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Abstract

Theinfluene of glassbead on the phag transitian of syndiotactt polyproper has been investigatedThe glasstransition at 4°C, detected
by mears of dynamt mechanichanalysis and multiple melt behaviour detecte by mears of differentid scannig calorimety (DSC), does
not depem upan the presene of glass beal fillers. However dynamt mechanichanalyss shows an unexpectd pha® transitian at 55°C.
Thistransition which is not found for ned syndiotactt polypropenecan be also detectel by DSC and pressue—volume—temperatue (PVT)
measurementd he signd detecte by PVT appeas at highe temperaturesdue to highe pressue during measuremeniVide angke X-ray
scatterig (WAXS) measuremesnteved tha nea syndiotactt polyproper crystallizesin unit cel 11, wherea glas bead-filled syndiotactic
polypropere crystallizes in unit cells | ard II. Glass bead-fillel syndiotactt polypropeneheata up abowe 60°C, shows a WAXS pattern
correspondig to unit cel Il. From the® results it can be concludedthat glass bead can nucleag the formation of unit cel type |, which

transforns into unit cell type Il upan heatirg at 55°C. © 199 Elsevig Sciene Ltd. All rights reserved.
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1. Introduction

The crystalization behaviouw, strud¢ure and morphology
of unfilled syndiotactt polypropylere (s-PP are already
well investigate [1-6]. Early investigatons usel s-FP of
poa stereoreglarity and low molealar weight In 1988,
Ewen discoverd tha stereorjid metdlocenes combined
with methylduminoxane catdyse propere polymerization
to afford highly stereotatic s-FP [7]. This devdopmen has
generged reneved sciertific intereg in the crystallization
behaviow and mormhology of s-PP Three differert chain
conformatiors hawe been observeda plana zigzag chain
with  (tttt),-confomation [8-11], tha convets to a
(ts9ot200)n conformation upan exposue to benzne, toluene
or p-xylere belowv 50°C for severddays [12]. Crystd struc-
tures that are base on thes helicd conformaions trans-
form upon heatirg to stabk crystaline structues conssting
of helices with a (ttgg), conformation (s(2/1)2 [11]. Based
on the (ttgg), conformation three orthortombic crystal
modifications, types I, Il, ard IIl, hawe bee observe [6,
13-15]: type I, with a c-cenered unit cel composd of

* Correponding author..

helices of one hard only [13], type Il with a face-@ntered
unit cel on the ac plane spae groy Pca2, and alternating
handelnes of the helices along the a-axis, ard finally type
Il with antichird packng of the helices along the a- and b-
axes spae growp Ibca [6, 14, 15]. Upon heatirg, type |
trangormsto typell or 111 [11]. s-FP shows multiple melting
behavour, espeially at lower isothemd crystallization
tempeatures Marigo et al. [16] associaté the low tempera-
ture transition of the DSC heatirg curve with structues
formed at the crystalliztion tempeature while the high
tempeature enddhem correspnds to crystd reorganiza-
tion during scanning The reorgamzation isaccomg@nied by
the apparane of a strorg 221 cel type Il reflection in
WAXS experimenss [2, 3]. The objective of this reseath
is to investigak the influence of glass beal fillers on phase
transtions of s-PP. As shown in previows work, glas beads
can nudeatk s-FP crystallization [17]. Dynamiecmechaincal
andysis (DMA) of glass bead-filled s-FP showel an unex-
peded pha® transition at abou 54°C. Aminopropyl-furc-
tiondized glas beasd of 5um aveage diamete were
blended togetter with s-FP in a twin-screv blende with
courter-rotding screws at 60 rpm ard 200°C. The thermal
phag behaviou was examhed by dynamic mechanical
andysis (DMA), differertial scanniig calorimetry (DSC),
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Fig. 1. Influence of temperature on the dynamic mechanical storage and loss m&dalngE’, of s-PP containing different glass bead volume fracten

pressure—volume—temperature (PVT) measurements andf 10X 6x 2 mm were cut out of these plates for evaluation
wide angle X-ray scattering (WAXS). of dynamic mechanical properties.

