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Abstract: Blends of silicone rubber (VMQ) and liquid crystalline polymer (LCP) were prepared using a melt blend-
ing technique in the presence and absence of glass fiber and coupling agents. The effect of glass fiber and coupling
agents on the thermal, dynamic mechanical, morphological pro-perties and cure characteristics of VMQ/LCP blends
were studied. The vinyl silane coupling agent showed a significant effect on the above mentioned properties of
VMQ/LCP blends by reacting at the interface between VMQ and LCP. The viscosity of the VMQ/LCP blends
decreased with the addition of a coupling agent. A substantial improvement in storage modulus of VMQ/LCP blends
was observed in the presence of glass fiber and coupling agents. However, as a coupling agent vinyl silane proved
to be better than amine for the VMQ/LCP-glass-containing blends. The thermal stability of the pure silicone rubber
was higher than those of the blends. This high thermal stability of silicone rubber was attributed to the Si-O-Si bonds.
However, the thermal stability of the blends decreased further in the presence of a coupling agent, possibly due to a
decrease in blend crystallinity.
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Introduction

Silicone rubber is a class of polymer containing long chain
polymers of methyl or methyl phenyl-polysiloxane, some
times vinyl groups are also included to make it easy vulca-
nization. The most important and outstanding property of
silicone rubber is the exceptional thermal stability and elec-
trical properties between -80 and 250 oC. These rubbers are
chemically inert, tasteless and odourless. They are not
affected by light, moisture and ozone. Their electrical proper-
ties are excellent. Due to its outstanding properties silicone
rubber finds applications in commercial, military fields, etc.

Silicone rubber does not have all the outstanding properties
of all the rubbers and also it is costly. The tensile and tear
strength of silicone rubbers are much lower than those of
other rubbers. They also have low pure gum strength and
adhesion to metals. The strength of the silicone rubber can
be enhanced by adding fibrous fillers. However, with higher

volume content of glass fiber are generally difficult to pro-
cess owing to their high melt viscosity. Other difficulties
encountered in short glass fiber-reinforced polymer com-
posites include wear of processing facility resulting from
the abrasion of reinforcement and fiber breakage. In recent
years thermotropic liquid crystalline polymers (LCPs) have
become available and can be processed in the melt to give
highly oriented structures that are largely retained on cool-
ing and subsequent crystallization.1-3 A similar improve-
ment in the mechanical properties of the polymer can be
obtained by blending it with a thermotropic liquid crystal-
line polymer. The rod-like molecular conformation and
chain stiffness give LCPs their much vaunted self reinforcing
properties that are close to those of fibre reinforced compos-
ites.4-9 Moreover, The LCP can function as a processing aid
by reducing the viscosity of matrix polymer during com-
pounding, thereby easing the processability.10,11

The present paper reports the rheological, morphological,
thermal, dynamic mechanical properties of VMQ and LCP
blends in presence and absence of glass fiber and coupling
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agents. 

Experimental

The chemical structure of the polymers used in this study
is shown in Table I. Silicone rubber (VMQ) used was Silastic
NPC-40 from Dow Corning (USA), thermotropic liquid
crystalline polymers (TLCPs) were Vectra A 950 and Vec-
tra A 130 (contains 30 wt.% glass fiber) obtained from
Ticona (USA). The LCP has the comonomer composition
of 75 mol% of hydroxybenzoic acid (HBA) and 25 mol% of
hy-droxynaphthoic acid (HNA). The curative used was
dicumyl peroxide (Varox DCP 40C) from R.T. Vanderbilt
Co. Inc. (USA). The coupling agents were vinyl triacetoxy
silane (Z-6075) and N, β-amino-aminoethyl-γ aminopropyl-
trimethoxy silane (Z-6020) from Dow Corning (USA).

The mixing formulation is shown in Table II. The mixing
of LCP with silicone rubber was done using a co-rotating
twin-rotor high temperature internal mixer with a rotor speed
of 80 rpm at 290 oC for about 5 min. Before removing the
blend mixture from the mixing chamber the coupling agents
were added to the VMQ/LCP blends and continued the mix-
ing for one more minute. The blended compound was then
mixed with Varox 40C at 50 oC in two roll open mixing mill
and vulcanized by compression molding up to an optimum
cure time at 170 oC and 20 MPa. All the technical properties
were determined from the vulcanized slabs, unless otherwise
stated.

