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MELT MOLDING POLYMER COMPOSITE
AND METHOD OF MAKING AND USING THE SAME

This application 1s being filed on 16 January 2009, as a PCT International
5 Patent application in the name of Wild River Consulting Group, LLC, a U.S.
national corporation, applicant for the designation of all countries except the US,
and Kurt E. Heikkila, John S. Kroll and Rodney K. Williams, citizens of the U.S.,
applicants for the designation of the US only, and claims priority to U.S. Provisional
Patent Application Serial No. 61/022,016, filed January 18, 2008, which application

10  1is hereby incorporated by reference in its entirety.

Field of the Invention
This disclosure relates to polymer composites that can be formed 1nto useful
shapes with enhanced material properties including, but not limited to density, color,
15 magnetism, thermal conductivity, thermal resistance, electrical conductivity, and
other physical properties. Illustrative embodiments disclosed herein also more
specifically relate to hot-melt thermoplastic or hot-melt thermosetting polymer

composites.

20 Background
Composites of particulate and polymers using a variety of both high and low

density particulate materials have been made. Polymers have been combined with
fillers and certain particulate materials at various loadings. Such materials have a
broad spectrum of applications and uses in both consumer and industrial

25  applications. Such applications include composites with density less than the
density of the polymer phase and with very high density.

In one application high density is a goal. Lead has been commonly used 1n
applications requiring a high density material. Applications of high density
materials include shotgun pellets, other ballistic projectiles, fishing lures, fishing

30  weights, wheel weights and other high density applications. Lead has also been used
in applications requiring properties other than density including in radiation
shielding because of its resistance to EMI and malleability characteristics. Press-on
fishing weights made of lead allow the user to easily pinch the weight onto a fishing

line without tools or great difficulty. In the case of shotgun pellets, or other ballistic
]
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projectiles, lead offers the required density, penetrating force and malleability to
achieve great accuracy and minimum gun barrel wear. Lead has been a primary
choice of both hunting and military applications. Many jurisdictions in the Umted
States and elsewhere have seriously considered bans on the sale and use of lead shot
and lead sinkers due to increasing concentrations of lead in lakes and resulting
mortality in natural populations. Other high-density materials such as depleted
uranium have been proposed and implemented. Composite materials have been
suggested as a replacement for lead and other high-density materials. Composite
materials have been made for many years by combining generally two dissimilar
materials to obtain beneficial properties from both. A true composite 1s unique
because the interaction of the materials provides the best properties of both
components.

Again, filled polymeric materials have been produced for many years but
have been limited in the degree of fill that can be attained due to the undesirable
decrease in the physical properties of the composite product at high volumetric
loadings of particulate in polymer.

Many types of composite materials are known and are not simple
admixtures. Generally, the art recognizes that combining metals of certain types and
at proportions that form an alloy provides unique properties in metal/metal alloy
materials. Metal/ceramic composites have been made typically involving combining
metal particulate or fiber with clay materials that can be fired into a metal/ceramic
composite. Tarlow, U.S. Patent No. 3,895,143, teaches a sheet material comprising
elastomer latex that includes dispersed inorganic fibers and finely divided metallic
particles. Bruner et al., U.S. Patent No. 2,748,099, teach a nylon material containing
copper, aluminum or graphite for the purpose of modifying the thermal or electrical
properties of the material, but not the density of the admixture. Sandbank, U.S.
Patent No. 5,548,125, teaches a clothing article comprising a flexible polymer with a
relatively small volume percent of tungsten for the purpose of obtaining radiation
shielding. Belanger et al., U.S. Patent No. 5,237,930, disclose practice ammunition
containing copper powder and a thermoplastic polymer, typically a nylon material.
Epson Corporation, JP 63-273664 A shows a polyamide containing metal silicate
glass fiber, tight knit whiskers and other materials as a metal containing composite.

Bray et al., U.S. Patent Nos. 6,048,379 and 6,517,774, disclose an attempt to

2
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produce tungsten polymer composite materials. The patent disclosures combine
tungsten powder having a particle size less than 10 microns, optionally with other
components and a polymer or a metal fiber. The materials sold by the Bray et al.
assignee and the materials disclosed in the patent do not attain a density greater than
10.0 gm--cm'3 . Barbour et al., U.S. Patent No. 6,411,248, discloses using a glue-gun
applied hot-melt radar-absorbing material, including carbonyl iron powder in
thermoplastic polyurethane and a unique metal deactivator in amounts useful for a
specific application.

A high density thermoplastic metal composite material has not been obtained
that can be used to form objects using hot melt technology apart from compounder
and extruder technology. A substantial need exists for a formable material that has
high density, low toxicity, and improved properties in terms of electrical/magnetic
properties, malleability, thermal processability, particularly using existing thermal
processing equipment, and viscoelastic properties that can be used in simple hot melt
applicator devices. Such materials are suited for consumer applications, small batch
processes, semi-works manufacturing and other applications involving the efficient
application of amounts of the composites using hand operated equipment.

