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Abstract. Effects of inorganic nanoparticles on segmentaladtyics and thermal transitions of
poly(dimethylsiloxane) (PDMS) were investigated ngsicalorimetric and dielectric techniques.
Parameters were polymer architecture (linear, tndesl), filler type/content/size/porosity and
preparation/processing conditions. Polymer/fillgerfacial interactions suppress crystallizatiod an
affect significantly segmental mobility and glasaisition of PDMS.

I ntroduction

Nanocomposite materials are a class of new matewah rapidly increasing technological
significance. Due to the high surface-to-volumeoraif nanoparticles, interfacial effects may
dominate the behavior of these materials [1, 2].tHe present work we focus on PDMS
nanocomposites and study the effects of interastiwith amorphous metal oxide nanoparticles
(mostly silica) and of confinement on thermal tiiaes and molecular dynamics of the polymer
matrix, by employing differential scanning calorimye(DSC), thermally stimulated depolarization
currents (TSDC) and dielectric relaxation specinpgydDRS).

Experimental

Materials. The first series of samples consists of tetragtbitene (TEOS) crosslinked PDMS
(18 kDa) filled with in situ synthesized silica (SK) ~5 nm) and titania (Tig 20-40 nm)
nanoparticles via sol-gel techniques. Filler cohtgas varied between 4 and 36 wt% [3]. Samples
of the second series were made by adsorption etliPDMS (8 kDa) onto the functionalized
surfaces of fumed silica (13-32 nm, specific stefacea 342 fifg) and the surfaces and pores (~10
nm) of silica gel (0,3 — 0,5 mm, 384°fy). Nanocomposites were also modified by the &mtuiof
zirconia (ZrQ) nanoparticles (3-8 nm) [4].

Techniques. Thermal properties of the materials were investidah the temperature range from
-170 to 40°C at 10°C/min using a TA Q200 series DSC instrument. Ineord enhance or to
suppress crystallization, measurements were caoigdalso after a 30 min isothermal stay at
crystallization temperature (annealing) or aftest faooling (quenching), respectively [5]. For
details of TSDC and DRS measurements, in the sampdrature range and after processing
similar to DSC, we refer to [5].

Results and discussion

In Fig. 1 representative DSC thermograms of PDM8 BDMS nanocomposites are shown.
During cooling crystallization is observed in tlemiperature range between -100 and°®Gs a
single exothermic peak. In general, crystallizatiemperaturdc and degree of crystallinitfc are
suppressed by filler addition [5]. Crystallizatiannealing and quenching experiments show that we
can easily enhance or suppréegsof linear PDMS but not of crosslinked PDMS. Theosger
polymer-particle interactions in the case of tigaf8] lead to stronger effects dia andXc [5]. The
glass transition is observed as an endothermicattiepver temperatures, -135 to -1l The glass
transition temperaturély does not vary significantly with composition, btite temperature



development of the event shows different trendsglsi and sharp change for linear PDMS (Fig.
1(b)), single and smoothed for crosslinked PDM$).(E(a)), and double-structured in some cases
in the nanocomposites (Fig. 1(a)). The shape ofythss transition step dependsXhn At higher
temperatures, -110 to -8C, cold crystallization effects are observed. Bemves0 and -40C we
follow the melting of PDMS crystals (Fig. 1). Thegttion and the shape of the melting peak(s)
depend on the type of the nanocomposite, fillerteanand thermal history. The results may be
discussed in terms of size and quality of crysaald of primary/secondary crystals.
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Fig.1 Comparative DSC thermograms for PDMS and nanocsitg® (a) crosslinked PDMS with
in situ generated silica and titania particles; (b) lingallymer sorbed onto functionalized silica

In Fig. 2 typical TSDC thermograms are presentedonded in the temperature range of glass
transition and cold crystallization. The resultggest a close correlation of dielectric and DSC
response. Moreover, the high resolving power of T&llows the detection of four contributions to
the segmental dynamics associated with the glassition arising, in the order of decreasing
mobility, from the confined polymer chains in thergs of silica geld, relaxation), from the bulk
(unaffected) amorphous polymer fractian relaxation), from polymer chains restricted between
condensed crystal regiong; (relaxation), and from the semibound polymer inirgerfacial layer
with strongly reduced mobility due to interactiofmeainly with hydroxyls) on the nanoparticle
surface ¢’ relaxation) [1, 5]. The relative magnitude of ttantributions changes reasonably with
filler fraction and degree of crystallinity.
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Fig. 2 Comparative TSDC thermograms in thieig. 3 Activation diagram of the recorded

temperature region of the glass transition for nekiglectric relaxations affiliated to segmental

PDMS and for polymer nanocomposites. Arrovtgynamics of PDMS for different polymer

indicate the recorded dielectric relaxatiorsdructures and preparation of nanocomposites.
related to glass transition. Lines were added as guides for the eyes.



Fig. 3 summarizes DRS results on the time scaltheffour segmental relaxations mentioned
above in terms of the activation diagram. A maisesbation in Fig. 3 is that anda. have very
similar frequency-temperature traces, both of theg&-Tammann-Fulcher (VTF) type [6],
characteristic for segmental dynamics, and prdtticat affected by the addition of nanoparticles.
On the other hand,” is strongly separated fromanda, it is also described by VTF but with lower
activation energies and fragility, as compared andac. The latter is reasonable in terms of lower
cooperativity length [1, 2]. The position af in Fig. 3 is similar for both types of PDMS/silica
materials. The shift of the PDMS/titania traces Higher temperatures/lower frequencies is
indicative of the higher strength of polymer-tianinteractions. An exceptional behavior of
segmental dynamics is that of tlaerelaxation, arising from polymer chains confinadsmall silica
pores [4]. Traces of the corresponding glass ttiansivere recorded also by DSC. In this case
cooperativity is strongly suppressed, so that ltsigs reduced and the respective trend in Fig. 3
looks like a straight line (Arrhenius behavior).[6]

Conclusions

DSC measurements on various PDMS nanocompositegy wdiferent thermal treatments
showed that the good dispersion and strong polyar/interactions restrict crystallization and
segmental mobility of the polymer. Dielectric DR®daTSDC techniques revealed discrete
contributions to the segmental dynamics of the pely (dynamic glass transition), related with
specific interactions and topology. Analysis andthfar work in progress may lead to a more
guantitative description of the various contribungd1, 2].
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