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NANOSTRUCTURED COMPOSITIONS

Background of the Invention

Compounding polymeric compositions (e.g., polymeric films) with various
particulate additives can improve their mechanical properties, such as hardness, scratch
resistance, wear resistance, and abrasion resistance. The mechanical properties of the
composition typically improve in proportion to the amount of particulate added. Ata
certain point, however, as the amount of the particulate increase, the optical properties

of the composition, such as transparency, begin to degrade.

For example, three properties that determine the transparency of a particulate
loaded polymeric composition are the particulate particle size, the difference between
the refractive indexes of the composition and of the particulate, and the degree of
dispersion of particulates throughout a polymeric composition. If a particulate additive
has a size greater than the wavelength of visible light, the increasing addition of the
particulate additive causes haze and eventually opacity. Likewise, inefficient particulate
dispersion results in the clustering of added particulates in the polymeric composition
thus leading to higher haze and lower transparency. Therefore, in transparent material
systems the achievable mechanical property enhancements of particulate loaded
polymeric compositions are limited. Either transparent films with limited, improved
mechanical properties, or hazy- opaque films with improved mechanical properties are

obtained.

Consequently, there is a need for particulate-filled compositions, such as

polymeric films and coatings that cxhibit improved combinations of physical and other
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properties.

Summary of the Invention

In a first aspect the present invention provides a material composition
comprising a matrix material, a nano-sized particulate fraction, and a micron-sized
particulate fraction.

In a second aspect the present invention provides a process of making a nano-
structured composition comprising the steps of providing a nano structured material to
initiate a mixture, adding a micron-sized particulate material to the mixture, adding a
matrix material to the mixture, and utilizing the mixture to fabricate a nano-structured
structure.

In an embodiment there is provided a nano-structured first material
composition comprising: a polymeric matrix material; a substantially spherical
nanocrystalline metal oxide a nano-sized particulate fraction; and a micron-sized metal
oxide fraction.

In an embodiment there is provided a composition comprising a nano-sized
particulate fraction wherein a substantially spherical nanocrystalline metal oxide
fraction has of an average particle dimension in the range of from about 10 to about
100 nanomefers.

In an embodiment there is provided a composition wherein comprising a nano-
sized particulate fraction substantially spherical nanocrystalline metal oxide fraction
has having an average particle dimension in the range of from about 10 to about 50
nanometers.

In an embodiment there is provided a composition wherein comprising a nano-

sized particulate fraction the substantially spherical nanocrystalline metal oxide
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fraction having an average particle dimension in the range of 25 to about 40
nanometers.

In an embodiment there is provided a composition wherein comprising a
micron-sized metal oxide particulate fraction having an average particle dimension of
from about 0.100 nanometers to 1000 microns to 50 microns.

In an embodiment there is provided a composition wherein comprising a
micron-sized metal oxide particulate fraction having an average particle dimension of
from about 0.25 to 5 microns.

In an embodiment there is provided a composition comprising a micron-sized
metal oxide particulate fraction having an average particle dimension of from about 0.3
microns to 1 micron.

In an embodiment there is provided a composition wherein the percentage of a
nano-sized particulate fraction to a total added particulate fraction is in the range of
0.001:99.999 to 99.999:0.001.

In an embodiment there is provided a composition wherein the percentage of a
nano-sized particulate fraction is up to about 80 weight percent of the total of an added
particulate fraction.

In an embodiment there is provided a composition wherein the percentage of
the nano-sized particulate fraction is about 35 to about 65 weight percent of a total
added particulate fraction.

In an embodiment there is provided a composition wherein the total amount of
added particulate fraction is up to 50 wt % of the total composition.

In an embodiment there is provided a composition wherein the total amount of
added inorganic oxide material is up to 25 wt % of the total composition.

In an embodiment there is provided a composition wherein the total amount of
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added particulate fraction is up to 15 wt % of the total composition.

In an embodiment there is provided a composition wherein the total amount of
added particulate fraction is up to 5 wt % of the total composition.

In an embodiment there is provided a composition wherein the particulate
fraction is composed of alumina. In an additional embodiment there is provided a
particulate-filled composition having a pencil hardness scratch resistance value is up to
five times greater than that of a corresponding unfilled polymeric matrix material up to
20 wt % total alumina.