Rheological parameters of the uncured blends were studied
with the help of a dynamic analyzer RDA-II (Rheometrics
Inc., USA) equipped parallel plate. The change in viscosity
of the blends was measured by varying the amount of LCP
in the blend at 300 oC and a shear rate range of 1-100 s-1.
The cure characteristics of the blends were studied using a
Monsanto rheometer (R-100) at 170 oC. The phase morphol-
ogy of the blends was studied using a scanning electron
microscope (SEM) (JSM-5800 of JEOL Co.). Pellets of the
blends were etched in suitable solvents for 48 hrs at high
temperature, where the silicone rubber is soluble. The sam-
ples were carefully cut from test specimens and auto sput-
tered coated with gold within 24 hrs of testing. For studying
the blend morphology elastomer phase of the blends was
extracted with solvent and SEM photographs were taken.

X-ray diffraction was performed with a PW 1840 X-ray dif-
fractometer with a copper target (Cu-Kα) at a scanning rate
of 0.05 o 2θ /sec, chart speed 10 mm/2θ, range 5,000 c/s, and
a slit of 0.2 mm, applying 40 kV, 20 mA, to asses the
change of crystallinity of the blends as a function of blend
ratio.12 Dynamic mechanical properties of the blends were
analyzed using a TA Instrument DMA 2980 dynamic
mechanical analyzer under tension clamp. The samples were
subjected to a sinusoidal displacement of 15 µm at a fre-
quency of 1 Hz from 30 to 250 oC and a heating rate of
10 oC/min. Thermogravimetric analysis (TGA) was carried
out using TGA-2100 DuPont instrument in presence of
nitrogen from 100- 700 oC, with a heating rate of 10 oC/min.

Results and Discussion

Rheology. The viscosity of the VMQ/LCP blends is meas-
ured at 300 oC and the plots are shown in Figure 1. From the
figure it is clear that the viscosity of the sample C is higher
than that of the sample B due to the presence of glass fiber
in the LCP. However, in presence of coupling agent the vis-
cosity of these blends further decreased. This suggests that
the vinyl and amine coupling agents acts as lubricating
agents between the VMQ and LCP phases. This reduction
in viscosity is prominent when amine coupling agent added
to the blend system. With the increasing shear rate, the vis-
cosity of the blends decreased. This is recognized to be
alignment and orientation of the LCP domains themselves
in the flow direction at high shear rates. This resulted in a
reduction of viscosity and improved processability.13 

Table I. Molecular Structures of Polymers

Material (Code) Commercial Name Molecular Structure Mw (kg/mol)

Silicone Rubber (VMQ) Silastic NPC40C ＞500

Liquid Crystalline Polymer (LCP) Vectra A ＞20

Table II. Compounding Formulations

Mix. No. A B C D E F

VMQ 100 70 70 70 70 70

LCP (A950) - 30 - 30 - -

LCP (A130) - - 30 - 30 30

VSC (mL) - - - - - 2

ASC (mL) - - - 2 2 -

DCP (phr) 1 1 1 1 1

VSC-Vinyl silane coupling agent. ASC-Amine silane coupling agent.
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Cure Characteristics. The cure characteristics of VMQ
and VMQ/LCP blends are shown in Figure 2. According to
the Mansanto nomenclature the minimum torque value con-
sidered as a minimum viscosity of polymer. The minimum
torque, that is tmin, is lower in case of amine and vinyl cou-
pling agents containing blends compare to other systems.
From the figure it is clear that the samples B, D, E, and F
show lower viscosity than the pure VMQ. These results are
consistent with the rheological studies as aforementioned.
The state of cure of the blends increased with the addition of
LCP. In presence of vinyl coupling agent the VMQ/LCP
(glass filled) blend show higher state of cure than all other
systems. This increase is the combined effect of crosslink
density and the reinforcing effect of LCP. The rate of cure
in line with the state of cure suggests that the LCP acceler-

ates the vulcanization reaction of VMQ. These results are in
good agreement with the results of Shiva et al.14 on VMQ and
LCP blends.