Low density melt molding formulations can be produced via the use of low
density materials including for example: hollow glass spheres. Hollow glass spheres
are widely used in industry as additives to polymeric compounds, €.g., as modifiers,
enhancers, rigidifiers and fillers. These spheres are strong enough to avoid being
crushed or broken during further processing of the polymeric compound, such as by
high pressure spraying, kneading, extrusion or injection molding. Proper
distribution of the glass spheres is completed by maintaining approprate viscosity of
the polymer/glass sphere formulation. Furthermore, 1t 1s desirable that these spheres
be resistant to leaching or other chemical interaction with their associated polymeric
compound. The method of expanding solid glass particles into hollow glass spheres
by heating is well known. See e.g., U.S. Patent No. 3.365,315. Glass is ground to
particulate form and then heated to cause the particles to become plastic and for
gaseous material within the glass to act as a blowing agent to cause the particles to
expand. During heating and expansion, the particles are maintained in a suspended

state either by directing gas currents under them or allowing them to fall freely
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through a heating zone. Sulfur, or compounds of oxygen and sulfur, serves as the
principal blowing agent.
A number of factors affect the density, size, strength, chemical durability and
yield (the percentage by weight or volume of heated particles that become hollow)
5  of hollow glass spheres. These factors include the chemical composition of the
glass; the sizes of the particles fed into the furnace; the temperature and duration of
heating the particles; and the chemical atmosphere (e.g., oxidizing or reducing) to
which the particles are exposed during heating.
There have been problems in attempting to improve the quality and yield of
10  hollow glass spheres. One reason is that it was believed that the percentage of silica
(Si0,) in glass used to form hollow glass spheres should be between 65 and 85
percent by weight and that a weight percentage of S10.sub.2 below 60 to 65 percent
would drastically reduce the yield of the hollow spheres.
Hollow glass spheres have average densities of about 0.1 grams-cm™ 10

> orabout 0.12 grams---cm'3 to approximately 0.6 grams-

15 approximately 0.6 grams-cm
cm” and are prepared by heating solid glass particles. For a product of hollow glass
spheres having a particular desired average density, there is an optimum sphere
range of sizes of particles making up that product which produces the maximum
average strength. This range can be expressed by > 10 to 250 pm.

20 Glass spheres used commercially can include both solid and hollow glass
spheres. All the particles heated in the furnace do not expand, and most hollow

glass-sphere products are sold without separating the hollow from the sohid spheres.

Summary

25 The disclosure relates to a melt molded polymer composite in a form suitable
for loading into, and being applied by, hot-melt hand held or hand actuated
applicators that can melt and apply the melt materials such as hot-melt adhesive
applicators (“glue guns”). The polymer composite includes particulates of increased
or high density material, such as metals, mixed metals, alloys and inorganic

30  compounds, dispersed or embedded in a thermoplastic or thermoset polymer binder,
or matrix as well as low density particles (e.g. hollow glass spheres). The composite
optionally further includes an interfacial modifier to improve the association

between the particulate and the polymer and to enhance rheological properties of the

4
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composite materials. The choice of combination of factors including the particle
size of the particulate phase, temperature dependency of the mechanical properties
of the polymer matrix, and optionally the properties of the interfacial modifier
results in polymer composites that can be melted and dispensed by hot-melt (e.g.)

5  adhesive applicators, including industrial and household glue guns. In this
disclosure the term “hot melt” does not include an industrial compounder or extruder
equipment. The term “hot melt” is intended to include typical hand held mndustrial
dispensers or applicators that can obtain the composites in a dispensable form at
melt temperatures.

10 In one aspect of the disclosure, a source material for forming an object using
a hot-melt applicator comprises a rod adapted to be loaded into a hot-melt adhesive
applicator, the rod comprising: (a) a polymer phase comprising 0.6 to 97 wt.% and
14 to 69 vol.% of the composite; and (b) from 3 to 99.4 wt. % and 31 to 86 vol.% ot
the composite of a particulate phase intermixed with the polymer phase and having a

15  particle size of at least 10 microns, the metal and polymer phase comprising greater
than 90%, 95 vol. % or greater than 98 vol. % of the composite taken as a whole.
The polymer has a melting point of about 50 to 190°C or 190 to 240°C; and a
softening point of about 40 to 150°C or 150 to 185°C. Melted polymers with a
viscosity at temperature of 1,000 or 5000 cP or 1,800 to 3,800 cP and others with a

20  melt flow (ASTM D1238, 190 °C, 2.16 kg) ranging from 5 to 500 have been
successfully used. The composite has a viscosity of lower than about 100,000 cP, or
about 25.000 to 500 cP at or above the melt temperature; a melting point of about 50
to 190°C or 190 to 240°C:; a softening point of about 40 to 150°C or 150 to 185°C.
The rod can have a cross-sectional dimension suitable for application by

25  commercially available glue guns. For example, the rod can have a cross-sectional
diameter of equal to or greater than any of the common standardized diameters, m
the United States and Europe or elsewhere, of about '4, 5/16, 7/16, 2, 5/8,1,1.75
inch, 3 inch (6-7, 7-8, 11-13,15-16, 25-26, 45-46, 76 mm) or greater. In another
aspect of the disclosure, the composite 1n the above-outlined source material further

