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REACTION INJECTION MOLDING SYSTEM AND PROCESSES
FOR PRODUCING POLYURETHANE ARTICLES

FIELD OF THE INVENTION

[0601] The present invention relates o reaction injection molding (“RIM™) systems
and processes. More specifically, the present invention relates to heated RIM systems

and processes for producing polyurethane articlss.

BACKGROUND OF THE INVENTION

{0002} Polyurethane articles suitable for high performance applications are typically
made from components that are high in viscosity or solid at room temperature, such as
high viscosity or selid polyurethane prepolymers and/or high viscosity or solid chain
extenders. Such polyurcthane articles may have high abrasion resistance, high cut and
tear resistance, high temperature resistance, high load carrying ability, high fatigue
resistance and/or low hysteresis (internal heat uild up). In the production of such high
performance articles, raw materials and prepolymer formulation methods are chosen to
best meet the stringent end use requirements of the article. Accordingly, the ahility to use
lugh viscosity materials or formulations is of paramount importance. Processes to make
such polyurethane articles, e.g., processes that utilize high performance polyurethane
formudations, have generally been limited to those which use low pressure meter-mix
equipment. In such equipment, a first stream comprising a prepolymer component and a
second stream comprising a chain extender component flow into a mixing chamber that
coptaing a dyname mixing shaft with multiple mixing elements attached thereto, The
walls of the mixing chamber may be smooth or have static mixing elements 1o
complement those mixing elements on the dynamic shaft. The shaft is typically driven
by a motor that produces on the order of 1,000 to 10,000 rpm to mix these component
streams. The homogenous mixture is then discharged into a mold, such as an open mold,
and allowed to cure. The mold is comumonly placed in an oven, preferably until the pant
can be demolded. This Hme period can be from 1 to 120 minutes, e.g., from 10 to 90

murtes, from 20 to 60 minutes or from 30 to 60 minutes, The demolded part can then be
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returned to an oven for a time, e.g., from 1 to 48 hours or from 8 10 24 hours, to complete
the curing process.

[0003] Such processes bave several drawbacks that limit their effectiveness in
making polyarethane articles. First, the stanting and stopping of such equipment creates
problems. When the streams are shuat off] the mixing chamber must be cleaned using a
solvent or a combination of solvent and gas, such as air. This cleaning results in wasted
material as well as a waste stream of solvents that require disposal. Second, the initial
mixture released from the mixing chamber typically contains bubbles and is discarded
resulting in waste.

[0604] An additional disadvantage is decrcased productivity, Because the mixing
chamber is large, longer gel time formulations of about 1 to 10 minutes ave utilized to
prevent fouling of the mixing chamber and to help alleviate some of the problems created
with starting and stopping of the equipment. Such starting and stopping is inefficient
when compared to continuous molding operations. Tn continuous molding processes,
material discharged between molds is collected in a container while switching from one
mold to the next. Alternatively, all of the molds may be filled by collecting material in
containers and filling the molds with the material from the containers. While these
operating schemes serve to limit the number of wasteful start and stop operations
pertormed on the mix machine, additional waste s created when the cured material coats
the container, The long gel time formulations utilized to Himit this waste fengthen demold
tirne, resulting in either much lower productivity or a far greater number of molds and
associated equipment, e.g., ovens.

[0010] The production of polyurethane articles suitable for high performance
applications has been difficult if not impossible to achieve with conventional RIM
processes due to the inability to utilize components that are high in viscosity or solid at
room temperature, e.g., high viscosity or solid polyurethane prepolyvmers and/or high
viscosity or solid chain extenders. Thus, the need exists for processes and systems for
producing high performance polyurcthane articles that are effective and cost efficient and
that have the capability to utilize components that are high in viscosity or solid at room

temperature.
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{0011] The present invention relates to reaction injection molding (RIM) systems and
processes for fornung high performance polvurethane articles.

[0012] In one embodiment, the invention is directed to an externally heated reaction
injection molding system in communication with a prepolymer storage vessel and a chain
extender storage vessel. The system optionally comprises a mixing chamber for
combining s prepolymer and a chain extender; and a heating system for heating at least
one of the prepolymer and the chain extender upstream of the miving chamber and
downstream of the storage vessels. The heating system preferably heats one or more
conduits between the mixing chamber and at least one of the prepolymer storage vessel or
the chain extender storage vessel. At least one of the prepolymer storage vessel or the
chain extender storage vessel optionally are heated.

[0013] Preferably, the system is capable of heating at least one of the prepolymer and
the chain extender to a temperature greater than 70°C, e.g., greater than 100°C. By
heating one or more of these materials, the system preferably is capable of employing at
feast one of a prepolymer and a chain extender having a room temperature viscosity
greater than 3000 centipoise and which optionally is a selid at room temperature. The
systemn preferably is capable of emploving at least one of a prepolymer or a chan
extender having a melting point in the range of 40°C-140°C.

{014] In one embodiment, the system further comprises a tirst conduit in fluid
communication with the prepolymer storage vessel; a first pump in fluid communication
with the prepolymer storage vessel for pumping prepolymer through the first conduait to
the mixing chamber; a second conduit in fluld communication with the chain extender
storage vessel; and a second pump in fluid communication with the chain extender
storage vessel for pumping chain extender through the second conduit to the mixing
chamber.

{6015} In one aspect, the system further comprises a first heating system for
independently heating the prepolymer and a second heating system for independently
heating the chain extender, The first heating system may comprise a first heated fluid

that circulates arcund at least a portion of the prepolymer storage vessel, and the second
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heating system may comprise a second heated fluid that circulates around at least s
portion of the chain extender storage vessel.

[0016] In order facilitate mixing in the RIM system, the mixing chamber preferably
includes an L head for mixing the prepolymer and the chain extender. As a result, the
system may be capable of combining (and preferably completely mixing) the prepolyimer
and the chain extender at a weight ratio of from 3:1 to 10:1 or greater than 5: 1.

{0017] I another embodiment, the invention 18 to a process for producing an article
i a reaction injection molding system, the process comprising the steps oft (a) Injecting a
prepolymer and a chain extender into a mixing chamber, wherein at least one of the
prepolyner and the chain extender is heated; and (b) inttiating a curing of the prepolymer
in the mixing chamber, wherein the prepolymer and the chain extender have a gel time
greater than 2 scconds, e.g., greater than 4 seconds.

[0018] Inn another embodiment, the invention is a process for producing an article in a
reaction injection molding system, the process comprising the steps oft (a) injecting a
prepolymer and a chain extender info a mixing chamber to form a reaction mixture,
wherein at least one of the prepolymer or chain extender is heated to reduce its viscosity
by at least 2000 centipoise relative to room temperaturg; (b) directing the reaction
mixiure fito a mold; and {¢) curing the reaction mixtare to form the article, As with the
previous embaodiment, the prepolymer and the chain extender prefevably have a gel time
greater than 2 seconds, e.g., greater than 4 seconds.

[0019] in the processes of the invention, at feast one of the prepolymer and the chain
extender that is heated preferably has a viscosity at 25°C that is greater than 3000
centipoise, e.g., greater than 5000 centipoise or optionally in solid form. The viscosity of
ihe at least one of the prepolyvmer and the chain extender that is heated ideally is reduced
by at least 2000 centipoise, e.g., by at least 4000 centipoise. The temperature of the
heating may vary widely, Preferably, at least one of the prepolymer and the chain
extender is heated 1o # temperature above 70°C, e.g., above 100°C. The process
optionally further comprises the step of heating the mixing chamber. In a preferved
embodiment, the process further comprising the step of independently heating at least one

of the prepolymer and the chain extender.
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{0020 The prepolymer preferably has a melting point in the range of greater than
60°C, e.g.. from 60°C-120°C. The prepolymer ideally has a NCO content of less than
153%, e.g., from 2 to 12%. At least one of the prepolymer and the chain extender
preferably has a melting point below 30°C. The prepolymer may, for example, be a
toluene dissocyanate("TDI")-based prepolymer or a diphenyhmethane diisocyanate
MDD -based prepolymer.

{0021} The cham extender preferably has a melting point in the range of 40°C-140°C
or greater than 60°C. As examples, the chain extender may be a halogenated aromatic
diamine or a halogenated diaromatic diamine. The chain extender optionally is selected
from the group consisting of methylene bis arthochloroaniline (MOCA), methylene bis
diethylanaline (MDEA), methylene bis chlorodisthylanaline (MCDEA), and
hydroguinone-his-hydroxyethyl ether (HQEE).

[0022] In some exemplary preferred combinations, the prepolymer is MDI-based and
the chain extender is DMTDA; the prepolvmer is TDI-based and the chain extender is
selected from the group consisting of MDEA and MUDEA,; the prepolymer is TDH-based
and the chain extender ts DETDA; or the prepolymer is MDI-based and the chain
extender is seleeted from the group consisting of MOCA and MCDEA. In another
combination, the prepolymer is the reaction product of a polyol and an aromatic
diisocyanate and the chain extender is a diavomatic diamine,

{0023] The resulting article preferably Is highly durable and exhibits high
performance properties. For example, the resubiing article preferably has a hardness of
43 1o 85 Shore D and preferably softens by less than 30 Shore D units when heated to

150°C.

BRIEF DESCRIPTION OF THE DRAWINGS

{0024} The present invention will be better understood in view of the non-limiting

figures, wherein like characters refir to the same or similar parts throughout the views,
and in which:
FIG. 1A is a schematic diagram of a heating system for a RIM system arranged in

accordance with an embodiment of the present invention;
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FIG, 1B is a schematic diagram of two heating systems for a RIM system
arranged in accordance with an embodiment of the present invention;

FIG. 1C is a schematic diagram of a heating system for one vessel of a RIM
system arranged in accordance with an embodiment of the present invention;

Fit3. 2 is a Table summarizing the material properties of polyurethane articles
formed in Examples 1-13;

FIG. 3 is a Tabls summarizing the material properties of polyurethane articles
tormed in Comparative Examples A-H; and

FIG. 4 1s a Table summarizing the material properties of polyurethane articles

formed in Comparative Examples 1-O.

