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(57) ABSTRACT 

The present invention provides ?ber-reinforced composites, 
and components for buildings, such as door skins, that 
include ?ber-reinforced composites. Also provided are 
methods and systems for manufacturing ?ber-reinforced 
composites that may be used in building structures. In an 
embodiment, the present invention provides a ?ber-rein 
forced composite comprising long ?bers of ?berglass and 
polyurethane produced using long-?ber injection (LFl) tech 
nology. 
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FIBER-REINFORCED COMPOSITE FIRE DOOR 

STATEMENT OF RELATED APPLICATIONS 

[0001] The present application is a continuation-in-part of, 
and accordingly claims priority to, co-pending US. patent 
application Ser. No. 11/112,540, ?led Apr. 21, 2005, entitled, 
“Fiber-Reinforced Composites and Building Structures 
Comprising Fiber-Reinforced Composites,” Which claims 
priority under 35 USC § 119(e) from US. provisional 
application Ser. No. 60/564,073, ?led Apr. 21, 2004, 
entitled, “Fiber-Reinforced Therrnoset Polymer Composites 
and Methods and Systems for Making Same,” U.S. provi 
sional application Ser. No. 60/618,651, ?led Oct. 14, 2004, 
entitled, “Fiber-Reinforced Polymer Composites and Meth 
ods and Systems for Making Same,” and from US. provi 
sional application Ser. No. 60/643,207, ?led Jan. 12, 2005, 
entitled, “Fiber-Reinforced Polymer Composites.” The dis 
closure of each of Which is hereby incorporated herein by 
reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to ?ber-reinforced 
composites, their manufacture, and their use in building 
structures and the like. 

BACKGROUND 

[0003] Doors, WindoWs, Wall panels, and other types of 
building structures have been manufactured from Wood and 
other natural ?ber-based materials for many years. Still, 
conventional Wooden building structures such as doors, Wall 
panels, and WindoWs, While aesthetically pleasing, may 
suffer from some disadvantages. For example, solid Wood 
doors can experience signi?cant shrinking and sWelling in 
response to extremes of temperature and humidity. Also, 
there is a tendency for doors and door frames to be bumped 
by objects being transported through the doorWay. It may 
therefore be important to maintain the ?nish of natural Wood 
doors and WindoWs to preserve the integrity of the under 
lying structure. In addition, increased standards for ?re 
proo?ng many structures have required replacement of 
Wood doors With more ?re-resistant materials. 

[0004] Metal building structures, such as metal doors and 
WindoWs, can provide an advantage over Wooden doors in 
terms of relative cost and insulation efficiency. Still, metal 
building structures may dent or rust. Also, metal building 
structures may be limited in design. For example, it may be 
dif?cult to add three dimensional shaping, such as trim or 
paneling, to the outer surface of a metal door. In addition, the 
surface of a metal door is not particularly resistant to 
changes in temperature and thus, metal doors can become 
hot and cold to the touch in Warm and cold environments, 
respectively. For these reasons, metal doors may not be as 
aesthetically pleasing as Wooden doors. 

SUMMARY 

[0005] The present invention provides ?ber-reinforced 
composites. In an aspect, the ?ber-reinforced composites 
comprise ?bers and a polymer resin. The ?ber-reinforced 
composites of the present invention may overcome the 
disadvantages set forth above, and may provide many addi 
tional advantages. The present invention also provides meth 
ods and systems for producing ?ber-reinforced composites. 
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[0006] In another aspect, the present invention provides 
building structures comprising a ?ber-reinforced composite 
of the present invention. A building structure comprises a 
component used in a building, such as a house, apartment 
building, of?ce building, store, and/or other residential or 
commercial structures. Thus, as used herein, the term struc 
ture is a part, or a set of interconnected parts, of an item that 
comprises multiple parts. Building structures of the present 
invention include, but are not limited to, doors, door skins, 
structural panels for Walls and doors (e.g., garage door 
panels), door frame parts, door and WindoW parts (e.g., 
cladding for WindoWs and door frames, plant-ons for doors), 
shingles, shutters, siding, and parts of such structures. 

[0007] In a further aspect, the present invention provides 
methods for producing ?ber-reinforced composites. In an 
additional aspect, the present invention provides systems for 
producing ?ber-reinforced composites. In other aspects, the 
present invention provides methods and systems for produc 
ing building structures comprising ?ber-reinforced compos 
ites of the present invention. 