30  comprises an interfacial modifier present in 0.01 to 3.0 wt.-% of the composite and
at least partially coating the particulate. In one more specific embodiment, the

composite is substantially metal deactivator-iree.
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A second aspect of the disclosure, a source material for forming an object
using a hot-melt applicator comprises a rod adapted to be loaded mnto a hot-melt
adhesive applicator, the rod comprising: (a) a polymer phase comprising 0.6 to 53
wt.% and 14 to 69 vol.% of the composite; and (b) from 47 to 99.4 wt. % and 31 to
86 vol.% of the composite of a particulate phase intermixed with the polymer phase
and having a particle size of at least 10 microns, the metal and polymer phase
comprising greater than 90%, 95 vol. % or greater than 98 vol. % ot the composite
taken as a whole. The polymer has a melting point ot about 50 to 190°C or 190 to
240°C; and a softening point of about 40 to 150°C or 150 to 185°C. Melted
polymers with a viscosity at temperature of 1,000 or 5000 cP or 1,800 to 3,800 cP
and others with a melt flow (ASTM D1238, 190 °C, 2.16 kg) ranging from 5 to 500
have been successfully used. The composite has a viscosity of lower than about
100,000 cP, or about 25,000 to 500 cP at or above the melt temperature; a melting
point of about 50 to 190°C or 190 to 240°C; a softening point of about 40 to 150°C
or 150 to 185°C. The rod can have a cross-sectional dimension suitable for
application by commercially available glue guns. For example, the rod can have a
cross-sectional diameter of equal to or greater than any of the common standardized
diameters, in the United States and Europe or elsewhere, of about %, 5/16, 7/16, 2,
5/8, 1, 1.75 inch, 3 inch (6-7, 7-8, 11-13,15-16, 25-26, 45-46, 76 mm) or greater. In
another aspect of the disclosure, the composite in the above-outlined source material
further comprises an interfacial modifier present in 0.01 to 3.0 wt.-% of the
composite and at least partially coating the particulate. In one more specific
embodiment, the composite is substantially metal deactivator-free.

Another aspect of the disclosure, a source material for forming an object
using a hot-melt applicator comprises a rod adapted to be loaded into a hot-melt
adhesive applicator, the rod comprising: (a) a polymer phase comprising 17 to 97
wt.% and 14 to 69 vol.% of the composite; and (b) from 3 to 83 wt. % and 31 to 86
vol.% of the composite of a particulate phase intermixed with the polymer phase and
having a particle size of at least 10 microns, the lower density particulate (e.g.)
hollow glass sphere (density of 0.125 to 0.6 gm-cm'3) and polymer phase comprising
greater than 90%, 95 vol. % or greater than 98 vol. % of the composite taken as a
whole. The polymer has a melting point of about 50 to 190°C or 190 to 240°C; and
a softening point of about 40 to 150°C or 150 to 185°C. Melted polymers with a

6
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viscosity at temperature of 1,000 or 5000 cP or 1,800 to 3,800 cP and others with a
melt flow (ASTM D1238, 190 °C, 2.16 kg) ranging from 5 to 500 have been
successfully used. The composite has a viscosity of lower than about 100,000 cP, or
about 25,000 to 500 cP at or above the melt temperature; a melting point of about 50
5 to 190°C or 190 to 240°C; a softening point of about 40 to 150°C or 150 to 185°C.
The rod can have a cross-sectional dimension suitable for application by
commercially available glue guns. For example, the rod can have a cross-sectional
diameter of equal to or greater than any of the common standardized diameters, 1n
the United States and Europe or elsewhere, of about 4, 5/16, 7/16, 2, 5/8, 1, 1.75

10  inch, 3 inch (6-7, 7-8, 11-13,15-16, 25-26, 45-46, 76 mm) or greater. In another
aspect of the disclosure, the composite in the above-outlined source material further
comprises an interfacial modifier present in 0.01 to 3.0 wt.-% of the composite and
at least partially coating the particulate. In one more specific embodiment, the
composite is substantially metal deactivator-tree.

15 In still another aspect of the disclosure, a process of manufacturing an article
comprises: (a) using a glue gun, melting a portion of the rod comprising: a
composite (having a density of 1.7 to 16 gm —cm™) comprising a polymer phase
comprising about 0.6 to 53 wt.% and 14 to 69 vol.% of the composite; and a dense
particulate comprising about 47 to 99.4 wt. % and 31 to 86 vol.% of the composite

20  and intermixed with the polymer phase, the particulate having a particle size of at
least 10 microns; wherein the particulate and polymer phase comprise greater than
95 vol. % of the composite and the composite has a viscosity of lower than about
100,000 ¢P at or above the melt point of the polymer; The composite having a
softening temperature above room temperature; the viscosity of the composite

25  ranges from about 25,000 to 500 cP at the proper molding processing temperature;
and/or (b) using a glue gun, melting a portion of the rod comprising: a composite
(having a density 01 0.2 to 1.7 gm—~cm’3) comprising a polymer phase comprising
about 14 to 69 wt.% and 14 to 69 vol.% of the composite; and a spherical hollow
slass particle comprising from 3 to 83 wt. % and 31 to 86 vol.% of the composite of

30  a particulate phase intermixed with the polymer phase and having a particle size of
at least 10 microns, wherein the particle and polymer phase comprise greater 95 vol.
% of the composite and the composite has a viscosity of lower than about 100,000

cP at or above the melt point of the polymer . The composite having a softening

7
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temperature above room temperature; the viscosity of the composite ranges from
about 25,000 to 500 cP at the proper molding processing temperature; and (¢)
dispensing the resulting heated material or melt through a nozzle. The composite
can be used with typical consumer or commercial glue guns or other hot melt
5  application or dispensing equipment such that, at a temperature of about 130-240°C,

the composite can be introduced into a mold or a cavity of a work piece in a period
of about 2 to 60 seconds. The actual time, viscosity and application temperature
depends on the polymer material viscoelastic characteristics and cavity volume.

