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Future pulsed-power capacitors will require dielectric materials Scheme 1. Synthesis of Isotactic Polypropylene—Metal Oxide

having very large energy densities, with operating voltagé® Nanocomposites
kV., and mllllsgcond—mlcro§econq charge/discharge times with Ao T  HCo
reliable operation near dielectric breakdown. Importantly, the OH ctionaiization 4 0~ AN"atyiaton = 4 O AN ® - ZrEBI
operating characteristics of current state-of-the-art pulsed-power and = 4 g
. . . . . . Nanoparticle

power electronic capacitors, which utilize either ceramics or L.
polymers as dielectric materials, fall significantly short of this doal. — O—AI_s ZIEBl —————— Nanocomposite

. . . R Activation / N Polymerization
Recently, inorganiepolymer nanocomposite materials have at- 4 ¢ CHg

tracted intense interest due to their high energy density potential.

By integrating complementary constituents, such materials can dielectric breakdown performanée.Nanocomposites are then
exhibit both high permittivity from the inorganic inclusions and ~Synthesized via sequential nanoparticle MAO functionalization,
high breakdown strength, mechanical flexibility, and facile pro- catalyst immobilization/activation, and in situ isotactic propylene
cessability from the polymer matricésAdditionally, the large ~ POlymerization (Scheme 1). The first step is anchoring the MAO
inclusion-matrix interfacial areas may afford higher polarization ©nto the nanoparticles via surface hydroxyl group reaction to form

levels, dielectric response, and breakdown strefgth. covalent A-O bonds’? Anchored MAO functions as a cocatalyst
via mechanical blendingjsolution mixing? in situ radical polym- functionalization helps disrupt, in combination with ultrasonication,
erization® and in situ nanoparticle synthedibpst-guest incompat-  hydrophilic nanoparticle agglomeration in the hydrophobic reaction

ibilites usually result in nanoparticle aggregation and phase Medium. After washing away unbound MAO, the MAO-coated
separation, which is detrimental to the electrical properties. Co- Nanoparticles are subjected to reaction with esymmetric
valently grafting polymer chains to inorganic nanoparticle surfaces Polymerization catalyst EBIZrGlto afford surface-anchored, po-
has also proven promising, leading to effective dispersion and lymerization-active species. EBIZr&dlerived catalysts produce
enhanced propertiédn large-scale heterogeneous or slurry olefin highly isotactic polypropylene, which, in conventional capacitors,
polymerizations using Sigas the catalyst support, very large local affords enhanced mechanical and dielectric properties at elevated
hydrostatic pressures arising from the growing polymer chains lead OPerating temperaturé$ Subsequent in situ polymerization yields
to SiQ, particle fracture and to Si®-polyolefin composite8.We isotactic polypropyleneBaTiOy/TiO, nanocomposites, the com-
therefore envisioned that in situ polymerization using metallocene POsitions of which can be tuned via the polymerization conditions.
catalysts supported on ferroelectric oxide nanoparticles could disrupt  Th€ present nanocomposites were characterized by a full
nanoparticle agglomeration and lead to homogeneously disperseccomplement of spectroscopic and analytical methodologfes.
ceramic nanoparticles within the matrix of a processable, high- NMR shows that the polypropylenes are highly isotactic, as
strength polymer, already used extensively in energy storage €Videnced by the isotacticity indexignmnh = 83%, Figure 1}2
capacitors? In this contribution, we demonstrate that high energy DSC confirms the lack of large amorphous regions in the
density isotactic polypropylereBaTiOs and TiG, nanocomposites ~ COMposites since only isotactic polypropylene melting features
can be prepared via in situ metallocene polymerization. Nanoparticle (130-150°C)® are detected. X-ray diffraction (XRD) data for the
coating with methylaluminoxane (MAO) and subsequent in situ nNanocomposites reveal the coexistence of monockniphase

polymerization are crucial to achieving effective dispersion. crystalline isotactic polypropylene 2= 14.2, 17.0, 18.6, and
21.8) and metal oxide nanoparticles [tetragonal Bag{@DF

No. 75-0462) and anatase Ti(PDF No. 83-2243), respectively;
e.g., Figure 2]. XRD line width analysis suggests that individual
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BaTiO; and TiG, 40 nm nanoparticles are dried on a vacuum e e e
line to remove surface-bound water, known to adversely affect ¥ ® 4 # @ @ 3% 36 u 2 n0 ® 26 24 2 0 1 16 5(em)
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T Northwestern University. Figure 1. 13C NMR spectrum of a polypropylene nanocomposite (100 MHz,
*The Pennsylvania State University. C2D,Cly, 130°C).
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Figure 2. 6—20 X-ray powder diffraction patterns of (a) BaTi© and Supporting Information Available: Detailed experimental pro-

(b) TiO,~isotactic polypropylene nanocomposites. cedures, TEM and SEM images of the pristine nanoparticles, and

electrical characterization data. This material is available free of charge
via the Internet at http:/pubs.acs.org.
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