[0008] Advantages of the present invention include ?ber 
reinforced composites having improved thermal stability, 
improved resistance to ?re, improved ?exibility and 
strength, reduced density, and reduced emission of volatile 
organic compounds (V OCs) during manufacturing. 
[0009] Further details on each of these aspects of the 
present invention are set forth in the folloWing description, 
?gures and claims. It is to be understood that the invention 
is not limited in its application to the details set forth in the 
folloWing description, ?gures and claims, but is capable of 
other embodiments and of being practiced or carried out in 
various Ways. 

BRIEF DESCRIPTION OF THE FIGURES 

[0010] FIG. 1 illustrates a door skin according to an 
embodiment of the present invention shoWing a perspective 
vieW as panel A, and a cross-sectional vieW of the outlined 
portion of the door skin as panel B. 

[0011] FIG. 2, panels A-F, illustrate door skins in accor 
dance With alternate embodiments of the present invention. 

[0012] FIG. 3, panels A and B, illustrate additional door 
skins in accordance With alternate embodiments of the 
present invention; panel C illustrates a cross-sectional vieW 
of the outlined portion of the door skin shoWn in panel B. 

[0013] FIG. 4, panels A-D, illustrate sidelights in accor 
dance With alternate embodiments of the present invention. 

[0014] FIG. 5 illustrates a panel for insertion of a glass 
pane into a door or sidelight, Wherein panel A shoWs a 
perspective vieW and panel B shoWs a cross-sectional vieW 
in accordance With an embodiment of the present invention. 

[0015] FIG. 6 illustrates a perspective vieW of a door core 
Wherein panel A shoWs a perspective vieW and panel B 
shoWs a cross-sectional vieW the outlined portion of the door 
core of panel A in accordance With an embodiment of the 
present invention. 

[0016] FIG. 7 illustrates a How diagram for the manufac 
ture of a ?ber-reinforced composite made by long ?ber 
injection (“LFI”) in accordance With an embodiment of the 
present invention. 
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[0017] FIG. 8 shows a schematic representation of a 
system for the manufacture of a ?ber-reinforced composite 
door skin in accordance With an embodiment of the present 
invention. 

DETAILED DESCRIPTION 

[0018] For the purposes of this speci?cation, unless oth 
erWise indicated, all numbers expressing quantities of ingre 
dients, reaction conditions, and so forth used in the speci 
?cation are to be understood as being modi?ed in all 
instances by the term “about.” Accordingly, unless indicated 
to the contrary, the numerical parameters set forth in the 
folloWing speci?cation are approximations that can vary 
depending upon the desired properties sought to be obtained 
by the present invention. At the very least, and not as an 
attempt to limit the application of the doctrine of equivalents 
to the scope of the claims, each numerical parameter should 
at least be construed in light of the number of reported 
signi?cant digits and by applying ordinary rounding tech 
niques. 
[0019] Notwithstanding that the numerical ranges and 
parameters setting forth the broad scope of the invention are 
approximations, the numerical values set forth in the speci?c 
examples are reported as precisely as possible. Any numeri 
cal value, hoWever, inherently contains certain errors nec 
essarily resulting from the standard deviation found in their 
respective testing measurements. Moreover, all ranges dis 
closed herein are to be understood to encompass any and all 
subranges subsumed therein. For example, a stated range of 
“1 to 10” should be considered to include any and all 
subranges betWeen (and inclusive of) the minimum value of 
1 and the maximum value of 10; that is, all subranges 
beginning With a minimum value of 1 or more, eg 1 to 6.1, 
and ending With a maximum value of 10 or less, e.g., 5.5 to 
10. Additionally, any reference referred to as being “incor 
porated herein” is to be understood as being incorporated in 
its entirety. 

[0020] It is further noted that, as used in this speci?cation, 
the singular forms “a,”“an,” and “the” include plural refer 
ents unless expressly and unequivocally limited to one 
referent. 

[0021] As set forth above, embodiments of the present 
invention include ?ber-reinforced polymer composites, and 
methods and systems for making ?ber-reinforced polymer 
composites. Embodiments of the present invention also 
include building structures comprising a ?ber-reinforced 
composite of the present invention such as doors, ?re doors, 
door skins, structural panels for Walls and doors (e.g., garage 
door panels), door frame parts, door and WindoW parts (e.g., 
cladding for WindoW parts, WindoW frames, and door 
frames, plant-ons for doors), shingles, shutters, siding, and 
other building structures comprising ?ber-reinforced poly 
mer composites. 

