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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a process for preparing a fiber-reinforced rigid thermoplastic polyurethane
(TPU) composite article. The fiber reinforced thermoplastic polyurethane composites are made by a pultrusion process
where fiber bundles are drawn through a melt of TPU. The TPU melt contains a rigid TPU and a catalyst masterbatch.
The catalyst masterbatch is made from a TPU polymer containing a catalyst capable of depolymerizing TPU at melt
processing temperatures and repolymerizing the TPU as the melt is being cooled.

BACKGROUND OF THE INVENTION

[0002] Thermoplastic polyurethane (TPU) polymers are normally made by reacting a polyisocyanate with a hydroxy
terminated intermediate (known as a polyol) and a short chain diol chain extender. The hydroxy terminated intermediate
(polyol) forms the soft segment of the polymer, while the polyisocyanate and chain extender form the hard segment of
the polymer. The hardness of the TPU polymer can be controlled by the amount of hard and soft segments in a particular
TPU.
[0003] U.S. Patent No. 4,376,834 discloses a rigid TPU which is made using small amounts, and preferably no polyols.
The rigid TPU is made by reacting a polyisocyanate with a short chain diol chain extender. Rigid TPUs of this type are
often referred to as engineering resins and can be used in structural applications, such as automotive parts, and the like.
[0004] The rigid TPUs of U.S. Patent No. 4,376,834 have also found use in fiber composites. The normal method to
produce such composites is by a process known as pultrusion. In the pultrusion process, fibers are pulled through a
polymer melt to coat the fibers with the polymer. It is desirable to have the polymer melt have the lowest viscosity possible
to enhance the "wetting" of the fibers by the polymer. Good wetting by the polymer enhances the properties of the
composite.
[0005] The viscosity of the polymer melt can be reduced by increasing the temperature of the polymer melt. TPU
polymers tend to depolymerize when heated to temperatures necessary to lower their viscosity enough to achieve good
wetting of the fibers in a pultrusion process. When a TPU has been subject to depolymerization, it will have reduced
physical properties, such as modulus, impact strength and molecular weight.
[0006] It has been suggested that this problem can be solved by adding a TPU catalyst to the TPU reactants when
the TPU is first made. The catalyst would speed the depolymerization in the melt, thus reducing the melt viscosity, but
be available to repolymerize the TPU as the melt is cooled.
[0007] In processes, such as the one-shot polymerization process to make highly rigid TPU, adding catalyst to the
polymerization process can create other problems. Highly rigid TPU made by reacting a polyisocyanate with a short
chain diol, the reaction is very exothermic and is difficult to remove the excess heat in the one-shot process. The adding
of catalyst to this process increases the reaction rate and makes the problem more pronounced.
[0008] It would be beneficial to have a method of adding a TPU catalyst to an already prepared highly rigid TPU, so
the catalyst would be available in subsequent processing to depolymerize and repolymerize the TPU in a quick manner.
[0009] WO 01/02470 discloses a fiber-reinforced depolymerizable and repolymerizable thermoplastic composite that
is encased in a depolymerizable and repolymerizable thermoplastic resin. The process for preparing an encased fiber-
reinforced rigid thermoplastic polyurethane composite comprises the steps of drawing a fiber bundle continuously through
a melt obtained by heating a rigid thermoplastic polyurethane that contains a hydrolytically-and thermally-stable catalyst
to a temperature sufficient to depolymerize the thermoplastic polyurethane, impregnating the drawn fiber bundle with
the depolymerized thermoplastic polyurethane to form a composite melt, shaping the composite melt into an article, then
encasing the article with a thermoplastic resin.
[0010] US 4,129,611 discloses blends of two thermoplastic polyurethane materials. Dibutyl tin dilaureate is used for
preparing a thermoplastic polyurethane.

SUMMARY OF THE INVENTION

[0011] The present invention relates to

1. A process for preparing a fiber-reinforced rigid thermoplastic polyurethane composite article comprising the steps
of:

(a) drawing a fiber bundle continuously through a melt obtained by heating a blend of two thermoplastic poly-
urethane polymers, said blend comprising:
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(i) a first rigid thermoplastic polyurethane polymer, said first rigid thermoplastic polyurethane having a
hardness of greater than 60 Shore D;
(ii) a second thermoplastic polyurethane polymer, said second thermoplastic polyurethane having a hard-
ness of less than 98 Shore A, wherein said second thermoplastic polyurethane polymer comprises at least
one hydrolytically and thermally stable catalyst, wherein said catalyst is capable of depolymerizing said first
rigid thermoplastic polyurethane polymer, wherein said catalyst is selected from dimethyl tin dilauryl mer-
captide, dibutyl tin dilauryl mercaptide and dioctyl tin dilauryl mercaptide;

(b) heating said melt to a temperature sufficient to depolymerize said first rigid thermoplastic polyurethane
polymer;
(c) impregnating the drawn fiber bundle with the said blend of said first rigid thermoplastic polyurethane polymer
and said second thermoplastic polyurethane polymer to form a composite melt; and
(d) cooling said composite melt to repolymerize said first rigid thermoplastic polyurethane polymer.