In an embodiment there is provided a composition wherein the light
transmission is reduced less than 15 percent for a corresponding addition of up to 20
wt % total inorganic particulate additive when the additive is alumina.

In an embodiment there is provided a composition wherein the light

transmission is reduced less than between 0.001 and 5 percent for an addition of up to
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20 wt % alumina wherein the percentage of substantially spherically nanocrystalline

alumina ranges from about 0.001 to 100 percent.

Brief Description of the Drawings

Figure 1 is a 2D plot of haze, at 0.0 wt % surfactant, as a function of total
alumina wt % and percent nano-alumina (indicated as % small in the graph) for an

exemplary melamine-formaldehyde (“MF”) composition.

Figure 2 is a 3D plot of haze, at 0.0 wt % surfactant, as a function of total
alumina wt % and percent nano-alumina (indicated as % small in the graph) for the MF

composition.

Tigure 3 is a 2D plot of transmission, at 0.0 wt % surfactant, as a function of
total alumina wt % and percent nano-alumina (indicated as % small in the graph) for

the MF composition.

Figure 4 is a 3D plot of transmission, at 0.0 wt % surfactant, as a function of
total alumina wt % and percent nano-alumina (indicated as % small in the graph) for

the MF composition.

Figure 5 is a 2D plot of film (and/or coating) hardness is presented as a function
of total alumina wt% and percent nano-sized alumina (indicated as % small in the

graphs) for 3B pencil hardness levels for the MF composition.

Figure 6 is a 3D plot of film (and/or coating) hardness is presented as a function
of total alumina wi% and percent nano-sized alumina (indicated as % small in the

graphs) for 3B pencil hardness levels for the MF composition.




WO 03/040223 PCT/US02/35295

10

20

Figure 7 is a 2D plot of film (and/or coating) hardness is presented as a function
of total alumina wt% and percent nano-sized alumina (indicated as % small in the

graphs) for HB pencil bardness levels for the MF composition.

Figure 8isa 3D plot of film (and/or coating) hardness is presented as a
function of total alumina wi% and percent nano-sized alumina (indicated as % small in

the graphs) for HB pencil hardness levels for the MF composition.

Figure 9isa 2D plot of film (and/or coating) hardness is presented as a
function of total alumina wi% and percent nano-sized alumina (indicated as % small in

the graphs) for H pencil hardness levels for the MF composition,

Figure 10 is a 3D plot of film (and/or coating) hardness is presented as a
function of total alumina wi% and percent nano-sized alumina (indicated as % small in

the graphs) for H pencil hardness levels for the MF composition.

Figure 11 is a 2D plot of haze, at 7 wt % surfactant, as a function of total
alumina wt % and percent nano-alumina (indicated as % small in the graph) for an

exemplary polyurethane (“PU”) conmiposition,

Figure 12 is a 3D plot of haze, at 7 wt % surfactant, as a function of total
alumina wt % and percent nano-alumina (indicated as % small in the graph) for the PU

composition.

Figure 13 is a 2D plot of film (and/or coating) hardness is prcsented as a
function of total alumina wt% and percent nano-sized alumina (indicated as % small in

the graphs) for HB pencil hardness levels for the PU composition.

Figure 14 is a 3D plot of film (and/or coating) hardness is presented as a

function of total alumina wt% and percent nano-sized alumina (indicated as % small in
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the graphs) for HB pencil hardness levels for the PU composition.

Figure 15 is a 3D plot of film (and/or coating) hardness is presented as a
function of total alumina wt% and percent nano-sized alumina (indicated as % small in

the graphs) for HB pencil hardness levels for the PU composition.

Detailed Description

The present invention relates to material compositions (also referred to as
“nanostructurcd compositions™) of matter and the preparation and use material
compositions of matter. In one example, the material compositions comprise a matrix

material, a nano-sized particulate fraction, and a micron-sized particulate fraction.

The matrix material in one example is either a polymeric or oligomeric matrix
material, either inorganic or organic in nature, or mixtures thereof. The matrix material
can be a cross-linked material composition of the above-disclosed matrix materials, a
thermoplastic material or combinations thereof. Examples of the matrix material are
polyesters, polyurethane, silicones, silanes, melamine-formaldehyde-urea, phenol-
formaldehyde resole and novolac, celluloics, melamine-polyol, acrylate, inorganic-
based materials, emulsion-modified materials, cured and uncured compositions and the

like.