[0022] Examples of building structure embodiments of the 
present invention include door skins that are used to cover 
the frame of a door to provide the outer surface of the door. 
Such door skins may be only a feW millimeters (mm) thick, 
but may have a surface area of several square feet or more. 
For example, a standard door skin for a single garage door 
panel may be about 24 inches (61 cm) Wide by about 112 
inches (284.5 cm) long and about Vs inch (3.2 mm) thick. 
Other examples of a thin-layer composite of the present 
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invention include cladding that is used for building parts, 
such as cladding for door frame parts (e.g., jambs and 
headers) and WindoW parts, molded siding (e.g., external 
siding designed to appear as Wood), panels for doors and/or 
Walls, and shingles. As used herein, a panel comprises a 
structure that is substantially thinner along one axis than the 
other tWo axes. A building structure of the present invention 
may comprise a single layer of a ?ber-reinforced composite, 
although thin-layer composites may be used as part of a 
structure that has additional parts such as a frame, substrate 
or core. 

[0023] In an embodiment, a ?ber-reinforced composite of 
the present invention comprises a ?ber and a polymer resin. 
The ?ber component Will generally comprise chopped or 
otherWise sectioned ?ber strands, the composite thereby 
comprising a plurality of ?ber pieces. In an embodiment, the 
?ber-reinforced composite of the present invention does not 
comprise ?bers that have been arranged in an ordered 
structure. Thus, in an embodiment, the ?ber of the ?ber 
reinforced composite comprises a plurality of chopped ?bers 
arranged in a non-structured, substantially random orienta 
tion. For example, in an embodiment, the ?bers in the 
composite are not purposefully interWoven With respect to 
each other in any one dimension. In an embodiment, the 
?ber-reinforced composite may be made using long-?ber 
injection (LFI) technology. 
[0024] In another embodiment, the present invention com 
prises a ?ber-reinforced composite building structure com 
prising a ?ber and a polymer resin. 

[0025] The polymer resin of the ?ber-reinforced compos 
ite building structure may comprise a thermosetting poly 
mer. In an embodiment, the thermosetting polymer may 
comprise a polyurethane. 

[0026] The ?bers used for the building structures of the 
present invention may comprise ?berglass. The ?bers may 
range in length from about 5 mm to about 100 mm. In an 
embodiment, the ?ber-reinforced composite building struc 
tures of the present invention do not comprise ?bers that 
have been arranged in an ordered structure. Thus, in an 
embodiment, the ?ber of the ?ber-reinforced composite 
comprises a plurality of chopped ?bers arranged in a non 
structured, substantially random orientation. For example, in 
an embodiment, the ?bers in the composite are not purpose 
fully interWoven With respect to each other in any one 
dimension. In one embodiment, ?bers may be concentrated 
in certain areas of a door skin, such as in recessed panel 
areas or along the perimeter, to enhance ?re resistance. In an 
embodiment, the ?ber-reinforced composite building struc 
ture may be made using long-?ber injection (LFI) technol 
ogy. 

[0027] The ?ber-reinforced composite building structures 
of the present invention may comprise other components, 
such as a catalyst, a bloWing agent, or other additives. In one 
embodiment, the ?ber-reinforced composite building struc 
ture may comprise a non-?ber ?ller. Alternatively or addi 
tionally, the ?ber-reinforced composite building structure 
may comprise a coloring agent. In yet other embodiments, 
the ?ber-reinforced composite building structure may com 
prise at least one of a release agent, a barrier coat, or an 
in-mold coating applied to at least a portion of the structure. 

[0028] The present invention provides a variety of build 
ing structures comprising the ?ber-reinforced composite of 
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the present invention. In one embodiment, the building 
structure of the present invention comprises a substantially 
planar structure. For example, the ?ber reinforced-compos 
ite building structure may comprise a door skin. Or, the 
building structure may comprise a door panel. 

[0029] In another embodiment, the ?ber-reinforced com 
posite building structure of the present invention comprises 
a substantially non-planar surface. For example, in one 
embodiment, the ?ber-reinforced composite building struc 
ture may comprise a cladding. In another embodiment, the 
building structure may comprise a door frame or a portion of 
a door frame. Or, the building structure may comprise a 
WindoW frame or a portion of a WindoW frame, or a WindoW 
part, such as a sash, glass stop or a simulated divided light 
(SDL) bar (e.g., a muntin). In other alternative embodi 
ments, the ?ber-reinforced composite building structure of 
the present invention may comprise siding, a shutter, or a 
shingle. 

