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In the present work, microfibrillar composites (MFCs) based on polypropylene (PP) /Nylon 6 (NY)
blends, along with multi walled carbon tubes (MWCNT) were prepared by melt processing technique.
The blending of the fibre forming polymers was carried out in a twin screw extruder with varying
concentrations of MWCNT. The drawing of the extruded strands was accomplished in a stretching unit
followed by isotropization by compression moulding at a processing temperature below the melting
point of NY. At an optimized fixed composition of PP/NY (70/30 w/w %), the influence of stretch ratio
on the properties of nanofiller incorporated MFCs was investigated. The morphology development of
the MFC samples was observed using high resolution scanning electron microscopy (HRSEM). The
static mechanical studies signify the constructive effect of microfibrils and MWCNTs in reinforcing PP
matrix. Dynamic rheological studies support the microfibrils contribution towards the stiffness of the

system.
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B 0annoti pabome memoodom nepepabomxu u3 pacniasa nowyyenbl MUKPOBOIOKHUCTIbIE KOMNO3UMbL
(MBK) na ocnose cmeceti nonunponunena (I111) u netinona-6 (H6) ¢ mnococmenounvimu yenepoousvimu
nanompyokamu (MCYHT). Cmewusanue 6010KHOOOPA3YIOWUX NOIUMEPOS C  PA3TUUHLIMU
xonyenmpayuamu MCYHT gvinonnsanoce 6 08yuinekogom skcmpyoepe. [Ipokamka skempyouposanHvix
msAdACell OCYWeCmBIANAC, 8 NPOMSICHOM YCMPOUCmee ¢ nocedyiouel u3omponusayuei Qopmosaruem
noo oasénenuem npu memnepamype nudxce memnepamypel niaeienus H6. bBwino uccredosano
sauAHUE KOIDDuyuenma yOorunenus Ha CE0UCmea HAHOHAnoIHumens, eneopennozo ¢ MBK, npu
onmMuMU3UPOBaAHHOM Qurcuposannom cocmase IIII/H6 (70/30% no eecy). C ucnonvzosanuem
cKanupylowetl 1eKmpoHHOl MUKPOCKONUU BbICOKO20 pPA3PEUlenUs UCCAe008aNU MOPHOI02UI0
obpazyos MBK. Cmamuyeckue mexanuieckue uccied08anust NOKA3bl8aon KOHCMPYKMUGHOE GUSHUE
murposonoxkon u MCYHT na yxpennenue mampuywl IHI1. lunamuueckue peorocuieckue ucciedosanus

nodmeep:»cdaiom POIb MUKPOBOJIOKOH 6 NOBbLULEHUU YNpYy2OoCmMU CUCNIEeMbl.

Kniouesvle cnosa: MUKPOBOJTIOKHUCNIbIE KOMNO3UMDbL, MOpd)OJlOZu}l, mexanudecKkue CGOIZCWIG(I,

yenepooHvle HAaHOMPYOKU.

Introduction The blends prepared from a pair of

Polymer blending is considered to be an
effective and economic method for the production
of new materials with superior properties than
the individual components. It can also be used
as a technique to reuse polymer waste and
contribute to improvement of properties like
modulus, hardness,
(Evstatiev et al., 2002; Lei et al., 2009). When

two or more polymers were intimately mixed,

impact resistance, etc.

the resulting blend could be miscible, partially
miscible or immiscible depending on the free
energy of mixing (Van Puyvelde et al., 2005,
2008).

polyolefins and polyamides have been of
interest to many researchers as polyamide
enhances the stiffness and mechanical
properties, while polyolefin contributes to low
moisture adsorption and easy processability
(Pal et al., 2000; Chow et al., 2003, 2004, 2005,
2015). As these blends were incompatible and
immiscible during processing, the morphology
of the dispersed phase could be tailored by
special processing techniques. It was observed
when the dispersed phase forms the fibrillar
morphology it has better mechanical properties.