DETAILED DESCRIPTION OF THE INVENTION

introduction

[0025] The present invention relates to reaction injection molding (RIM) systems and
processes for producing polyurethane articles, preferably high performance polyurethane
articles. RIM processes and systems rapidly mix two components, such as a prepolymer
niixtare and a chain extender, on a continuous basis and without a dynamic mixer or
other moving wixer parts. Instead, the mixing is accomplished by the impingement of
two high pressure streams that are spraved toward one another in a mixing chamber. The
mixed components begin to react in the mixing chantber and exit into a mold. Typically,
the mixing chamber is a small cylindrical tohe that inclades a hydraulically driven control
rod that serves o simultaneously shut off flow and clean out the tube when the rod is
pushed forward toward the mold. Also the conirol rod may start the flow of both streanws
into the chamber and, subsequently, into & niold when the rod is pulled back away from
the mold. Conventional RIM systems employ low viscosity prepolymers and chain
extenders and cannet form high performance polyurethane articles from prepolymers and
chain extenders, either or both of which are solid or have relatively high viscosities at
23°C. The RIM systems and processes of the present invention provide the ability to
formy such high performance articles from these high viscosity or solid materials. More
specifically, the present invention relates to an externally heated RIM system and RIM

processes for producing polyurethane articles, preferably high performance polyurethane
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articles, as defined herein, from prepolymers and/or chain extenders that are solid or have
high viscosities at room temperature.

{6026} One advantage of the present invention is that high performance polyurethane
articles having properties ordinarily obtained only through dynamic meter-mixing may be
produced using the modified RIM system. Without heating to decrease viscosities, such
high viscosity prepolymers and/or high viscosity chain extenders, as described in greater
detail below, could not be effectively pumped, mixed or ntherwise processed in standard
RIM systems. Therefore, solid or high viscosity prepelymers and solid or high viscosity
chain extenders could not be used in conventional RIM systems, and, accordingly, high
performance polyurethane articles having properties similar to articles obtained through
meter-mixing could not be produced through conventional RIM systems.

Heated RIM Svstems and Processes

{0027} At least g portion of the RIM system of the invention preferably is heated
internally or, more preferably, heated externally using one or more heating systems, For
example, in one aspect, the RIM system comprises one or more jackets that surround a
portion of the RIM system. In this embodiment, one or more heating elements or heating
units muay, for example, heat a fluid, e.g., an oil, which is pumped through the jackets
such that one or more of the components, e.g., the prepolymer and/or the chain extender,
used in the RIM system are maintained at an elevated temperature in order to reduce the
viscosity of either or both components and render them suitable for a RIM process.
{0028} Alternatively, the temperature of the system or portions thereof may be
elevated with other heating elements known in the art, e.g., electrical heat fracing or a
heated air chamber. In a preferred crabodiment, the elevated temperature at which one or
more of the compenents are yaintained is greater than 60°C, e.g., greater than 80°C,
greater than 100°C or greater than 120°C. In terms of vanges, the elevated temperature
optionally ranges from 30°C to 140°C, £.3., from 30°C to 135°C, or from 60°C to 1207C.
n a preferred aspect, the RIM system is exdernally heated such that at least one of the
conmponents used to make the polyurcthane elastomer is heated and has a heated viscosity
that renders it suitable for RIM processing. For example, the heated component or
components, .g., heated prepolymer and/or heated chain extender, may have a heated

viscosity that ts less than 3000 centipoise, e.g., less than 2000 centipoise or less than

~nf
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1000 centipoise. In another embodiment, the RIM system is externally heated such that
the viscosity of at least one of the components used to make the polyurethane elastomer,
¢.g8., the heated prepolymer and/or the heated chain extender, is reduced by at least 2000
centipoise, €.2., by at least 3000 centipoise or by at least 4000 centipoise, in relation to
the viscosity of the respective component at 23°C. At such reduced viscosities, the
components nmay be injected mto a mixing chamber and sufficiently mixed under RIM
mixing conditions to form a high performance polyurcthane clastomer,

[0029] In one embodiment, at least a portion of the RIM system is heated, e.g.,
externally heated, in order o decrease the viscosity of the prepolviner and render the
prepolymer suttable for RIML In this embodiment, the RIM systems of the present
invention are capable of using prepolymers having a viscosity at room temperaturs
{257C} that is greater than 3000 centipoise, e.g., greater than 3000 centipoise, greater than
&Q0U centipose, greater than 10,000 centipoise, greater than 20,000 ¢Ps or i a solid
state, which is defined herein as having a viscosity greater than 40,000 ¢Ps. Such
prepolymers may or may not require chain extenders that are high in viscosity or solid at
room temperature in order to meet the performance needs of the article. In this aspect,
the chain extender that is emploved in the RIM system may or may not be heated. Thus,
conventional RIM chain extenders may be employed in this aspect of the invention.
[0030] Conversely, in another emmbodiment, at least a portion of the RIM system is
heated, e.g., externally heated, in order to decrgase the viscosity of the chain extender,
e.g. melt the chain extender, and render the chain extender suitable for RIM. In this
embodinment, the externally heated RIM systemt may employ a chain exiender, for
example, having a viscosity at 23°C that is greater than 3000 centipoise, e.g., greater than
3000 centipotse, greater than 8000 centipoise, greater than 10,000 centipoise, greater than
20,000 ¢Ps or in a solid state, as defined above. Such chain extenders may or niay not
require the use of prepolymers that are high in viscosity or solid at room temperature in
arder to meet the performance needs of the article. In this aspect, the prepolymer that is
employed in the RIM system may or may not be heated. Thus, a conventional RIM
prepolymer may be employed in this aspect of the invention.

{8031} In another embodiment, the RIM system may be externaliy heated to decrease

the viscosities of both the prepolyvmer and the chain extender.
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[6032] Thus, by heating either or both the prepolymer and/or the chain extender, the
externally heated RIM system may be capable of emploving a prepolvmer and a chain
extender, either or both of which have a viscosity at 25°C that i3 greater than 3000
cenlipoise, e.g., greater than 3000 centipoise, greater than 8000 centipoise, greater than
10,000 centipoise, greater than 20,000 cPs or in a solid state,

{0033} Inn a preferred embodiment, the prepolymer and the chain extender are heated
ndependently of one another. This aspect is desirable in that it provides the ability to
carefully and independently control the viscosities of the prepolymer and the chain
extender in those circumstances in which the prepolymer and chain extender have
slevated temperature viscosities that differ, perhaps significantly, from one another,
Under such circumstances, each component may require a different degree of heating in
order to achieve a viscosity suitable for RIM processing. For example, & prepolymer may
require a temperature of T0°C to be reduced to a viscosity of 3000 centipoise, while the
chain extender may require a temperature of 100°C simply to melt.

{0034} In ancther embodiment, there iy provided a RIM process for forming an
article, in which the viscosity of at least one of the prepolymer or chain extender is
reduced through heating by at least 2000 centipoise, €.2., at least 3000 centipoise or at
least 4000 centipoise, relative to the viscosity of the composition at room temperature.
The prepolynier and chain extender are injected into a mixing chamber to form a reaction
mixture, which is subsequently directed into a mold and cured to form the article. The
process is capable of utilizing prepolymers and chain extenders having at least some of
the characteristics listed above.

Prepolymers

{0035) Industrial polyurethane clastomers are based on polvarethane prepolymers
that are formed by reacting polyols with excess molar amounts of ditsocyanate
memomers. For purposes of the present specification, the term “prepolviner” refers to the
prepolymer as well as any unreacted dilsocyanaie monomer mixed therewith,
Puolyurethane prepolymers may be obtained by reacting one or more polyols with the
diisceyanate monomer by procedures known in the art. See, for example, U.S. Published
Patent Application No, 2003/0065124, filed August 2, 2001, the entirety of which is

incorporated herein by reference. In such procedures, the molar ratio of diisocyanate to
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poiyol may be, for example, in the range of from 1.3:1 to 20:1. For diphenylmethylene
ditsocyanate (MDI)-based prepolymers, the molar ratio of MDI {o polyvol may be from
2.5:1t0 20:1. For a toluene diisocyanate (TD{)-based prepolymer, the molar ratio of TDI
to polyol may be from 1.5:1 to 4:1. The diisocyanate and polyol preferably are reacted at
a temperatures ranging from 30°C to 120°C, e.g. 50°C 1o 110°C.

10336] The polyols may comprise, for example, polyether, polyester,
polycaprolactone and polycarbonate or hydrocarbon polyols having molecular weights
ranging, for example, from about 200 to abowt 6000, e.g., about 400 1o ghout 3000, Such
polyvols include polvester of adipic acid, homo and copolyethers of ethylene and
propylene oxide, polyether of tetrahydrofuran, polycarbonate, hydrocarbon polyvel, and
mxtures thereof. In one embodiment, the polyols may coraprise glycols or iriols having
molecular weights from about 60 to about 400, e.g., about 80 to abowut 200, Such glycols
or triols include ethylene glveol, isomers of propylens glyeol, isomers of butane diol,
hexanediol, trimethylolpropane, pentaerythritol, poly{tetramethylene ether) glycol,
diethvlene glycol, triethylene glveol, dipropylene glyeol, tripropylene glyeol, and
mixtures thereof,

(0037} Representative polyols include polypropylene giveol (PPG) such as Acclaim
4220 (mw=4037) Bayer MaterialScience, PPG diol polymer from propylene oxide (PPG
4000), Acclaim 320] {mw=3074) Bayer MaterialScience, PPG-EQ diel (copolymer from
propylene oxide and ethylene oxide) (PPG-EO 3000), Arcol R-2744 (mw=2240) Bayer
MatertalScience, PPG diol (PPG 2000), poly{ethylene adipate) glycol (PEAG) such as
PEAG 1000 (mw=980) Chemtura Corporation, PEAG 2000 {(mw=1990) Chemtura
Corporation, and PEAG 2500 (mw=2592), Ruce Polymer Corp., poly(trimethylolpropane
cthylene adipate) glyeol (PFTEAG), poly{tetramethylene ether) glyeol (FIMEG), such as
Terathane™ 1000 (mw=994) Invista, Terathane™ 2000 (now=2040) Invista, tripropylene
ghycol (mw=192}, Aldrich Chemical Company, Inc., and diethylene giveol (mw=106),
Aldrich Chemical Company, Inc.

