Introduction Very often a filler (nanofiller) is introduced in polymers with the purpose
of the latter stiffnes increase. This effect is called polymer composites
(nanocomposites) reinforcement and it is characterized by reinforcement degree
Ec/Em (En/Em), where Ec, En and Em are elasticity moduli of composite,
nanocomposite and matrix polymer, accordingly. The indicated effect significance
results to a large number of quantitative models development, describing
reinforcement degree: micromechanical [1], percolation [2] and fractal [3] ones. The
principal distinction of the indicated models is the circumstance, that the first ones
take into consideration the filler (nanofiller) elasticity modulus and the last two - don't.
The percolation [2] and fractal [3] models of reinforcement assume, that the filler
(nanofiller) role comes to modification and fixation of matrix polymer structure. Such
approach is obvious enough, if to account for the difference of elasticity modulus of
filler (nanofiller) and matrix polymer. So, for the considered in the present paper
nanocomposites low density polyethylene/Na+-montmorillonite the matrix polymer
elasticity modulus makes up 0.2 GPa [4] and nanofiller - 400-420 GPa [5], i.e. the
difference makes up more than three orders. It is obvious, that at such conditions
organoclay strain is equal practically to zero and nanocomposites behavior in
mechanical tests is defined by polymer matrix behavior. Lately it was offered to
consider polymers amorphous state structure as a natural nanocomposite [6]. Within
the frameworks of cluster model of polymers amorphous state structure it is supposed,
that the indicated structure consists of local order domains (clusters), immersed in
loosely-packed matrix, in which the entire polymer free volume is concentrated [7, 8].
In its turn, clusters consist of several collinear densely-packed statistical segments of
different macromolecules, i.e. they are an amorphous analog of crystallites with
stretched chains. It has been shown [9], that clusters are nanoworld objects (true
nanoparticles-nanoclusters) and in case of polymers representation as natural
nanocomposites they play nanofiller role and loosely-packed matrix-nanocomposite
matrix role. It is significant that the nanoclusters dimensional effect is identical to the
indicated effect for particulate filler in polymer nanocomposites - sizes decrease of
both nanoclusters [10] and disperse particles [11] results to sharp enhancement of
nanocomposite reinforcement degree (elasticity modulus). In connection with the
indicated observations the question arises: how organoclay introduction in polymer
matrix influences on nanoclusters size and how the variation of the latter influences on
nanocomposite elasticity modulus value. The purpose of the present paper is these
two problems solution on the example of nanocomposite linear low density
polyethylene/Na+-montmorillonite [4]. Experimental Linear low density polyethylene
(LLDPE) of mark Dowlex-2032, having melt flow index 2.0g/10 min and density 926
kg/m3, that corresponds to crystallinity degree of 0.49, used as a matrix polymer.
