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Description

[0001] This Patent Application relates to a new mold
for use in preparing polyurethane products by injection
molding. This also relates to a new process for preparing
parts by injection molding and to novel products pre-
pared using such a process.
[0002] The largest number of articles prepared using
polyurethane chemistry are prepared using injection
molding. Generally in injection molding the components
from which the part is to be prepared are injected into a
mold and subjected to conditions such that the materials
injected are solidified. Thereafter the article is removed
from the mold. Polyurethanes have excellent adhesive
characteristics. This is a disadvantage in removing a
polyurethane material from a mold. To enhance the re-
moval of the article from a mold it is common to spray
the mold before the reactants are injected into the mold
with an external mold release. The use of external mold
release adds an extra step to the process and signifi-
cantly reduces the productivity of any molding machine.
Alternatively, an internal mold release, such as zinc
stearate is placed in the materials used to form the ar-
ticle. The use of an internal mold release can reduce the
number of times that a mold needs to be sprayed with
an external mold release.
[0003] For parts such as body panels used in auto-
motive uses which are coated in industrial coating proc-
esses, the internal mold release interferes with the ap-
plication of industrial coatings to the part. To prevent the
internal mold release from interfering with the coating of
the part, it is accepted practice to seal the part after the
part has been removed from the mold, cooled and
washed. These parts or articles are typically sealed with
a one part melamine based polyurethane material. The
use of the sealer is very costly, up to 30 percent of the
cost of the part. EP-A-0 341 479 discloses a process for
preparing a polyurethane article by reaction injection
molding using a mold with an interior surface coating
comprising a continuous matrix of nickel having dis-
persed therein a fluorinated polyolefin.
[0004] What is desirable is to eliminate this sealing
step for articles, which are to be coated in conventional
industrial coating processes.
[0005] What is further needed is a process for prepar-
ing polyurethan articles comprising injection molding
which does not require the use of a sealer before being
used in an industrial coating process.
[0006] In one aspect of the invention, there is provided
a process for preparing a polyurethane article which
comprises injecting into a mold (a) a thermoplastic poly-
urethane, (b) (i) a polyisocyanate or isocyanate prepol-
ymer, and (ii) a material having on average more than
one group reactive with an isocyanate; (c) exposing the
material injected into the mold to conditions such that a
solid mass is prepared; and (d) removing the formed ar-
ticle from the mold, wherein the interior surface of the
mold is coated with a coating comprising a continuous