{0038} The ditsocyanate monomers that may be reacted with the polyols 1o form the
prepolymer may include, for example, aromatic diisocyanates, such as MDI, including
pure monomeric MDD, various modified MDI and polymeric MDI materials known in the

art, e.g., ester MDI and ether MDI, TDI including, for example, 2,4 TDI and 2,6 TDI and

10
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mixtures thereof, naphthalene diisocyanate (NDI), 3,3 -bitoluene dissocyanate {TOD,
and para-phenylene diisocyanate (PPDI), and aliphatic diisocyanates, such as 1,6-hexane
diisocyanate {(HDI), isophorone diisocyanate (IPDI), and methylene bis {p-cyclohexyl
isocyanate} (HpMDL.

{0039} In a preferred embodiment, the prepolymer, optionally a high viscosity
prepolymer, that is employed in the RIM system of the present invention is MDI-based.
Iry another preferred embodiment, the prepolymer, optionally a high viscosity
prepolymaer, is TDI-based. Optionally, the prepolywer is formed from a blend of these
THONONLETS.

{0040} One important factor in determining prepolymer viscosity is the type of poivet
used to produce the prepolymer. Homo and copolyethers of etirylene and propylene
glycol (PPG polyols) with molecular weights of 2000 or less generally give prepolymers
with relatively low viscosity at room temperature. Most other polyols, including
polyesters of adipic acid, polytetramethylene ether glycols, polycaprolactones,
polycarbonates, and hydrocarbon polyols generally give higher prepolymer viscosities.
As such, the PPG polyols have been preferred for existing room temperatare RIM
operations. However, the properties that can be obtained from such PPG poalvols are also
generally lower than those obtained from other, more viscous polyols. Recent advances
by producers of PPG polyols have lead to higher molecular weight polyols, e.g., greater
than 2000, greater than 3000 or greater than 4000, with reportedly better properties over
Jower molecular weight polyols. However, the higher molecular weight of these polyols
also results in prepolymers that are generally too high in viscosity for conventional RIM
processes and systems.

{8041} Another important factor determining prepolymer viscosity is the amount of
excess isocyanate nsed in producing the prepolymer. When TDI is the isocyanate used,
the potential for industrial hygiene issues from excass TDI is great {because of the
relatively high vapor pressure of TD1), and, thus, only relatively low amounts of excess
isocymnate can be used, e.g, 1.5 1o 41, Lol to 3.5:, or L0 10 3001, NCOaOH,
When MDI is the isoovanate used, the potential for such industrial hygiens issues is
fower (because of the very low vapor pressure of MDI), and a wider range of excess MDI

Jevels is used, e.g., 2.5:1 t0 20:1, 3:1 to 1501, or 3.5:1 10 1011, NCOIOH. High NCOOH

i1
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ratio prepolymers (TDH and MDI) resalt in lower viscosity prepolymers, and, thus, high
NCO:OH MDT based prepolymers have been preferred for existing room temperature
RIM operations. However, the properties that can be obtained from such high NCO:QH
MDI prepolymers are generally lower than those obtained from higher viscosity MDE and
THI prepolyvmers made with low NCO;OH.

[0042] Thus, the resnltant preferred prepolymers suitable for forming high
performance polyurethanes, as indicated above, may have high viscosities at room
temperature, such as viscosities greater than 3000 centipoise, e.g.. greater than 5000
centipoise, or greater than 8000 centipoise, or may he in the solid state at room
terperature. Exemplary ester MDE-based prepolymers include Vibrathane™ 8385,
Vibrathane™ 8593, and Vibrathane™ &572 made by Chemtura Corporation. Exemplary
ether MDI-based prepolymers include Vibrathane™ B623, Vibrathane™ B670,
Vibrathane™ B635 and Vibrathane™ B836 made by Chemtura Corporation. With the
exception of Vibrathane™ B670 and Vibrathane™ B635, the above-mentioned
prepolymers are solids at roomn temperature, Vibrathane™ B670 and Vibrathane™ B635
are high viscosity liquids af room temperature,

[0043] In one embodiment, the prepolymer has an NCO content of less than 13%,
e.g., less than 12%, less than 10%, less than 6%, less than 4% or less than 3%. Interms
of ranges, the NCO content of the prepolymer optionally ranges from 2 to 15%, e.g., from
2.5 10 12%, from 3 to 12%, from 3 t0 9%, or from 2 to 4%,

Chain Extenders

[0044] Once formed, the prepolymers and prepolymer mixtures are chain-extended
by various chain extenders i the RIM syatems and processes of the present invention.
The chain extender may comyprise, for example, water, diols, triols, diamines, friamines or
their mixtares, As indicated above, the chain extender optionally has a high viscosity at
room temperature, which is reduced upon heating in the heated RIM system of the
present invention. Optionally, the chain extender is in a solid state at room temperature,
[6045] Representative diol chain extenders suitable for use in the RIM systoms of the
present inverdion include 1,4-butanediol {BDOY), resorcinol di (beta-hiydroxyethyl) ether
(HER), resorcinol di{beta-hydroxypropyl) ether (HPR), hydroquinone-bis-hydroxyethyl

ether (HOQEE), 1 3-propanediol, ethylene glyenl, 1,6-hexansdiol, and 1,4-cyclohexans
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dimethanol (CHDM]); triols and tetrols, such as trimethylol propane and triethanolamine;
andd adducts of propylene oxide and/or sthylene oxide having molecular weights in the
range of from about 190 to about 500, e.g., about 250 to about 400, such as various
grades of Voranol™ (Dow Chemical), Plaracol™ (BASF Corp.) and Quadrol™ (BASF
Corp.).

{1646} Representative dimmine chain exienders suitable for use in the RIM processes
and systems of the present mvention include 4,4 -methylene-bis(3-chloro-2,6-
dicthylaniling) (MCDEA); diethyl toluene diamine (DETDA, Ethacure™ 100 from
Albemarle Corporation); tertiary butyl toluene diamine (TBTDA); dimethylthio-teluene
diamine {(DMTDA, Ethacure™ 300 from Albemarle Corporation); trimethylene glycol
di~-p-amino-benzoate {Vibracure™ A{57 from Chemiura Company, lnc. or Versalink™
740M fromm Alr Products and Chemicals); methylencdianiline (MDA):
methylenedianiline-sodivm chloride complex (Caytur™ 21 and 31 from Chenttura
Company); halogenated aromatic diamines, halogentated diaromatic diamines, such as
methyviene bis orthochloroaniline (MOCA); and methylene bis diethylanaline (MDEA).
{0047] Chain extenders may be used alone to cure the polyurethane prepolymer, or
alternatively, may be mixed with low to moderate arnounts of hydroxy or amine
terminated polyol to make a mixed curative. Addition of such hydroxy or amine
terminated polyols has the effect of increasing the equivalent weight of the curative
blend, as well as of softening the final polyurethane article that is molded. While this can
be beneficial either when improved ratios are desired for easter mixing, or when low
hardness is needed, the use of such polyols is known in the art to compromise physical
and dynamic properties. Therefore, use of such hydroxy or amine terminated polyols is
preferably Himited to less than 50 mole % e.g. less than 30 mole%, or less than 20 mole¥
of the curative mixture.

{1048] In addition to the ability {o use prepolymers having high room temperature
viscosities, the present invention provides the advantage of optionally utilizing chain
extenders that are solid or have high viscosities, e.g., viscosities greater than 3000

centipoise, greater than 5000 centipoise or greater than 8000 centipoise, as measured at

H -

room temperature. Further, chain exienders that are solids at room temperature may be

used with the embodied processes and systems of the present invention. Examples of
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preferved chain extenders include aromatic diamines, .., diaromatic diamines, e.g.,
halogenated diaromatic diamines. Specific examples include MOCA, MDEA and
MCDEA. Another exemplary chain extender is HQEE.

{049 When a chain extender that is solid at room temperature, e.g., MOCA, MDEA
and MCDEA, is utilized in accordance with embodiments of the present invention, the
solid chain extender is heated thereby vielding a liquid chain extender having a viscosity
suitable for being utilized in a RIM process.

Preferred Prepolvimer and Chain Extender Combinations

{0650] Another advantage of the RIM processes and systems of the present invention
is that they provide the ability to use combinations of chain extenders and prepolymers
that result in gel times less than 60 seconds, e.g., less than 30 seconds or less than 10
seconds. Such combinations are typically not utilized in conventional dynamic meter-
nuxing systems because the fast cure time would foul the mixing chambsr and cause poor
mixing, or cause the moving mixer parts to seize. A non-limiting example of a fast
curing combination ts Vibrathane™ 8593 cured with MOCA. Another example is
Adiprene™ LF1900 cured with MDEA. Accordingly, the RIM systems and processes of
the present invention provide the ability to employ combinations of prepolvmers and
chain extenders that are react quickly, e.g., a MDI prepolymer and MOCA combination,
that had not previously been feasible in meter-mixing processes.

§0051) In one ensbodiment, the heating in a RIM process and system of the above-
identificd prepolymers {e.g., high viscosity prepolymers or solid prepolyimers) andfor
chain extenders {¢.g., high viscosity chain extenders or solid chain extenders) may
facilitate production of high performance polyurethane articles having properties similar
to articles obiained through meter-mixing in a cost effective process.

{0632] In one preferred embodiment, a MD{-based prepolymer and a MOCA chain
extender are reacted via the RIM process and system to produce a polyurethane article.
One suitable prepolymer is an ester MDI-based prepolviner such as Vibrathane™ 8595
prepolymer. Such a combination may produce 3 polywrethane article with a high
hardness value, e.g., a Shore 1 hardness in the range of 45 to 85, or 50 to 30, Upon
heating to 150°C such a polyurethane article softens by less than 30 Shore ID units, e.g.

fess thane 20 Shore D units. Such 2 polywrethane article has a low thermoplasticity when
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compared to an article produced via a dyvnamic meter-mixed system. As an example, an
article of Vibrathane™ 85935 cured with MOCA and processed via a RIM system, ig
improved over an article of Vibrathane™ 8570 cured with MOCA. Alternatively, other
ester MDM-based prepolymers such as Vibrathane 8585 and Vibiathane™ §572 are
utihzed. As another alternative, cther MDI-based prepolvmers, such as Vibrathane™
B6235, Vibrathane™ B635 and Vibrathane™ B670 are utibized.