So, the microfibrillar approach to incompatible

— 158 —



Battula Durga Siva Deeraj, Karingamanna Jayanarayanan... High Performance In-Situ Composites Developed...

blend system was a potential way to achieve
high performing composites.

In-situ composites were prepared from the
blends of liquid crystalline polymer (LCP) and
thermoplastics (Kiss, 1987, Wang et al., 1997,
Kim et al., 1998; Kozlowski, La Mantia, 1997).
However the LCPs are too expensive and have
poor comprehensive properties, e.g., the increase
in strength and modulus on the sacrifice of
toughness and ductility. In order to overcome
this problem, Fakirov et al. (Fakirov et al., 1993,
1993a, 2004; Friedrich et al., 2005; Evstatiev et
al., 2000), Li et al. (2002, 2003, 2004, 2004a,
2004b, 2005) and Jayanarayanan et al. (2008,
2008a, 2009, 2009a, 2010, 2011, 2012) introduced
anew concept of microfibrillar composites (MFC)
from incompatible thermoplastic polymer blends.
The preparation of MFCs involves three basic
steps. They are: (1) melt blending of polymers, (2)
drawing of extrudate with good orientation, and
(3) isotropization step for consolidation.

In the first step, the melt blending of two
immiscible polymers was done at a temperature
above the melting point of both the polymers. In
the second step, the extrudates were drawn in a
stretching unit; and in the third step, the drawn
extrudates were isotropized at a temperature
higher than melting point of low melting point
polymer and below that of the high melting point
polymer. This results in melting of low melting
point polymer and its transformation into matrix,
reinforced with microfibrils of high melting point
polymer. Here, the fibrils of polymer with high
melting point are formed in-situ and diameter
of fibrils is in the range of few microns. So,
these composites were named as microfibrillar
composite.

The

composites were superior in comparison with the

mechanical properties of in-situ
normal composites at same composition, indicating
the reinforcing effect of in-situ microfibrils in

prior case. The main factors that contribute to

enhanced mechanical properties were high aspect
ratio and good interaction between the matrix and
the reinforcing phase. In a work by Li et al., it was
observed that by implementing MFC technology,
the tensile strength and modulus are greatly
improved in PET/PE system (Li et al., 2004b). In
PP/Nylon 66 MFCs, the tensile strength of in-situ
composites increased as Nylon content increased
to 15% but decreased further (Huang et al.,
2003). Friedrich et al. (2005) and Jayanarayanan
et al. (2008a) studied the static mechanical,
flexural and impact properties of PP/PET MFC
system and confirmed the reinforcing effect of
PET microfibrils. The effect of draw ratio on
morphology and mechanical properties reveals that
the fibrils formed contributes to tensile properties
until an optimum limit and after it decreases
(Jayanarayanan et al., 2009). Carbon nanotubes
were loaded in the interface and in dispersed
phase of MFCs and significant property improved
was evaluated (Panamoottil et al., 2013). Another
work on PP/Poly butylenes terephthalate (PBT)/
multi walled carbon tubes (MWCNT) reported
the improvement in mechanical properties and
electrical conductivity of the system (Fakirov et
al., 2014).

In this work, the effect of dispersed
phase concentration and stretch ratio on the
morphological and static mechanical properties
of Polypropylene/Nylon (PP/NY) MFCs is being
studied. The novelty of the work is the rheological
characterization of PP/NY MFCs which are not

reported earlier in literature.

