hysteresis loss, giv-
ing rise to a mechanically stronger compound.

The authors would like to acknowledge Mr. Oscar Salazar
andMr. Richard Li fromWeatherford Canada Partnership in
Edmonton, Alberta, Canada for availability of testing equip-
ment for elastomer characterization.
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