{0053} Various novel combinations of prepolymers and chain extenders may be
eniployed in the RIM processes and systems of the present invention. In one
embodiment, for example, the prepolymer is TD-based and the chain exiender is selected
from the group consisting of MDEA and MCDEA. In particular, the MDEA-cared TDIs
produced using embodiments of the present invention provide dynamic performance
comparable to the dynamic performance expected of a high performance hot cast
polyurethane. In another embodiment, the prepolymer is TDI-based and has a high
dilsocyanate content and the chain extender comprises MCDEA.

3054} The simple mixing configuration of RIM systems allows an operator 1o use a
fast reacting system that takes from 1 to 40 seconds, e.g., 2 to 20 seconds or 5 to 10
seconds, which is economically deswwable. In preferred embodiments, the combination of
prepolymer and chain extender have a gel time from 3 1o 60 seconds, e.g., from § to 60
seconds.

{0055} In s REM system, generally speaking, fast reacting prepolymer/chain extender
mixtures do not foul or gel the mixing chamber because the residence time of the mixture
in the mixing chamber i3 very low, e.g., less than 0.5 seconds or less than 0.2 seconds.
Gel times less than 3 seconds, and particularly less than 2 seconds, however, are
generally less desired doe to problems in processing that may result for such
prepolymer/chain extender combinations. In addition to processing problems, such short
gel thimes require cither the use of a very large RIM machine, or greatly limit the size of
paris that can be molded. This is because of the poor flow that results from the increasing
viscosity as the mold fills. Also, large RIM machines are less desirable not only because
of considerably higher cost, but becanse the high flow rates increase velocity and
lurbalence tn the mold, resulting in increased likelthood of bubble entrapment issues. In

addition, gates, runners, dams, and vents all need to be increased in size, resulting in

[
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inereased waste. Thus, the combination of prepolymer and chain extender preferably are
selected such that they provide a gel time greater than 2 seconds, ¢.g., greater than 3
seconds, greater than 4 seconds, or greater than 3 seconds. In this context, “gel time”
means the time period between the mixing of the prepolymer and chain extender and the
point at which a | second test shot in 2 cup no longer flows at all (no movement when
turned 90° 1o the sude) .

H0056] Also, fouling is Hmited becawse the control rod provides positive mechanical
cleanout of the mixing chamber when shut off, This provides the operator ample time to
open the mold, remove the formed article, clean the mold, prepare the mold for the next
mjection, close the mold, and inject more components to produce another article. The
process is economical because only a few mimutes is required before a polyurethane
article may be demolded. Also, fewer molds are needed to achicve high productivity as
compared o other processes,

Exemplary RIM Systems

{0657] FIG. 1A is a schematic diagram of an exemplary RIM system 100 according
{0 one embodiment of the present invention. The RTM systern 100 comprises g mixing
chamber 102, prepolymer vessel 104, prepolymer punp 107, chain extender vessel 106,
chain extender pump 1077, feed conduits 119 and 119, recirculation conduits 105 and
1057 and mold 108, Optionally, the prepolymer vessel 104 and chain extender vessel 106
may be a storage vessel. Vessels 104, 106 preferably serve to supply the respective
component (o the RIM system. Accordingly, other devices known to those skilled i the
art to supply the components may be utilized.

{0058} To inttiate operation of the RIM system 100, high pressure recirculation is
established through feed conduits 119 and 119 and recirculation conduits 105 and 1057,
High pressure is supplied by pumps 107 and 1077, which are of a type known in the art,
2.2, rotary piston pumps, radial piston pumps, gear puraps, hydraulic or mechanically
driven cylinder pumping devices. (ther devices suitable for obtaining pressures of at
least 300 psi {3447 kPa), e.g., al least 1000 psi (6893 kPa) or at least 1500 psi (10342
kPa) can be utilized. In one embodiment, pump 107 pumps the prepolymer from the
prepolymer vessel 104 to the mixing chamber 102 via feed conduit 119, which conveys

e

pressurized prepolymer. Similarly, pump 107" pumps the chain extender from the chain
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extender vessel 106 to the mixing chamber 102 via feed conduit 119°, which conveys
pressurized chain extender. A control rod 101 is moved in the direction of arrow 103 and
thereby opening conduits 119 and 119’ from vessels 104, 106, respectively, and allowing
the prepolymer and chain extender to be ntroduced, ¢.g., sprayed or injected, into mixing
chamber 102, In a preferred embodiment, recirculation conduits 105 and 1037 are closed
at the time that conduits 119 and 119 are opened to mix chamber 102 to ensure that all
prepobyimer and chain extender Howing through conduits 119 and 1197 s fed to mix
chamber 102, When the control rod 101 s moved in the direction opposite arrow 103, no
prepolymer and/or chain extender are introduced, e.g., sprayed or injected, into the
nuxing chamber 102, In this preferred embodiment, recireulation conduits 108 and 1087
are open $o as to convey the respective prepolymer and chain extender from the
respective feed conduit 119, 119 back to the respective vessel 104, 106, thus establishing
a high pressure circulation loop. In one embodiment, whenever the contrel rod is moved
in the direction opposite arrow 103, e.g., when conduits 119 and 1197 are closed to the
mixing chamber 102, recirculation conduits 105 and 105 remain open and allow for the
continued circulation of material. Optionally, this is simultancously accomplished by
same movement of conirol rod 101, In another embodiment, the recirculation conduits
105 and 1037 arve at least partially open when feed conduits 119 and 119° are opexn.
Alternatively, a valve (not shown) external to the mix chamber is actuated to prevent
material from entering conduits 105 and 105° while materials are being fed to the mix
chamber. The prepolymer from vessel 104 and chain extender from vessel 106 are
mjected or sprayed into mixing chamber 102 together and thoroughly mixed through
mpingement thereof in order to indtiate a curing reaction between the two materials and
forming a reaction mixture.

[059] By coutinued mntrodaction of prepolynier and chain exiender into mixing
charnber 102, the reaction mixture within mixing chamber 102 is directed from mixing
chamber 102 to mold 108 where the reaction mixture of the prepolvmer and chain
exiender is shaped to form the desired polyurethane article. Optionally, mold 108 1s
heated, e.g., placed in an oven or heated with heating oil, glycol, water, elecirical
resistance heaters, air or other forms of external heating, to facilitate curing of the

reavtion mixture. Once the mold is filled, the control rod 101 is optionally moved in a
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direction opposite arrow 103 in order to stop the flow of prepolyiner from vessel 104 and
chain extender from vessel 106 as well as mechanically elean mixing chamber 102, &t
will be appreciated that other elements commonly known in the art of RIM processes can
be utihized n corabination with the elements mentioned,

{0060} RIM system 100 also comprises a heating system 110 that comprises a heating
unit 112, jacket 114, heating inlet ling 116 and heating outlet line 118, The puwrpose of
the heating system 110 is to heat a heating medium, e.g., fluid, which is then divected to
jacket 114, The heated heating mediung, e.g., fluid, optionally oil, in heating unit 112
entars jacket 114 through heating inlet line 116 and retorns to heating anit 112 through
heating outlet line 118, The fluid may be a conunercially available heat transfer medium,
&.2., one of the Dowtherm™ fluids from Dow Chemical Co. In other embodiments, the
heating medium, ¢.g., heating Huaid, is air, water, glycol, mixtures of water and glycol or
another hiquid with suitable temperature resistance, fluidity and heat transfer
characteristics. Heating unit 112 may reheat the heating medium, e.g., fluid, and return
the re-heated flaid to jacket 114, Heating system 110 externally heats the RIM system
100 such that the components in cach vessal 104 and 106 maintain a viscosity sufficient
to be injected into mixing chamber 102

{6061}  Asshown in FIG. A, jacket 114 partially surrounds prepolymer vessel 104,
chain extender vessel 106, the interconnecting feed condsits 103 and 105° and
recirculation conduits 119 and 1197 and parts of the RIM system 100, In other
embodiments, various jackets partially surround each part of the RIM system 100, In still
other embodiments, various jackets completely surround each part of the RIM system
100. The thickness of jacket 1 14 should be sufficient to allow proper flow of the heating
fluid, and sufficient heat transfer to the systems being heated. Optionally, jacket 114 is
further insulated with a terperature resistant insulating material, e.g., fiberglass or foam
insulation, to reduce the loss of heat to the air surrounding the system, thereby reducing
the overall beating load on heating system 110, as well as the Hlow requirenients for the
heating fluid.

{0062} In stall other embodiments, fluid and/or ol tracing lines (not shown) are
positioned adjacent the conduits and utilized in place of jacket 114. Such tracing lines

may be added or removed from one or more parts of the RIM system as dictated by

I8
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processing parameters, or as needed for maintenance purposes. Optionally, tracing lines
are layered upon one another. As an example, multiple tracing lines may wrap around
the interconnecting conduits in a concentric fashion. It should be understood to those
skilled in the art that suitable tracing hoes may surround, either partially or fully, the
portion of the RIM system such that the viscosities of the prepolymer and/or the chain
extender are sufficiently lowered.

[0063] Simifarly, the heating system shown in FIG. 1A is exemplary, and other types
of heating systems may be employed, such as, for example, electric heating coils, tracing,
glectrical resistance heaters, hot air chambers, and/or heating lamps. Of course, other
types of heating svstems known to those skilled in the art may be utilized. While fluid
heat transfer systems are preferred, practicality often dictates that some parts of the
system that are difficult to heat with fhud be heated by electrical resistance or other
external heating method, even if fluid heating is used for the majority of the system, e.g.,
the tanks and all the main conduits. These parts that are difficult to heat inchude, for
example, ethows, valves, pumps, meters, and the mix head. These parts may not lend
well to jacketing or oil tracing.