matrix of nickel or cobalt having dispersed therein 10
percent to 50 percent by weight of the coating of a fluor-
inated polyolefin, and wherein the polyurethane article
contains 0.5 percent by weight or less of an internal mold
release agent.
[0007] In one aspect the invention is a process for in-
jection molding a part from polyurethane materials
which process comprises injecting a two-part poly-
urethane composition or a thermoplastic polyurethane
prepolymer into a mold, exposing the injected materials
to conditions such that a solidified article is formed and
removing the formed article from the mold.
[0008] In another embodiment the invention is an ar-
ticle comprising polyurethane material prepared by in-
jection molding which contains .5 percent by weight or
less of an internal mold release and which can be coated
in an industrial coating process without the need for a
sealer coated on the article.
[0009] The process of the invention allows the prep-
aration of a polyurethane article which can be coated in
an industrial process without the need for a sealer on
the outside surface of the article. Furthermore the proc-
ess allows the preparation of in excess of 200 articles
without the need for spraying the mold with an external
mold release. Furthermore the use of the coated mold
allows for faster injection time of the raw materials and
allows the use of a material with a lower amount of in-
ternal mold release than used in an uncoated mold.
[0010] The molds used in the process of the invention
comprise a metal mold of any desired shape which is
commonly used for injection molding. The metal can be
any metal which is commonly used for injection molding
such as steel or aluminum. The mold has a coating on
the interior surface of the mold which comes in contact
with the material to be molded. That coating comprises
a continuous matrix of a metal comprising nickel or co-
balt, preferably nickel, having dispersed in the continu-
ous matrix a fluorinated polyolefin polymer, preferably
polytetrafluoroethylene. The amount of metal present
shall be a sufficient amount such that the metal is a con-
tinuous matrix. The amount of fluorinated polyolefin
present is that amount sufficient to improve the wetting
or lubricity of the coating. The amount of fluorinated
polyolefin in the coating is 10 percent by weight of the
coating or greater, more preferably 20 percent by weight
or greater of the coating and most preferably about 23
percent by weight or greater of the coating. The amount
of the fluorinated polyolefin is 50 percent by weight or
less of the coating, more preferably 30 percent by weight
or less and most preferably on the interior surface, which
is in contact with the injected material about 25 percent
by weight or less of the coating.
[0011] The amount of metal in the coating is 50 per-
cent by weight or greater, preferably 70 percent by
weight or greater. Preferably the amount of metal in the
coating is 70 percent by weight or less, more preferably
80 percent by weight or less, and most preferably 77
percent by weight or less.
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[0012] The coating on the mold is preferably 0.0006
inch (0.015mm) or greater, more preferably about
0.0015 inch (0.038 mm) or greater. Preferably the thick-
ness of the coating is about 0.003 inch (0.076 mm) or
less, more preferably about 0.002 inch 0.002 inch (0.051
mm) or less. Generally, the mold is coated by an elec-
torcoating process. Such processes are well known in
the art and generally comprise placing the mold into a
bath containing the metal and fluorinated polyolefin, ap-
plying current to the part or mold under conditions such
that a coating of the metal and fluorinated polyolefin of
the desired thickness is placed on the interior surface of
the mold.
[0013] The coatings used to coat the mold are com-
mercially available. One such coating is available from
Roehlen Industries NA of Youngstown, Ohio under the
trademark TRIBOCOAT, also available from Nimet In-
dustries, South Bend, Indiana under the trademark
NiCoTeF Coatings. Other useful coatings are coatings
available from Melco Engraving. For aluminum molds
coatings available from Nimet Industries, Inc., South
Bend, Indiana under the trademark NiCoTef coatings
can be used. Another coating is 25 percent poly-
tetrafluoroethylene in 75 percent nickel available from
Hall Technologies.
[0014] The articles are prepared by injecting the raw
materials into the mold and exposing them to conditions
such that a solidified article is prepared. The process
does not require coating the mold with an external mold
release before the preparation of every part. The parts
can be easily removed from the mold without adhesion
of the polyurethane part to the mold surface. In injection
molding, a thermoplastic polyurethane prepolymer is
heated above its melt temperature and injected into a
mold. The material is cooled to below its melt tempera-
ture so as to solidify the thermoplastic polyurethane.
Hereafter the solidified part of the desired shape is re-
moved from the mold. Thermoplastic polyurethanes
which can be used in this process are well known to
those of average skill in the art and are disclosed in US
Patent 5,627,254.
[0015] In another process parts are prepared by re-
action injection molding. In reaction injection molding,
an isocyanate terminated prepolymer or an isocyanate
is injected into a mold at the same time a material having
groups are reactive with an isocyanate injected into the
mold. Processes for reaction injection molding are de-
scribed in US Patent 4,218,543 and US Patent
5,106,874. Further, a catalyst for the reaction of an iso-
cyanate with an isocyanate reactive compound may be
included in the materials injected into the mold. Gener-
ally, isocyanates useful in the preparation of reaction in-
jection molded polyurethane parts are well known and
described in US Patent 5,852,137, column 2, line 40 to
column 3, line 43 and US Patent 5,106,874, column 6,
line 52 to column 7, line 8. Generally polyols or isocy-
anate reactive materials, such as polyols, which may be
used in the preparation of reaction injected molded ar-