The nano-sized particulate fraction in one example is a crystalline metal, metal
oxide, or mixture thereof. In another example the nano-sized particulate fraction is a
nanocrystalline metal, metal oxide, or mixture thereof. In a further example, the nano-
sized particulate is selected from the group of single metal oxides, (e.g., alumina, ceria,

iron oxide, titania, chrome oxide, zinc oxide, zirconia, silica, ete.), mixed metal oxides




WO 03/040223 PCT/US02/35295

10

15

20

(e.g., ATO, ITO, etc.), co-synthesized metal oxides (e.g., copper-iron oxide, etc.) and
mixtures of metal oxides (e.g., alumina and titania, etc.), metals (e.g., silver, iron, etc.),
coated metal oxides or metals (e.g., alumina lake, etc.), and other carbide, nitride, and
boride particulate materials, In yet another example, the nano-sized particulate fraction

is a substantially spherical nanocrystalline metal, metal oxide or mixtures thereof.

The nano-sized particulate fraction comprises nano-sized particles (also known
as nano-structured particles or nanoparticles) of the above referenced compositions.
Nano-sized particles in one example refer to particles having a material structure and
organization that is controlled at the 1 to 100-nanometer sizc range. Such particles can
be prepared using the teachings of U.S. patent 5,460,701 to Parker, et al., U.S. patent
5,514,349 to Parker, et al., and U.S. patent 5,874,684 to Parker, et al., which are hereby

incorporated by reference in the present application.

The micron-sized particulate fraction in one example is a crystalline metal,
metal oxide, or mixtures thereof. In another example, the micron-sized particulate is a
nanocrystalline metal, metal oxide, or mixturc thereof. In a further example the
micron-sized particulate is selected from the group of single metal oxides, (e.g,
alumina, ceria, iron oxide, titania, chrome oxide, zinc oxide, zirconia, silica, etc.),
mixed metal oxides (e.g., ATO, ITO, eic.), co-synthesized metal oxides (e.g., copper-
iron oxide, etc.) and mixtures of metal oxides (e.g., alumina and titania, etc.), metals
(e.g., silver, iron, etc.), coated metal oxides or metals (e.g., alurnina lake, etc.), and

other carbide, nitride, boride particulate materials.

The micron-sized particulate fraction comprises micron-sized particles (i.e.,

particles having a size of from about 0.100 to about 50 microns. Such particles can be

-10-
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prepared by comminution, precipitation, or other process known to those skilled in the
art. Often micron-sized particulates require calcination (thermal treatment) and size

separation by sieving, air classification, etc.

Nano—sized particles incorporated into material compositions according to the
present disclosure are useful in preparing transparent, low haze, abrasion resistant
nano-structured polymeric compositions, including films and coatings, fibers and the
like. In particular, films made according to the present disclosure, incorporating
various certain combinations of nanocrystalline sized materials with micron-sized
materials display unexpected, significant enhancements in physical properties
compared with compositions compounded with a single size range of particulates. In
particular, films incorporating various combinations of nano-sized particulates with
micron-sized particulates exhibit unexpected enhancements in combinations of physical
properties at specific ratios of nano-sized to micron-sized particulates that are not

observed in compositions using either particulate by itself.

The application environment of films and coating are complex and often these
compositions will be subjected to several types of abrasion stresses in application. As
such the mechanical properties of the material composition depend not only on specific
particulate properties but also on properties of the polymer matrix such as glass
transition, cross-link density, flexibility, and toughness. The polymer matrix must first
be selected for a specific application environment and then significant abrasion
resistance can be imparted to this composition by uniformly dispersing the proper
selection of particulate additives throughout the composition. Uniform dispersion can

be achieved through treatment of the particle surface to provide compatibility between

11-
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the particles particulates and the polymer in which they are dispersed using a variety of
organic and inorganic additives such as polymers, surfactants and inorganic solution
deposited coatings other surface modification technology known to those of skill in the

art,

Evaluating the abrasion resistance of nano-structured compositions is also
complex. Some lests, such as steel wool scratch resistance, will determine the scratch
resistance of only the exterior surface of the nano-structured composition. Yet other
abrasion modes subject the surface and bulk of the nano-structured composition to
siresses. The abrasion resistance of only the exterior surface of a nano-structured
composition is governed be the number of surface particulates and the distance between
particulates. Thus nano-sized particulates enable greater coverage of the exterior
surface at a given weight loading, compared with micron-sized particulates, and

abrasion resistance and transparency are linearly related to the particulate level.