2.3. Dynamic mechanical analysis
2. Experimental
Dynamic mechanical measurements were carried out
2.1. Materials with the aid of a Rheometrics Solid Analyser RSA 1l and
dual-cantilever geometry (frequency 1 Hz; heating rate 2 K/
Syndiotactic polypropene (s-PP; SPH-A0,= 80 000 g/ min). The temperature range was 40 to 100C. Prior to
mol; M./M, = 1.7; racemic triades, determined BSC measurement the samples were dried 4666 vacuum for
n.m.r.= 91.1%; MFIl= 3.5 g/10 min at 23CC), supplied 12 h. This garantees uniform humidity of the samples.
by Mitsui, was used without further purification. Aminopro-
pyl-functional glass beads (Potters-Ballotini 5000 CP-03, 2.4. PVT measurements

average diameter of pm, 97% smaller than 1gm), - '
g o ° Rm) The specific volumes of neat and filled s-PP samples were

e 0 . i . 5

Conanng 2 0.02 1% Canlng of STInCBIORJTIINO: dtermined by means ofa icopynomeer (Quanichrone)

1010/Irgafos 168 (4/1 wt.%) were added as a stabilizer an_d momtored_ as a function of pressure and temperature

during melt processing. using a Gnomix _PVT apparatus [18]. The sample cell was
filled with approximately 1 crof the sample and mercury.

2.2. Composite preparation Measurements were performed in the isobaric mode. The
specific volume of the sample was recorded at a pressure of

All composites were prepared under identical mixing and 10 MPa in the temperature range between 40 and@80

moulding conditions. Filler volume fractions were varied with a heating rate of 2 K/min.

between 0 and 40 vol%. Melt blending was performed in

a Haake Rheomix 90 twin-screw kneader equipped with a 2-5. DSC measurements

60 ml mixing chamber that was preheated at“Z00Typi-

cally s-PP was molten together with the stabilizers for

1.5 min. Then the filler was added. After 4 min total mixing

time the sample was quickly recovered and quenched

between metal plates. Sheets of 2 mm thickness weres g \WwaXxs

prepared by compression moulding in an evacuated press

(Schwabenthan Polystat 100), annealing at °€lGor The WAXS measurements were carried out with a

10 min and quenching to room temperature between Siemens D500 apparatus. For the measurements g CuK

water-cooled metal plates. Rectangular bars of a dimensionradiation of a wavelength= 0.154 nm was used.

Melting temperatures were recorded on a Perkin-Elmer
DSC-7 using a heating rate of 2 K/min. Prior to measure-
ment, the samples were heated at@€or 12 h.
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Fig. 2. Influence of temperature on the loss factordasf s-PP containing different glass bead volume fractign

3. Results and discussion dynamic storage modulus characterizes the elastic beha-
viour, whereas the dynamic loss modulus characterizes the
3.1. Dynamic mechanical properties viscous behaviour. As expected, storage modulus decreases

with increasing temperature. Both storage modB@usnd
Dynamic mechanical properties of filled s-PP were deter- loss modulu€” of the PP composites increase with increas-
mined as a function of glass bead volume fraction. Fig. 1 ing filler content over the entire temperature range.
shows dynamic storage modulBSand loss modulug” of Loss modulu€” of neat s-PP as well as glass bead-filled
glass bead filled s-PP as a function of temperature. Thes-PP have maxima afO. Glass bead-filled s-PP shows an

0.20 - o i
1 HE first heating
] O cooling
: : L e second heating
0.15
= ]
§ 0.10 -
0.05
000 I i I . T T T T T L T v T T
T o : 20 40 60 80 100

T (°C)