ticles are well known to those skilled in the art and de-
scribed in US Patent 5,852,137, column 3, line 46 to col-
umn 4, line 64 herein. Catalysts useful for the reaction
of an isocyanate terminated prepolymer with a polyol
are well known to those skilled in the art and described
in US Patent 5,852,137, column 7, line 56 to column 8,
line 24 also US Patent 4,218,542, column 10, line 26 to
column 11, line 30. The tin catalysts described are pre-
ferred for use in this process.
[0016] The reactants for the RIM process may also
include chain extenders known in the art. Such chain
extenders are disclosed in US 5,106,874 at column 9,
line 13 to column 9, line 50.
[0017] Generally the molds are preheated prior to in-
jection of the raw materials. Preferably the mold is pre-
heated to a temperature of from 65°C to 85°C. The raw
materials can be injected anywhere from ambient tem-
perature 23°C to 70°C, preferably up to about 60°C.
[0018] Generally, the materials have a residence time
in the mold of from 20 to 30 seconds. Such articles gen-
erally are elastomeric in nature. These articles can be
easily removed from the molds.
[0019] In another embodiment the foam polyurethane
articles can be prepared. The isocyanate prepolymer or
polyisocyanate, material reactive with a polyurethane or
isocyanate moiety and catalyst are injected into the
mold along with a blowing agent. The presence of a
blowing agent forms cells in the matrix of the poly-
urethane therefore forming a foam. Blowing agents use-
ful in this process are well known to those skilled in the
art and are described in US Patent 4,218,543 at column
11, line 30 to column 11, line 54.
[0020] In yet another embodiment the materials in-
jected into the mold can contain a cross-linking agent to
improve the structure of the foam. Cross-linking agents
commonly known in the art can be used in this process.
Such cross-linking agents are disclosed in US Patent
5,106,874, column 9, line 51 to column 9, line 66. The
articles prepared from this invention comprise poly-
urethane elastomers and foams. Such foams generally
contain an amount of internal mold release such as zinc
stearate, of 0.5 percent by weight of the article or less
and more preferably 0.2 percent by weight of the article
or less. In some embodiments it may be desired to spray
the mold with an external mold release prior to the initial
preparation of an article of the invention. The use of
coated molds of the invention allow for the preparation
of greater than 200 articles between applications of an
external mold release to the mold surface.
[0021] Many of the articles of the invention are used
in the preparation of articles which require a coating. In
one example, an article of the invention is a body panel
for an automobile or truck. Such body panels must be
primed, coated with a base coat and coated with a clear
coat. This requires passing the article through an oven
to cure the various coats. The molds of the invention
allow the preparation of articles which can be coated via
this described process without further application of a
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sealer to the article.
[0022] A further advantage of the molds used in the
process according to the invention is that the molds re-
quire less frequent cleaning and therefore improved pro-
ductivity of the molds.
[0023] The following example is provided to illustrate
the invention and is not intended to limit the scope of the
claims. Unless otherwise stated all parts and percent-
ages are by weight.

Example

[0024] A plaque mold insert was polished and treated
with a nickel (75 percent) polytetrafluoroethylene (25
percent) coating composition. The plaque mold insert
was placed into a reaction injection molding machine.
The mold was cleaned, sprayed with Chemtrend RCTW
2006 mold release available from Chemtrend, buffed
with cheese cloth and sprayed with mold release again.
In one set of runs a plaque mold insert without the coat-
ing was used. In another a plaque mold insert was used
which was coated as described. Plaques were molded
using SPECTRIM™ BP 80 two part polyisocyanate
polyol formulations available from The Dow Chemical
Company. Nine plaques were molded using the uncoat-
ed mold insert before the plaques began to stick. Twenty
plaques were molded using the coated plaque mold in-
sert before the plaques started to stick.
[0025] The coated plaque mold insert was installed on
a Cincinnati Milacron HT RRIM processing machine.
Over 1000 plaques have been molded using the mold.
No noticeable reduction of the quality of the coating was
observed. Further, it is easier to remove urethane build
up from the surface of the coated mold.

Claims

1. A process for preparing a polyurethane article
which comprises injecting into a mold (a) a thermo-
plastic polyurethane, (b) (i) a polyisocyanate or iso-
cyanate prepolymer, and (ii) a material having on
average more than one group reactive with an iso-
cyanate; (c), exposing the material injected into the
mold to conditions such that a solid mass is pre-
pared; and (d) removing the formed article from the
mold, wherein the interior surface of the mold is
coated with a coating comprising a continuous ma-
trix of nickel or cobalt having dispersed therein 10
percent to 50 percent by weight of the coating of a
fluorinated polyolefin, and wherein the poly-
urethane article contains 0.5 percent by weight or
less of an internal mold release agent.

2. A process according to Claim 1 wherein the fluori-
nated polyolefin is present in the coating in an
amount of 20 to 30 percent by weight of the coating.

3. A process according to any one of Claims 1 to 2
wherein the thickness of the coating on the interior
mold surface is 0.0015 (0.0381 mm) to 0.003 inch
(0.0762 mm).

4. A process according to any one of Claims 1 to 3
wherein the metal is nickel.

5. A process according to any one of Claims 1 to 4
wherein the fluorinated polyolefin is polytetrafluor-
oethylene.

6. A process according to any one of Claims 1 to 5
wherein the article prepared contains 0.2 percent
by weight or less of an internal mold release agent.