In another aspect of the disclosure, in the process outlined above further

10  comprises dispensing the melt from the nozzle into a mold, and cooling the

dispensed composite in the mold, thereby shaping the composite.

In another aspect of the disclosure, an article of manufacture comprises a

polymer composite made by the process described in the disclosure.

15 Brief Description of the Drawings

Figure 1 is a schematic illustration of a process of manufacture using a hot-
melt adhesive applicator according to one aspect of the disclosure and certain tools

used in the process.

20

Detailed Description of Illustrative Embodiments
The present disclosure relates to a process of manufacturing enhanced

property or enhanced density composites. These materials can be dispensed using
hot-melt adhesive applicators, i.e., the well-known “glue guns.” Both enhanced

25  property and enhanced density composites are suitable for such processes and
methods of making such composites. Enhanced property or density denotes a
material that obtains a useful aspect and is differentiated from that of the base
polymer via introduction of particles in excess of 31 volume% or 40 volume%, of
the final composite material. Such a level of volume packing is in excess of

30  successful materials in the art. The material of the invention, through a selection of
particle, polymer and processing conditions, attains improved thermoplastic
processibility. The resulting enhanced property composite materials exceed the

prior art composites in terms of reduced toxicity, melt viscosity, improved

8
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viscoelastic properties (such as tensile modulus, storage modulus, elastic-plastic
deformation and others) electrical/magnetic properties, and machine molding
properties. We have found that the composite materials of the invention can have a
designed and enhanced level of density, mechanical properties, or
electrical/magnetic properties from careful composition blending. The novel
viscoelastic properties make the materials useful in a variety of uses not filled by
composites and provide a material easily made and formed into useful shapes. In the
production of useful enhanced properties, the packing of the selected particle size
and distribution and the selection of the particulate or mixed metal particulate, will
obtain the enhanced properties. As such, density can be used as a predictor ot the
other useful property enhancement. The invention relates to a formable enhanced
polymer composite material having improved properties with respect to prior art
materials. Single metal and mixed metal composites can be tailored for increasing a
variety of properties including but not limited to density, color, magnetism, thermal
conductivity, electrical conductivity and other physical properties. Additionally,
composites from nonmetal particulates including but not limited to minerals, glass
spheres, and ceramics have been produced to provide other enhanced properties.

The use of compositions further comprising an interfacial modifier
demonstrates improved utilization of material properties and improved performance
such as elongation and other properties. Preferred composites can be combined with
one or more polymers of a given molecular weight distribution and one or more
metal particulates with a given distribution to obtain unique compo sites. Briefly, the
polymeric composites of the invention can be formed into a high or low -density
materials via comprising a high-density metal particulate or a low density glass
sphere, a polymer, and an interfacial modifier material. In one embodiment of the
invention, a metal thermoplastic composite can be made. This technology can
produce an array of densities. Density can vary from about 0.2 to 16 gms-cm'B. In
low density materials it can vary about 0.2 or 0.3 up to 0.7 or 0.8 gms-c:m"3 while
high density materials can be about 3 or 5 up to as great as 16 gms»--cm'3 . Matenals
of intermediate density can also be made with density about 0.8 to about 5 gms-cm"3.

The proportions of particulate and polymer in the composite achieve the

minimum excluded volume filled with polymer, the highest particulate packing

densities, and obtain the maximum utilization of materials. The particle shape, size

9
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and distribution of the particulate component are controlled to maximize the formed
or dispensed composite density and other properties. The materials of the invention
can contain about 0.005 to 1 % of a pigments, dye or other pigmented material or
other ingredients to modify the visual appearance of the materials. Mixed metal or
5 alloy metal composites can be used to tailor densities for specific uses.

Aforementioned properties include but are not limited to density, thermal properties
such as conductivity, magnetic properties, electrical properties such as conductivity,
color, etc. Preferred higher density metal polymer materials can also be combined
with one or more polymers and one or more metal particulates to obtamn unique

10  composites. A secondary metal can be combined with a metal of high density. A
composite can comprise a variety of different combinations of metals and polymers.
The metal particulate can contain two metal particulates of different metals, each
metal having a relatively high density. In another embodiment, the metal particulate
can comprise a metal particulate of high density and a secondary metal. Such

15  properties can include electrical properties, magnetic properties, physical properties,
including heat conductivity, acoustical shielding, etc. The materials of the
invention permit the design engineer the flexibility to tailor the hot melt process of
the invention and the composite of the invention to end uses and avoid the use of
toxic or radioactive materials unless desired. Lead or depleted uranium are no

20  longer needed in their typical applications now that dense composites are available.
In other applications where some tailored level of toxicity or radiation is needed, the
composites of the invention can be used successfully.