2. The process of embodiment 1, wherein said first rigid thermoplastic polyurethane polymer is thermoplastic poly-
urethane having a hardness greater than 80 Shore D.
3. The process of embodiment 1, wherein the second thermoplastic polyurethane having a hardness of less than
90 Shore A.
4. The process of any of embodiment 1 to 3, wherein said first rigid thermoplastic polyurethane polymer is made
from the reaction of at least one polyisocyanate and at least one glycol chain extender.
5. The process of any of embodiment 1 to 4, wherein said second thermoplastic polyurethane polymer comprises
at least one plasticizer.
6. The process of embodiment 1, wherein said first rigid thermoplastic polyurethane polymer is present at a level of
from 85.0 to 99.8 weight percent of the total weight of said first rigid thermoplastic polyurethane polymer and said
second thermoplastic polyurethane polymer.
7. The process of embodiment 1, wherein said catalyst is present in said second thermoplastic polyurethane polymer
at a level of from 0.1 to 10.0 weight percent of said second thermoplastic polyurethane polymer.
8. The process of any of embodiments 1 to 7, wherein said composite has from 10 to 80 weight percent fiber.
9. The process of embodiment 8, wherein said fiber is selected from the group consisting of glass fiber and carbon
fiber; wherein said catalyst is dimethyl tin dilauryl mercaptide; and wherein said cooled composite is cut into lengths
of from 3.048 mm (0.12 inch) to 2.54 cm (1.0 inch).

[0012] The catalyst masterbatch is made by starting with a second fully formed TPU polymer and swelling the catalyst
into the TPU polymer. The swelling can be enhanced by using an inert carrier in combination with the catalyst, such as
a plasticizer. The catalyst masterbatch is preferably in pellet form.
[0013] The preferred method to make the TPU composition is to blend the catalyst masterbatch in pellet form with the
rigid TPU polymer in pellet form. The blended mixture is then fed to a melt processing equipment, such as an extruder,
or injection molding machine where the catalyst masterbatch is thoroughly melt mixed with the rigid TPU.
[0014] The TPU composition can be used to form long fiber reinforced composites or a strand of the composite can
be cut into lengths to give long fiber pellets which can be subsequently molded into various articles. The TPU composition
containing the catalyst masterbatch can also be used to achieve enhanced properties of the TPU by increasing the
molecular weight of the TPU.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

First Rigid TPU Polymer

[0015] The first rigid TPU polymer is made by reacting a polyisocyanate with a short chain diol (i.e., chain extender),
and optionally up to 15 weight percent of polyol. Preferably, the first rigid TPU polymer contains less than 5 weight
percent polyol, and more preferably zero polyol is present in the first rigid TPU polymer. The first rigid TPU polymer has
a durometer hardness of greater than 60 Shore D, preferably greater than 80 Shore D, and more preferably 85 Shore D.
[0016] Suitable chain extenders to make the first rigid TPU polymer are lower aliphatic or short chain glycols having
from 2 to 12 carbon atoms and include for instance ethylene glycol, diethylene glycol, propylene glycol, dipropylene
glycol, 1,4-butanediol, 1,6-hexanediol, 1,3-butanediol, 1,5-pentanediol, 1,4-cyclohexanedimethanol hydroquinone di(hy-
droxyethyl) ether, neopentyglycol, and the like, with 1,6-hexanediol being preferred.
[0017] Suitable polyisocyanate to make the first rigid TPU polymer include aromatic diisocyanates such as 4,4’-meth-
ylenebis-(phenyl isocyanate) (MDI); m-xylene diisocyanate (XDI), phenylene-1,4-diisocyanate, naphthalene-1,5-diiso-
cyanate, diphenylmethane-3,3’dimethoxy-4,4’-diisocyanate and toluene diisocyanate (TDI); as well as aliphatic diisocy-
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anates such as isophorone diisocyanate (IPDI), 1,4-cyclohexyl diisocyanate (CHDI), decane-1,10-diisocyanate, and
dicyclohexylmethane-4,4’-diisocyanate. The most preferred diisocyanate is 4,4’-methylenebis(phenyl isocyanate), i.e.,
MDI.
[0018] Preferably, the first rigid TPU polymer is made by reacting the polyisocyanate above with the chain extender,
without any polyol being present. If polyols are used, they should be used in small amounts of less than up to 15 weight
percent, and more preferably less than 5 percent of the total TPU reactants. If used, the polyols, also known as hydroxyl
terminated intermediates. The polyols which can be used are any of the normal polyols used in making TPU polymers.
These include hydroxyl terminated polyesters, hydroxyl terminated polyethers, and hydroxyl terminated polycarbonates.
Suitable hydroxyl terminated intermediates are described in more detail below in the description of the second TPU
polymer which is used in the catalyst masterbatch.
[0019] The level of polyisocyanate, preferably diisocyanate, used is the equivalent weight of diisocyanate to the equiv-
alent weight of hydroxyl containing components (i.e., hydroxyl terminated intermediate, if used, and the chain extender
glycol). The ratio of equivalent weight of polyisocyanate to hydroxyl containing components is from 0.95 to 1.10, and
preferably from 0.96 to 1.02, and more preferably from 0.97 to 1.005.
[0020] The reactants to make the first rigid TPU polymer are reacted together in preferably a one-shot polymerization
process, as is well known to those skilled in the art. The one-shot process involves feeding the reactants to a heated
twin screw extruder where the reactants are polymerized and the polymer is formed into pellets upon exiting the extruder.

