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STRUCTURE OF Ba, Sr, Ca AND Mg PIMELATES AND THEIR
NUCLEATING ABILITY IN POLYPROPYLENE MELT
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Skopje, Republic of Macedonia
*Institute of Chemistry, Faculty of Natural Sciences and Mathematics,

Ss. Cyril and Methodius University, Skopje, Republic of Macedonia

The pimelates of the earth-alkaline elements and pimelic acid have been
synthesized and studied. All prepared pimelates are crystallohydrates and Ba and
Sr pimelate are isomorphous. The obtained compounds have been characterized
using FTIR and Raman spectroscopy and X-ray diffraction and it was found that.
at the melt temperature of polypropylene, the pimelates of Ba and Sr are crystalline
whereas the ones of Ca and Mg are amorphous.

The nucleation activity of these pimelates have been studied in the
process of crystallization of polypropylene in non-isothermal conditions and
followed by differential scanning calorimetry (at rate of crystallization V.= 1-20
K/min). It was found that their nucleation activity, even at concentration of 0.1 %,
differs considerably with regards to the crystallization rate, and they induce
different polymorphic composition of the polymer. The nucleation activity was
mostly exhibited by Ca pimelate, and when it was used the content of the B
crystalline phase (Up) in polyprolylene ranged from 0.90 to 0.94, depending on the
crystallization rate, compared to 0.18-0.35 when Mg pimelate was used. In the
polymer obtained by using Ba and Sr pimelate, Up ranged from 0.47 to 0.77. Based
on the structures of the pimelates and the theoretical concepts for nucleation
activity of solid substrates, an attempt was made to correlate the obtained activity
to the structural parameters of the obtained polymer.

Keywords: polypropylene, polymorphism, fnucleators, pimelates
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Introduction

The mechanism of heterogeneous nucleation in
the crystallization of polyolefines has been
discussed in several, sometimes controversial,
ways. The nucleation mechanism for the
formation of B-phase in PP by nucleating agents
has not been clarified well yet. Lotz et al. [1]
proposed the ‘‘dimensional lattice matching
theory”, which has been widely accepted for
some B-nucleating agents for PP. In this theory,
the B-nucleation capability was assumed as a
result of structural relationship between
nucleating agent and p—phase of PP. A lattice
matching between c-axis periodicity of PP (0.65
nm) and a corresponding distance in the
substrate crystal face of nucleating agent is
assumed the main reason for inducing the B-
phase polymorph in PP. If the nucleating agent
has the feature size of 0.65 nm and applies the
surface contact in specific geometrical type with
PP, it could induce the B-phase in PP.

Objective

The aim of this work is to analyze the structural
characteristics of Ba, Sr, Ca and Mg
pimelates and to correlate with their
nucleation ability.

Experimental and materials

Pimelic acid and carbonates of magnesium,
calcium, strontium and  barium  were
commercially available. Magnesium, calcium,
strontium, and barium salts of pimelic acid
were synthesized by reaction of 50 % (m/m) of
pimelic acid and carbonates of magnesium,
calcium, strontium and barium (Merck).
B-nucleated iPP was obtained by mixing 0.1
%wt. pimelates with iPP in Brabender PL 2000
at 460 K. The nonisothermal crystallizations of
nucleated iPP was analyzed by DSC. 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 at different cooling rates: 1, 3, 5, 10, 15,
and 20 K/min.
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Investigations
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Figure2. Diamond image of barium and strontium pimelate
monohydrate [3], view of packing along c axis [2, 3].
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Figure 6. X-ray diffraction patterns of iPP and nucleated iPP.

Conclusions

All of the prepared pimelates are crystallohydrates, and Ba and Sr pimelate are isomorphous. It

was found that, at the melt temperature of polypropylene, the pimelates of Ba and Sr are
crystalline, whereas the ones of Ca and Mg are amorphous. Close to the manufacturing iPP

temperatures (around 473 K), pimelates lose water and their structure is changed. The
nucleation activity was mostly exhibited by Ca pimelate, and when it was used, the content of B

[3] M.Grzesiak-Nowak, W.Nitek, A.Rafalska-Lasocha and W.

Lasocha, Synthesis and investigations of
dicarboxylates, Z. Kristallogr., 228, 590-597 (2013)

new strontium

crystalline phase (Ug) in polyprolylene ranged from 0.90 to 0.94, depending on the
crystallization rate, compared to 0.18-0.35 when Mg pimelate was used.
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