[0064] Other sutable configurations of heating systems 110 of the present invention
are shown in FIGS. 1B and 1C. In FIG. 1B, the RIM system 100 comprises two
mdependent heating systems 110, 110°. Each heating system 110, 110’ comprises a
respective heating onit 112, 1127 which is connected to a separate jacket 114, 1147
through respective heating inlet lines 116, 116" and heating outlet lines 118, 118", Jacket
{14 in FIG. 1B surrounds prepolymer vessel 104, while jacket 114° surrounds chain
extonder vessel 106, In addition, jacket 114 surrounds feed conduit 119 and recirculation
conduit 103 and jacket 1147 surrounds feed conduit 1197 and recirculation conduit 1057
First heating system 110 may heat the fluid to a different temperatare than second heating
system 110" heats s corresponding thid in order 1o allow for independent heating of
each component, e.g., heating of the prepolymer and/or chain extender. Thig
embadiment may be desirable, for example, where the prepolymer and chain extender
have sipnificantly different viscosities at elevated temperature thereby necessitating
heating to different temperatures in order to provide viscosities for the two components

that are suitable for mixing thereof in mixing chamber 102, In the configuration shown



WO 2009/151882 PCT/US2009/044328

in FIG. 1B, the mixing chamber 102 is unjacketed. This may be acceptable if the heat
from the materials heated upstream of the mixing chamber is, on is own, sufficient to
maintain the head temperature at a level acceptable for the materials being used.
Preferably, the mixing chambsr is independently heated with electrical resistance, or
other heat source, to provide independent control of the mix head temperature relative to
the prepolymer and curative temperature being used. Of course, in other embodiments,
ihe mixing chamber may also be jacketed. Although in FIG. 1B, two heating systems
110, 110 are shown, additional heating systems and elements may be employed in other
embediments of the present invention in order to carefully control the viscosities of the
prepolymer and chain extender. Optionally, one heating system may be used to supply a
heated fluid to both jackets 114, 1147, In another aspect, not shown, mixing chamber
102 is jacketed, and etther heating system 110, 1107 or a third heating system (not shown}
heats mixing chamber 102,

[0065] It the configurations shown in FIG. 1B, the heated fluid for the prepolymer
vessel may be set at a first temperatore while the heated fhud for the chain extender may
be set to a different second temperature, This provides for the mixing of prepolymers and
chain extenders having different elevated temperatire viscosities, which allow
embodiments of the present invention to use a broad range of prepolymer/chain extender
combinations. As an example, a high viscosity prepolymer, e.g., an ester MDI-based
prepolyiner, may be reacted with a chain extender that is solid at room temperature, e.g.,
MOCA, in the RIM aystem of the present invention. In this aspect, the MOCA could be
heated to a temperature higher than that to which the ester MDI-based prepolymer would
be heated in order to provide a viscosity for the MOCA that is suitable for RIM
provessing. For example, the temperature of the heated fhuid may be as high as 180°C,
.g., as high as 160°C, as high as 140°C or as high as 120°C. In a preferred embodiment,
to facilitate nuxing of the two components, one or move of the chain extender and
prepolyvmer are heated, optionally independently of one another, such that the diffevence
in viscosities between the two components iy less than 2000 ¢Ps, e.g., less than 1000 ¢Ps
or less than 300 ¢Ps. The difference in temperature between the prepolymer and chain
extender (or vice versa) optionally is greater than 20°C, e.g., greater than 30°C or greater

than 30°C.
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[0066] In FIG. 1C, heating system |10 comprises 8 jacket 114 that swrounds
prepolymer vessel 104, feed conduit 119 and recirculation condait 103, but not the
corresponding structures for the chain extender vessel 106, In this configuration, the
chain extender component in vessel 106 may have a viscosity at room temperature that is
suitable to being used in the RIM system. Although in FIG. 1C, heating system 110 1s
shown as surrounding prepolymer vessel 104, in other embodiments, heating system 110
may surround either mixing chamber 102 or vessel 106.

[0067] In another embodiment, not shown, the heating system comprises a jacket that
surrounds chain extender-vessel 104, the feed conduit and the recireulation condait
associated with the chain extender vessel, but not the corresponding structures for the
prepolymer vessel 104, In this configuration, the prepolymer component may have a
viscosity at room temperature that is suitable to being used in the RIM system.

[0068] Although not shown in FIGS. 1A-1C, the RIM system may comprise
additional parts such as conduits, chambers, pumps, valves, regulators, vents, meters,
sensors and control devices. Depending on the type of metering pumps used and the
viscosity of the materials being pumped, an additional pump, called a feed pump, may be
cmployed to supply the metering pump with positive pressure, improving the
performance of the metering pump. Such feed pump{s) may have their own recirculation
loops back to the vessels, so that they can be operated with pressure control, at a flow rate
higher than needed by the metering pump, such that the metering pump is guaranteed to
have ample supply of material at acceptable pressure.

[6069] In addition, a recirculation groove may be employed in the control rod, for
high pressure recirculation, and a recirculation bypass valve at or near the head, for low
pressure recirculation, This allows recirculation of the components at low pressure
{recirculation valve open} when the machine is idle and the need for filling molds is not
muminent. This low pressure operation reduces stress and wear on the components that
would atherwise be subject to continuous high pressure. When preparing to fill a mold,
the recirculation valve is closed, and the machine enters high pressure recirculation.
Material is thus forced through a small orifice in the head, which is the same orifice used
{o spray material into the mix chamber during mold filling. However, since the control

rad i3 in the “closed” position, material is instead directed through a groove in the control
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rod o a point where 1t can return to the recirculation line, and thershy back 1o the vessel.
When steady pressure and the correct Bow rate are achicved, the control rod {and clean
ot vod, it the case of an “L” head) are rapidly moved to the “open™ position, therebhy
opening the material path to the mold and closing the path 1o the recirculation line,
{H074] In addition, while FIGS. 1A — 1C show only one prepolymer and one chain
extender stream for each system, plural prepolymer and chain extender streams can be
used in an analogous fashion, gach with its own heating system, pump, and conduits,
Alternatively, any number of these streams can share a heating system if it is not
anticipated that they will require different operating temperatures. Such plural stream
machines may be advantageous for molders wishing to use ditferent polyurethane
systems without the need for emptying, cleaning, and recharging prepolymer or chain
extender materials in tanks, conduits, and associated equipment. In addition, plural chain
extender streams allow the option of feeding two different chain extenders
sunultancously, with the ratio of the two chain extenders adjustable 1o allow the molder
o quickly and appropriately adiust the polyurethane properties hased on the needs of the
application at hand, Similarly, plural prepolymer streams allow the option of feeding two
different prepolymers simultancously, with the ratio of the two prepolymers adjustable to
allow the molder to quickly and appropristely adjust the polyurethane properties for the
needs of the application at hand,

{0071} in heated RIM systems such as those described herein, particular attention
should be paid fo “dead zones,” which are areas where material flow is msufficient, This
may be a particular problem with the a high viscosity or solid prepolymer coraponent,
because of the inberent heat sensitivity and instability of such prepolymer materials,
Ratary piston pummps, which are used in standard RIM systems, have besn known to be
susceptible to dead zones. Accordingly, metering pumps should be selected to minimize
dead zone problems. The metering pumps preferably inclade axial piston pumps, radial
piston pumps, gear-style pumps and hydraulically or mechanically driven cylinders,
More specifically, suitable pumps include, for example, gear pumps and radial piston
pumps made by Beinlich Pumpen GmbH and rotary pision pumps made by Rex-Roth.
{0072} Mixing chambers suitable for the present invention inclade chambers in which

the prepolymer component may be mixed with the chain extender component,
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Conventional RIM svstems are typically tatlored to operate at prepolymer:chain extender
weight ratios 1n the range of 3:1 to 13, with 1:1 being preferred, and are not well-suited
for operating under the weight ratios that are desived with many RIM systems and
processes that are capable of producing high performance polyurethane articles, such as
the preferred RIM systems and processes of the present invention. For example, in some
preferred embodiments, the mixing chamber and RIM system of the invention are
capable of mixing a weight ratic of prepolvmer to chain exiender that is greafer than 1:3,
e.g., greater than 1:1, greater than 3:1, greater than 511 or greater than 8:1. In terms of
upper range linits, the mixing chamber and RIM systen are capable of mixing a weight
ratio of prepolymer (o chain extender that is less than 15:1, e.g., less than 10:1 or less
than 5:1. In terms of ranges, the mixing chamber and RIM system preferably are capable
of mixing a weight ratio of prepolvmer to chain extender in a range from 13 to 15:1, e.g.,
i iS5t or 3] to 1kl

{00731 In one embodiment, as described above, the mixing chamber includes a
eylindrical housing with a hydraulically driven control rod disposed therein, The housing
defines a prepolymer inlet and a chain extender inlet that are preferably opposite one
another for supplving the respective components 10 the mixing chamber. The control rod
ts configured such that the control rod may block compoenent flow to the mixing chamber,
when fully mserted into the mixang chamber (elosed position}, or allow component flow
into the mixing chamber when the control rod is retracted from the mixing chamber {open
position}. In the closed position, when the rod is moved forwardly toward the mold exit,
the control vod blocks the flow of material, e.g., blocks the inlets, into the mixing
chambsr (and into the mold) thereby directing the flow of prepolymer and chain extender
to respective recirculation condutts, optionally via grooves in the control rod, and
optionally back to the vespective vessels. Also, as the control rod is moved forward and
io the closed posttion, the control rod engages the walls of the cylindrical housing to
mechanically clean the walls and inhibit cured material from sccummilating. To inttiate
mixing of the prepolymer and the chain extender, the rod is retracted away from the mold
therebry allowing prepolymer and the chain extender to flow, preferably in a spray, into
the mixing chamber from the respective inlets. The prepolymer and the chain extender

flows ideally are highly pressurized such that when the control rod is in the mixing
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position, the prepolyimer stream and the chain extender stream are impinged against one
another thereby fully mixing the components. Once combined, the mixture is
immediately conveyed out of the mixing chamber via a mixture outlet. Ounce out of the
mixing chamber the reactive mixture is conveyed to a container, preferably a mold,
where the mixture is shaped to form the polyurethane article.