Catalyst Masterbatch

[0021] The second necessary ingredient in the TPU composition is a catalyst masterbatch. The catalyst masterbatch
comprises a second TPU polymer and the catalyst which is capable of depolymerizing the first rigid TPU at melt processing
temperature and repolymerizing the first rigid TPU as the melt is being cooled.
[0022] The second TPU polymer used in the catalyst masterbatch can be any conventional TPU polymer that is known
to the art and in the literature. The TPU polymer is generally prepared by reacting a polyisocyanate with an intermediate
such as a hydroxyl terminated polyester, a hydroxyl terminated polyether, a hydroxyl terminated polycarbonate or mixtures
thereof, with one or more chain extenders, all of which are well known to those skilled in the art.
[0023] The hydroxyl terminated polyester intermediate is generally a linear polyester having a number average mo-
lecular weight (Mn) of from 500 to 10,000, desirably from 700 to 5,000, and preferably from 700 to 4,000, an acid number
generally less than 1.3 and preferably less than 0.8. The molecular weight is determined by assay of the terminal
functional groups and is related to the number average molecular weight. The polyester intermediates are produced by
(1) an esterification reaction of one or more glycols with one or more dicarboxylic acids or anhydrides or (2) by transes-
terification reaction, i.e., the reaction of one or more glycols with esters of dicarboxylic acids. Mole ratios generally in
excess of more than one mole of glycol to acid are preferred so as to obtain linear chains having a preponderance of
terminal hydroxyl groups. Suitable polyester intermediates also include various lactones such as polycaprolactone typ-
ically made from, epsilon-caprolactone and a bifunctional initiator such as diethylene glycol. The dicarboxylic acids of
the desired polyester can be aliphatic, cycloaliphatic, aromatic, or combinations thereof. Suitable dicarboxylic acids
which may be used alone or in mixtures generally have a total of from 4 to 15 carbon atoms and include: succinic,
glutaric, adipic, pimelic, suberic, azelaic, sebacic, dodecanedioic, isophthalic, terephthalic, cyclohexane dicarboxylic,
and the like. Anhydrides of the above dicarboxylic acids such as phthalic anhydride, tetrahydrophthalic anhydride, or
the like, can also be used. Adipic acid is the preferred acid. The glycols which are reacted to form a desirable polyester
intermediate can be aliphatic, aromatic, or combinations thereof, and have a total of from 2 to 12 carbon atoms, and
include ethylene glycol, 1,2-propanediol, 1,3-propanediol, 1,3-butanediol, 1,4-butanediol, 1,5-pentanediol, 1,6-hexane-
diol, 2,2-dimethyl-1,3-propanediol, 1,4-cyclohexanedimethanol, decamethylene glycol, dodecamethylene glycol, and
the like, 1,4-butanediol is the preferred glycol.
[0024] Hydroxyl terminated polyether intermediates are polyether polyols derived from a diol or polyol having a total
of from 2 to 15 carbon atoms, preferably an alkyl diol or glycol which is reacted with an ether comprising an alkylene
oxide having from 2 to 6 carbon atoms, typically ethylene oxide or propylene oxide or mixtures thereof. For example,
hydroxyl functional polyether can be produced by first reacting propylene glycol with propylene oxide followed by sub-
sequent reaction with ethylene oxide. Primary hydroxyl groups resulting from ethylene oxide are more reactive than
secondary hydroxyl groups and thus are preferred. Useful commercial polyether polyols include poly(ethylene glycol)
comprising ethylene oxide reacted with ethylene glycol, poly(propylene glycol) comprising propylene oxide reacted with
propylene glycol, poly(tetramethyl glycol) comprising water reacted with tetrahydrofuran (PTMG). Polytetramethylene
ether glycol (PTMEG) is the preferred polyether intermediate. Polyether polyols further include polyamide adducts of an
alkylene oxide and can include, for example, ethylenediamine adduct comprising the reaction product of ethylenediamine
and propylene oxide, diethylenetriamine adduct comprising the reaction product of diethylenetriamine with propylene
oxide, and similar polyamide type polyether polyols. Copolyethers can also be utilized in the current invention. Typical
copolyethers include the reaction product of THF and ethylene oxide or THF and propylene oxide. These are available
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from BASF as Poly THF B, a block copolymer, and poly THF R, a random copolymer. The various polyether intermediates
generally have a number average molecular weight (Mn), as determined by assay of the terminal functional groups
which is an average molecular weight, of from 250 to 10,000, desirably from 500 to 5,000, and preferably from 700 to 3,000.
[0025] The polycarbonate-based polyurethane resin of this invention is prepared by reacting a diisocyanate with a
blend of a hydroxyl terminated polycarbonate and a chain extender. The hydroxyl terminated polycarbonate can be
prepared by reacting a glycol with a carbonate.
[0026] U.S. Patent No. 4,131,731 discloses
hydroxyl terminated polycarbonates and their preparation. Such polycarbonates are linear and have terminal hydroxyl
groups with essential exclusion of other terminal groups. The essential reactants are glycols and carbonates. Suitable
glycols are selected from cycloaliphatic and aliphatic diols containing 4 to 40, and preferably 4 to 12 carbon atoms, and
from polyoxyalkylene glycols containing 2 to 20 alkoxy groups per molecular with each alkoxy group containing 2 to 4
carbon atoms. Diols suitable for use in the present invention include aliphatic diols containing 4 to 12 carbon atoms such
as butanediol-1,4, pentanediol-1,4, neopentyl glycol, hexanediol-1,6, 2,2,4-trimethylhexanediol-1,6, decanediol-1,10,
hydrogenated dilinoleylglycol, hydrogenated dioleylglycol; and cycloaliphatic diols such as cyclohexanediol-1,3, dimeth-
ylolcyclohexane-1,4, cyclohexanediol-1,4, dimethylolcyclohexane-1,3, 1,4-endomethylene-2-hydroxy-5-hydroxymethyl
cyclohexane, and polyalkylene glycols. The diols used in the reaction may be a single diol or a mixture of diols depending
on the properties desired in the finished product.
[0027] Polycarbonate intermediates which are hydroxyl terminated are generally those known to the art and in the
literature. Suitable carbonates are selected from alkylene carbonates composed of a 5 to 7 membered ring having the
following general formula:

