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Abstract: The search for alternative, cost effective and better properties’ polymers is being continued to
accomplish an increasing world wide demand in the field of materials. The hybridization of polymers and fillers is
a quick and practical technique for development of new materials having improved properties. The discovery of
nanomaterials has made possible to produce polymer composites having much lower filler concentrations with
superior properties such as light weight, electrical, thermal and mechanical properties etc. Due to their high aspect
ratio (surface/area ratio) and low density, they may be used as replacements for conventional fibers and fillers in
polymer matrices. The following paper is a quick review for rheological properties of polyolefin composite using
rheometer especially highlighted on graphene and carbon nanotubes nanocomposite
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1. INTRODUCTION

Polymer  materials  reinforced  with
nanofillers, such as layered silicate, graphite
nanosheets, carbon nanotubes (CNTSs), metal oxide
nanoparticles .and layered titanate, have attracted
much attention. Among them CNTs are ideal
reinforcing fillers for a polymer matrix, because of
their nanometer size, high aspect ratio and their
excellent mechanical strength, and electrical and
thermal conductivity (Song et al. 2010). The only
major negative aspect of CNTs is their higher
production cost. The best compensation of this factor
lies in graphene sheets. (Table 1) gives the
comparison of Tensile strength of graphene with
different material (Kuilaa et al., 2010).

Table 1 :Properties of Tensile strength of graphene,
CNT, nanosized steel, and polymers

Materials Tensile strength
Graphene 130 = GPa
CNT 60-150 GPa
Nano sized steel 1769 MPa
Plastic (HDPE) 18-20 MPa

Rubber (Natural rubber) 20-30
Fiber (Kevlar) 3620 MPa

__________________________________________

Rheological study of polymer composite plays a very
vital role in order to know the complex behavior of
system under stress. Polymer always showed this
type of behavior due to deviation from Newtonian
law of viscosity which is usually followed by normal
liquids. These types of complex liquids neither
follow hook’s law of elasticity nor Newtonian law of
viscosity but remain between them. This behavior is
called viscoelastic and usually seen in polymer melts,
polymer solutions and suspensions (Morrison 2001).
(Fig. 1) classifies the different types of fluids based
on behavior exhibit upon applied stress. The
processing of polymers at industrial level could easily
be predicted from measurement of rheological
properties. This paper deals with a short overview of
rheological properties of polyolefin composites.

2. Graphene and Carbon nanotubes

The allotrope of Carbon in form of carbon
nanotubes were officially discovered in 1991and
have exceptional potential properties such as
electronic, thermal, optical, and mechanical.
(Qinghua et al., 2006, Thiébaud et al. 2010). The
basic structure of carbon nanotube can be seen in
fig 1 (Kim et al. 2010). It can be seen from the
(Fig. 1) that single sheet of rolled graphene produces
structure of single wall carbon nanotubes and in a
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Fig 1. Classification of Fluids upon subjected to stress

analogous fashion two or more rolled graphene sheets
produce multiwall carbon nanotubes. There are
number of methods available to synthesis single and
multiwalled carbon nanotubes including high
temperature  evaporation using  arc-discharge
(Ebbesen et al. 1992), laser ablation (Mittal 2010)
chemical vapor deposition etc (Cheng et al. 1998).

The 2010 physics Nobel prize was awarded
on the basis of discovery of free-standing single-layer
graphene as shown in (Fig. 2) (Kim, et al. 2010).

Fig 2. Graphene, the building block of all graphitic forms, can
be wrapped to form (a) 0-D buckyballs (b) rolled to form the
1-D nanotubes (c) stacked to form the 3-D graphite. Reprinted
with permission from reference (Kim, et al. 2010) Copyright
2010 American Chemical Society.
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Graphene sheets are one-atom-thick two-dimensional
layer of sp2-bonded carbon having a variety of
remarkable properties and can enhance properties of
polymers such as electrical and thermal conductivity,
gas impermeability and the mechanical properties etc.
Itisthe strongest material ever measured (Kim, et al.
2010).

There are many methods related to
production of graphene mentioned in literature
including thermal expansion of sulfuric acid-
intercalated graphite, micromechanical exfoliation of
graphite, chemical vapor decomposition, chemical
reduction method of graphene oxide etc (Campos-
Delgado et al., 2008, Dixit et al., 2010, Kuilaa, et al.,
2010, Stankovich et al., 2007). The widely used
method for the production of graphene is thermally
expanded acid intercalated method (Kim et al. 2009).
The parent material for graphene is graphite and
excessive amount of graphite is available in nature
and acceptable methods of graphene production have
been invented. It would not be wrong to say that
graphene is suitable to produce nanocomposites with
polymers. It is cheaper and has the superior
properties than CNT (Kim, et al., 2010).