[0074] As mdicated sbove, in a preferred embodiment, the RIM system and process
15 suitable for mixing a prepolymer and chain extender at different rates in order to
provide mixing at prepolymer:chain extender weight ratios that are greater than 1:1, In
one aspect, the RIM system: further comprises an L head, preferably a heated L head, for
facilitating mixing of the prepolymer and the chain extender. The L head has an L-shaped
nixing chamber, formed by the combination of two cylindrical head sections, each
having a control/clean out rod. The use of such an L head design improves mixing of the
component streams, particularly in cases where the weight ratio of prepolymer to curative
is far from 1:1, as is generally desired for the high performance polyurethane systems of
this invention. The L head is operated in a manner such that one control rod controds the
entry of prepolymer and chain extender into the mixing chamber {as with the cylindrical
housing, e.g., a single rod head), while the other rod, e.g., a clean out rod, opens and
cleans the second part of the head, providing additional mixing area for the material.
Mixing s improved for several reasons, including ncreased residence time, change in
direction of flow, and ability to only partially retract the clean out rod, thereby creating a
“pinch point” that creates wrbulence between the first and second portions of the mixing
chamber. Because the L housing provides betier mixing capabilities, this embodiment is
capable of effectively operating at a prepolymer to chain extender weight ratio that is
greater than 1:1, greater than 3:1, greater than 5:1 or greater than 8:1. Such rativs are
comrmaon with the high performance polyurcthane formulations utilized by the presemt
ivention.

{0075] Iin apother embodiment, the L housing includes seals as opposed 1o a tight
fitting metal control rod. This allows for fluctuations in metal tolerances as temperatures
change,

{0076} The present invention also relates to processes for producing a polyurethane

article using an externally heated RIM system. In one embodiment, the process
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compyises injecting a prepolymer and a chain extender into a mixing chamber and
Imitiating a curing of the mixture in a mixing chamber. According to the process, either
or both the prepolymer and/or the chain extender is heated.

[0077] In one aspect, both the prepolymer and the chain extender are heated. In
various erebodiments, the prepolymer and chain extender components each have a high
viscosity as described above and/or are solids at room temperature. The prepolymer
and/or the chain extender components, for example, may have a melting point above
A0°C, 2.g., above 60°C, above 80°C or above 100°C. In another embodiment, the
Process comprises injecting a prepolymer and a chain extender into a mixing chamber
and initiating a curing of the prepolymer in a mixing chamber, wherein only one of the
two components, 1.g., either the prepolymer or the chain extender, is heated in order to
reduce its viscosity.

[0078] In one ewbodiment, the process ineludes independently heating the
prepolviner components and the chain extender components, In this aspect, as described
above, heat is applied to vessels containing the respective componenis prior to the
injecting of the prepolymer and chain extender into the mixing chamber, In another
preferred embodiment, the independent heating of the prepolymer and the chain extender
further comprises heating the parts of the RIM system used o feed the prepolymer and
the chain extender to the mixing chamber. In another embodiment, the process includes
heating the mixing chamber. In one embodiment, the heating systems of the present
mnvention continuously heats all or a portion of the RIM system.

[0079] In another preferred embodiment, the process further comprises partially
curing and/or substantially curing the reaction mixture in a mold to form the article,
Following solidification in the mold and the attainment of sufficient physical properties
to allow handling of the article without damaging, the article may be removed so that the
mold can be immediately re~used to mold additions! articles. The demolded article is
then allowsd to finish curing, for example, while cooling and/or subsequently at room
temperature, or optionally, at elevated temperature in an oven.

Polvurethane Article Properiies

[B080] The above-described processes and systenos of the invention preferably form

articles having superior mechanical properties, which preferably render such articles

[
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suitable for high performance applications, Examples of such end uses includes: high
performance tires, wheels, bells, scraper blades, mining sereens, die cutting pads, pump
parts, bearings, bushings, springs, track pads, abrasive pads, seals, and suspension parts
for railroad, suiomotive, and heavy duty equipment.

{6081} An exemplary list of mechanical properties that may be considered for articles
intended for such high performance applications includes, but is not limited fo, the
following: Shore® A Hardness, Shore® C Hardness, Shore® D Hardness, Young’s
Modulas of Elasticity, Trouser Tear and Tangent Delta.

Shore A Hardness

{D082] Hardness of polyurethane articles is an important characteristic tor the high
performance polyurethane articles formed hy the systems and processes of the present
invention. According to preferred aspects, the hardness is express in terms of the Shore®
A Hardness, defined herein as the resistance to permanent indentation of a material as
determined with a Shore® A durometer. A Shore® A durometer determines a hardness
vahue for a given sample by applying pressure to the sample with a Durometer indenter
foot. If the indenter foot completely penetrates the sample, a reading of 0 1s obtained,
and if no penetration occurs, a reading of 100 results, The reading is dimensionless, The
corresponding ASTM test is designated ASTM D2240 00, the entivety of which is
mcorporated hercin by reference. Shore® C and Shore® D are determuined in similar
manners, however, different durometers and different measurement scales are utilized for
cach.

{0083] The degree of elasticity or stiffuess of the polyurethane articles of the present
invention may be characterized by Young's modulus {(B), alse known as the modulus of
elasticity. Young's modulus is defined as the ratio of the rate of tensile sivess to tensile

strain as indicated by the following formula:
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i tensile stress o FiA, N FL,
T tensile strain & ALJ Ly  AAL

wherein:

F is the force applied to the article;

Ag 15 the original cross-sectional area through which the force is applisd;

AL is the amount by which the length of the article changes; and

Ly is the ortginal length of the srticle.
{0084} Elasticity can be experimentally determined from the slope of a stress-strain
curve created during tensile tests conducted on a sample of the material. The stress—
strain curve for a particular sample 1s a graphical representation of the relationship
between stress, derived from measaring the load applied on the saraple, and strain,
derived from measuring the deformation of the sample, i.e., elongation, compression, or
distortion, In an exemplary procedure, a test specimen is prepared, e.z., die cut info a
pre~-determined shape, e.g., a rectangle, frony a larger sheet of sample material, From the
test specimen, the original cross-sectional area, Ag, is measured and recorded, as is the
fength, Ly, The test specimen may be temperature and/or humidity conditioned, Asan
example, the test specimen may be kept at up to 100% relative humidity, e.g., up to 75%
relative humidity, up to 50% relative humidity or up to 25% relative humidity. As
another example, the test specimen can be kept at up 1o 100°C, e.g., at least 75°C, at least
30°C, at least 257C or at least 0°C. The test specimen may, optionally, be kept at ambient
temperature and/or hamidity.
{6085} A load is then applied to the test specimen. An Instron® device may be
utilized to apply the load to the test specimen. The stron® device grips the test
specien on opposing ends and pudls the test speciment in opposing directions. The load
application device, e.g., Instron® device, measures the fores, F, utilized 1u pulling the
specimen. The amount of elongation, AL, undergone by the test specimen is measured.
Varipus F/AL data points are plotied fo develop the stress-sirain curve fur the particular
sample.
{0086] In addition to the stress-strain curve, the percent elongation can also be

determined via this test procedure. To achieve this, the amount of elongation, AL, just

[0
=3



WO 2009/151882 PCT/US2009/044328

prior to breakage is measured. This amount plus the initial length of the specimen is
compared to the initial length to calculate the pervent elongation.

“Trouser Tear”
{0087} The force necessary to propagate g tear in plastic film and thin shecting by a
single-tear method is often characterized by a Trouser Tear test. The corresponding
ASTM iest s designated ASTM D-1938, the entirety of which is incorporated herein by
reference. This test method rates the tear propagation resistance of various samples of
comparable thickness. In the Trouser Tear procedure, specimens are cut into 1 inch (2.5
cm) by 3 1nch (7.5 om) rectangles. A 2 inch (50 mm) cut is made down the center of cach
specimen leaving a “trouser-shaped” specimen having two equally sized legs. Unless
otherwise specified, the {est specimen is temperature and humidity conditioned, to 50%
humidity and 23°C., Conditions can be otherwise specified, e.g., the test specimen can be
kept at up to 100% relative humidity, e.2. up to 73% relative humidity, up to 50% relative
humnidity or up to 25% relative humidity. As another example, the fest specimen can be
kept at up to 100°C, e.g., at least 75°C, at least S0°C, at least 25°C or at least 07C.
{6088} A load is then applied to the legs of the test specimen. In an exemplary
embodiment, a tensile tester such as an Instron® unit 1s utilized to apply the load 1o the
test spectmen. One grip of the Instron® is attached to one leg and the other grip of the
Instron® is attached to the other leg. The load application device, e.g., Instron® device,
pulls cach of the legs of the test specimen in opposing directions. The Instron® device
measures the force, F, utilized in pulling the specimen. As the legs are pulled apart from
one another, the tear propagates. The test can be continued until the tear propagates
through the remaining 1 inch (25 mm) of the length of the sample. The Instron®
specifies the force utilized in pulling the specimen and the rate of separation of the grips.
The time elapsed until the tear propagates through the specimen, e.g., until the specimen
is broken into multiple pieces, is measared.

Modulus of Elasticiiy, Tensile Strength

{10189} The tensile strength, tensile modulus and pereent elongation are ofien
characterized by a tensile tear test. The corresponding ASTM test 1s designated ASTM

D412, the entirety of which is incorporated herein by reference.
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[(099] The testing involves a sample that is cut into a dumbbell shaped specimen.
The test specimen is gripped at opposite ends and a load is applied thereto. Inan
exemplary embodiment, an Instron® device is utilized to apply the load to the test
specimen. The load application device, ¢.g., Instron® device, grips the test specimen on
the opposing ends and pulls the test specimen in opposing directions. The Instron®
device can measure the force, F, utilized in pulling the specimen. In an exemplary lest
procedure, the specimen is pulled until it ruptures. The force required to rupture the
sample 1s the maximum tensile strength of the specimen. The amount of elongation, AL,
undergone by the test specimen can be measured as well. The Instron device measures

and records modolus of elasticity and/or tensile strength,

[0091] The modulus and viscoelastic properties of a particular sample in relation to
femperature is often characterized by dynamie mechanical analysis (DMA), including tan
&, loss modutus and storage modulus measurements. To obtain tan & valies, a rheometric
measurement device, e.g. a TA Ares® RDA, is utilized. A specimen of a particular size
and shape, e.g., a rectangle, is prepared. The sample is formed, e.g., die cat, into 8
rectangle of the dimensions 1.5 inches (3.75 em) by 0.5 inches (1.25 cm) by 0.25 inches
{0.68 cm). The specimen is subjected to a known strain by the TA Ares® RDA. The
storage modulus, (37, and the loss modulus, (37, are then obtained for the particular
specimen by the TA Ares® RDA, The storage modulus, (&7, relates 1o the storage portion
of the specimen. As the specimen is cycled through a specified strain, energy Is put into
the specimen. As it is released, the all of the stored energy is given back. The foss
modulus, 7, relates to the absorption portion of the specimen. As the specimen is
deflected or compressed, energy is absorbed into the specimen. As the specimen is
released from deflection or compression, all of the energy is not given back. The ratio of
the loss modutas, G, and the storage modulus, G, is equal to the tan 8.