However, incorporating nano-sized alumina particulate and micron-sized
alumina particulate combinations into polymer film-forming coatings at approximately
40 to 60 wt% nano-sized alumina displays a maximum in certain surface and bulk
mechanical properties. This becomes even more important in transparent, low haze,
scratch resistant composite materials because these phiysical properties may be
maximized without degrading film optical properties. In general, it has been discovered
that nano-sized particulates, that is, particulates having an average particle size of from
about 1 to 100 nanometers in one example, from about 10 to 50 nanometers in another
example, and from about 25 to 40 nanometers in yet another example, can be added to

conventional micron-sized particulates. The conventional micron-sized particulates in

10

12-
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one example have an average particle size of from about 0.100 to about 50 microns in
one example, from about 0.25 to about 5 microns in a further example, and from 0.35

microns to 5 microns in yet another example.

Film and coatings display mechanical property increases to levels not
achievable with either nano-sized or micron-sized particulates alone. Further, film
optical properties may be optimized for high transparency (see Figures 3 and 4 for a
melamine-formaldehyde (“MF") system) and very low haze (see Figures 1 and 2 for the
MF system and Figures 11 and 12 fora polyurethane (“PU”) system) when prepared
with certain fractions of nano-sized and micron-sized particulates. The nano-structured
composition displays a maximum in pencil hardness (a measure of surface and bulk
resistance to mechanical abrasion) with respect to the percent nano-sized particulate
filler (see Figures 5 to 10 for the MF system and Figures 13 to 15 for the PU system).
The maximum occurs at approximately 40 to 60 wi% nano-particulate particles with
respect to total particulates. Hardness values in the range of 2-times to 3-times the
hardness over a corresponding unfilled material are imparted to a film (and/or coating),
at the maximum, in the range of five weight percent total alumina content independent

of the polymer resin system used to form a film.

The maximum in pencil hardness occurs for both the MF (a water based) and
the PU (an organic based) systems. This observation is independent of the polymer
system and the solvent system and demonstrates that the combination of particulates
provides for improvements in physical properties not predictable by linear
combinations of physical properties based solely on the percentage of each individual

additive particulate. Further, compatibilizing amounts of additives, such as surfactants

11
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that may be added to a nano-structured composition do not negatively affect the
physical property enhancements. The MF system contains no surfactant while the PU
system contains 7 % surfactant, with respect to the particulate. Thus, multiple
combinations of additives may be provided into polymeric formulations to provide
improvements in properties as dosired. This provides significant economic advantages
because less expensive micron-sized particulates may be comhined with nano-sized
particulates, for example, substantially spherical nanocrystalline particulates, to achieve
a superior combination of mechanical and optical properties in polymer films and

coatings.

From Figures 5 to 10 and 13 to 15, the pencil hardness of nano-structured
compositions displays a maximum, with respect to the percent nano-sized alumina, in
the range up to 20 wt % alumina. The magnitude of this maximum is approximately in
the range of 2-times to 3-times the hardness of an unfilled polymer film when the total
particulate additives of the present invention are at 5-wt %. Data are presented for
systems that contain surfactant levels from 0 to 7 wt % with respect to the particulate
fraction; the non-linear behavior is observed irrespective of any surface
compatibilization agent. This clearly demonstrates that the non-linear behavior requires
only the presence of a nano-sized particulate fraction and a micron-sized particulate

fraction in a polymeric matrix as described in the appended Examples, below.

Certain melamine-formaldehyde (“MF”) films with alumina were evaluated for
performance of with alumnina of different particle sizes. Experimentation with water-
soluble MF polymer resin showed the incorporation of alumina with an average particle

size of 30-40 nm improves the scratch resistance of thin films (Figures 5 to 10), while

12
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only slightly increasing the haze of such films (Figures 1 and 2). For example, inclusion
of 20 weight percent NTC alumina in an MF film yielded up to 3.5-times the scratch
resistance of neat unfilled MF resin, while the haze increased from about 0.23% to
0.77%. In comparison, a larger commercially available alumina (A-16, Alcoa, average
particle size of 500 nm) provided greater scratch resistance (up to 8 times that of a neat

MEF resin at a loading of 20 wt% alumina), with a signfincant increase in haze (18.9%).