3 Polyolefin nanocomposites

Graphene can enhance the properties of
polymers such as mechanical, thermal, gas barrier,
electrical and flame retardance when in form of
composites as compared to neat polymer
(Ramanathan et al. 2008, Yanfei Xu 2009).

Interfacial bonding between the organic and
inorganic phases plays significant role in improving
physicochemical properties of nanocomposite (Zeng
et al.,, 2010). Graphene oxide is more attractable
material rather than Pristine graphene in terms of
building nanocomposite owing to the presence of
hydroxyl, epooxide, diols, ketones and carboxyl
functional groups which promotes the alteration of
van der waals interactions and make it friendly with
organic polymers (Kuilaa, et al., 2010).

Polyolefin  especially polyethylene and
polypropylene having the largest tonnage in the
world with respect to production. It is estimated that
more than 60% of produced polyolefins (PE, PP)
have been introduced to the market as compounds,
while only about 23% of the volume of other
thermoplastics have been used for compounding. The
prominent properties including low cost, ability to be
recycled, good processability, non-toxicity, bio-
compatibility, and low production cost. These are the
simplest and among the well studied polymers having
wide range of applications including orthopedic
implants, automobile parts, consumer goods, durable
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equipment and industrial machinery (Jancar 1999,
Kanagaraj 2010). In case of polyethylene, there is a
need to improve the properties such as stiffness, wear
resistance, poor optical properties and rigidity for
different applications (Incarnatoa et al. 2004, Jacobs
et al. 2002, Kim, et al. 2009). Similarly for
polypropylene,  poor  low-temperature  impact
behavior, shrinkage and relatively low stiffness are
main deficiencies present in neat polymer which
prohibit the replacement with other engineering
polymers (Jancar 1999).

Several works using CNTs and graphene
nanomaterials has been done on the enhancement of
polyolefin’s physical, mechanical and
physicochemical properties such as elastic moduli,
yield strength, fracture toughness, impact strength,
creep, electrical and heat conductivity, EMI shielding
capability, rheological behavior, flammability, UV
stability, weathering, physical cross-linking, surface
activity, adsorption characteristics and barrier
(Kanagaraj 2010, Kuilaa, et al. 2010).

3.1 Polypropylene

The effect of multiwall carbon nanotubes on
impact resistance of polypropylene was studied at a
constant volume content of 1% having nanotubes
with different size in length. The increment in
notched charpy impact resistance was attributed to
the nanotubes breakage, pullout and smaller
spherulite size induced by nanotubes. (Zhang et al.
2007). In other work, it was showed that the tensile
strength of polypropylene was slightly improved by
melt mixing of silane surface improved multiwall
carbon nanotubes rather than raw multiwall carbon
nanotubes at about 1 wt % as shown in (Fig. 3) (Zhou
et al. 2008).
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Fig 3. Effect of raw MWCNTSs and 3-MPTS functionalized
MWCNTS content on tensile strength of the PP composite.
Reprinted from reference (Zhou, et al. 2008), Copyright (2010),
with permission from Elsevier.
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Similarly, melt mixed single-walled carbon
nanotubes—polypropylene composites with maximum
0.75 wt% shown significantly enhanced tensile and
mechanical properties and storage modulus as
compared to the carbon black (Lo’pez Manchado
et al. 2005).

