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Abstract. The completesimilarity of reinforcement degree
behaviour has been shown for nanocomposite epoxy
polymer/Na"-montmorillonite and polyarylate, which is
considered as the natural nanocomposite. The polyarylate
structure description is given within the framework of
cluster model of polymers amorphous state structure. The
interfacial adhesion level influences strongly the
reinforcement degree of indicated materials.
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1. Introduction

At present it becomes obvious that polymeric
systems due to their structure features are always
nanostructural systems [1]. However, such structure
treatment can be various. So, A. Malamatov et al. [2]
have used for this purpose the cluster model of polymers
amorphous state structure, which assumes that the
mentioned structure consists of local order domains
(clusters) immersed in a loosely-packed matrix. In this
case the latter is considered as the natural nanocomposite
matrix and clusters are considered as the nancfiller. The
cluster representsa set of several densely-packed collinear
segments of different macromolecules with the size up to
several nanometers [3]. It has been shown that such
clusters are true nanoparticles — the nanoworld objects
(nanoclusters) [2].

In this connection there arises a question about
reinforcement (matrix polymer elasticity modulus
enhancement) by nanoclusters and comparison of this
important effect action with the similar effect for artificial
nanocomposites, i.e. polymers, filled with one or another
inorganic filler type. As it is known [4], nanoclusters
relative fraction increase results into polymers elasticity
modul us enhancement by anal ogy with nanofiller contents
in artificial nanocomposites. Therefore there appears the

necessity of quantitative description and subsequent
comparison of the reinforcement degree for two above-
mentioned nanocomposite classes. The purpose of the
present paper is a comparative analysis of the
reinforcement degree by nanoclusters and layered silicate
(organoclay) for polyarylate and nanocomposite epoxy
polymer/Na‘-montmorillonite, respectively.

2. Experimental

The polyarylate on the basis of iso- and terephthalic
acids (PAr) with the molecular weight ~ 540* was used.
PAr films of ~ 0.1 mm thickness were prepared by the
method of 5 % polymer solution in a methylene chloride
pouring on cellophane substrate and by subsequent drying
them in vacuum at temperature ~ 453 K during 2 days for
the complete removal of moisture and solvent. From these
films the samples for mechanical testing in the form of
“doghbone” having basic length of 40 mmand working width
of 5 mm were cut out with the templet aid. The tests on
unaxial tension were made on an Instron testing machine at
the strain rate ~ 10 s* within the temperature limits of
293-413 K. Before testing the samples were maintained in
a thermal chamber of the testing machine during 15 min
for thermal equilibrium achievement. Each data point was
obtained according to 5 samples tests results.

The data of nanocomposites epoxy polymer/Nat-
montmorillonite (EP/MMT) mechanical tests are accepted
according to the results of the paper [5].

3. Results and Discussion

The authors [6] considered the theoretical
dependences of the reinforcement degree E/E_ (where
E. and E_ are easticity moduli of composite and matrix
polymer, respectively) on the filling degree j . for three
main cases.
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1.Theideal adhesion betweenthefiller and polymer
matrix described by Kerner equation, which can be
approximated by the following relationship:
€ =1+11¢§ | -

E .
2. Zero adhesional strength at the large friction

coefficient between the filler and polymer matrix, which
is described by the equation:

_ (2

3. The interaction complete absence and an ideal
slip between the filler and polymer matrix, when the
composite elasticity modulus is practically defined by
polymer cross-section and connected with the filling
degree by the equation:

“=1-j 7 3)

In Fig. 1 theoretical dependences of reinforcement
degree (E/E,) for three above indicated cases are shown.
Besides, in this Figure the experimental values E /E_ for
nanocomposites EP/MMT at T<T_and T>T_ (where T,
and T are glass transition and testlng temperatures
respectively) are indicated by the points. As one can see,
for glassy epoxy matrix the experimental data correspond
to the Eq. (2), i.e. zero adhesional strength at the large
friction coefficient, and for rubbery epoxy matrix —to the
Eq. (1), i.e. the ideal adhesion between a nandfiller and
polymeric matrix, described by Kerner equation. It should
be noted that authors [2] explained the indicated above
distinction by much larger length of epoxy polymer
statistical segment in the second case.

To obtain similar comparison for natural
nanocomposite (polymer) is impossible, since at TT,
nanoclusters are disintegrated and the polymer ceases to
be quasi-two-phase system [7]. However, within the
frameworks of two-step vitrification conception it has been
shown [8, 9] that at temperature T ', which is equal to
about (T 50K), nonstable (smaller) clustersdisintegration
ocCurs, resulti ng in loosely-packed matrix devitrification at
the indicated temperature [3]. Therefore, within the
temperaturerange T '—T _natural nanocompaosite (polymer)
isthe anal og of EP/I\§1M1gnanocomposteW|th devitrificated
matrix and at T< T - the analog of this nanocomposite
with glassy matrix. Calculations of PAr parameters, which
are necessary for subsequent estimations, can be done as
follows. The nanoclugters relative fraction j , (the contents
of MMT j , analog) can be estimated with the aid of the
following percolation relationship [10]:

j o =003(T,- TP @)
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Fig. 1. Dependences of reinforcement degree EJ/E,
and E/E  upon nanofiller j, and nanoclusters j, contents
respectlvely 1-3 — the theoretical dependences (E /EG)

corresponding to the equations (1)-(3); 4, 5 — the
experimental data (E/E )(j,) for PArat T=T - T_(4)and
T<T, (5); 6 7—the experimental data (E /Enj(Jf)
for ERIMMT at T>T_ (6) and T<T_(7)