In contrast, in one embodiment of the present invention, combinations of nano-
sized alumina and Alcoa A-16 micron-sized alumina in MF resin displayed haze values
having linear additive behavior (see Figures 1 and 2), indicating that each alumina
component acts independently with respect to its haze contribution. However, there is a
non-linear effect with respect to the hardness of MF films containing blends of NTC
nano-sized alumina and Alcoa A-16 micron-sized alumina. In another embodiment, at
20 wt.% total alumina in MF film, the scratch resistance of a 25/75: NTC/A-16 blend
was increased up to 2.5x that of 100% A-16, and up to 3.5x that of a 50/50 NTC/A-16

blend.

The following non-limiting examples are provided for illustrative purposes:

Examples

To cvaluate the effect of alumina particle size on transparency and film (and/or coating)
hardness, designed experiments were conducted to further illustrate certain nonlimiting
novel combinations of the invention. Statistically designed experiments, were used to

prepare embodiments of the present invention. The resulting data, Table I, below,

13
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shows a first experimental design:

Table L.
5 Experimental Design — Outline
Variables Variable Range
Total Alumina, wt% 0 20
Wt % NTC (nanosized)Alumina 0 100 (with respect to total
alumina) Surfactant (K-15), wt%/alumina 0 10 (with respect to total

10 alumina)

L Example 1. The Alumina Dispersion Preparation

A dispersion was prepared by mechanical mixing NTC nano-sized alumina and Alcoa
micron-sized A-16 alumina in water in vials. The required level of commercially

15 available K-15 surfactant, in the solid form, was added and the mixture sonicated for 30
minutes to dissolve K-15 (PYP K-15, 1-ethenyl-1-pyrrolidinone homopolymer, CAS:

9003-39-8, ISP Technologies, Inc.) to yield a homogeneous dispersion.

Example 2. Particulate and Polymer Mixtures
20  Mixtures were prepared in the following manner:

1. Tor each trial, 5.00g of MF (BTL Melamine Resin, BTLM 817) resin/water
solution, 50.82 wt% solids, were weighed out into a vial.

2. From the specified alumina dispersion the required amount of dispersion for each

14
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3.

was added to the resin..
Water was added as required and the vials sonicated for about 10 minutes until

thoronghly mixed.

Example 3. Film Preparation

Films were prepared in the following manner:

1.

2.

Clean glass slides were prepared.

Using a 1.0 mil Bird film draw-down bar, drawn films of the particulate/polymer
blends on glass slides wete prepared. Blends were thoroughly mixed before
withdrawing samples, and draw-downs were performed quickly after the blend was
placed on the glass slide to enable uniform film preparation.

The polymer films formed were cured by drying for 15 min at 150°C horizontally in

an oven.

Example 4. Measurement of Film Properties

Films were measured for haze and transmittance on glass by averaging the readings
over 5 positions on the film using ASTM-1003 and ASTM-1044 protocols with a

BYX Gardner Haze-Gard Plus™ device.

Film hardness measured on glass was determined by the least weight necessary to
cause a scratch for specified pencil leads of differing hardness using ASTM
standard D-3353. Hardness is reported below as a ratio of a film’s hardness value
with respect to an unfilled film at equal pencil hardness. The following Table II

shows a tabular result of the Haze, Percent Transmission, and Hardness values of

15
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each Trial. Haze data are plotted in Figures 1and 2. Transparency data are plotted
in Figures 3 and 4. Pencil hardness data are plotted in Figures 5 — 10 for pencil

hardness values of 3B, HB, and H.