The substitute of nano clay and carbon tubes
having both layered structure and low cost is
graphene. It is a newly discovered material and very
less work on polyolefin nanocomposite has been
done. In a work conducted by Kalaitzidou et. al
(Kalaitzidou et al. 2007), using exfoliated graphite
nanoplatelets of different diameters i.e. 1um and 15
pm, it was shown that carbon black, VGCF and PAN
carbon fibers and octadecylamine surface treated
clays are inferior in terms of enhancing mechanical
properties such as flexural strength, modulus, and
impact strength of polypropylene nanocomposite.
The flexural strength of both 1um and 15um
diameter platelets reinforced PP composites increases
at low concentrations up to certain amount. The
better properties were seen in case of 1 um owing to
better dispersion. Similarly, Kalaitzidou et. al.,
prepared  nanocomposite  polypropylene  with
exfoliated graphite nanoplatelets by using three
different method i.e. melt mixing, polymer solution
and a novel method called coating. It was observed
that coating method is very much effective than
solution and melt mixing method in terms of
threshold percolation and other mechanical properties
as shown in (Fig. 4) (Kalaitzidou et al. 2007).
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Fig 4. Effect of compounding on the flex strength of xGnP-
15/PPComposites. Reprinted from reference (Kalaitzidou, et al.
2007) Copyright (2010), with permission from Elsevier.
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The physiochemical such as thermal
properties are very important for composite
properties for applications such as lighting ballasts,
transformer housings, microchip cooling, fuses,
radiators, and barrier properties for packaging
applications such as electronics, food or beverages is
low permeability in small gas molecules such as Oy,
CO, and H,0. It was tried to reduce the coefficient of
thermal expansion so that polymer could be activated
thermally rather than neat one. It was seen that
exfoliated graphene platelets reduce CTE in both
longitudinal and transverse direction as compare to
PAN and Vapor grown carbon fiber composites
which  mainly lessen only in direction. The
superiority of exfoliated graphene platelets were also
seen in barrier properties even at low loadings
(Kalaitzidou et al. 2007)

3.2 Polyethylene

There was an attempt made to enhance the
properties of HDPE, especially its stiffness, wear
resistance and rigidity, CNT-HDPE composites were
prepared. The effect of CNT on mechanical
properties such as Young’s Modulus, Ultimate Stress,
and Toughness were observed in nanocomposites of
HDPE and CNT dispersed by coating method
followed by injection molding of samples. The
composites up to 0.44% volume were prepared. It
was seen that with increase in percentage of CNT the
properties were also improving owing to good load
transfer effect and interface link between CNT and
polymer (Kanagaraj et al. 2007). Similarly,
nanocomposite of HDPE and multi walled CNT
prepared by an organic dispersant PEG which
effected the improvement in mechanical properties.
This phenomena was attributed to the deterioration
effect of PEG on HDPE (Zou et al. 2004).

“A process that decreases the agglomerate size of the
small component to its eventual particle size” is
called Dispersive mixing (Martin 1998). The
dispersion of nanoparticles is attractable problem for
researchers. Generally it is considered that better
dispersion produce better properties. In a work,
different method of dispersion of exfoliated graphene
in LLDP  were adopted and their effect on
mechanical properties were reported. The method
included solution mixing and melt mixing by co-,
counter- and modifified co-rotating screw system. It
was observed that solution mixing showed better
properties than counter rotating co- and then
modified co-rotating as shown (Fig. 5) and also it
was proved by ESEM. Along with this it was also
observed that with the increment in loading of
graphene mechanical properties were also improved.
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Similarly in the same manner, the dynamic
mechanical behavior of LLDPE and graphene was

12% xGnP-LLDPE nanocomposites
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Fig 5. Tensile strength and modulus of 12%
graphene/LLDP nanocomposite. (Kim et al. 2009)
Copyright Wiley-VCH Verlag GmbH & Co. KGaA.
Reproduced with permission

reported by the same author. It was observed that by
adding 7 % wt of exfoliated graphite nanoplatelets,
storage modulus was increased by 2.5 times as
compared to neat LLPD (Kim, et al. 2009, Kim et al.
2009).

The discovery of nanocomposite has made
possible to use lessen concentration of fillers of same
chemical composition. There was comparison made
between acid intercalated thermally expanded
graphite with untreated graphite and it was reported
that HDPE loaded with expanded graphite shown
better properties such as electrical and mechanical
properties at less concentration of filler rather than
untreated graphite at higher concentration and in the
same manner the viscosity was also increased which
was endorsed to the higher surface to volume Ratio
of expanded graphite (Zheng et al. 2004).

4. Rheological properties of Polyolefin composites
“Polymers love shear”(Vlachopoulos et al. 2003).

It is very important to know that how
polymer materials respond under processing
conditions because nearly all processing operations
take place in the molten condition. Rheology
performs as a relationship between molecular
structure of polymer and processing behavior and
then final end-use properties using rheological
parameters i.e material functions. Some of the
materials  functions are  viscosities, moduli,
compliances, normal stresses and relaxation and
retardation  spectra  (Brydson  1981). The
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measurement of material functions is called
rheometry, it uses an experiment to produce defined
kinematics in the definition of material functions
which then make able to measure stress component
needed (Morrison 2001).