Determination of loosely-packed matrix el asticity
modulusE, _ (EP/MMT nanocomposites polymeric matrix
elasticity modulusanal 0g) can be done by means of graphic
method. In Fig. 2 the dependence of E (j ) upon PAr is
shown, which is separated into two finear parts. The
transition from one part to another occurs at j _» 0.28,
that according to the equation (4) corresponds to T 400 K
at T .=458K for PAr [11]. It is easy to see that the above
indiCated temperature of linear dependence E (j .) slope
change corresponds to the above mentioned definition T,
criterion, namely, T ' = (T —-50K). Asit hasbeen expected
the devitrification of Ioosely packed matrix at T ' results
into a more strong change of polymer propertles that
was also observed earlier [12]. The graphs E (j )
extrapolationtoj ,=0givesE » 0.85 GPafor thegﬁassy
loosely-packed matrix and E » 0.38 GPa — for the
rubbery one. In Fig. 1 the comparlson of the obtained by
the indicated method reinforcement degree of natural
nanocomposite (PAr) is adduced at the condition E=E
and E, = E_with theoretical calculation according to the
Egs. (1 3) at the condition j 4=, Asonecan see, at
temperatures within the range =T -1, (j ,~=0.06-0.19)
the value Ep/E corresponds to thegEq (1) i.e. the ideal
adheaon nanodl usters—loosely packed matrix, and at T <

" (j ,>0.24) —theEq. (2), i.e. zero adhesional strength
a% a large friction coefficient. Hence, Fig. 1 data
demonstrate clearly the complete anal ogy, both qualitative
and quantitative, of reinforcement degree behaviour of
natural (PAr) and artificial (EPPMMT) nanocomposites.
The application of another microcomposite model (for
example, accounting for strong anisotropy of layered
silicate particles) can changethe picture only quantitatively.
Fig. 1 data give qualitative reinforcement degree
correspondence at identical initial conditions of the
indicated nanocomposites classes.
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Fig. 2. The dependence of easticity modulus E; on
nanoclusters relative fraction j, for PAr

4. Conclusions

Therefore, the reinforcement degree behaviour
anal ogy of polyarylate by nanoclustersand nanocomposite
epoxy polymer/Na'-montmorillonite by layered silicate
gives one more reason to consider polymer as the natural
nanocomposite. The interfacial adhesion level influences
essentially the reinforcement degree. It is obvious that the
following stage of this problem elaborationis clarification
of physical significanceof interfacial adhesionnanocluster-
loosely-packed matrix and factors, which define it.

References

[1] Ivanchev S., Ozerin A.: Vysokomol. Soed. B, 2006, 48, 1531.
[2] Malamatov A., Kozlov G. and Mikitaev M.: Mekhanismy
uprochneniya polimernych nanokompozitov. 1zd-vo RKhTU
Mendeleeva, Moskwa 2006.

[3] Kozlov G. and Zaikov G.: Structure of the polymer
amorphous state. Brill Academic Publishers, Utrecht-Boston
2004.

[4] Kozlov G., Beloshenko V. and Shogenov V.: Fiziko-Khim.
Mekhanika M aterialov, 1999, 35, 105.

[5] Chen J.-S., Poliks M., Ober C. et al.: Polymer, 2002, 43,
4895,

[6] Tugov I. and Shaulov A.: Vysokomol. Soed. B, 1990, 32,
527.

[7] BdoshenkoV., Kozlov G. and Lipatov Yu.: FizikaTverdogo
Tela, 1994, 36, 2903.

[8] Startsev O., Abdliov Ya, Kirillov V. and Voronkov M.:
Doklady Akad. Nauk SSSR, 1987, 293, 1419.

[9] Belousov V., Kotsev B. and Mikitaev A.: Doklady Akad.
Nauk SSSR, 1985, 280, 1140.

[10] Kozlov G. and Aloev V.: Teoriya perkolyatsii v fiziko-
khimii polimerov. Polygraphservisi T, 2005.

[11] Kalinchev E. and Sakovtseva M.: Svoistva i pererabotka
termoplastov. Khimiya, Leningrad 1983.

[12] DiBenedetto A. and Trachte K.: J. Appl. Polymer Sci.,
1970, 14, 2249.

MNOJIMEPH SIK ITPUPOTHI HAHOKOMITO3UTH.
2. MTOPIBHATbHU AHAJII3 MEXAHIBMY

SMIIHEHHA

Anomauia. Iloxaszana noeua nodibnicmes y niocuienHi
eracmugocmeti 05k HAHOKOMNO3Umy enokcuonui noaimep/Na'-
MOHMMOPUNOHIM | NOXIAPULATTY, AKULL 88ANCAEMBCA NPUPOOHUM
Hanokomnosumom. Onuc noniapunramuoi 0y006u NOOAHULL 8 MeNCAX
Kapkacy xkiacmepHoi mooeni nonimepie amop@pHoi cmpykmypu.
Bcmanogneno, wo cmynine miscghaznoi adezesii 3HauyHo enaueac Ha
NiOCUNEHHS 8IACMUBOCMeEll 6KA3AHUX Mamepianis.

Knwowuogi cnosa: noniapunam, HaHoKoMno3um, cCmpykmypda,
3MIYHEHHS, ad2e3is.