The particulate in the composite of the invention has a range of particle sizes

such that the particulate ranges form about 5 microns to 1000 microns. About at

25  least 5 wt.-% of particulate is in the range of about 10 to 500 microns and about at
least 5 wt.-% of particulate in the range of about 10 to 250 microns. The composite
having a van der Waals' dispersion bond strength between molecules in adjacent
particles of less than about 4 kJ _mol™ and a bond dimension of 1.4 to 1.9 A or less
than about 2 kJ-mol”! and the van der Waals' bond dimension is about 1.5 to 1.8 A.

30 A variety of metal particulates can be used alone or in combination.
Preferred metals are low in toxicity, cost and are stable under processing conditions.
Exemplary metals include, Tungsten (W), Iridium (Ir), Platinum (Pt), Rhenium (Re),
Iron (Fe), copper (Cu), Nickel (Ni), Cobalt (Co), Bismuth (Bi), Tin (Sn), Cadmium
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(Cd) and Zinc (Zn). Particulates of alloys can also be used such as steel, stainless
steel, efc.

In a composite, the non-metal, inorganic or mineral particle is usually much
stronger and stiffer than the matrix, and gives the composite its designed properties.

5  The matrix holds the non-metal, inorganic or mineral particle s in an orderly high-
density pattern. Because the non-metal, inorganic or mineral particles are usually
discontinuous, the matrix also helps to transfer load among the non-metal, inorganic
or mineral particles. Processing can aid in the mixing and filling of the non-metal,
inorganic or mineral particle. To aid in the mixture, a surface chemical reagent can

10 help to overcome the forces that prevent the matrix from forming a substantially
continuous phase of the composite. The tunable composite properties arise from the
intimate association obtained by use of careful processing and manufacture. We
believe a surface chemical reagent is an organic material that provides an exterior
coating on the particulate promoting the close association of polymer and

15  particulate. Minimal amounts of the interfacial surface chemical treatment can be
used including about 0.005 to 3 wt.-%, or about 0.02 to 2 wt.%.

One important inorganic material that can be used as a particulate in the
invention includes ceramic materials. Ceramics are typically classified into three
distinct material categories, including aluminum oxide and zirconium oxide

20  ceramics, metal carbides, metal borides, metal nitrides, metal silicides, and ceramic
material formed from clay or clay-type sources. Examples of useful technical
ceramic materials are selected from barium titanate, boron nitride, lead zirconate or
lead tantalite, silicate aluminum oxynitrides, silicane carbide, silicane nitride,
magnesium silicate, titanium carbide, zinc oxide, zinc dioxide (zirconia) particularly

75  useful ceramics of use in this invention comprise the crystalline ceramics and most
preferred in compositions of the invention are the silica aluminum ceramics that can
be made into useful particulate. Such ceramics are substantially water insoluble and
have a particle size that ranges from about 10 to 500 microns, has a density that
ranges from about 1.5 to 3 gm-cm"3 and are commonly commercially available. One

30  useful ceramic product is the 3M ceramic microsphere materials such as g-200, g-
400, g-600, g-800 and g-350.

Examples of minerals that are useful to the invention include Carbides,

Nitrides, Silicides and Phosphides ; Sulphides, Selenides, Tellurides, Arsenides and

11
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Bismuthides ; Oxysulphides ; Sulphosalts, such as Sulpharsenaites,
Sulphobismuthites, Sulphostannates, Sulphogermanates, Sulpharsenates,
Sulphantimonates, Sulphovanadates and Sulphohalides ; Oxides and Hydroxides ;
Halides, such as Fluorides, Chlorides, Bromides and Iodides; Fluoborates and
Fluosilicates ; Borates ; Carbonates; Nitrates ; Silicates ; Silicates of Aluminum ;
Silicates Containing Aluminum and other Metals ; Silicates Containing other Anions
- Niobates and Tantalates ; Phosphates ; Arsenates such as arsenates with phosphate
(without other anions) ; Vanadates ( vanadates with arsenate or phosphate) ;
Phosphates, Arsenates or Vanadates ; Arsenites ; Antimonates and Antimonites ;
Sulphates ; Sulphates with Halide ; Sulphites, Chromates, Molybdates and
Tungstates ; Selenites, Selenates, Tellurites, and Tellurates ; Todates ; Thiocyanates ;
Oxalates, Citrates, Mellitates and Acetates include the arsenides, antimonides and
bismuthides of e.g., metals such as Li, Na, Ca, Ba, Mg, Mn, Al, N1, Zn, 11, Fe, Cu,
Ag and Au.