Materials and methods

Microfibrillar composites preparation

The polymers used were Polypropylene
and Nylon 6. Both polymers were dried at
100°C for 12 hours to remove the moisture
content. Initially Nylon 6 and CNT were
blended together at different loadings of CNT
(0.2, 0.3 and 0.4 w/w % respectively). Later,
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this blend was melt mixed in a twin screw
extruder at PP/NY (w/w %) of 70/30. The melt
blending was carried out at a set temperature
profile of 240, 245, 250, 250, and 255°C from
feed to barrel. The screw was maintained at 10
rpm. Subsequently the extrudates were taken
to a laboratory stretching unit downstream the
die. The stretching unit consists of two sets
of nip rolls and a hot air oven maintained at
105°C. The schematic of experimental setup is
given in Fig. 1. The velocity of the 1* roll is
maintained same as the extrudate velocity (V,),
but the velocity of the second roll (V,) was
varied to attain different stretch ratios. Stretch
ratio/ Draw ratio can be defined as the ratio of
velocities (V,/ V,), which can be varied. These
extrudates formed during orientation step
were referred as microfibrillar blends (MFBs).
These MFBs were further consolidated in a
compression moulding machine at 200°C to
MFCs. Thisresultin melting of the lower melting
point component (PP) and its transformation
into matrix reinforced with microfibrils of high
melting point component (NY). The codes
DR 1, DR 2, DR 5 and DR 8 were used to
mention stretch ratio 1, stretch ratio 2, stretch

ratio 5 and stretch ratio 8 respectively.

Morphology

Afield emission gun high resolution scanning
electron microscopy (HRSEM) was used for
studying the morphology of the specimens.
The acceleration voltage used was 20 KV in

high vacuum condition. Before taking HRSEM
observations, the samples were gold coated to
make the samples conducting. To extract the PP
phase from the composites, hot xylene was used

as the solvent.

Mechanical properties

The tensile properties of MFBs at different
compositions and stretch ratios were evaluated
by TINIUS OSLEN Universal testing machine
(UTM). All the tests were conducted at a
cross head speed of 100 mm/min and gauge
length of 100 mm and the average values were

reported.

Rheological analysis

The dynamic rheology of neat blend (NB)
(without stretching), PP/NY (70/30 w/w %) MFCs
at different stretch ratios (2, 5 and 8) were studied
using Modular Rheometer (MCR102, Anton
Par, USA), employing 25 mm parallel plate. The
storage and loss moduli were investigated as a
function of angular frequency ranging from 0.1
to 100 rad/s at 200°C.

Results and discussion

Morphological studies
In case of incompatible PP/NY blend

systems, after extrusion the reinforcing phase
(NY) forms spherical or elliptical domains in
the continuous PP phase. But after drawing
step, the NY phase shows good oriented fibrillar
morphology. At a fixed composition of PP/NY

PP+ Nylon 6

.
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Hot air
oven
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Fig. 1. Schematic diagram for preparation of MFCs
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(a)

Fig. 3. HRSEM image of PP/Nylon 6/MWCNT (70/29.8/0.2 w/w/w %) blends at stretch ratios a) 2, b) 5 and ¢) 8

respectively

(70/30 w/w %), the extrudates were oriented at
different stretch ratios to study the variation in
fibril morphology and the results are presented
in Fig. 2. One can observe from Fig. 2a that at
stretch ratio of 2, the microfibrils were aligned
with an average diameter of 3.7 microns. As the
stretch ratio increased to 5 the diameter of the
microfibers decreases drastically to 1.1 micron
with a corresponding increase in the aspect ratio
which can be observed in Fig. 2b. On further
increasing the stretch ratio (DR 8) the average
diameter further increases to 1.67 microns, which
is because of the attrition of microfibrils and the
“break up behaviour” reported in earlier studies
(Jayanarayanan et al., 2009). From Fig. 2c one
can clearly detect the attrition of fibers. So, the
diameter of the microfibrils decreases with stretch
ratio up to a certain ratio and then increases with
increase in stretch ratio.

The HRSEM micrographs of MWCNT
loaded nylon fibrils are exhibited in Fig. 3.

The average diameter of the fibrils of the
extrudates is observed to be more than
the values obtained from PP/Nylon 6 neat
microfibrillar blends. The average diameter is
observed to be 5.1 microns for stretch ratio 2,
which decreased to 2.2 microns at a stretch of
5 due to stretching, which further increases to

2.8 microns at stretch of 8.