{0092} The values for tan § can be plotted versus temperature. The temperature at
which the mintmum tangent della occurs, i.e., where the tan 8 bottoms out, will be the
critical temperatare, Te. In various optional embodiments, the polyurethane composition
s has a Tc greater than 70°C, e.g., greater than 100°C or greater than 110°C. Ina

preferred exanyse, Te is 110°C, At temperatures up o and below Te, the sample
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material will not melt or thermally break down under the known strain. At temperatures
bigher than Te, the sample material will melt or break down dug to runaway teraperature
increase under the same strain.
{0093} Polvurethane elastomer applications often build heat as a result of hysteresis
during flexing. For example, the polyurethane elastomers in a solid or structured wheel
flex once per revolution generating heat. If temperatures rise too high, internal melting of
the polyurethane can cause a failure of the wheel. Even if internal melting does not
occur, the increase in temperature can cause the material to soften (lower modulus),
reducing its ability to carry high loads. Also, the physical properties of elastomers are
generally lower at elevated temperatures, resulting in increase in wear and decrease in
tear resistance. Thus i 1s advantageous for a polyurethane to have a low tangent delta
and to maintain its modulus as the temperature rises.

Split Tear {ASTM D470)
{0094} The force required to initiate a tear in a plastic or clastomer material is often
measured by the ASTM D470 split tear test, the entirety of which is incorporated herein
by reference. In this fest, a sample 5.08 om long, 0.635 cm wide, and 0.1 to 0.38 em
thick (nominally 0.19 cm thickness) and flared (wider} at one end is slit with a razor
blade down the ength of the sample, ending 0,381 cm from the flared end of the sample.
As with the Trouser tear, the “legs™ of the fest specimen, after appropriate conditioning of
the sample, are clamped into the jaws of a tensile tester (such as an Instron®), and pulled
in opposite directions at a rate of 50 cm/min. Force vs. position data of the jaws is
recorded, and load/thickness is calenlated as the tear strength of the material.

Bie € Tear (ASTM D624}
{0095] The die C tear measures tear strength using a plastic or elastomer shest of
thickness simifar to that used for the trouser and the split tear. The shape of the test
specimen 18 eut i a “C” shape, with a right angle on the inside edge of the “C”. This is
the point of greatest stress concentration. For drawings and dimensions, see ASTM
D624, the entivety of which is incorporated herein by reference. The two ends of the “C”
are clamped in the tensile tester, and pulled in opposite directions at a rate of 50 cmy/min.
Force vs, position data of the jaws 18 recorded, and the tear strength is calculated as the

maxiroum load/thickness.
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EXAMPLES

{0096} The advantages and the important features of the present invention will be
more apparent in view of the following non-Hwmiting Examples.
[{0097] Tables 1A and 1B set forth the prepolymer and chain extenter components,

respectively, utilized in the following Examples.

TABLE 1A

PREPOLYMERS
Type SaNCO Physical Viscosity  Viscosily  Yiscosity
Fornn @ RT (a; 25C @ THC e 100C
{eps) (ops) {eps)

PREPOLYMERS
ADIPRENE® LF 1800 TP/ Bster 32 Sodid - 2800 B30
ADIPRENE® LF 1900 T/ Ester 4.1 Sadid 230G 506
ADIPRENE® LF 1850 T/ Ester 54 Sohid - 600 306
ADIPREKE® LF 950 TDL/ Bther 6.1 Yiscous >6000 500 156

Liquid
VIBRATHANE® 8585 MIM / Bster &.7 Sahd - 2400 700
VIBRATHANE® 8393 MDD/ Ester 9.6 Solid o o 400
VIBRATHANE® B623 MIN 7/ Bther 6.2 Yiscous >RGO o 00

Liguid
VIBRATHANER® BR36 MDI / Ether 8.3 Viscous >§000 - 440

Liguid
BAYFLEX®MP-3000 MDD / Ether . Liguid 700/1350 o e
BAYFLEXRMP-10000 MDD / Ether - Liquid TOOM3I50
BAYFLEXEMP-25000 MD1/ Ether Liquid FOOS1200 . e
BAYFLEX® XGT-80 MDI / Ether 22.6 Liquid TE0/E50 v
BAYFLEX® SGT-140 M/ ey 328 Liguid TIHWEZ0 e o
BAYFLEX® 110-50 MDD/ Biher e Ligquid TR0 - -
BAYFLEX® XGT-16 MDI / Fther 228 Ligud gL =
VIBRARIM® 813A MDI/ Ether 165 Liguid 30040 v -

Wiscosity for BAYFLEX®

{polysther}

products is denoted

as Part A {isocyanate} / Part B
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TABLE 1B
CHAIN EXTENDERS
CHAIN EXTENDERS Equivalent Physical Melting Viscosity
Weight Form @ RT Point, O
LONZACURE® MDEA 156 Sohd 87.89 e
ETHACURE® 100 DETDA 89 Liquid - Low -
Viscosity
ETHACURE® 380 DETDA W07 Liguid - Low —n
Viscosity
JEFF AMINE® S04 Amings 200 Liquid e Low
terminated Viscosity
Bolvether
JEFFAMIMNE®SD2001 Amine- 100 Tiguid - Low e
terrninated Viscusity
Polvether
VIBRACURE® 133 MOCA 133 Salid 110
Batanediol BDO 43 Laquid s Low e
Viscostiy
Fomrez 22-114 Polyester 450 Sohd 30 Viscous -
polvel Liguid
Hexanediol HDG 59 Solid 43 Low -
Viscosity

[0098] The elastomers of the following Examples were formed using a two
component RIM system that was heated primarily with two independent oil heating
systems. Onpe oil heating system was utilized on the prepolymer side, and the other oil
heating systern was utilized on the chain extender side. Ol was used (o heat tanks and
lines, while electrical tracing and heating elements were used on the head, and on fittings
that were difficult to heat with oil. The prepolymer and the chain extender were injected
into an “L” mixing head, at pressures of about 2000 psi (13790 kPa), unless otherwise
noted. Material exiting the head was injected into a large, oil heated test mold held at
about 104°C, unless otherwise noted. Samples were allowed to remain in the mold until
they had reached physical strength sufficient to demold without damage. Samples were
then post cured at 100°C to 113°C for 16 hrs before allowing to cool to room
temperatare, unless otherwise noted. Samples were held for ar least 7 days before testing

according to various ASTM methods.
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Example 1

{3099} ADIPRENE® LF1800 was heated in sealed 5 gallon (19 liter) pails overnight
in a 70°C circulating air oven. It was then charged to a prepolymer vessel of a RIM
machine, heated 1o 93°C, and degassed by application of vacoum while agitating. The
lines of the prepolymer side of the RIM machine were also preheated to 93°C, Vacuum
was stopped, and the prepolymer vessel was blanketed with nitrogen to 5 psi (34 kPa).
Circulation of prepolymer was established through the valves, lines, puanps, meters, mix
head recirculation valves, and back to the prepolvmer vessel.

{3100] As the prepolymer was being beated, 4,4 -methylenebis{2,6-dicthyljaniline
{(MDEA) (m.p. §7-89°C) was charged in powder form 1o the chain extender vessel. The
chain extender vessel temperature was set to 105°C. Once the MDEA was sufficienily
molten to allow agitation, the agitator was started. At this point the chain extender side
fines were also preheated with the 121°C oil. Once fully molten, vacuam was applied to
degas the MDEA. Once degassed, vacuum was stopped, and the tank was blanketed with
nitrogen o 5 psi (34 kPa). Circnlation of the chain extender was established through the
valves, lines, pumps, meter, mix head recirculation valve, and back to the chain extender
vessel.

{0101} Pump speeds were set for a total of 300 gim/sec, and at a ratio consistent with
a mix ratio of prepolymer to chain extender that equated to 95% theory. That is, the
amount of chain extender being pumiped was set to 95 squivalent % of the amount of
prepolyiner being pumped, based on the % NCQO of the prepolymer, and the aclive
primary amine or hydroxyl content of the chain extender. Calibration shots were taken of
each stream individually at 2000 psi (13790 kPa), and the meters were calibrated to read
accurately via the software of the RIM machine control system.

{6162} The RIM head was mated with an ol heated mold set to 105°C. An elastomer
gasket and clamp were used to prevent leakage or air entrainment at the interface, The
RIM machine was pressured up to 2000 psi {13790 kPa), and the meters were consulied
to verify correct flow rates. The START button was pressed and the hydraulic cylinders
of the L™ head opened to allow the two sireams o mix in the head and {ill the mold.
After a preprogrammed shot time had elapsed, the hydraulic systemn automatically closed

the head, thereby cleaning out the mixing chamber,
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{0103] The mold was lef} closed until a small amount of polyurethane mixture that
had been vented from the mold appeared to be tough and elastomeric. The mold was
opened and the test part was removed and placed into 8 115°C oven for a 16 hr post-cure.
The mold was cleaned, mold released, and closed for use on the next shot.

{0104] Alier the 16 hr post-cure, the fully cured elastomeric test part was allowed to
stand at least an additional seven days at room temperature.  After this time, test parts
were cut and tested for properties, according to applicable ASTM standards.

Example 2

{0105} Example 1 was repeated with a liquid chain extender, dicthyltoluenediamine
{DETDA), commercially available as ETHACURE® 100 by Albemarle Corporation, in
place of MDEA. Since DETDA is a room temperature lquid it swas charged at rooin
temperature and processed at low temperature 40°C (104°F).

Example 3

{0106} Example 2 was repeated vsing ADIPRENE® LF1900 instead of
ADIPRENE® LF1800 on the prepolymer side. The ADIPRENE LF1900, whichisa
solid al room (emperature, was processed at 93°C (200 °F),

Example 4

{47} Example 3 was repeated using a mixture of DETDA and JEFFAMINE®
SD401 (amine terminated pelyether, MW, 515) in place of pure DETDA. The weight
ratto of DETDA 1o JEFFAMINE® S3D401 was 1901, The temperatures used for the
prepolymer and chain extender were the same as in Example 2.