Melt flow behavior tests, such as the MFR
test, capillary rheometer and rotational rheometer are
generally used to characterize the processibility of a
material.

4.1 Using capillary rheometer

Capillary rheometer are capable to measure
shear rate similar at which actual industry processes
such as calandering, extrusion, injection, transfer
molding etc occurred (Sholley 1985). It was observed
in a work that rheological data from a capillary
rheometer of polymers is appropriate to extruder
(Klyosov 2007).The main advantage of capillary
rheometers having similarity in flows just like to
pipes and extrusion dies. Capillary rheometres are
only adequate means of attaining data at shear rates
greater than 10 s™. They are pressure driven and
simple devices are capable to give accurate viscosity
measurement (Macosko 1994)

The rheological properties of polymers have
great influence on the processing such as injection
molding and extrusion. The study of the melt flow
properties of filled polymer systems is important to
study the mechanism by which addition of fillers to
polymers influences the original polymer and to
determine those combinations in which such effects
occur. These studies can then be utilized to establish
better processing conditions and to develop optimum
morphology to maximize products performance
(Babbar et al. 1994). The viscoelasticity of polymer
dictates that polymers have complex shear modulus
i.e. elastic and viscous behavior. It was reported that
generally nanofiller loading leads to increases in the
shear viscosity (Song, et al. 2010).

In a paper (Yang et al. 2005) which
describes the effect of filler size, filler ratio and
composite preparation on apparent viscosity of
isotactic polypropylene/ glass bead composite using
capillary rheometer. The power law was used to
describe the effect of apparent viscosity on filler
content. It was shown that there was significant
increment in apparent viscosity after adding 15 % wt
of filler and after that it showed sudden drop of
viscosity upon adding 30 % wt of filler as shown in

(Fig. 6).
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Fig 6. Flow properties of polypropylene composites filled with

glass bead of different content (the size of the filled glass bead

is 0.71 mm) at 230 °C. Reprinted from reference (Yang, et al.
2005) Copyright (2010), with permission from Elsevier.

Die swell and entry pressure losses play an
important role during extrusion of polymeric
materials. It effects the final size and shape of the
extrudate and consequently helpful for die design and
process control during extrusion. The addition of
filler could reduce the extrudate swell. It was
observed during the processing of propylene/glass
bead composite using capillary rheometer that with
the increase in volume fraction of filler die swell was
decreasing nonlinearly but there was insignificant
effect on entry pressure as shown in (Fig. 7) (Liang
2002). This effect was attributed towards the
restriction of movement of molecular chains hence
preventing the elastic recovery of the shear
deformation.
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Fig 7. B as a function of filler fraction. Reprinted from

reference (Liang 2002) Copyright (2010),with permission from
Elsevier.
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Similarly, in another paper, no significant
changes were observed in shear viscosity and shear
stress with addition of nanoclay (1 and 2%) to
polypropylene at different shear rates (50 to 10000
sec 1). However, the power law index (n) indicates
that the polymer melt becomes less shear thinning
with increasing nanoclay loading (Dixit, et al. 2010).

The dependence of composite viscosity on
fiber loading and fiber length at lower shear rate than
at higher shear rate were observed in composites of
pineapple fiber reinforced low density polyethylene.
It was shown that increasing the fiber loading leads
the increment in viscosity and in case of improved
interfacial adhesion achieved by treating fibers with
different materials also increase the viscosity of the
system as shown in (Fig. 8). This phenomena was
attributed to the fiber-matrix interaction (George
et al. 1996).
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Fig 8. Variation of melt viscosity with shear rate of PALF
LDPE composites for different fibre treatments. Fibre length
6mm and temperature 125°C. Reprinted from reference
(George, et al. 1996) Copyright (2010), with permission from
Elsevier.