where R is a saturated divalent radical containing 2 to 6 linear carbon atoms. Suitable carbonates for use herein include
ethylene carbonate, trimethylene carbonate, tetramethylene carbonate, 1,2-propylene carbonate, 1,2-butylene carbon-
ate, 2,3-butylene carbonate, 1,2-ethylene carbonate, 1,3-pentylene carbonate, 1,4-pentylene carbonate, 2,3-pentylene
carbonate, and 2,4-pentylene carbonate.
[0028] Also, suitable herein are dialkylcarbonates, cycloaliphatic carbonates, and diarylcarbonates. The dialkylcar-
bonates can contain 2 to 5 carbon atoms in each alkyl group and specific examples thereof are diethylcarbonate and
dipropylcarbonate, Cycloaliphatic carbonates, especially dicycloaliphatic carbonates, can contain 4 to 7 carbon atoms
in each cyclic structure, and there can be one or two of such structures. When one group is cycloaliphatic, the other can
be either alkyl or aryl. On the other hand, if one group is aryl, the other can be alkyl or cycloaliphatic. Preferred examples
of diarylcarbonates, which can contain 6 to 20 carbon atoms in each aryl group, are diphenylcarbonate, ditolylcarbonate,
and dinaphthylcarbonate.
[0029] The reaction is carried out by reacting a glycol with a carbonate, preferably an alkylene carbonate in the molar
range of 10:1 to 1:10, but preferably 3:1 to 1:3 at a temperature of 100°C to 300°C and at a pressure in the range of 0.1
to 300 mm of mercury in the presence or absence of an ester interchange catalyst, while removing low boiling glycols
by distillation.
[0030] More specifically, the hydroxyl terminated polycarbonates are prepared in two stages. In the first stage, a glycol
is reacted with an alkylene carbonate to form a low molecular weight hydroxyl terminated polycarbonate. The lower
boiling point glycol is removed by distillation at 100°C to 300°C. preferably at 150°C to 250°C, under a reduced pressure
of 1330 to 3990 Pa (10 to 30 mm Hg), preferably 6670 to 26700 Pa (50 to 200 mm Hg). A fractionating column is used
to separate the by-product glycol from the reaction mixture. The by-product glycol is taken off the top of the column and
the unreacted alkylene carbonate and glycol reactant are returned to the reaction vessel as reflux. A current of inert gas
or an inert solvent can be used to facilitate removal of by-product glycol as it is formed. When amount of by-product
glycol obtained indicates that degree of polymerization of the hydroxyl terminated polycarbonate is in the range of 2 to
10, the pressure is gradually reduced to 13.3 to 1330 Pa (0.1 to 10 mm Hg) and the unreacted glycol and alkylene
carbonate are removed. This marks the beginning of the second stage of reaction during which the low molecular weight
hydroxyl terminated polycarbonate is condensed by distilling off glycol as it is formed at 100°C to 300°C, preferably
150°C to 250°C and at a pressure of 13.3 to 1330 Pa (0.1 to 10 mm Hg) until the desired molecular weight of the hydroxyl
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terminated polycarbonate is attained. Molecular weight (Mn) of the hydroxyl terminated polycarbonates can vary from
500 to 10,000 but in a preferred embodiment, it will be in the range of 500 to 2500.
[0031] Suitable extender glycols (i.e., chain extenders) are lower aliphatic or short chain glycols having from 2 to 10
carbon atoms and include for instance ethylene glycol, diethylene glycol, propylene glycol, dipropylene glycol, 1,4-
butanediol, 1,6-hexanediol, 1,3-butanediol, 1,5-pentanediol, 1,4-cyclohexanedimethanol hydroquinone di(hydroxyethyl)
ether, neopentyglycol, and the like, with 1,4-butanediol being preferred.
[0032] The desired second TPU polymer used in the catalyst masterbatch is generally made from the above-noted
intermediates such as a hydroxyl terminated polyesters, polyether, or polycarbonate, preferably polyester, which is
further reacted with a polyisocyanate, preferably a diisocyanate, along with extender glycol desirably in a so-called one-
shot process or simultaneous coreaction of polyester, polycarbonate or polyether intermediate, diisocyanate, and ex-
tender glycol to produce a high molecular weight linear TPU polymer. The preparation of the macroglycol is generally
well known to the art and to the literature and any suitable method may be used. The weight average molecular weight
(Mw) of the TPU polymer is generally 50,000 to 500,000 Daltons, and preferably from 80,000 to 250,000, as measured
according to gel permeation chromatography (GPC) against polystyrene standards. The equivalent weight amount of
