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(S7) Abstract

A method of producing reinforced articles comprises (a) preparing a powder composition of at least one thermoplastic and about 2

% to about 15 % by volume reinforcing particles. The reinforcing particles are substantially uniformly dispersed in the thermoplastic. At
least 50 % of the reinforcing particles are less than about 20 layers thick, the layers of the reinforcing particles having a unit thickness of
between about 0.7 nm - 1.2 nm; (b) heating the powder into a molten material; (c) rotating the molten material in a mold cavity so that
the molten material conforms to the surfaces of the mold cavity, the molten material having substantially the same uniformity of dispersion

and (d) cooling the molten material to form a reinforced article.

of the reinforcing particles therein in comparison with the uniformity of dispersion of the reinforcing particles in the thermoplastic powder;
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METHQD FOR YACUUM PRESSURE FORMING
REINFORCED PLASTIC ARTICLES

This patent applicadon claims prionity from J.S. Provisional
Application No 60/113,064, filed December 21, 19G8.

Field of the Invention

The present invention relates to vacuum forming or pressure formung

articles and apparatuses, and, more particularly, 2 molding method combining
vacuum and pressure for producing reinforced thermoplastic artcles. ‘The

invention also relates 1o molded articles having reinforced foam fillers.

ack of the Inv

Traditional blow molding is limired as to the wall thickness of the article
10 be formed, as well as the complexity of anicle shape. To overcome this,
thermoforming, a modification of blow molding, can suffice for manufacninng
articles having relatively thick walls and/or complex shapes. Thermoforming
processes such as plug assisted vacuum forming or pressure forming permic the
production of items having a wall thickness of up to about 3/8 inch (95.25 mm).
Articles formed by conventional blow molding, by conrrasr, are usually limited 1o
wall thicknesses of less than about 1/8 inch (31.78 mm). This is due, in part, 10
the negative effects exeried on the blowing process by the greater volumes of
polymer resin required to achieve thicker walls. For example, increasing amounts
of viscous molten polymer will limit the size, wall thickness and complexity of an
article to be formed, as blown. air becomes progressively ineffective at expanding
molten polymer as the volume of polymer matenal increases.

In basic vacuum forming, a carrier frame delivers a heated plasuc sheet to
a mold assembly, after which the sheet is clamped and sealed against the mold

edee surfaces. Applicaton of a vacuum causes armosphenc pressure 10 force
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th thin walls, and rotationally molded

articles requiring good Impact strength tend to require thermoplastic resin
composttions having reinforcing materials

rotationally molded articles, articles w;

Incorporated therein. Glass
reinforcement fibers have been added to molds containing thermoplastic resin

powders for reinforcement purposes. During the rotational molding process,

melting of thermoplastic powder, combined with centrifugal force tends to

somewhat

resin in an evep fashion.

U.S. Patent number 4,363,687 to Anderson discloses a m

large, fiber reinforced Storage tanks. The reinforced resin articles of Anderson '687

then introduced into the mold, which is rotated at an

inclined angle. Rotation of the mold causes the resin material to permeate the

reinforcing material, which then hardens into the form of a Pipe. The cited
techniques using external and preformed fi

bers do not permit even reinforcement
throughout the entire molded article.
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Therefore, a need exists for improved reinforcement of hollow rotationally
molded resin articles.

SUMMARY OF THE INVENTION
SO ARI VP 1A INVENTION

An object of the present invention is to overcome the problems delineated

hereinabove. In accordance with this object, the present invention provides a

rotationally molded article. Such articles are suitable for use as automobile

components. The articles are formed by a method comprising (a) preparin g a

powder composition of at least one thermoplastic and about 2% to about 15% by

The reinforcing particles are substantially uniformly
dispersed in the thermoplastic. At least 50% of the reinforcing particles are Jess

than about 20 layers thick, and at least 99%

volume reinforcing particles.

of the reinforcing particles are less than
about 30 layers thick, the layers of the reinforcement particles have a unit thickness

of between about 0.7 nm - 1.2 nm; (b) heating the powder into a molten material:

(c) rotating the molten material in 2 mold cavity so that the molten material
conforms to the surfaces of the mold cavity,

The parts manufactured according to the invention are constructed to be

both lightweight and strong, exhibiting good impact resistance and dimensional

stability.