Fig. 3. Loss factor tad of s-PP filled with 10 vol% glass beads versus temperature at heating, cooling and second heating process with a heating and cooling
rate of 2 K/min.
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Fig. 4. Reduced storage and loss moduiisq (M, ) andE” .4 (®, O), of filled s-PP as a function of glass bead volume fracjjat 21 @, ®) and 80C (J,
0).

additional maximum at 5€. The plot of dynamic loss s-PP volume fraction. Below°Q, tand is independent of
factor tand versugemperature is more sensitive for thermal glass bead volume fraction. The second maximum &€54
transitions, as shown in Fig. 2. cannot be attributed to matrix immobilization at the glass
The transition at @ is caused by the glass transition of s- surface, because a shift of more than 50 K is not possible.
PP and shows no temperature shift as a function of filler With increasing glass bead volume fraction the area under
volume fraction, indicating weak interfacial interactions. the peak is growing and the loss factor above the peak
Strong interfacial interactions should immobilize the s-PP remains at a higher level. Neat s-PP does not show this
matrix adjacent to the glass surface, effecting a shift of glass peak, consequently the glass beads should be responsible
transition temperature. The intensity of the maxima for this effect. In Fig. 3, the temperature dependence of
decreases with increasing filler loading owing to the reduced the loss factor is illustrated for s-PP filled with 10 vol%
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Fig. 5. Isobaric PVT measurements of s-PP (dotted line) and s-PP filled with 30 vol% glass beads (solid line) at 10 MPa.
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Fig. 6. Temperature dependency of thermal expansion coeffigiefts-PP (dotted line) and s-PP filled with 30 vol% glass beads (solid line) at 10 MPa.

glass beads. The sample was heated up &€ 98ubse- E’,, respectively, as a function of glass bead volume frac-
qguently cooled down to— 40°C and heated up again, all tion. At both temperatures, relative storage and loss modu-
with a heating and cooling rate of 2 K/min. As clearly seen, lus increases with increasing glass bead filling. AitBthe
the peak at 52 disappears during the cooling and second relative storage modulug . of s-PP composites, character-
heating procedure. This indicates that this phase transition isizing the elastic behaviour of the composite, is lower than
caused by quenching melts of glass bead-filled s-PP,that at 22C, owing to the improved molecular mobility of
whereas slow cooling and crystallization avoids this effect. the polymer at elevated temperatures. In contrast, the rela-
Fig. 4 shows the relative storage and loss modufitig ( tive loss modulu€” , of glass bead-filled s-PP, character-
andE” ) of glass bead-filled s-PP at 21 and80given by izing the viscous behaviour, increases with increasing
the ratio of composite and matrix moduluis/E’, andE"/ temperature.
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Fig. 7. DSC graphs of s-PP (dotted line) and s-PP containing 30 vol% glass beads (solid line), measured with a heating rate of 2 K/min.
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Fig. 8. X-ray powder diffraction patterns of s-PP at 30 (solid line) and@Z@otted line).