Trial Haze 2T SR.3B SR.HB SR.H
1 1.17 90 7.5 4 2
2 20.1 87.6 25 6 2
3 0.61 90.1 25 3 2
4 295 89.3 7.3 9 4
5 1.04 89.6 2 4 4
6 134 881 10 12 4
7 0.78 80.6 20 B8 3
8 13 BR.1 1§ 12 2
9 5.13 89.8 10 4 2
10 4.19 89.7 47 47 3.3
11 11.7 8.7 7.5 5 1
12 2.07 89.4 20 7 4
13 6.97 89 7.5 5 4
13 3.08 90 18 1 1
14 644 80.5 7.5 4 2
14 7.11 89.5 25 4 3
14 7.62 89 75 5 2
15 0.52 90.1 1 0.7 2
15 2.66 90.2 14 1 1
17 291 89.8 1 1 2
18 0.87 90.4 1 1.3 1
18 0.98 89.8 1.8 1.3 4
19 278 90 2 33 2
20 092 90.1 4.8 13 2
21 4.05 89.8 14 1 1
22 0.97 904 18 1 3
23 2.08 90 10 1 3
23 2.34 89,5 10 4 4

23 1.93 89.9 14 13 1
24 0.64 90.1 34 4 5
25 5.76 89.6 2 0.7 1
26 321 89.9 7 33 1
27 2.87 89.9 10 5 6
28 351 894 8 42 2
29 0.94 89.7 10 2 3
30 6.66 39.9 3 13 2
16
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Trial Haze %T SR.3B SR.HB SR.H

31 1.28 90.1 1 1.3 2
32 298 89.9 34 17 3
32 3.25 89.8 14 1.7 2
32 3.23 90.2 2 13 3
32 3.41 89.9 34 17 4
33 0.31 90.4 1 1 1

Haze results, for the 0.0 wt % surfactant level, as a function of total alumina wt
% and percent nano-sized alwmina (indicated as % small in the graphs), are presented in

the 2D and 3D Figures, land 2, below. Haze displays linear additive behavior.

Film hardness values display a maximum with respect to the percent nano-sized
alumina, from 0 wt % to 5 wt % total alumina. This non-linear behavior was observed
for water-based resin system. This is a surprising and unexpected result. The magnitude
of the maximurm is approximately 2 — 3, or 2-times to 3-times the hardness is imparted
to the film (and/or coating) with respect to the unfilled polymer. The location of the
maximuni in hardness with respect to wt % nano-sized alumina is approximately

50wt%, with respect to total alumina.

At higher amounts of total alumina the physical properties of this composition
are equally impressive. At L5 wt % total alumina and 50 % nano-sized alumina the
composition has 9 % haze (Figures 1 and 2), a reduction in light transmission with
respect to the polymer containing no particulates of 2 % (Figures 3 and 4 — the unfilled
polymer had a transmission of 90.4 %), pencil hardness 10, 7, and 3.2 times the
polymer containing no particulates for pencil hardness values of 3B, HB, and B,
respectively (Figures 5 through 10). At 20 wt % total alumina and 50 % nano-sized

alumina the composition has 12 % haze (Figures 1 and 2), a reduction in light

17
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transmission with respect to the polymer containing no particulates of 2.5 % (Figures 3
and 4), pencil hardness 13, 11.2, and 4 times the polymer containing no particulates for

pencil hardness values of 33, HB, and B, respectively (Figures 5 through 10).

In addition the haze of the composition is less than 2 % at all alumina ratios for
5 upto 2.5 wt % total alumina and remains less than 2 % for nano-alumina content above

80 % for up to 10 wt % total alumina (Figures 1 and 2).

The amount of added compatibilizing surfactant added to a system does not
affect the results presented above provided enough surfactant is present to render the

particles compatible with the polymer (e.g. polyurethane).

10 Example 5. Performance of Polvurethane (PU) Films with Alumina of Different

Particle Sizes

Experimentation showed an unexpected non-linear effect between nano-sized
Nanophasc Tcchnology Corporation Nanol'ek® alumina (average particle size of 30-40
nm) and micron-sized alumina (A-16, Alcoa, average particle size of 500 nm) on the
15 mcchanical properties of the water-soluble MF polymer resin.
To evaluate the effect of alumina particle size on transparency and film

hardness, a designed experiment was conducted as shown in Table III.

Table ITT

Experimental Design — Outline

20 Variables Variable Range
Total Alumina, wt% 0 5
Wt % NTC Alumina wi total alumina 0 100 (w/t— with respect
18
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to)
Surfactant, wt % w/r alumina 5.8 9  (w/t - with respect
to)
5 1L Example 6. Alumina Dispersion Preparation

Dispersions of Alumina were prepared by adding A-16 alumina, coated NTC
NanoTek® alumina, and surfactant in xylene to vials and sonicating. For each trial, a
polymer film~forming coating solution (Minwax™ oil-based high-gloss polyurethane,
45.5wt% solids) was added to the alumina/xylene dispersion and sonicated for 15

10 minutes.