It is very important to take an account of
melt flow instabilities for the processing of
commodity polymers such as polyolefin. Commonly,
three types of melt instabilities i.e. sharkskin, spurt
and gross melt fracture are shear rate and polymer
microstructure dependent. Nano materials such as
CNTs at lower loading than conventional fillers could
be used to reduce the effect of above mentioned
instabilities in polymers processing. During a
research work on CNTs nanocomposite with two
types of polyethylene i.e. LHDPE with low amount
of long chain polyethylene and PE ethylene

80

copolymer with 1-octene short chain branching, the
effect of ratio of Single wall CNT and multiwalled
CNT on melt instabilities was observed with help of
novel capillary rheometer having three high sensitive
pressure transducer inside the slit. Overall It was
shown that the addition of fillers improves the melt
stabilities of polymer melts (Palza et al. 2010).
Similarly in a paper related to
MWCNT/polypropylene nanocomposite, the
processing behaviour of these nanocomposite were
seen at the conditions analogues to injection
moulding and extrusion process at industry level i.e.
10 to 10* shear rate range. It was reported that the
viscosity of composite was decreased adding 1 phr
MWCNT attributed to the flow favoring orientation
by CNTs as shown in (Fig. 9). It was also observed
that beyond this ratio the melt viscosity was
increased with the increasing of the MWCNT content
owing to the increased MWCNT-MWCNT
interaction(Chih-Chun et al. 2008).

a

High MWCNT content

Low MWCNT content b

Wl\‘ R

Fig 9. The flow model proposed showing the flow of
MWCNT/PP composite by adding various MWCNT contents
in capillary rheometer. Reprinted from reference (Teng et al.

2008) Copyright (2010),with permission from Elsevier.

4.2 Using rotational rheometer

In general, rotational rheometer are used to
measure the rheological properties with the shear rate
range around 1-10° s* and along with shear moduli
i.e. storage modulus G’ and loss modulus G’. These
moduli are useful for calculating service properties of
a polymer (Teng et al. 2008). This type of rheometer
usually deal with the shearing of polymer melt
between the rotating plates and torque is measured
across the shear stress (Brydson 1981). Seo et al.
studied the effect of multiwalled carbon nanotubes
ratio on complex viscosity with polypropylene
composite. It was observed that with an increase in
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ratio of nanotubes, complex viscosity was also
increased. This effect was significant at lower
frequency and become weaken at higher frequency
owing to shear thinning. Similar effect was also seen
in case of storage and loss modulus (Min-Kang et al.
2004). Rheological properties can be used to ensure
the dispersion of reinforcement as these are sensitive
to the structure, particle size, shape and surface
properties of the dispersed phase (Prashantha et al.
2008). The major problem associated with CNTSs is
their dispersion in host matrix. Many work have been
to done to study the effect of different treatment on
dispersion of CNTs. Zhang et al. studied the effect of
dispersion of SWCNTSs in high density polyethylene
by treating SWCNTs with 2% sodium
dodecylsulfate as a surfactant and sprinkled this
aqueous suspension on polymer powder followed by
extrusion. It was reported that surfactant treated
SWCNTs have insignificant influence on complex
viscosity of composite (Zhang et al. 2006). Similar
observations were seen in case of SWCNTs and
ultrahigh molecular weight polyethylene composites
(Qinghua, et al. 2006). In another work where low
density polyethylene was used with MWCNTSs as
reinforcement, the composite steady state viscosity
rapidly decreased with increase in shear rate at higher
content on carbon i.e. up to 10%. It was also
observed that with the increment of nanotubes ratio
system became more elastic as tan delta peak
diminished (Xiao et al. 2007). Using expanded
graphite and unexpanded graphite with high density
polyethylene, it was reported that with increase in
surface area in case of expanded graphite, increment
in viscosity was seen. This behavior was attributed
towards the deformation hindrance owing to the
enhancement in intercalation between HDPE and
expanded graphite (Zheng, et al. 2004).

1. CONCLUSION

Graphene and carbon nanotubes are
remarkable materials for making nanocomposite with
polyolefin to enhance their properties. There is a need
to improve the dispersion and interfacial adhesion of
the materials so that even better properties could be
attained. There are many methods available e.g.
solution mixing, melt mixing, in situ polymerization
and coating method. Although solution method has
shown better results but presence of solvent is a
major obstacle. Melt and in situ polymerization are
preferable. Capillary rheometer has industrial
importance and the rheological properties are
important for processing and mostly depend on many
factors such as filler concentration, filler-filler
interaction and filler-polymer interaction, filler
dispersion, orientation and size etc. Rotational
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rheometers are useful for measuring service
properties of polymers. Different routes could be
used to enhance theses interactions and there effect
on rheological properties could be studied using
capillary and rotational rheometer. The factors such
as die swell, viscosity increment, melt instabilities,
optimization of shear rate and stress must be explain
for graphene based nanocomposite of polyolefin.
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