This and other objects of the invention can be more fully appreciated from

the following detailed description of the preferred embodiments.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
e (AR TREFERRED EMBODIMENTS

In accordance with the present invention, reinforcing nanoparticle fillers are

added in levels of only a few percent by volume to polymer resin compositions
prior to rotational molding into an article. Asa result,

the impact resistance and
dimensional stability of thin

-walled molded articles made of resins, such as

polyolefins, is improved. For €xample, large, hollow rotationally molded articles
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can be reinforced according to the invention, thereby imparting good dimensional
stability.

FIG. 1 illustrates a conventional rotational molding apparatus, generally

indicated at 10, that can be employed in the method of the present invention. The

apparatus 10 includes a mold structure 12 defining a mold cavity 14. The mold

structure 12 is mounted for rotation around an axis extending through a feeding

tube 16. More specifically, the opposite ends of the mold structure 12 are mounted

on bearing carrying supports 18. One end of the mold structure is connected by

linkage 20 that connects the structure 12 to a motor 22 that drives the mold

structure 12 for rotation about said axis. The motor 22 and supports 18 are

mounted on a mounting structure 24. The mounting structure 24 is mounted on a

movable mechanism 26 that can tilt the mournting structure 24 to ensure that

powder introduced into the cavity 14 is uniformly distributed along the longitudinal

. The powder can
then be distributed into the cavity 14 through the openings 30. In an alternate

configuration, the present invention contemplates that the mold structure 12 can be

provided with two mold halves (or parts) or be provided with a door that can be

opened in order to deposit a pre-measured amount of powder into the cavity 14. In

this alternate construction, tube 16 would not be provided.

After the powder material is introduced Into the cavity 14, the die structure

12 is rotated by motor 22 about the axis. The die structure is provided with a spiral

passageway, as indicated at 44, or otherwise Jacketed to enable hot oil or other hot

liquid to be used to heat the die structure. Alternately, the passageway 44 can be

omitted, and the entire structure 12 placed in an oven.

The powder is heated so that it is in molten form. The molten materia] is
then evenly dispersed over the interior surface 46 of the mold structure 12. After an

appropriate amount of time, cooling fluid, such as water, may be introduced into the

passageway to cool the molten material to solidify the material as it continues to

rotate. The solidified article is then removed from the structure 12.
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about 2% to about 15% by volume reinforcing particles. The said reinforcing
particles (or “nanoparticles” as described below) are substantially uniformly
dispersed in the thermoplastic, at least 50% of the reinforcing particles being less
than about 20 layers thick, the layers of the reinforcing particles havin g a thickness
of between about 0.7 nm - 1.2 nm.

Preferably, the powder introduced into the mold cavity is formed by
grinding of pellets, the pellets preferably formed in an extruding process. More
specifically, the nanoparticles and the thermoplastic material are preferably
extruded together to form the pellets. The pellets are then ground in a mechanical
grinder to form the powder. The nanoparticles are substantially uniformly
dispersed in the pellets and hence also in the particles forming the powder.

Because the nanoparticles are very small, there is no possibility of such reinforcing
particles becoming damaged in the grinding operation. This is unlike 2
methodology that would use larger reinforcements, such as glass fibers, which
reinforcements would have their reinforcing characteristics damaged by a grinding
operation.

In an alternate embodiment, the thermoplastic is originally formed as a
powder and the nanoparticles are later added to the powder in a powder blending
device.

The parts manufactured in accordance with the present invention comprise a
composite material of a polymer having dispersed therein reinforcement fillers in
the form of very small mineral reinforcement particles. The reinforcement filler
particles, also referred to as "nanoparticles” due to the magnitude of their
dimensions, each comprise one or more essentially flat platelets. Generally, each
platelet has a thickness of between about 0.7-1.9 nanometers. The average platelet
thickness is approximately 1 nanometer.