Mechanical properties

The mechanical properties of PP/NY
extrudates at fixed blend ratio of 70/30 w/w %
was analyzed as a function of stretch ratio and
the results are shown in Table 1. The stretch
ratio employed during the cold drawing has a
significant role to play in the conversion of the
dispersed phase morphology to fibrillar type.
The stretch ratio employed decides the transverse
dimensions of the fibrils which in turn decide the
aspectratio of the microfibrils after isotropization.

From this values we can observe that at a stretch
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Table 1. Tensile strength (MPa) of Polypropylene/Nylon 6/Carbon Nanotube MFBs at different stretch ratio

Sample Stretch ratio 1 Stretch ratio 5 Stretch ratio 8
P (DR 1) (DR 5) (DR 8)
PP/Nylon6 70/30 w/w % 60.6 +0.2 158.2+ 0.4 1152+ 0.6
PP/Nylon6/MWCNT 0.2% 62.6+0.6 221.3+0.2 131.3+0.8
PP/Nylon6/MWCNT 0.3% 64.8+04 2297 +04 140.5+0.8
PP/Nylon6/MWCNT 0.4% 68.3+0.2 2443 +0.6 1299+ 0.4

ratio of 1, the tensile strength is 60.6 MPa which
increases to 158.2 MPa at a stretch ratio of 5;
this tremendous increase is due to the fact that
during cold stretching, the closest packing of
the fibrils will take place and the fibrils having
high aspect ratio are formed which enhances the
tensile response of MFCs. Here, these NY fibrils
can reinforce PP matrix better. But on further
increasing the stretch ratio the tensile strength
decreases to 115.2 MPa. This is because of
the ductile — brittle transition of the fibrils and
attrition of fibers. So, above a critical ratio the
micro fibrils can’t give good reinforcement to the
PP matrix. The incorporation of nanotubes tends
to have a positive effect as implied by values in
Table 1.

Rheological studies

The wvariation of storage modulus with
frequency for NBs and MFCs at different stretch
ratios is presented in the Fig. 4. The storage
modulus was highest for the stretch ratio of 5 in
the entire test frequency range. The undoubted
reason for this is the presence of well-defined
NY microfibrils in it. NBs will have mostly the
spherical morphologies of NY, which cannot
contribute to the storage modulus especially at
high angular frequencies.

Fig. 5 shows the variation of loss modulus
with frequency for NBs and MFCs at different
stretch ratios. The values of loss modulus are
found to be increasing with angular frequency.

The storage modulus and loss modulus of all the

samples increase with increase in the angular
frequency. It can be also seen that the storage
modulus is quite higher than the loss modulus,
which gives us the idea that the elastic properties

are the prominent factors.

Conclusion

In-situ microfibrillar composites were
prepared from polypropylene/nylon blends in
the presence of carbon nanotubes. The three step
process of extrusion- drawing-isotropization
yielded well defined microfibrils of Nylon in
PP matrix. The average microfibril diameter
was observed to decrease up to the stretch ratio
of 5 and further increased as the stretch ratio
increased to 8. At stretch ratio of 5, the fibrils
had high aspect ratio and lowest diameter. The
mechanical properties of the microfibrillar
blends increased with the stretch ratio. However,
too high stretch ratio caused decline in the
mechanical properties. MFBs obtained with
stretch ratio of 2 and 8 showed more brittle
failures than that obtained at stretch ratio 5.
The abundance of microfibrils at stretch ratio 5
reduced cavity formation leading to a relatively
ductile failure. From the static mechanical
study we can conclude that stretch ratio 5 is
optimum for reinforcing PP phase. From the
dynamic rheological studies, the storage and
loss modulus are found to be high for MFC with
stretch ratio of 5, which can be attributed to the
overall increase in the stiffness produced by the

Nylon microfibrils.
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