diisocyanate to the total equivalent weight amount of hydroxyl containing components, that is the hydroxyl terminated
polyester, polyether, or poycarbonate, and chain extender glycol, is from 0.95 to 1.10, desirably from 0.96 to 1.02, and
preferably from 0.97 to 1.005. Suitable diisocyanates include aromatic diisocyanates such as: 4,4’-methylenebis-(phenyl
isocyanate) (MDI); m-xylylene diisocyanate (XDI), phenylene-1,4-diisocyanate, naphthalene-1,5-diisocyanate, diphe-
nylmethane-3,3’-dimethoxy-4,4’-diisocyanate and toluene diisocyanate (TDI); as well as aliphatic diisocyanates such as
isophorone diisocyanate (IPDI), 1,4-cyclohexyl diisocyanate (CHDI), decane-1,10-diisocyanate, and dicyclohexylmeth-
ane-4,4’-diisocyanate. The most preferred diisocyanate is 4,4’-methylenebis(phenyl isocyanate), i.e., MDI.
[0033] The second TPU polymer used in the catalyst is a softer TPU than the first rigid TPU used in the TPU composition.
The second TPU polymer has a hardness of less than 98 Shore A, preferably less than 90 Shore A, and more preferably
less than 85 Shore A. Softer TPUs have an ability to absorb the catalyst more readily and are thus preferred.
[0034] At least one catalyst is used in the catalyst masterbatch. The catalyst used is one which is capable of depo-
lymerizing the first rigid TPU at melt temperature and repolymerize the first rigid TPU as the TPU is being cooled from
the melt. The catalyst should also be a hydrolytically and thermally stable catalyst. Suitable catalysts are tin catalysts
which have two alkyl groups and two anion groups bonded to the tin. According to the invention, the catalysts are selected
from dimethyl tin dilauryl mercaptide, dibutyl tin dilauryl mercaptide and dioctyl tin dilauryl mercaptide. The most preferred
catalyst is dimethyl tin dilauryl mercaptide also known as bis-(dodecylthio)-dimethylstannane which is commercially
available from Crompton Corporation as Fomrez® UL-22.
[0035] To incorporate the catalyst into the second TPU, it is preferred to absorb the catalyst into the second TPU. This
absorption can be accomplished by mixing the second TPU in pellet form with the liquid catalyst and agitating the mixture
until the TPU pellets are dry to the touch. This is best accomplished using a ribbon blender but other methods could be
used. To aid the absorption of the catalyst into the second TPU pellets, a carrier can be used to speed the absorption
of the catalyst. Particular desirable carriers are materials which will readily absorb into TPU, such as plasticizers. Phthalate
type plasticizers are the most preferred. Triisooctyl trimellitate has been found to be an excellent carrier.
[0036] The level of catalyst used in the catalyst masterbatch is from 0.1 to 10.0 weight percent of the second TPU
polymer, preferably from 1.0 to 3.0 weight percent. If a carrier is used, such as a plasticizer, the level used is preferably
from 0.05 to 5.0, and more preferably from 0.5 to 1.5 weight percent of the second TPU polymer.
[0037] The level of the catalyst masterbatch used in the TPU composition is from 0.1 to 15.0, preferably from 0.5 to
8.0, and more preferably from1.0 to 3.0 weight percent based on the total weight of the first rigid TPU and the catalyst
masterbatch.
[0038] The catalyst masterbatch in pellet form is blended with the first rigid TPU in pellet form and added to an extruder.
To make pultruded fiber composites, fiber bundles are drawn through the melt of the TPU composition. The fibers coated
with the TPU composition are conveyed through a die to form the composite. When a strand of fiber composite is formed
in the pultrusion process, the composite can be used in strand form for various applications or it can be cut into long
fiber pellets for subsequent molding uses. For long fiber pellets, the strand is cut in lengths of from 3.048 mm to 25.4
mm (0.12 to 1.0 inch), preferably from 6.35 mm to 19.05 mm (0.25 to 0.75 inch).
[0039] The types of fiber used can be any organic or non-organic fibers. Examples of fibers are glass, carbon, aromatic
polyamide, nylon, polyester, and the like. Glass fiber is the most preferred fiber used in the composite. The level of fiber
in the composite is from 10.0 to 80.0, preferably from 25.0 to 55.0 weight percent of the composite.
[0040] The catalyst masterbatch can also be used in non-fiber reinforced TPU to increase the weight average molecular
weight after melt processing over a similar TPU polymer without the catalyst masterbatch.