The preferred aspect ratio of the reinforcement partic]és, which is the largest
dimension of a particle divided by the thickness of the particle, is about 50 to about
300. At least 80% of the particles should be within this range. If too many
particles have an aspect ratio above 300, the material becomes undesirably viscous

for forming parts in an effective and efficient manner. If too many particles have an

PCT/US99/29986
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aspect ratio of smaller than 50, the particle reinforcements will not provide the

desired reinforcement characteristics. More preferably, the aspect ratio for each

particle is between 100-200. Most preferably at least 90%
aspect rat1o within the 100-200 range.

of the particles have an

The platelet particles or nan oparticles are derivable from larger layered

mineral particles. Any layered mineral capable of being intercalated may be

employed in the present invention. Layered silicate minerals are preferred. The

- layered silicate minerals that may be employed include natura] and artificial '

minerals. Non-limiting examples of more preferred minerals include

montmorillonite, vermiculite, hectorite, saponite
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Additional specific preferred methods, for the purposes of the present
invention

Patent Nos. 4,739,007 and 5,652,284,

Typical resins used in rotational molding include vinyl plastisols and

powdered low viscosity polyolefins. Liquid viny] dispersions may be used to

rotationally cast automotijve parts, such as arm rests
may be molded of polyolefins

melt indexes,

. Increasing the density of the polyolefin resin also rajses the melting point

be less than about 30 layers (i.e., 30 nanomet

N N e
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volume of the total volume of the part. The balance of the part 1s to comprise

appropriate thermoplastic material and optionally,

suitable additives. If greater than
15%

by volume of reinforcement filler is used, the viscosity of the composition
becomes too high and thus difficult to mold. Preferably,

the amount of reinforcing
nanoparticles is greater than 2%

by volume (as lower amounts would not achieve
the desired increase in strength) and less than 15%.

Preferably, '

of the total
volume of the part. For some applications, inclusion of about 3%-5%

reinforcing
nanoparticles is optimal.

compositions for molding. Aging modifiers are typically present in an amount from

about 0.5% to about 5% polyolefin resin. Other additives include pigments, heat

stabilizers, antioxidants, flame retardants, ultraviolet absorbing agents and the like.
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Reinforced articles of the invention exhibit improved properties over non-

modulus by 2.5 to about 3 times over compositions lacking reinforcing
nanoparticles, as measured under ASTM D790 test conditions. This 5%
nanoparticle polyethylene article exhibited > 200% elongation to rupture. By
contrast, about 25% glass fiber reinforcement is required in such articles to achieve
an cquivzilent modulus. Polypropylene articles according to the invention showed
about a 60% improvement in flexural modulus over articles lacking reinforcement
nanoparticles. Thus, the use of reinforcing nanoparticles according to the invention
provides articles having good flexural stiffness.

In the method of the present invention, producing reinforced articles
comprises preparing a powder composition of at least one thermoplastic powder
and about 2% to about 15% by volume reinforcing particles. The reinforcing
particles are substantially uniformly dispersed in the thermoplastic powder. At
least 50% of the reinforcing particles are less than about 20 layers thick, with the
layers comprising platelets which have a thickness of between about 0.7 nm to
1.2nm.

The method of producing reinforced articles further comprises heating the
powder into a molten material, rotating the powder in a mold cavity so that the
molten material conforms to surfaces of the mold ca\)ity, and cooling the molten
material to form a reinforced article. The molten material has substantially the

same uniformity of dispersion of the reinforcing particles therein in comparison

The relatively small size of the nanoparticles enables the reinforcement
particles to be dispersed uniformly in the molded article. irrespective of the
centrifugal force applied in rotational molding. The uniformity of dispersion in the
molten powder is essentially the same as the uniformity of dispersion of the
nanoparticles in the thermoplastic powder.

It should be appreciated that the foregoing description is illustrative in
nature and that the present invention includes modifications, changes, and

equivalents thereof, without departure from the scope of the invention.
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What is claimed is:

1. A method of producing reinforced articles comprising:

(a) preparing a powder composition of at least one thermoplastic and about

2% to about 15% by volume reinforcing particles, said reinforcing particles being

substantially uniformly dispersed in the thermoplastic, at least 50% of the

reinforcing particles being less than about 20 layers thick, and at least 99% of the

reinforcing particles being less than about 30 layers thick, the layers of said

reinforcing particles having a unit thickness of between about 0.7 nm - 1.2 nm:

(b) heating the powder into a molten material:

2. A method according to claim 1, wherein said preparing of said powder

composition is accomplished by grinding of pellets, said pellets comprising said at

least one thermoplastic and said about 2% to about 15% by volume reinforcing

particles, said reinforcing particles being substantially uniformly dispersed in the
pellets.

3. A method according to claim 2, wherein said pellets are formed by

extrusion.
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