Glass spheres (including both hollow and solid) are a useful non-metal or
inorganic particulate. These spheres are strong enough to avoid being crushed or
broken during further processing of the polymeric compound, such as by high
pressure spraying, kneading, extrusion or injection molding. In many cases these
spheres have densities close to, but more or less, than that of the polymeric
compound into which they are introduced in order that they distribute evenly within
the compound upon introduction and mixing. Furthermore, it 1s desirable that these
spheres be resistant to leaching or other chemical interaction with their associated
polymeric compound. The method of expanding solid glass particles into hollow
glass spheres by heating is well known. See e.g., U.S. Patent No. 3,365,315, Glass
is ground to particulate form and then heated to cause the particles to become plastic
and for gaseous material within the glass to act as a blowing agent to cause the
particles to expand. During heating and expansion, the particles are maintained 1n a
suspended state either by directing gas currents under them or allowing them to fall
freely through a heating zone. Sulfur, or compounds of oxygen and sulfur, serves as
the principal blowing agent.

A number of factors affect the density, size, strength, chemical durability and
yield (the percentage by weight or volume of heated particles that become hollow)

of hollow glass spheres. These factors include the chemical composition of the glass;
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the sizes of the particles fed into the furnace; the temperature and duration of heating
the particles; and the chemical atmosphere (e.g., oxidizing or reducing) to which the
particles are exposed during heating.

There have been problems in attempting to improve the quality and yield of
hollow glass spheres. One reason is that it was believed that the percentage of silica
(Si0,) in glass used to form hollow glass spheres should be between 65 and 85
percent by weight and that a weight percentage of S10; below 60 to 65 percent
would drastically reduce the yield of the hollow spheres. Hollow glass spheres used
commercially can include both solid and hollow glass spheres. All the particles
heated in the furnace do not expand, and most hollow glass-sphere products are sold
without separating the hollow from the solid spheres.

Preferred glass spheres are hollow spheres with relatively thin walls. Such
spheres typically comprise a silica- line-oral silicate glass and in bulk form appear to
be a white powdery particulate. The density of the hollow spherical matenals tends
to range from about 0.12 to 0.6 gm-cm'3 this substantially water insoluble and has an
average particle diameter that ranges from about 40 to 60 microns.

Enhanced property or enhanced density polymer composites can be made by
melt forming, preferable forming, a heated or melt formable composite. Formed
materials may include high viscosity materials that can flow at elevated temperatures
but are not in a melt form. Such materials include composites in a melt form. In the
composite, the particulate is obtained at the highest possible packing by a caretul
selection of particle size and size distribution. The excluded volume in the
particulate is substantially completely occupied by the polymer without reducing the
composite density. Using a carefully selected finely divided material, packing the
particulate and combining the particulate with just sutficient polymer such that only
the excluded volume (the space left after packing the particle distribution) of the
particulate is filled can optimize the high or low density of the composite material.
The particulate has a selected particle size and size distribution that is combined
with a polymer selected for compatibility and increased density and processability.
In order to maximize composite utility, the majority of the volume of material comes
from the particulate and polymer such that the total volume of the combine metal
and polymer is greater than 95 vol. %, or 98 vol. % of the composite. As the

particulate and the polymer component increase in density, the composite material
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increases in density. The ultimate composite density 1s largely controlled by
efficiency in packing of the particulate in the composite and the associated
efficiency in filling the unoccupied voids in the densely packed particulate with high
density polymer material. The interfacial modifier can aid in closely associating the
metal particulate and polymer to maximize density. A true composite is obtained by
carefully processing the combined polymer and polymer particulate until density
reaches a level showing that using an interfacial modifier to promote composite
formation results in enhanced property development and high density. In this
disclosure, we rely on density as one important property that can be tailored in the
composite but other useful properties can be designed into the composite.

Most composites have two constituent materials: a binder or matrix in a
continuous phase, and reinforcement in a discontinuous phase such as a particle of
fiber. The reinforcement is usually much stronger and stiffer than the matrix, and
gives the composite its good properties. The matrix holds the reinforcements in an
orderly high density pattern. Because the reinforcements are discontinuous, the
matrix may also help to transfer load among the reinforcements. Processing can aid
in the mixing and filling of the reinforcement metal. To aid in the mixture, an
interfacial modifier can help to overcome the forces that prevent the matrix from
forming a substantially continuous phase of the composite. The composite
properties arise from the intimate association obtained by use of careful processing
and manufacture. We believe an interfacial modifier is an organic material that
provides an exterior coating on the particulate promoting the close association of
polymer and particulate. The modifier is used in an amount of about 0.005 to 3 wt.
%.

For the purpose of this disclosure, the term "particulate” typically refersto a
material made into a product having a particle size greater than 10 microns (a
particle size greater than about 10 microns means that a small portion of the
particulate is less than 10 microns, in fact, less than 10 wt.-% of the particulate and
often less than 5 wt.-% of the particulate is less than 10 microns. A particulate is
chosen containing at least some particulate in the size range of 10 to 4000 microns.
In a packed state, this particulate has an excluded volume of about 13 to 60%. In
this invention, the particulate sources can also comprise blends of two three or more