{0108] Example | was repeated, using VIBRATHANE®R 8585 prepolymer in the
prepolymer vessel (processed at 93°C (200 °F)) and a combination of 4,4' methylene bis
{2-chlovoanitine) (MOCA), available commercial as VIBRACURE®R 133, and
JEFFAMINE® 3D401 in the chain extender vessel, The weight ratio of MOCA to
JEFFAMINE® SD401 was | to 1. The chain extender vessel was set to 121°C (2507 F).
Example 6

10109} Example § was repeated with JEFFAMINE® 5D2001 (amine termunated
polyether, M. W.2050) in place of JEFFAMINE® SD401. The weight ratio of MOCA 1o
JEFFAMINE® SD200T was 1:1.2,
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Example 7

{0110} Example 1 was repeated using VIBRATHANE® 8393 prepolymer in the
prepolymer vessel (processed at 93°C (200°F)) and a combination of Fomrez 22-114
polyester polyol and butanediol in the chain extender vessel {processed at 74°C (165°F))
at 4 weight percent ratio of 3.3 to 1. A catalyst, dioctyltin dimercaptide, commercially
available axs FOMREZ® UL-32, was used to reduce the potlife and demold times.
[0111] Example 1 was repeated with VIBRATHANE® 8593 prepolymer in the
prepolymer vessel (processed at 93°C (200°F)) and MOCA in the chain extender vessel.
The chain extender vessel was set to 121°C (250° F).

Example 9

{0112} Example 8 was repeated with VIBRATHANE® 8585 prepolymer in the
prepolymer vessel {processed at 93°C (200 °F)).

Example 10

{0113] Example 9 was repeated with dimethylthictoluenediamine (DMTDA).
available commercially as ETHACURE® 300 by Albemarle Corporation, was used i
place of MOCA in the chain extender vessel. The chain extender vessel was set to 30°C
{85°F).

Example 11

HHi14] Example { was repeated with VIBRATHANE®R B6235 prepolymer {processed
at 82°C {180 °F}) in the prepolymer vessel, and MOCA {processed at 121°C {250° FY) in
the chain extender vessel.

Example 12

[0115] Example 11 was repeated with VIBRATHANE® B 836 prepolymer
{processed at 82°C (180 °F)) in the preplymer vessel.

Exanple 13

[0116] Example 12 was repeated using polytetramethylene ether glyeol (PTMEG)
and butanediol in a 1 to 1 weight ratio in the chain extender vessel. A catalyst, dimethyl
tin carboxylate, comumercially available as FOMREZ® UL-28, was used to reduce the

potlife and demold times.
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[0117] The material properties for the polyurethane articles formed in Examples 1-13
are shown in Table 2 (See FIG. 2}

Example 14 (Indesirably fast gel time)

Example 1 was repeated, but with VIBRATHANE®SSES i place of LF 1800 {processed
at 827C {(180°F)) and DETDA in place of MDEA. Since DETDA is a liquid at room

temperature, it was charged as such, and processed at 40°C (104°F). Gel time was

and DETDA. Therefore, a one second shot was taken in a cup to determine approximate
gel time, The system was found to have a gel time of about | second. The mold was
conmected to the mix head via a gasket and clamp, and an attempt was made to fill the
mold as best possible. However, meld filling was imcomplete as a result of the fast gel
fume, resulting in failure of the gasket, and material shooting out and onto the floor. The
partially formed part had some flow lines indicative of a possible mix problem. No
testing was performed on this material.

Comparative Examples

Comparative Examples A-H

{0118} Published properties of the following RIM prepolymer/chain extender
combinations are listed for comparison in Table 3 (See FIG. 3): BAYFLEX® MP-5000,
BAYFLEX® MP-10000, BAYFLEX®-25,000, BAYFLEX® XGT-80, BAYFLEX®
XKGT- 140, BAYFLEX® 110-50, BAYFLEX® XGT-16 (Bayer Corp) and
VIBRARIM® 813A (Chemtura Corp.). Each of these combinations includes a MDI
prepolymer and a polyether polyol. Properties of these existing RIM component
combinations within a similar hardness and modulus range are generally lower than those
of the combinations utilized in the RIM system and process of the invention, listed in
Table 2 (See FIG. 2}, It should be noted that these components are processed without
external beat. This trend is illusirated when comparing Examples 1.7, and 13 with
Coraparative Examples A, B, C, G and H and Examples §, 9, 10, 11, and 12 with
Comparative Examples C, T, Eand F.

Comparative Examples O

{3119} Published properties of the following commercial hot cast polyarethane

prepolymer/chain extender combinations are also listed for comparison in Table 4 (See
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FIG. 4): ADIPRENE® LF 1300/MOCA; ADIPRENE® LFIS00/MOCA; ADIPRENER
LFI930/MOCA; VIBRATHANER 8570/MOUA; VIBRATHANE®R R385/MOCA;
VIBRATHANE® 8505/MOCA; ADIPRENE® LFOSI/MOCA; VIBRATHANE®
395/BD and VIBRATHANE® 8385/BD-A123. Properties of these hot cast
polyurethane prepolymer/chain extender combinations within a specific hardness and
modulos range are similar to those of the combinations utilized i the RIM process of the
invention. This is illustrated by comparing Exawples 1-7 and 13 with Comparative
Examples I thru O, It should be noted, however, that processing costs are much higher
for a hot cast process than for a RIM process.

101201 The dynamic properties of Example 8 as well as the published physical
properties of Comparative Example L, the commercial hot cast polyurethane
VIBRATHANE® §570-MOCA combination, are presented for comparison in Table 5.
While one of the goals of the present fnvention has been o meet the performance of hot
cast propertizs with lower cost hot RIM, it has swprisingly and unexpectedly been found
that the dynamic properties of the RIM-processed combinations can be improved over
standard polyurethane combinations processed via a hot cast process. Hard esters such as
Comparative Example L are known to be difficult to formulate with superior dynamic

properties,
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TABLE S
HOT CAST PROPERTIES COMPARED WITH RIM PROPERTIES

Example g L
150
Prepolymer ngéijd 8.,5?{}
RIM Cast
Curative MOCA MOCA
%% Theory 93 95
Hardness 74D 730
Tangent Delta _ »
49%8train, 10Hz
30°C 0.095 0.223
SO°C 0.106 0.225
70°C 0.103 0.174
00 0.076 0.08C
150°C 0.050 0.047
Storage Mod, G _
{dyn'em®) x 1¢° - h
30°C 301 16.8
30°C 18.8 7.02
70°C 13.1 4.00
10 945 2.88
150°C 5.94 2.38

Any feature described or claimed with respect to any disclosed implementation may be

combined in any combination with any one or more other feature(s) described or claimed

with respect to any other disclosed implementation or implementations, to the extent that

the features are not necessarily technically incompatible, and all such combinations are

within the scope of the present invention, Furthermore, the claims appended below set

forth some non-lmiting combinations of features within the scope of the invention, but

also contemplated as being within the scope of the invention are all possible

combinations of the subject matter of any two or more of the claims, In any possible

combination, provided that the combination is not necessarily technically incompatible.
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Claims

i. An externally heated reaction mjection molding system in communication

with a prepolymer storage vessel and a chain extender storage vessel.

2. The system of claim I, wherein the systern comprises:
a mixing chamber for combining a prepolymer and a chain extender; and
a heating systemn for heating at least one of the prepolymer and the chain
extender upstream of the mixing chamber and downstream of the storage vessels,
wherein the heating systen heats ong or more conduits between the mixing chamber and
at teast one of the prepolymaer storage vessel or the chain extender storage vessel, and
wherein at least one of the prepolymer storage vessel or the chain extender storage vessel

are heated,

3. A process for producing an article in a reaction injection molding system
according to claims 1-2, the process comprising the steps oft

{a) mjecting a prepolymer and a chain extender into a mixing chamber,
wherein at least one of the prepolymer and the chain extender is heated; and

(b} mitiating a curing of the prepolymer in the mixing chamber,

wherein the prepolymer and the chain extender have a gel time greater than 2

seconds, preferably greater than 4 seconds.

4. The process of claim 3, wherein the at least one of the prepolymer and the
chain extender that is heated has a viscosity at 25°C that is greater than 3000 centipoise,

preferably greater than 5000 centipoise, most preferably is solid at room temperature.

5. The process of claims 3-4, wherein the viscosity of the at least one of the
prepolymer and the chain extender that is heated 1s reduced by at least 2000 centipoise,

preferably by at least 4000 cantipoise.
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6. The process of claims 3-3, wherein at least one of the prepolymer and the
chain extender is heated o a temperature above 70°C, preferably to a temperature above

LO0°C.

7. The process of claim 3-6, further comprising the step of:

hieating the mixing chamber.

S The process of claims 3-7, wherein the chain extender has a melting point
in the range of 40°C-140°C, preferably greater than 60°C, most preferably in the range of
HO°C-120°C .

9. The process of claims 3-8, wherein the prepolymer has a melting point

greater than 60°C.

10, The process of claims 3-89, wherein the prepolymer has a NCO content of

less than 15%, preferably of 2 to 12%.

1L The process of claims 3-10, wherein at least one of the prepolyner and the

chain extender has a meling point below 50°C.

12, The process of claims 3-11, wherein the chain extender is a halogenated
aromatic diamine, preferably selected from the group consisting of methylene bis
orthochloroaniline (MOCA), methylene bis diethylanaline (MDEA), methylene bis
chilorodiethylanaline (MCDEA), dimethylthio toluene diamine (DMTDA), diethyl
toluene diamine (DETDA) and hydroquinone-bis-hydroxyethyl ether (HQEE).

13, The process of claims 3-12, wherein the prepolymer is selected froma

toluene ditsocyanate“TDI )-based prepolvmer, a diphenylmethane diisoovanats

{“MDI")-basad prepolymers

40
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14, The process of claims 3-13, wherein the article has a hardness of 45 10 83
Shore D,

15, The process of claims 3-14, wherein the article sofiens by less than 30

Shore D units when heated 1o 130°C.
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