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KINETICAL AND THERMODYNAMICAL PARAMETARS OF
CRYSTALLIZATION OF iPP NUCLEATED WITH MIXED a-NUCLEATORS

Gordana Bogoeva — Gaceva', Aco Janevski®
1University “Cyril and Methodius”, Faculty of Technology and Metallurgy, Skopje,
Macedonia
2Univers.ity” Goce Deléev”, Faculty of Technology, Stip, Macedonia

It is well known that the presence of a solid surface (substrate) in the contact with
thermoplastic polymers during the crystallization from the melt generally favors the
heterogeneous nucleation.

Isothermal and nonisothermal crystallization of isotactic polypropylene (iPP) nucleated
with 0.1 %wt. talc (average dimension of 20 um) (assign. PPT), 0.1 % wt. calcite
(average dimension of 5 ym) (assign. PPC) and polymer nucleated with 0.1 % wt. talc
plus 0.1 % wt. calcite (assign. PPTC) were studied to evaluate the different nucleation
behavior of individual nucleators and their mixture. The nucleated systems were
prepared on Brabender PL 2000, by melt-mixing at 460 K. Morphological analyses of
the obtained iPP was done by the wide-angle x-ray diffraction and the polarizing light
microscopy.

The crystallization behavior was studied by Perkin-Elmer DSC-7 in isothermal (T,=391-
403 K) and nonisothermal regime (applying cooling rate of 1,3,5,10,15 and 20 K/min).
Induction times of crystallization were estimated, and from the Avrami plots which were
linear for all systems, crystallization rate constants and coefficients were calculated.
From the Hoffmann- Weeks plot, the equilibrium melting temperature was determined,
and the lowest value was found for iPP nucleated with talc (T’ was 447.6 K; for iPP
nucleated with calcite T,° = 462.3 K, and for iPP nucleated with the mixture of
nucleators T,,°= 453.6 K. The peaks of nonisothermal crystallization were moved to
higher temperatures or lower supercooling, AT. The best nucleation activity exhibited
the system with talc, which was unexpected because the highest content of nucleators
was used in the system with both nucleators. These findings were confirmed by other
thermodynamic parameters such as a dimension of a critical nucleus, the nucleation
density (the highest value determined for this system) and @-parameter (the lowest
value of 0.35), which implies that the interaction between the polymer and the
substrate is the highest in this system.
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NUCLEATED WITH MIXED a-NUCLEATORS

Gordana Bogoeva — Gaceva',
Aco Janevski?

!University”Sts. Cyril and Methodius”, Faculty of Tech

1,

KINETIC AND THERMODYNAMIC PARAMETERS OF CRYSTALLIZATION OF iPP

7, da"d M,

2University "Goce Delcev”, Faculty of Technology,Stip, Macedonia

gy, Skopje, Mac

Introducti

The addition of nucleating agents is widely applied|

method to modify morphology and crystallization
kinetics of thermoplastic polymers. Among the
inorganic fillers for isotactic polypropylene (iPP), such
as mica, calcium carbonate, clays etc., talc is known as
a very effective nucleator for o-crystalline phase.
Recently, mixed nucleators for iPP are tested as a
means to modify polymer morphology and overall

The aim of the present work is to examine the
influence of the talc and calcite and their mixture on:

. kinetics of
* of

and

Commercial grade iPP with a weight-average molecular

polydispersity index, M/M,=6.36 was used. a-
nucleated iPP was obtained by mixing 0.1 %wt. talc
(PT), calcite (PC) and their mix (PTC) with iPP in
Brabender PL 2000 at 460 K. Isothermal and

i izati of iPP was
analyzed by DSC. In isothermal regime, the sample was
rapidly heated to 478 K and held in the molten state for’
5 min, to erase the thermal history of the polymer. Then
the sample was cooled to a given crystallization
temperature, T, with a cooling rate of 80 K/min.
Isothermal crystallization was carried out at 7, until

izati was The cry izati

under was

weight, M,=158 500, as determined by GPC, and a|

by
cooling at different cooling rates: 1, 3, 5, 10, 15, and 20
Kimin.

Figure 1. Polanzing optical micrograph of PT
illustrating typical t-spherullites grown at given 7;

=

ooT AT AR

AT

Figure 3. Dependence of the induction time of crysta-
lization (1) for PP, TRTC and PTC samples on A,

Table I. Assignation of the samples
containing single or mixed nucleators

7k
Sasignation antent
P #
T "
01 % mans e
3 L
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Figure 4. Dependence of the nucleation density for
nucleated polymers () over the one for the neat iPP

Table 1. Avrami index 1 and overall kinetic constant
at different crystallization temperature, 7c
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Figure 2 Dependence of the half-time of crystallization
(1,) for PP, TRTC and PTC samples on A7
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Figure 5. Dependence of the rate of crystallization
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The obtained results from i

of

cr

iPP have shown that (i) the

nucleation density of talc-nucleated iPP is higher than in the polymer nucleated with calcite and mix of the both
nucleators. This finding is clearly confirmed by the values for the crystal fold surface energy (controlling the lamellae

gl:gwty[) and the

melting t

for the systems.
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