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The dependence of the order in the orientation of the chains in the crystalline structure on the
crystallization temperature is described for the a-form of isotactic polypropylene.

From the present and previous results it is concluded that, for a fixed isotactic polypropylene
sample, a biunivocal relation holds between a parameter selected as a measure to the degree of
order and the melting endotherm position.

It is well established [1-3] that the crystalline structure of the a-form of isotactic
polypropylene (i-PP) may show various degrees of disorder in the up and down
positioning of the chains, while the unit cell and the ordered disposition in it of
three-fold right- and left-handed helical chains remain substantially unchanged. It
has been pointed out [1, 2, 4, 5] that transitions from more disordered modifications
(nearer a limiting structure o) to more ordered ones (nearer a limiting structure a,)
are obtained during annealing procedures; the degree of ordering attained in the up
and down positioning of the chains in the thermal treatment is dependent on the
annealing temperature, and is preserved when the samples are cooled down to room
temperature.

We have pointed out that no a; towards a, transition is possible without partial
melting and successive recrystallization [4]; the temperature range for the transition
is strictly related to the melting endotherm positions of the different samples [5].

For all the studied samples, after the annealing procedures, increases in the
melting peak position (7,,) are observed concomitantly with increases in a parameter
(R) selected as a measure of the up-down degree of order, independently of their
starting values.

In particular, if the order parameter R is plotted vs. T, independently of the
annealing procedure, all the data for a quenched i-PP sample are fitted by a single
straight line [4, 5].

* Papers I and II correspond to references 4 and 5.
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The melting behaviour of an isothermally crystallized i-PP sample has recently
been reanalyzed by some of us. The occurrence of two crystallization temperature
regions (7,) which produce samples recrystallizing during the DSC melting scans
has been pointed out [6, 7].

In this paper the characterization of the degree of order, in the up and down
positioning of the chains, for isothermally crystallized samples, will be presented.
The aim is to contribute to the definition of the factors which determine the degree
of order in the up and down positioning of the chains in unannealed samples, and to
clarify how general is the found correlation between such kind of order and the
melting temperature.

Experimental

The polymeric samples were supplied by Montepolimeri S.p.A. The homopoly-
mer is highly isotactic, being approximately 97.5% isoluble in n-heptane, and it has
an intrinsic viscosity of 2.5 dl/g.

Isothermal crystallization from the melt was effected by employing the following
procedure: samples were kept for 15 min at 200° in a N, atmosphere, and were then
rapidly cooled down to the selected isothermal crystallization temperature.

The thermal treatments and the calorimetric measurements were carried out in a
Perkin—Flmer differential scanning calorimeter (DSC-2) in a flowing N, at-
mosphere. To avoid as much as possible changes in the shapes and positions of the
DSC peaks, the masses of material used in the different runs were always practically
identical (= 5 mg). The DSC scans were performed at a heating rate of 10 deg/min;
the reported peak temperature of the melting endotherms (T,) was always
evaluated under such conditions.

The X-ray diffraction patterns were obtained as reported in [4]. As described
previously [1, 2], the two limiting modifications o, and &, have substantiaily similar
X-ray spectra. However, while only reflections with (h+ k) even are allowed in the
«, modification, reflections with (hA+k) uneven may also be present in the «,
modification, though generally associated with a lower intensity. Due to the
overlapping of reflections in the powder spectra, it is possible to demonstrate in a
clear way the degree of disorder present in a sample only in some regions of the X-
ray spectra. As previously [4, 5], the ratio R of the areas below the peaks located
between 34.4-36.0° and 36.4-38.0° in 2 #(Cu K«), has been taken as an index of the
degree of ordering.
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Results and discussion