EXAMPLES

[0041] Example 1 is presented to show the use of the catalyst masterbatch together with a rigid TPU in the pultrusion
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process to make a glass reinforced TPU composite. Example 2 is presented to demonstrate the use of the catalyst
masterbatch together with a rigid TPU in a melt processing application.

Example 1

[0042] A catalyst masterbatch was prepared by using a second TPU polymer having a Shore A durometer of 75. The
second TPU polymer was made by reacting a 2500 Mn polyester polyol with MDI and an equal molar mixture of 1,4-
butanediol and 1,6-hexanediol. The second TPU polymer had a Mw of between 300,000 and 400,000 Daltons.
[0043] The second TPU polymer in pellet form was mixed with catalyst (dimethyl tin dilauryl mercaptide) and triisooctyl
trimellitate plasticizer as the carrier.
[0044] The catalyst was added to the carrier and this mixture was added to the second TPU polymer and absorbed
or swelled into the TPU polymer using a ribbon blender until the liquid was absorbed, that is the TPU pellets were dry
to the touch. The composition of the catalyst masterbatch was as follows:

[0045] The above catalyst masterbatch in pellet form was blended with pellets of the first rigid TPU polymer to create
a TPU composition in the following ratio:

The first rigid TPU polymer used had a Shore D hardness of 85 and was made by reacting MDI with 1,6-hexanediol.
[0046] The blend of pellets (TPU composition) was added to an extruder and melted to form a polymer melt which
was part of a pultrusion process. Glass fiber was coated with the polymer melt to form a TPU/glass fiber composite
having 50 weight percent glass fiber.
[0047] The TPU composition had low melt viscosity and excellent wetting of the glass fiber was obtained, thus indicating
that the first rigid TPU polymer experienced depolymerization during the melt process. As the composite exited the die
of the pultrusion process, the melt cooled and repolymerization occurred.
[0048] The composite stand was cut into 1.27 cm (0.5 inch) lengths to form long glass fiber pellets. The long glass
fiber pellets were subsequently used to mold test plaques using an injection molding machine.

Example 2

[0049] A catalyst masterbatch was prepared by using a second TPU polymer having a Shore A durometer of 75, as
in Example 1.
[0050] The second TPU polymer in pellet form was mixed with catalyst and plasticizer (carrier) as in Example 1.
[0051] The catalyst was added to the carrier and this liquid mixture was added to the second TPU polymer in a Rotavap,
and the mixture absorbed into the second TPU polymer over a period of 2 hours at 97°C (via a water bath). After the
liquid had completely absorbed into the second TPU polymer, the pellets were removed and stored in an aluminum foil
bag and sealed to prevent contact with moisture. The composition of the catalyst masterbatch was as follows:

[0052] The above catalyst masterbatch in pellet form was blended with pellets of the first rigid TPU polymer to create
a TPU composition in the following ratio:

Second TPU polymer - 97 weight - percent

Catalyst - 2 weight percent
Plasticizer - 1 weight percent

100

First rigid TPU polymer - 98 weight percent
Catalyst masterbatch - 2 weight percent

100

Second TPU polymer - 99 weight percent
Catalyst - 0.5 weight percent

Plasticizer - 0.5 weight percent

100



EP 2 294 105 B1

8

5

10

15

20

25

30

35

40

45

50

55

[0053] The blend of pellets (TPU composition) was added to an extruder and processed through the extruder at a melt
temperature of 250°C. A sample of the rigid TPU without any catalyst masterbatch (comparative sample) was also
passed through the extruder at the same melt conditions. The weight average molecular weight (Mw) was measured
(by GPC) on both samples passed through the extruder as well as on the pellets of the first rigid TPU before melt
processing (comparative). The results are shown in Table I below.

[0054] From the table above, it can be seen that the catalyst masterbatch allows the rigid TPU to regain a significant
amount of its original pellet form Mw after processing.