7. A process according to any one of Claims 1 to 6
wherein the composition injected into the mold fur-
ther comprises a blowing agent.

Patentansprüche

1. Verfahren zur Herstellung eines Polyurethange-
genstandes, welches das Einspritzen in eine Form
umfaßt von: (a) einem thermoplastischen Polyu-
rethan, (b) (i) einem Polyisocyanat oder Isocyanat-
prepolymeren, und (ii) einem Material, das im
Durchschnitt mehr als eine mit einem Isocyanat re-
aktive Gruppe hat, (c) Exponieren des in die Form
eingespritzten Materials Bedingungen, so daß eine
feste Masse gebildet wird, und (d) Entformen des
gebildeten Gegenstandes aus der Form, bei wel-
chem die innere Oberfläche der Form mit einem
Überzug beschichtet ist, der eine kontinuierliche
Matrix von Nickel oder Kobalt umfaßt, die hierin di-
spergiert 10 % bis 50 % des Gewichtes des Über-
zuges von einem fluorierten Polyolefin hat, und bei
welchem der Polyurethangegenstand 0,5 Gew.-%
oder weniger von einem inneren Entformungsmittel
enthält.

2. Verfahren gemäß Anspruch 1, bei welchem das
fluorierte Polyolefin in dem Überzug in einer Menge
von 20 bis 30 % in Gewicht des Überzuges vorhan-
den ist.

3. Verfahren gemäß irgendeinem der Ansprüche 1 bis
2, bei welchem die Dicke des Überzuges auf der
inneren Formoberfläche 0,0015 Zoll (0,0381 mm)
bis 0,003 Zoll (0,0762 mm) ist.

4. Verfahren gemäß irgendeinem der Ansprüche 1 bis
3, bei welchem das Metall Nickel ist.

5. Verfahren gemäß irgendeinem der Ansprüche 1 bis
4, bei welchem das fluorierte Polyolefin Polytetraf-
luorethylen ist.
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6. Verfahren gemäß irgendeinem der Ansprüche 1 bis
5, bei welchem der hergestellte Gegenstand 0,2
Gew.-% oder weniger eines inneren Entformungs-
mittels enthält.

7. Verfahren gemäß irgendeinem der Ansprüche 1 bis
6, bei welchem die in die Form eingespritzte Zu-
sammensetzung weiter ein Blähmittel enthält.

Revendications

1. Procédé de préparation d'un article en polyurétha-
ne qui comprend l'injection dans un moule de (a) un
polyuréthane thermoplastique, (b) (i) un polyisocya-
nate ou un prépolymère isocyanate, et (ii) un produit
ayant en moyenne plus d'un groupe apte à réagir
avec un isocyanate, (c) la soumission de la matière
injectée dans le moule à des conditions telles
qu'une masse solide est préparée, et (d) l'enlève-
ment de l'article formé du moule, procédé dans le-
quel la surface interne du moule est revêtue d'un
revêtement comprenant une matrice continue de
nickel ou de cobalt, dans laquelle est dispersé 10
% à 50 % en poids, par rapport au poids du revête-
ment, d'une polyoléfine fluorée, et dans lequel l'ar-
ticle en polyuréthane contient 0,5 % en poids ou
moins d'un agent interne de démoulage.

2. Procédé selon la revendication 1, dans lequel la po-
lyoléfine fluorée figure dans le revêtement en une
proportion de 20 à 30 % en poids par rapport au
poids du revêtement.

3. Procédé selon la revendication 1 ou 2, dans lequel
l'épaisseur du revêtement de la surface interne du
moule est de 0,0015 pouce (0,0381 mm) à 0,003
pouce (0,0762 mm).

4. Procédé selon l'une quelconque des revendications
1 à 3, dans lequel le métal est le nickel.

5. Procédé selon l'une quelconque des revendications
1 à 4, dans lequel la polyoléfine fluorée est du po-
lytétrafluoroéthylène.

6. Procédé selon l'une quelconque des revendications
1 à 5, dans lequel l'article préparé contient 0,2 %
en poids ou moins d'un agent interne de démoula-
ge.

7. Procédé selon l'une quelconque des revendications
1 à 6, dans lequel la composition injectée dans le
moule comprend en outre un agent d'expansion.
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