Example 7. Film Preparation

20 Glass slides were cleaned and films prepared using a 1.0 mil Bird draw-
down bar; films were prepared of the particulate/polymer blends on glass slides. The

polymer films were cured by drying at room temperature for 24 hours.

Example 8. Measurement of Film Properties

Haze and transmittance of these films on glass were measured by averaging the
readings over 5 positions on the film using ASTM-1003 and ASTM-1044 protocols

using @ BYK Gardner Haze-Gard Plus™ device.

20 The hardness of the films on glass was determined by the least weight necessary
to cause a scratch for specified pencil leads using ASTM D-3353. Hardness is reported

as a ratio of a modified film’s value with respect to an unfilled film at equal pencil

19
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hardness. Haze data are plotted in Figures 11 and 12. Pencil hardness data are plotted in

Figures 13 — 15 for pencil hardness HB.

TABLE 4.
Table IV
Trial M{?ﬁ;n % small % surfactant
1 0.00 50.00 7.00
2 2.50 78.87 7.00
3 2.50 0.00 7.00
4 2,50 100.00 7.00
5 2.50 50.00 5.00
6 2.50 50.00 9.00
7 3.95 78.87 8,16
8 1.06 78.87 8.16
9 3.95 21.13 8.16
10 1.06 21.13 8.16
1 3.95 78.87 585
12 1.06 78.87 5.85
13 3.95 21,13 5.85
4 1.06 2113 585
i5 2,50 50,00 7.00
15 2.50 50.00 7.00
15 2.50 50.00 7.00
135 2350 50.00 7.00
13 2,50 50.00 7.00
16 0.00 0,00 0.00
17 5.00 0.00 7.00
18 5.00 100.00 7.00
19 2,50 2113 7.00

Haze, %
023
1.65
4.68
0.54
294
32
2.29
091
705
2.24
2.54
0.87
743
21
347
292
251
301
3.05
0.11
11.60
084
3.99

SR.HB
125
175
175
1.00
175
150
225
1.25
225
1.50
175
200
2.50
150
2.00
2,00
2.50
150
225
1.00
2.00
150
225

Haze results, for the 7 wt % surfactant level, as a function of total alumina wt %

and percent nano-sized alumina (indicated as % small in the graphs), are presented in

the 2D and 3D plots in the Figures 11 and 12, below. Haze displays linear additive

behavior.

TFilm hardness data is presented below in Figurcs 13 — 15 in 2D and 3D as a function of

20
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total alumina wt % and percent nano-sized alumina particulates (indicated as % small
in the graphs) for the HB pencil hardness level.

While the invention has been described with reference to a number of preferred
embodiments it should be appreciated that the invention can be embodied in many
other forms.

In the claims which follow and in the preceding description of the invention,
except where the context requires otherwise due to express language or necessary
implication, the word “comprise” or variations such as “comprises” or “comprising” is
used in an inclusive sense, i.¢. to specify the presence of the stated features but not to
preclude the presence or addition of further features in various embodiments of the
invention..

It is to be understood that, if any prior art information is referred to herein, such
reference does not constitute an admission that the information forms a part of the

common general knowledge in the art, in Australia or any other country.

21
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Claims

1. A material composition comprising:

a mairix material;

a nano-sized particulate fraction; and

amicron-sized particulate fraction.

2. The composition of claim 1, wherein the nano-sized particulate fraction has an

average particle dimension of from ahout 1 to about 100 nanometers.

3. The composition of claim 1, wherein the nano-sized particulate fraction has an

average particle dimension of from about 10 to about 50 nanometers.

4. The composition of claim 1, wherein the nano-sized particulate fraction has an

average particle dimension of from about 25 to about 40 nanometers.

5. The composition of ¢laim 1, wherein the micron-sized particulate fraction has an

average patticle dimension of from about 100 nanometers to 50 microns.

6. The composition of claim 1, wherein the micron-sized particulate fraction has an

average particle dimension of from about 250 nanometers to 5 microns.