Wide-Angle X-ray Diffraction (WAXD) Measure-
ment. The WAXD experiment was performed on uncured
samples of the VMQ and VMQ/LCP blends in presence and
absence of glass fiber and coupling agents and the diffracto-
grams are shown in Figure 3. The pure silicone rubber
shows a broad amorphous peak at about 2θ = 10 o and one
sharp intense peak at around 2θ = 22 o while its blends with
LCP shows another peak at about 2θ = 20 o, which is corre-
sponding to that of the LCP phase.15,16 Addition of vinyl
coupling agent to sample C the crystalline peak of silicone
rubber at 2θ = 22 o completely vanished and the peak corre-
sponding to the LCP phase slightly shifted to the lower 2θ
side. This indicates that the vinyl coupling agents signifi-
cantly affect the ordered structure of silicone rubber by
reacting at the interface between LCP and VMQ by forming
graft copolymers. However the amine coupling agent shows
a reduction in the intensity of the peak at about 2θ = 20 o.
The percentage of crystallinity of the blends is decreased by
the addition of LCP (Table III). However, this decrease is
prominent in presence of coupling agents. In presence of
vinyl coupling agent the VMQ/LCP (glass filled) blend
shows lower crystallinity than all other systems. This sug-
gests that the reactivity of the vinyl coupling agent towards
the LCP and silicone rubber is more efficient. As it is
known that the compatibilized blends crystallinity always
lower than those of the un-compatibilized blends due to the
random structure of the formed graft/block copolymers,
which will modify the ordered structure of base polymers.
Hence, the crystallinity of the blends decreases by the addi-
tion of coupling agents or compatibilizers.

Dynamic Mechanical Properties. The storage modulus

Figure 3. Wide-angle X-ray diffractograms of blends: (a) A, (b)
B, (c) C, (d) D, (e) E, and (f) F.

Figure 1. Viscosity as a function of shear rate for the blends: (a)
C, (b) B, (c) F, and (d) E.

Figure 2. Rheographs of blends: (a) A, (b) B, (c) C, (d) D, (e) E,
and (f) F.
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(E') and loss modulus (E") of the blends as a function of
temperature are shown in Figures 4 and 5, respectively. The
storage modulus of the silicone rubber enhanced with the
addition of LCP. This improvement in E' is due to high intrin-
sic modulus of LCP phase, which consists of rigid rod like
molecules. This enhancement is predominant in presence of
coupling agents. However, the glass filled LCP shows higher
storage modulus than all other system due to increase in stu-
ffiness of the polymer. From the DMA curves it is clear that
the vinyl coupling agent is more effective than that of amine
coupling agent for the VMQ/LCP blends. As it is observed

Table III. Percentage Crystallinity of the VMQ/LCP Blends

Mix. No. Crystallinity (%)

A 28

B 22

C 11

D 16

E 11

F 7

Figure 5. Loss modulus as a function of temperature for the
blends: (a) A, (b) B, (c) C, (d) D, (e) E, and (f) F.

Figure 6. SEM photographs of blends: (a) B, (b) C, (c) F, (d) E, and (e) D.

Figure 4. Storage modulus as a function of temperature for the
blends: (a) A, (b) B, (c) C, (d) D, (e) E, and (f) F.
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from the Figure 6(a) that the E' value of the blends decreased
with the increasing temperature. This decrease in E' is more
prominent at higher level of LCP. However, the E' value of
40 wt% LCP blend nearly 2-3 times higher than the pure
elastomer throughout the temperature range studied.

The loss modulus as a function of temperature is shown in
Figure 5. The E" value is higher in the case of blends when
compared to pure silicone rubber. Addition of coupling
agents to VMQ/LCP blends this value further increased. This
increase in the loss modulus with the addition of LCP attrib-
uted to the heat buildup in the system due to friction between
the VMQ and LCP fibrils under the dynamic conditions. 