particulates, in a blend of metals of differing chemical and physical nature.
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Typically, the composite materials of the invention are manufactured using
melt processing (compression and injection molding can also be used) and are also
utilized in product formation using melt processing. Typically, in the manufacturing
of the high density materials of the invention, a finely divided metal matenal of
correctly selected particle size and size distribution is combined under conditions of
heat and temperature with a typically thermoplastic polymer material, are processed
until the material attains a maximum density. Alternatively, in the manufacture of
the material, the metal or the thermoplastic polymer can be blended with
interfacially modifying agents (interfacial modifier) and the modified matenals can
then be melt processed into the material. The interfacial modifier can make the
surface of the particulate more compatible with the polymer. Once the material
attains a sufficient density and other properties, the material can be formed directly
into a final product or into a pellet, chip, wafer or other easily processed production
raw material. The final product or intermediate chip or pellet can be made by hot
melt-processing techniques. In the manufacture of useful products with the
composites of the invention, the manufactured composite can be obtained m
appropriate amounts, subjected to heat and pressure, typically in former equipment
and then either injection molded, compression molded or formed into an appropriate
useful shape having the correct amount of materials in the appropriate physical
configuration. In the appropriate product design, during composite manufacture or
during product manufacture, a pigment or other dye material can be added to the
processing equipment. One advantage of this material is that an inorganic dye or
pigment can be co-processed resulting in a material that needs no exterior painting
or coating to obtain an attractive or decorative appearance. The pigments can be
included in the polymer blend, can be uniformly distributed throughout the material
and can result in a surface that cannot chip, scar or lose its decorative appearance.
One useful pigment material comprises titanium dioxide (T10,). This matenal 1s
extremely non-toxic, is a bright white, finely divided metallic particulate that can be
easily combined with either metal particulates and/or polymer compo sites to
enhance the density of the composite material and to provide a white hue to the
ultimate composite material.

We have further found that a bimetallic blend or a blend of three or more

metal particulates can, obtain important composite properties from the blended
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metals in a polymer composite structure. For example, a tungsten composite or
other high density metal can be blended with a second metal that provides to the
relatively stable, non-toxic tungsten material, additional properties including a low
degree of radiation in the form of alpha, beta or gamma particles, a low degree of

S desired cytotoxicity, a change in appearance or other beneficial properties. One
advantage of a bimetallic composite is obtained by careful selection of proportions
resulting in a tailored density for a particular end use. The composite can be formed
into useful shapes include a material having a composite density of about 0.2 to 17
gm—cm'3, preferably about 3 to 10 gm-cm"3 at a temperature of greater than about

10 100°C or about 130°C to 240°C. Other nonmetallic particles can be blended with
either metal particulates or non-metal particles including minerals (benefits include
low cost density improvements and abrasive characteristics), hollow glass spheres
(low density), and ceramic particles (electrical insulating properties and/or thermal
insulating properties).

15 Combining typically a thermoplastic or thermoset polymer phase with a
reinforcing powder or fiber produces a range of filled materials and, under the
correct conditions, can form a true polymer composite. A filled polymer, with the
additive as filler, cannot display composite properties. A filler material typically is
comprised of inorganic materials that act as either pigments or extenders for the

20  polymer systems. A vast variety of fiber-reinforced composites have been made
typically to obtain fiber reinforcement properties to improve the mechanical
properties of the polymer in a unique composite.

A large variety of polymer materials can be used 1n the composite materials
of the invention. For the purpose of this application, a polymer is a general term

25  covering either a thermoset or a thermoplastic. We have found that polymer
materials useful in the invention include both condensation polymeric materials and
addition or vinyl polymeric materials. Included are both vinyl and condensation
polymers, and polymeric alloys thereof. Vinyl polymers are typically manufactured
by the polymerization of monomers having an ethylenically unsaturated olefinic

30  group. Condensation polymers are typically prepared by a condensation
polymerization reaction which is typically considered to be a stepwise chemical
reaction in which two or more molecules combined, often but not necessarily

accompanied by the separation of water or some other simple, typically volatile
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substance. Such polymers can be formed in a process called polycondensation. The
polymer has a density of at least 0.85 gm-cm™, however, polymers having a density
of greater than 0.96 are useful to enhance overall product density. A density 1s often

up 1.2 gm-cm™, up to 1.7 or up to 2 gm-cm”™ 3

or can be about 1.5 to 1.95 gm-cm’
depending on metal particulate and end use.

Vinyl polymers include polyethylene, polypropylene, polybutylene,
acrylonitrile-butadiene-styrene (ABS), polybutylene copolymers, polyacetyl resins,
polyacrylic resins, homopolymers or copolymers comprising vinyl chloride,
vinylidene chloride, fluorocarbon copolymers, etc. Condensation polymers include
nylon, phenoxy resins, polyarylether such as polyphenylether, polyphenylsulfide
materials; polycarbonate materials, chlorinated polyether resins, polyethersulfone
resins, polyphenylene oxide resins, polysulfone resins, polyimide resins,
thermoplastic urethane elastomers and many other resin materials.

Condensation polymers that can be used in the composite materials of the
invention include polyamides, polyamide-imide polymers, polyarylsultones,
polycarbonate, polybutylene terephthalate, polybutylene naphthalate,
polyetherimides, polyethersulfones, polyethylene terephthalate, thermoplastic
polyimides, polyphenylene ether blends, polyphenylene sulfide, polysulfones,
thermoplastic polyurethanes and others. Preferred condensation engineering
polymers include polycarbonate materials, polyphenyleneoxide materials, and
polyester materials including polyethylene terephthalate, polybutylene terephthalate,
polyethylene naphthalate and polybutylene naphthalate materials.

