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00000 DO O 1.1 Introduction to the BookNanomaterialsC] and[] in particularC] nanoreinforcements for
polymer composites have inrecent years been the subject of intense research] development[d and
commercialization.Aremarkable 1959 talk by Nobel Laureate Richard Feynman at the meeting of the
AmericanPhysical Society at Caltech is recognized by many scientific historians as a salient event inthe history of
nanotechnology.1 In his talk[] Feynman foresaw the development of nanomaterialsC] nanolithography

[ nanoscale digital storage] molecular electronicsC] and nanomanufacturingmethods.Among other things

O Feynman famously offered two prizes(] for athousand dollars apiece[d in which he asked for a working motor
smaller than 1/64 of a cubicinchJ or to anyone wh could reduce text to the size such that only an electron
microscopecould read it[] i.e.[] nanolithography] .Both prizes were awarded within a few years.Nanomaterials
are an important subset of nanotechnology.Feynman was interested notonly in the small dimensions that might be
created[] but also in the special attributes ofmaterials whose size might be controlled to only a few atomic layers in
thickness. Theseattributes[] taken together[d help to more precisely define the concept of nanomaterials. Thatis

[J nanomaterials of interest should not only have very small physical dimensionsd butshould also exhibit some
unusual properties by virtue of their small size[1 and moreover[] the producers of these materials should have
control over the dimensions of the materialsand hence the resultant property enhancements.On this basislJ it
might be argued that a tire made of rubber compounded with carbonblack was one of the earliest primitive
nanocomposites.As early as the 1860sC] the ability ofcarbon black to enhance the mechanical properties of
vulcanized rubber was recognizedby researchers who experimented with adding different materials to the basic
rubber formulation.By virtue of its high surface areal] surface energy[] and mechanical propertiesC] carbon black is
able to significantly enhance the properties of rubber.Other well-knownnanoscale reinforcements available in the
early twentieth century included fumed silicaand precipitated calcium carbonate.Interest in nano-particle-based
polymer composites has expanded significantly since the late 1980s when the patent of Okada et al.1 [] assigned to
Kabushiki Kaisha Toyota Chou Kenkyusho[ for in situ polymerization of a Nylon 6/clay nanocomposite with[]
as stated in claim 100 “ high mechanical strength and excellent high-temperature characteristics” was issued.1
The results presented in the patent show that polymer nancomposites based on layered silicates provide a
significant potential for development of a wide range of enhanced performance polymer compounds. As
demonstrated by several researchers(] a relatively small loading of properly dispersed [ well-exfoliated

(] organoclay provides a substantial improvement in a polymer’s properties.2-6 These include improved thermal
properties such as heat distortion temperaturel] HDT [ mechanical properties such as flexural strength and
modulus [ without significant loss of impactl] [ barrier propertiesl] flame resistancel] and abrasion resistance.
Howeverd until the early to mid-2000s0 there were few commercial materials. Those in the market were mostly
based on Nylon 6] and were for niche market applications. The reason for this[J at least in part[] is that many of
the initial compositest such as the Toyota material previously notedJ were developed using direct
polymerization of a monomer clay mixture. While this method is suitable for certain polymers such as Polyamide 6
[J the complexity and expense of building a production facility limits entry of many smaller firms into the market.
Alsol] until recentlyl] most development has focused on determining proper surface treatment to make the clay
[ typically montmorillonite[] compatible with the base polymer and therefore improve the ease with which it can
be dispersed.Using properly treated clay [1 i.e.more compatible with the matrix polymer significantly reduces
the degree of difficulty in compounding nanocomposites. For example[] a Polyamide 6 and compatible
organoclay can be compounded using a mixing-type singlescrew extruder. The result is a nanocomposite where the
clay as determined by XRD and TEMU is partially exfoliated.7 However[J comparison of physical properties
between the nanocomposite compounded on the single-screw extruder and one compounded on a twin-screw
extruder configured with a very mild mixing zone shows significant differences. The modulus of the single-screw
extruder compounded material compared favorably with that of material compounded on the twin-screw
extruder. However[] while the yield strength of the single-screw processed material was better than the base
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polymer[ it was inferior to the twin-screw compounded material. Finally[J it was worse than both the base
polymer and the twin-screw compounded material in 1zod Impact strength. A similar study determined that a
single-screw extruder could partially exfoliate a very compatible organoclay to form a Polyamide 6 based

nanocomposite[] but when a less compatible organoclay was used[] a twin-screw extruder was required to
improve dispersion.
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