Phase Morphology of the Blends. The SEM micrographs
of the VMQ/LCP blends are shown in Figure 6. All the
micrographs show the fibrillation of the LCP domains in the
matrix phase. Figure 6(a) is a micrograph of sample B shows
long and very thin fibrils of LCP domains, whereas in case
of sample C (Figure 6(b)) the LCP fibrillation somewhat
reduced and it shows distribution of glass fibers in the matrix
phase. On adding vinyl coupling agent to sample C, the
phase morphology of the blend is entirely changed, which
shows very short and stubby fibrils of LCP domains and
these fibrils were distributed homogeneously in the matrix
phase (Figure 6(c)). This change in morphology of the blend
by the addition of vinyl coupling agent is attributed to the
formation of graft copolymers at the interface between
VMQ and LCP-glass filled. The formed graft copolymer at
the interface significantly affects the morphology of the
blend components. It is interesting to note that the extrac-
tion of elastomer phase is more evident in samples B and C
while in presence of vinyl coupling agent the extraction of
elastomer to some extent reduced. When the vinyl coupling
agent is replaced with the amine coupling agent, the fibrilla-
tion of LCP is not seen, however, it shows the distribution
of glass fibers (Figure 6(d)). Similar observation was also
made in the case of sample D at a higher magnification.
From the above results it is clear that the vinyl coupling
agent is more effective than the amine coupling agent for
the VMQ/LCP-glass containing blends.

Thermogravimetric Analysis. Thermogravimetry (TG)
and differential thermogravimetry (DTG) curves for the
blends are shown in Figures 7 and 8, respectively, and the
corresponding thermal parameters are given in Table IV.
From the thermograms it is clearly evident that the thermal
stability of silicone rubber is higher than the LCP. This can
be explained by the better thermal stability of the Si-O link-
ages present in the silicone rubber, compared with the ester
links in the LCP. On adding LCP to VMQ, the thermal sta-
bility of silicone rubber decreased. The decrease in thermal
stability of the blends is predominant in presence of glass
fiber and coupling agents. This is attributed to the lower
thermal stability of the amine and vinyl coupling agents.
The on-set of degradations obtained from the TG curves are
listed in Table IV. From the table it is clear that the pure sil-

icone rubber is thermally more stable than their blends with
LCP. The on-set of degradation temperatures for the blends

Figure 7. TG curves of blends: (a) A, (b) B, (c) C, (d) D, (e) E,
and (f) F.

Figure 8. DTG curves for the blends: (a) A, (b) B, (c) C, (d) D,
(e) E, and (f) F.

Table IV. TGA Parameters of VMQ/ LCP Blends

Mix. No.
On-set Deg.

Temp.
(oC)

DTG Peak
Temp.
(oC)

dW/dt at DTG 
Peak Temp.

(%/min)

A 445 535 5.92

B 410 502 12.14

C 369 475 4.8

D 369 490 11.06

E 339 444 4.38

F 321 454 4.65
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with glass fiber and coupling agents are much lower than
those of the VMQ/LCP blends suggesting that the glass
fiber and coupling agents decreases the thermal stability of
the blend. This may be due to lower thermal stability of
coupling agents and decrease in crystallinity of the blends in
presence of glass fiber and coupling agents. As it is known
that the crystalline part of a polymer is thermally more sta-
ble than its amorphous counterpart due to high input energy
required to overcome both strong intra and inter molecular
interactions. Hence, the extent of decrease in thermal stability
of the blends in presence of glass fiber and coupling agents
is believed due to decrease in crystallinity of the blends. The
DTG peak temperatures are also gives the same information.
However, it is interesting to note that the rate of degradation
at DTG peak temperature is high in the case of samples B
and C but the samples with glass filled LCP shows lower rate
of degradation. This implies that the glass fiber somewhat
delays the degradation process.

Conclusions

The blends of VMQ and LCP were prepared in presence
and absence of glass fiber using melt mixing procedure.The
effect of glass fiber and coupling agents on thermal, dynamic
mechanical, morphological properties and cure characteris-
tics of VMQ/LCP blends were studied. The viscosity of the
blends was decreased with the addition of coupling agent in
presence and absence of glass fiber. This means that the
coupling agents can act as lubricating agents for the VMQ/
LCP blends. This is further supported by cure study. The state
of cure of the blends increased in presence of glass fiber as
well as coupling agents. This is attributed to be increasing
crosslink density as well as reinforcing affect of glass fiber.
The SEM study revealed a fine fibrillation of LCP domains
in the matrix phase. However, in presence of glass fiber the
characteristic fibril nature of LCP was somewhat reduced.

The coupling agents significantly affected the phase mor-
phology of the blends due to the interaction at the interface
between VMQ and LCP. The thermal stability of the silicone
rubber decreased with the addition of LCP, which is further
decreased in presence of glass fiber plus coupling agents
due to decrease in crystallinity.
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