Polycarbonate engineering polymers are high performance, amorphous
engineering thermoplastics having high impact strength, clarity, heat resistance and
dimensional stability. Polycarbonates are generally classified as a polyester or
carbonic acid with organic hydroxy compounds. The most common polycarbonates
are based on phenol A as a hydroxy compound copolymerized with carbonic acid.
Materials are often made by the reaction of a bisphenol A with phosgene (O=CCl).
Polycarbonates can be made with phthalate monomers introduced to 1mprove
properties such as heat resistance, further trifunctional materials can also be used to
increase melt strength or extrusion blow molded materials. Polycarbonates can

often be used as a versatile blending material as a component with other commercial

polymers in the manufacture of alloys. Polycarbonates can be combined with
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polyethylene terephthalate acrylonitrile-butadiene-styrene, styrene maleic anhydride
and others. Preferred alloys comprise a styrene copolymer and a polycarbonate.
Preferred polycarbonate materials should have a melt index between 0.5 and 7,
preferably between 1 and 5 gms/10 min.

A variety of polyester condensation polymer materials including
polyethylene terephthalate, polybutylene terephthalate, polyethylene naphthalate,
polybutylene naphthalate, etc. can be useful in the composites of the invention.
Polyethylene terephthalate and polybutylene terephthalate are high performance
condensation polymer materials. Such polymers often made by a copolymerization
between a diol (ethylene glycol, 1, 4-butane diol) with dimethyl terephthalate. In the
polymerization of the material, the polymerization mixture 1s heated to high
temperature resulting in the transesterification reaction releasing methanol and
resulting in the formation of the engineering plastic. Similarly, polyethylene
naphthalate and polybutylene naphthalate materials can be made by copolymerizing
as above using as an acid source, a naphthalene dicarboxylic acid. The naphthalate
thermoplastics have a higher Tg and higher stability at high temperature compared
to the terephthalate materials. However, all these polyester materials are useful in
the composite materials of the invention. Such matenals have a preferred molecular
weight characterized by melt flow properties. Useful polyester materials have a
viscosity at 265°C of about 500-2000 cP, preferably about 300-1300 cP.

Polyphenylene oxide materials are engineering thermoplastics that are useful
at temperature ranges as high as 330°C. Polyphenylene oxide has excellent
mechanical properties, dimensional stability, and dielectric characteristics.
Commonly, phenylene oxides are manufactured and sold as polymer alloys or
blends when combined with other polymers or fiber. Polyphenylene oxide typically
comprises a homopolymer of 2,6-dimethyl-1-phenol. The polymer commonly
known as poly (oxy-(2, 6-dimethyl-1, 4-phenylene)). Polyphenylene is often used as
an alloy or blend with a polyamide, typically nylon 6-6, alloys with polystyrene or
high impact styrene and others. A preferred melt index (ASTM 1238) for the
polyphenylene oxide material useful in the invention typically ranges from about 1
to 20, preferably about 5 to 10 gm/10 min. The melt viscosity is about 1000 cP at
265°C.
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Another class of thermoplastic includes styrenic copolymers. The term
styrenic copolymer indicates that styrene is copolymerized with a second vinyl
monomer resulting in a vinyl polymer. Such materials contain at least a 5 mol-%
styrene and the balance being 1 or more other vinyl monomers. An important class
of these materials is styrene acrylonitrile (SAN) polymers. SAN polymers are
random amorphous linear copolymers produced by copolymerizing styrene
acrylonitrile and optionally other monomers. Emulsion, suspension and continuous
mass polymerization techniques have been used. SAN copolymers possess
transparency, excellent thermal properties, good chemical resistance and hardness.
These polymers are also characterized by their rigidity, dimensional stability and
load bearing capability. Olefin modified SAN's (OSA polymer materials) and
acrylic styrene acrylonitriles (ASA polymer materials) are known. These materials
are somewhat softer than unmodified SAN's and are ductile, opaque, two phased
terpolymers that have surprisingly improved weatherability.

The ASA polymers are random amorphous terpolymers produced either by
mass copolymerization or by graft copolymerization. In mass copolymerization, an
acrylic monomer styrene and acrylonitrile are combined to form a heteric
terpolymer. In an alternative preparation technique, styrene acrylonitrile oligomers
and monomers can be grafted to an acrylic elastomer backbone. Such materials are
characterized as outdoor weatherable and UV resistant products that provide
excellent accommodation of color stability property retention and property stability
with exterior exposure. These materials can also be blended or alloyed with a
variety of other polymers including polyvinyl chloride, polycarbonate, polymethyl
methacrylate and others. An important class of styrene copolymers ncludes the
acrylonitrile-butadiene-styrene monomers. These polymers are very versatile family
of engineering thermoplastics produced by copolymerizing the three monomers.
Each monomer provides an important property to the final terpolymer material. The
final material has excellent heat resistance, chemical resistance and surface hardness
combined with processability, rigidity and strength. The polymers are also tough
and impact resistant. The styrene copolymer family of polymers has a melt index

that ranges from about 0.5 to 25, preferably about 0.5 to 20.

Important classes of engineering polymers that can be used n the composites

of the invention include acrylic polymers. Acrylics comprise a broad array of
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