Isothermally crystallized i-PP samples were analyzed by WAXS and DSC. A
series of X-ray diffraction patterns for different crystallization temperatures 7T, are
reported in Fig. 1 in the 2 6 interval 28-48° (Cu Ka). The choice of crystallization
temperature influences the X-ray diffraction pattern in this interval significantly;
the change is further evidenced in Fig. 2 where the ratio R (index of up and down
ordering of the chains) is plotted against 7,; only 7, values for which the
crystallization was complete in a fixed crystallization time (14 h) were considered.
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Fig. 1 X-ray diffraction patterns in the 2 § interval 28° to 48° (Cu Ka) of isothermally crystallized
samples at the indicated temperatures. The definition of the order parameter R, previously
reported [4], is illustrated in the upper patiern
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Fig. 2 The index R of the up and down ordering of the chains, measured from patterns of the kind of Fig.
I, is reported against the crystallization temperature (7). The order of magnitude of the error in

the index R is indicated by a vertical bar at one point only
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Figure 2 shows a nearly lincar dependence of the order parameter on the
crystallization temperature, with R ranging in an interval which includes the lowest
and highest values so far observed [4, 5].

A DSC analysis of the same samples was effected at a heating rate of 10 deg/min,
which is sufficiently high to avoid double peak melting endotherms for T, < 135°[7].
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Fig. 3 The peak positions of the melting endotherms (7,), are reported vs. T, for the heating rate 10
deg/min. A tentative - interpolating curve for the “original samples™ melting temperatures is also
drawn (see text)
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Fig. 4 The up-down order parameter (R) is reported vs. the melting endotherm peak temperature (7,,)
for all the studied samples (@). The open circle (O) refer to a sample crystallized at 7, = 144°C
and then annealed at 165°C for 14 h. The dashed line, taken from Fig. 6 of ref. [5], interpolates the
data for i-PP samples rapidly cooled from the melt

The peak positions of the melting endotherms (7',) analogous to Fig. 4 in [7} are
reported vs. T, in Fig. 3. For the T, values for which double peak shape melting
endotherms (due to recrystallization phenomena [6]) are present, both peak
temperatures are indicated.

In order to obtain the melting peaks of the “original samples” (T,,), a tentative
interpolating curve for the T, region for which double peak shapes are observed in
the DSC scans is also drawn in Fig. 3.

The degree of order Ris reported vs. the T, values for all the examined samples in
Fig. 4. The line which fits the R vs. T,, data for i-PP samples rapidly cooled from the
melt and subsequently submitted to different annealing procedures is also reported
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in Fig. 4; such a line fits nearly the data for the unannealed isothermally crystallized
samples.

As expected, suitable annealing procedures on the isothermally crystallized
samples can produce increases in R and T,,, as already shown for i-PP samples with
different thermomechanical histories [5]. Again, such annealed samples are
characterized by R and T, values which are well represented by the same line; as an
example, the Rand T, values for a sample isothermally crystallized at 144° and then
annealed at 165° are reported in Fig. 4.

From these results and the previous ones [4, 5], we conclude that for a fixed i-PP
sample, when a monomodal distribution of melting species is present in the
“original samples”, a biunivocal relation between the degree of order and the
melting endotherm position seems to be valid.
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Zusammenfassung — Die Abhangigkeit der Orientierungsordnung von Ketten in kristallinen Strukturen
von der Kristallisationstemperatur wird fiir die a-Form von isotaktischem Polypropylen beschrieben.
Aus den jetzt und frither erhaltenen Ergebnissen wird geschlossen, daB fiir eine fixierte isotaktische
Polypropylenprobe ecine Bezichung zwischen einem als MaB fir den Ordnungsgrad gewihlten
Parameter und der Lage der endothermen Schmelzpeaks besteht.

Pestome — Onucana 3aBHCHMOCTB CTEICHM OPHCHTAINK Leneil B KPHCTA/UIMYECKOH CTPYKTYpE o-
($opMBI H3OTAKTHYIECKOTO MONANPOINMIICHa HA TEMIEPATYPY €ro Kpucramwmuiaumy. Ha ocHOBamum
Pe3yNbTaTOB HacTOsMUER PaGoThl M paHee MOMYYCHHEIX, YCTAHOBIIEH ABYX3HAYHBIN XapaKTep CBA3H
MEXay NapaMeTPOM, B3ATEIM B Ka4eCTBE MEPb! YIIOPANOYEHHOCTH TBEPAOTO 00Pa3Na H30TaKTHIECKO-
rO NOJIHNIPONIMAEHA, H NOJOXEHHEM SHAOTEPMBI €I'0 TUIABJICHAS.
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