7. The composition of claim 1, wherein the micron-sized particulate fraction has an

average particle dimension of from about 300 nanometers to one micron.

oo

. The composition of claim 1, wherein a percentage of the nano-sized particulate

fraction to total added particulate fraction is in the range of 0.001:99.999 to

22
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10

20

99.999:0.001.

9. The composition of claim 1, wherein the nano-sized particulate fraction is up to

10.

1

—

—
[

13.

14.

15.

about 80 weight percent of total added particulate fraction.

The composition of claim 1, wherein the nano-sized particulate fraction is 35 to 65

weight percent of total added particulate fraction.

. The composition of claims 1, wherein the nano-sized particulate fraction is a

nanocrystalline metal or metal oxide.

. The camposition of claim 1, wherein the nano-sized particulate fraction is a

substantially spherical nanocrystalline metal oxide or metal.

The composition of claim 1, wherein the nano-particle fraction is selected from the
group comprising single metal oxides, mixed metal oxides, co-synthesized metal
oxides, mixtures of metal oxides, metals, coated metal oxides, coated metals,
carbide particulate materials, nitride particulate materials, boride particulate

materials, and mixtures thereof.

The composition of claim 1, wherein the micron-sized particulate fraction is
selected from the group comprising of single metal oxides, mixed metal oxides,
co-synthesized metal oxides, mixtures of metal oxides, metals, coated metal
oxides, coated metals, carbide particulate materials, nitride particulate materials,

boride particulate materials, and mixtures thereof.

The composition of claim 1, wherein the micron-sized particulate is selected from

the group comprising crystalline metals, a metal oxides, and mixtures thereof.

23
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15

20

16.

17.

18.

20.

2

—

23.

24,

The composition of claim 1, wherein the micron-sized particulate is selected from

the group comprising noncrystalline metals, a metal oxides, and mixtures thereof.

The composition of claim 1, wherein the matrix material is selected from the group

comprising inorganic materials, orgenic materials, and combinations thereof,

The composition of claim 1, wherein the matrix material is one of a cross-linked

material and a thermoplastic material.

. The composition of claim 1, wherein the matrix material is selected from the group

comprising polyesters, polyurethane, silicones, silancs, melamine-formaldehyde-
urea, phenol-formaldehyde resole and novolac, cellulosics, melamine-polyol,
acrylate, inorganic-based materials, emulsion-modified materials, cured

compositions, and uncured compositions.

The composition of claim 1, wherein total added particulate fraction is up to 50

weight percent of the composition.

. The compusition of claim 1, wherein total added particulate fraction is up to 25

weight percent of the composition.

. The composition of claim 1, wherein total added particulate fraction is about 15 to

about 25 weight percent of the composition.

The composition of claim 1, wherein total added particulate fraction is about 20

weight percent of the composition.

The composition of claim 1, wherein total added particulate fraction is about 5

weight percent of the composition.

24
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25. The composition of claim 1, wherein the nano-particulate fraction is composed of
substantially spherical alumina, said fraction is about 50 percent by weight of the

total particulate material fraction.

26. The composition of ¢laim 25, wherein the light transmission is reduced less than

W

between 0.001 and 2 percent for an addition of up to 15 weight percent total

alumina.

27. The composition of claim 1, wherein the pencil hardness scratch resistance value
of the composition is up to ten times greater than that of an unfilled polymeric

matrix material at a loading of up to 15 wt. % total particulatc fraction.

10 28. The composition of claim 1, wherein light transmission of the composition is
reduced less than 2 percent for a corresponding addition of up to 20 weight percent

fotal inorganic particulate additive when the additive is alumina.

29. The composition of claim 1, wherein the haze value is less than two percent.

30. A process of making a nano-structured composition comprising the steps of:

15 providing a nano-structured material to initiate a mixture,

adding a micron-sized particulate material to the mixture,

adding a matrix material to the mixture,

utilizing the mixture to fabricate a nano-structured structure.

31. The process of preparing & nano-structured composition of claim 30, wherein the

20  wutilizing step comprises fabricating a polymeric film.

25
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32. A material composition substantially as herein described with reference to the

examples and/or the accompanying drawings.

33. A process of making a nano-structured composition substantially as herein

described with reference to the examples and/or the accompanying drawings.
Dated this 3rd day of August 2005.
NANOPHASE TECHNOLOGIES CORPORATION

By its Patent Attorneys
GRIFFITH HACK
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