Modified Na+-montmorillonite (MMT), obtained by cation exchange reaction between
MMT and quaternary ammonium ions, was used as nanofiller MMT contents makes up
1-7 mass % [4]. Nanocomposites linear low density polyethylene/Na+-montmorillonite



(LLDPE/MMT) were prepared by components blending in melt using Haake twin-screw
extruder at temperature 473 K [4]. Tensile specimens were prepared by injection
molding on Arburg Allounder 305-210-700 molding machine at temperature 463 K and
pressure 35 MPa. Tensile tests were performed by using tester Instron of the model
1137 with direct digital data acquisition at temperature 293 K and strain rate ~
3.357°10-3 s-1. The average error of elasticity modulus determination makes up 7 %,
yield stress - 2 % [4]. Results and Discussion For the solution of the first from the
indicated problems the statistical segments number in one nanocluster ncl and its
variation at nanofiller contents change should be estimated. The parameter ncl
calculation consistency includes the following stages. At first the nanocomposite
structure fractal dimension df is calculated according to the equation [12]:, (1) where
d is dimension of Euclidean space, in which a fractal is considered (it is obvious, that in
our case d=3), n is Poisson’s ratio, which is estimated according to mechanical tests
results with the aid of the relationship [13]: , (2) where sY and En are yield stress and
elasticity modulus of nanocomposite, accordingly. Then nanoclusters relative fraction
jcl can be calculated by using the following equation [8]: , (3) where C¥ is
characteristic ratio, which is a polymer chain statistical flexibility indicator [14], S is
macromolecule cross-sectional area. The value C¥ is a function of df according to the
relationship [8]: . (4) The value S for low density polyethylenes is accepted equal to
14.9 A2 [15]. Macromolecular entanglements cluster network density ncl can be
estimated as follows [8]: , (5) where |0 is the main chain skeletal bond length which for
polyethylenes is equal to 0.154 nm [16]. Then the molecular weight of the chain part
between nanoclusters Mcl was determined according to the equation [8]: , (6) where rp
is polymer density, which for the studied polyethylenes is equal to ~ 930 kg/m3, NA is
Avogadro number. And at last, the value ncl is determined as follows [8]: , (7) where
Me is molecular weight of a chain part between entanglements traditional nodes
(“binary hookings”), which is equal to 1390 g/mole for low density polyethylenes [17].
In Fig. 1 the dependence of nhanocomposite elasticity modulus En on value ncl is
adduced, from which En enhancement at ncl decreasing follows. Such behavior of
nanocomposites LLDPE/MMT is completely identical to the behavior of both particulate-
filled [11] and natural [10] nanocomposites. Fig. 1 - The dependences of elasticity
modulus En on Statistical segments number per one nanocluster ncl for
nanocomposites LLDPE/MMT. 1 - calculation according to the equation (8), 2 - the
experimental data In paper [18] the theoretical dependences of En as a function of
cluster model parameters for natural nanocomposites was obtained: , (8) where c is
constant, accepted equal to 5.9710-26 m3 for LLDPE. In Fig. 1 the theoretical
dependence En(ncl), calculated according to the equation (8), for the studied
nanocomposites is adduced, which shows a good enough correspondence with the
experiment (the average discrepancy of theory and experiment makes up 11.6 %, that
is comparable with mechanical tests experimental error). Therefore, at organoclay
mass contents Wn increasing within the range of 0-7 mass % ncl value reduces from



8.40 up to 3.17, that is accompanied by nanocomposites LLDPE/MMT elasticity
modulus growth from 206 up to 569 MPa. Let us consider the physical foundations of
ncl reduction at Wn growth. The main equation of the reinforcement percolation model
is the following one [9]:, (9) where jn and jif are relative volume fractions of nanofiller
and interfacial regions, accordingly. The value jn can be determined according to the
equation [5]:, (10) where rn is nanofiller density, which is equal to ~ 1700 kg/m3 for
Na+-montmorillonite [5]. Further the equation (9) allows to estimate the value jif. In
Fig. 2 the dependence ncl(jif) for nanocomposites LLDPE/MMT is adduced. Fig. 2 - The
dependence of statistical segments number per one nanocluster ncl on interfacial
regions relative fraction jif for nanocomposites LLDPE/MMT. Horizontal shaded line
indicates the minimum value ncl=2 As one can see, ncl reduction at jif increasing is
observed, i.e. formed on organoclay surface densely-packed (and, possibly, subjecting
to epitaxial crystallization [9]) interfacial regions as if pull apart nanoclusters, reducing
statistical segments number in them. As it follows from the equations (9) and (8),
these processes have the same direction, namely, nanocomposite elasticity modulus
increase. Conclusions Hence, the obtained in the present paper results demonstrated
common reinforcement mechanism of natural and artificial (filled with inorganic
nanofiller) polymer nanocomposites. The statistical segments number per one
nanocluster reduction at nanofiller contents growth is such a mechanism on
suprasegmental level. The indicated effect physical foundation is the densely-packed
interfacial regions formation in artificial nanocomposites.