Claims

1. A process for preparing a fiber-reinforced rigid thermoplastic polyurethane composite article comprising the steps of:

(a) drawing a fiber bundle continuously through a melt obtained by heating a blend of two thermoplastic poly-
urethane polymers, said blend comprising:

(i) a first rigid thermoplastic polyurethane polymer, said first rigid thermoplastic polyurethane having a
hardness of greater than 60 Shore D;
(ii) a second thermoplastic polyurethane polymer, said second thermoplastic polyurethane having a hard-
ness of less than 98 Shore A, wherein said second thermoplastic polyurethane polymer comprises at least
one hydrolytically and thermally stable catalyst, wherein said catalyst is capable of depolymerizing said first
rigid thermoplastic polyurethane polymer, wherein said catalyst is selected from dimethyl tin dilauryl mer-
captide, dibutyl tin dilauryl mercaptide and dioctyl tin dilauryl mercaptide;

(b) heating said melt to a temperature sufficient to depolymerize said first rigid thermoplastic polyurethane
polymer;
(c) impregnating the drawn fiber bundle with the said blend of said first rigid thermoplastic polyurethane polymer
and said second thermoplastic polyurethane polymer to form a composite melt; and
(d) cooling said composite melt to repolymerize said first rigid thermoplastic polyurethane polymer.

2. The process of claim 1, wherein said first rigid thermoplastic polyurethane polymer is thermoplastic polyurethane
having a hardness greater than 80 Shore D.

3. The process of claim 1, wherein the second thermoplastic polyurethane having a hardness of less than 90 Shore A.

4. The process of any of claims 1 to 3, wherein said first rigid thermoplastic polyurethane polymer is made from the
reaction of at least one polyisocyanate and at least one glycol chain extender.

5. The process of any of claims 1 to 4, wherein said second thermoplastic polyurethane polymer comprises at least
one plasticizer.

6. The process of claim 1, wherein said first rigid thermoplastic polyurethane polymer is present at a level of from 85.0

First rigid TPU polymer - 99 weight percent
Catalyst masterbatch - 1 weight percent

100

TABLE I

Sample Mw

Pellets of first rigid TPU (comparative) 77,715

First rigid TPU w/o catalyst masterbatch (comparative) 43,946

First rigid TPU with catalyst masterbatch 57,672
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to 99.8 weight percent of the total weight of said first rigid thermoplastic polyurethane polymer and said second
thermoplastic polyurethane polymer.

7. The process of claim 1, wherein said catalyst is present in said second thermoplastic polyurethane polymer at a
level of from 0.1 to 10.0 weight percent of said second thermoplastic polyurethane polymer.

8. The process of any of claims 1 to 7, wherein said composite has from 10 to 80 weight percent fiber.

9. The process of claim 8, wherein said fiber is selected from the group consisting of glass fiber and carbon fiber;
wherein said catalyst is dimethyl tin dilauryl mercaptide; and wherein said cooled composite is cut into lengths of
from 3.048 mm (0.12 inch) to 2.54 cm (1.0 inch).

Patentansprüche

1. Verfahren zur Herstellung eines aus einem Verbundstoff in Form eines faserverstärkten harten thermoplastischen
Polyurethans bestehenden Artikels, umfassend die Schritte:

(a) kontinuierliches Ziehen eines Faserbündels durch eine Schmelze hindurch, die dadurch erhalten wird, dass
man ein Gemisch aus zwei thermoplastischen Polyurethanpolymeren erhitzt, wobei das Gemisch umfasst:

(i) ein erstes hartes thermoplastisches Polyurethanpolymer, wobei das erste harte thermoplastische Poly-
urethan eine Shore-D-Härte von mehr als 60 aufweist;
(ii) ein zweites thermoplastisches Polyurethanpolymer, wobei das zweite thermoplastische Polyurethan
eine Shore-A-Härte von weniger als 98 aufweist, wobei das zweite thermoplastische Polyurethanpolymer
wenigstens einen hydrolytisch und thermisch stabilen Katalysator umfasst, wobei der Katalysator das erste
harte thermoplastische Polyurethanpolymer depolymerisieren kann, wobei der Katalysator aus Dime-
thylzinndilaurylmercaptid, Dibutylzinndilaurylmercaptid und Dioctylzinndilaurylmercaptid ausgewählt ist;

(b) Erhitzen der Schmelze auf eine ausreichende Temperatur, um das erste harte thermoplastische Polyure-
thanpolymer zu depolymerisieren;
(c) Imprägnieren des gezogenen Faserbündels mit dem Gemisch aus dem ersten harten thermoplastischen
Polyurethanpolymer und dem zweiten thermoplastischen Polyurethanpolymer unter Bildung einer Verbund-
schmelze; und
(d) Abkühlen der Verbundschmelze, um das erste harte thermoplastische Polyurethanpolymer zu repolymeri-
sieren.

2. Verfahren gemäß Anspruch 1, wobei das erste harte thermoplastische Polyurethanpolymer ein thermoplastisches
Polyurethan ist, das eine Shore-D-Härte von mehr als 80 aufweist.

3. Verfahren gemäß Anspruch 1, wobei das zweite thermoplastische Polyurethan eine Shore-A-Härte von weniger als
90 aufweist.