3.2. PVT and DSC measurements arising from employment of different analytical methods
this could be an explanation for the differences in transition
Fig. 5 shows the isobaric PVT measurements at 10 MPatemperatures obtained by DMA and PVT.
(100 bar) of s-PP (dotted line) and s-PP filled with 30 vol%  The temperature dependence of the thermal expansion
glass beads (solid line), respectively. Specific volumgs, coefficient of a sample is closely related to the temperature
of the two samples are shown as a function of temperaturedependence of the specific he@g,[20], which is monitored
between 40 and 18Q. The heating rate was 2 K/min. by DSC. In Fig. 7, the DSC curves of s-PP (dotted line) and
The melting temperatures of s-PP and glass bead-filled s-s-PP containing 30 vol% glass beads (solid line) are shown.
PP between 130 and 14D are indicated by an inflection = The corresponding heating rates are 2 K/ min.
point in the corresponding specific volume—temperature  Two melting transitions at 13C and 140C are visible
curves. Apparently, there is no indication of a phase transi- for both neat and glass bead-filled s-PP. In contrast to the
tion at a lower temperature neither for pure nor for glass PVT measurements, the melting transition at lower tempera-
bead-filled s-PP. A more sensitive tool for the detection of ture appears much less pronounced compared with the PVT
phase transitions is obtained by plotting the thermal expan- measurements and can hardly be distinguished from the
sion coefficient,«, instead of the specific volumegrsus high temperature melting peak. At approximatelyG5a
temperature. The temperature dependencies of the expanweak endothermal transition can be detected for both neat as
sion coefficients of neat (dotted line) and glass bead-filled s- well as for glass bead-filled s-PP. The peak-like shape of the
PP (solid line), respectively, are plotted in Fig. 6. endothermal signals implies that the signal is not caused by
For the neat s-PP as well as for the filled s-PP, two melt- a glass transition. The peaks have a similar intensity, but
ing transitions can be detected at 131 and’C40ndicated with respect to experimental error are too small to determine
by two peaks in the corresponding thermal expansion coef- transition enthalpies. Because of the reduced s-PP matrix
ficient—temperature curve. This is in accordance with weight fraction in filled s-PP, it can be assumed that the
results from Marigo [16], who has observed multiple melt- transition enthalpy of filled s-PP is higher than that of neat
ing behaviour of s-PP. Within experimental error, no phase s-PP.
transition is detectable for neat s-PP at low temperatures.
The situation is different for glass bead-filled s-PP. Here, an 3 3 \wWAXS measurements
increase inx is observed in the temperature range between
60 and 78C. Assuming a stepwise transition, the transition  Fig. 8 shows WAXS patterns of neat s-PP, measured at
temperature, given by the inflection point of the step, is 30°C (solid line) and 12T (dotted line). The pattern at
located at 68C. This is significantly higher than the transi- 30°C comes from a specimen that was rapidly quenched
tion temperature observed in DMA measurements. It is well from the melt after compression molding.
known that with increasing pressure thermal transitions are  The reflection at @ = 17, typical for the C-centered unit
shifted to higher temperatures [19]. Beside differences cell type I, is absent [15]. The 020 reflection & 2= 15.9
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Fig. 9. X-ray powder diffraction patterns of s-PP filled with 30 vol% glass beads at 30 (solid line) at@ (2ited line) after compression molding.

and the absence of the 211 reflection@t2 18.9, which is The pattern taken at 30 shows a strong reflection at
the primary reflection identifying the unit cell type Ill, indi- 20 = 17°, indicated as 120. As already mentioned, this
cates a substantial packing disorder alongttais, which reflection is typical for the C-centered unit cell type I.
is typical for packing mode Il [3]. Upon heating to I’ZDthe Upon heating to 12 the reflection at® = 17° disappears
crystallinity of the sample decreases slightly, but there is no and a pattern typical for the unit cell type Il results. This
change in modification. Fig. 9 shows WAXS traces of s-PP behaviour is also known for cell type | crystals in neat s-PP
filled with 30 vol% glass beads, measured af@GCand [11]. Fig. 10 shows WAXS patterns of s-PP filled with
12C0°C. The thermal history of the sample is similar to 30 vol% glass beads measured at 30 and@20ter passing

neat s-PP, shown in Fig. 8. the tand peak of the DMA heating procedure at°gb
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Fig. 10. X-ray powder diffraction patterns of s-PP filled with 30 vol% glass beads at 30 (solid line) &i@i(ti2€ed line) after passing tépeak of the DMA
heating procedure at 6.
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In contrast to Fig. 9 both WAXS traces are typical for a behaviour of s-PP, which can be attributed to a melting—
unit cell type 1l packing mode. The intense peak éx 2 recrystallization process.
17, present before passing the tadnpeak of the DMA
heating procedure (Fig. 9), is absent in both traces. This
shows that the tad peak at 53C is related to the disap-
pearance of cell type | crystals.
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