4. Verfahren gemäß einem der Ansprüche 1 bis 3, wobei das erste harte thermoplastische Polyurethanpolymer durch
die Reaktion wenigstens eines Polyisocyanats und wenigstens eines Glycol-Kettenverlängerers hergestellt ist.

5. Verfahren gemäß einem der Ansprüche 1 bis 4, wobei das zweite thermoplastische Polyurethanpolymer wenigstens
einen Weichmacher umfasst.

6. Verfahren gemäß Anspruch 1, wobei das erste harte thermoplastische Polyurethanpolymer in einer Menge von 85,0
bis 99,8 Gew.-% des Gesamtgewichts des ersten harten thermoplastischen Polyurethanpolymers und des zweiten
thermoplastischen Polyurethanpolymers vorhanden ist.

7. Verfahren gemäß Anspruch 1, wobei der Katalysator in dem zweiten thermoplastischen Polyurethanpolymer in einer
Menge von 0,1 bis 10,0 Gew.-% des zweiten thermoplastischen Polyurethanpolymers vorhanden ist.

8. Verfahren gemäß einem der Ansprüche 1 bis 7, wobei der Verbundstoff 10 bis 80 Gew.-% Fasern aufweist.
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9. Verfahren gemäß Anspruch 8, wobei die Faser aus der Gruppe ausgewählt ist, die aus Glasfaser und Kohlenstofffaser
besteht, wobei es sich bei dem Katalysator um Dimethylzinndilaurylmercaptid handelt und wobei der abgekühlte
Verbundstoff in Stücke von 3,048 mm (0,12 Zoll) bis 2,54 cm (1,0 Zoll) geschnitten wird.

Revendications

1. Procédé pour préparer un article composite en polyuréthane thermoplastique rigide renforcé par des fibres com-
prenant les étapes de:

(a) étirer un faisceau de fibres en continu à travers une masse fondue obtenue par chauffage d’un mélange de
deux polymères de polyuréthane thermoplastiques, ledit mélange comprenant:

(i) un premier polymère de polyuréthane thermoplastique rigide, ledit premier polyuréthane thermoplastique
rigide ayant une dureté supérieure à 60 Shore D;
(ii) un second polymère de polyuréthane thermoplastique, ledit second polyuréthane thermoplastique ayant
une dureté inférieure à 98 Shore A, où ledit second polymère de polyuréthane thermoplastique comprenant
au moins un catalyseur stable du point de vue hydrolytique et thermique, où ledit catalyseur est capable
de dépolymériser ledit premier polymère de polyuréthane thermoplastique rigide, où ledit catalyseur est
choisi parmi le dilaurylmercaptide de diméthylétain, le dilaurylmercaptide de dibutylétain et le dilaurylmer-
captide de dioctylétain;

(b) chauffer ladite masse fondue à une température suffisante pour dépolymériser ledit premier polymère de
polyuréthane thermoplastique rigide;
(c) imprégner le faisceau de fibres étiré avec ledit mélange dudit premier polymère de polyuréthane thermo-
plastique rigide et dudit second polymère de polyuréthane thermoplastique pour former une masse fondue
composite; et
(d) refroidir ladite masse fondue composite pour repolymériser ledit premier polymère de polyuréthane thermo-
plastique rigide.

2. Procédé selon la revendication 1, où ledit premier polymère de polyuréthane thermoplastique rigide est un polyu-
réthane thermoplastique ayant une dureté supérieure à 80 Shore D.

3. Procédé selon la revendication 1, où le second polyuréthane thermoplastique ayant une dureté inférieure à 90 Shore
A.

4. Procédé selon l’une quelconque des revendications 1 à 3, où ledit premier polymère de polyuréthane thermoplastique
rigide est produit à partir de la réaction d’au moins un polyisocyanate et d’au moins un agent d’extension de chaîne
glycol.

5. Procédé selon l’une quelconque des revendications 1 à 4, où ledit second polymère de polyuréthane thermoplastique
comprend au moins un plastifiant.

6. Procédé selon la revendication 1, où ledit premier polymère de polyuréthane thermoplastique rigide est présent à
un niveau de 85,0 à 99,8 pour-cent en poids du poids total dudit premier polymère de polyuréthane thermoplastique
rigide et dudit second polymère de polyuréthane thermoplastique.

7. Procédé selon la revendication 1, où ledit catalyseur est présent dans ledit second polymère de polyuréthane
thermoplastique à un niveau de 0,1 à 10,0 pour-cent en poids dudit second polymère de polyuréthane thermoplas-
tique.

8. Procédé selon l’une quelconque des revendications 1 à 7, où ledit composite a de 10 à 80 pour-cent en poids de fibre.

9. Procédé selon la revendication 8, où ladite fibre est choisie dans le groupe consistant en une fibre de verre et une
fibre de carbone; où ledit catalyseur est le dilaurylmercaptide de diméthylétain; et où ledit composite refroidi est
coupé en longueurs de 3,048 mm (0,12 pouce) à 2,54 cm (1,0 pouce).
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