[0030] In an embodiment, the present invention provides 
a ?ber-reinforced composite door skin comprising a ?ber 
and a polymer resin. The ?ber-reinforced composite door 
skins of the present invention may be used as part of inside 
and outside passage doors, garage doors, patio doors, and 
other types of doors, including ?re doors. 

[0031] As With the other ?ber-composite building struc 
tures of the present invention, the polymer resin of the 
?ber-reinforced composite door skin may comprise a ther 
mosetting polymer. In an embodiment, the thermosetting 
polymer may comprise a polyurethane. 

[0032] The ?bers used for the door skins of the present 
invention may comprise ?berglass. In an embodiment, the 
?ber may range in length from about 5 mm to about 100 mm. 
In an embodiment, the ?bers do not comprise ?bers that 
have been arranged in an ordered structure. Thus, in an 
embodiment, the ?ber of the ?ber-reinforced composite door 
skin comprises a plurality of chopped ?bers arranged in a 
non-structured, substantially random orientation. For 
example, in an embodiment, the ?bers in the composite are 
not purposefully interWoven With respect to each other in 
any one dimension. In an embodiment, the ?ber-reinforced 
composite door skin may be made using long-?ber injection 
(LFI) technology. 
[0033] The ?ber-reinforced composite door skins of the 
present invention may comprise other components such as a 
catalyst, a bloWing agent and/or other additives. In one 
embodiment, the ?ber-reinforced composite door skin may 
comprise a non-?ber ?ller. Alternatively or additionally, the 
?ber-reinforced composite door skin may comprise a color 
ing agent. In yet other embodiments, the ?ber-reinforced 
composite door skin may comprise at least one of a release 
agent, a barrier coat, or an in-mold coating applied to at least 
a portion of the structure. 

[0034] The door skin may be shaped as door skins tradi 
tionally used to make doors. For example, the door skin of 
the present invention may comprise an opening for a trans 
lucent panel, such as a WindoW pane or the like. In one 
embodiment, the ?ber-reinforced composite door skin of the 
present invention may comprise a substantially ?at pro?le. 
As used herein, a substantially ?at pro?le comprises a door 
skin that does not include protrusions or depressions on the 
surface of the door skin such as molding and other types of 
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decorative shaping as discussed herein. In another embodi 
ment, the door skin may comprise a molding. As used 
herein, a molding may comprise a shaping of the door skin 
surface as either a protrusion or a depression on the surface 
of the door skin. Such moldings may be placed on the door 
skin surface to provide the appearance of paneling and other 
decorative effects as discussed further herein. Also in an 
embodiment, the ?ber-reinforced composite door skin of the 
present invention may comprise a substantially smooth 
surface. Alternatively or additionally, the ?ber-reinforced 
composite door skin of the present invention may comprise 
a grain pattern on at least one surface. 

[0035] In yet another embodiment, the present invention 
comprises a door, including a ?re door, comprising a ?ber 
and a polymer resin formulated as a ?ber-reinforced com 
posite. As With the other ?ber-composite building structures 
of the present invention, the polymer resin of the ?ber 
reinforced composite doors of the present invention may 
comprise a thermosetting polymer. In an embodiment, the 
thermosetting polymer may comprise a polyurethane. 

[0036] The ?bers used for the doors of the present inven 
tion may comprise ?berglass. The ?ber may range in length 
from about 5 mm to about 100 mm. In one embodiment, the 
?ber-reinforced composite doors of the present invention do 
not comprise ?bers that have been arranged in an ordered 
structure. Thus, in an embodiment, the ?ber of the ?ber 
reinforced composite doors of the present invention may 
comprise a plurality of ?bers arranged in a non-structured, 
substantially random orientation. For example, in an 
embodiment, the ?bers in the composite are not purposefully 
interWoven With respect to each other in any one dimension. 
In an embodiment, the ?ber-reinforced composite used in 
the door may be made using long-?ber injection (LFI) 
technology. 
[0037] The ?ber-reinforced composite doors of the present 
invention may comprise other components such as a cata 
lyst, a bloWing agent and/or other additives. In one embodi 
ment, the ?ber-reinforced composite may comprise a non 
?ber ?ller. Alternatively or additionally, the ?ber-reinforced 
composite of the doors of the present invention may com 
prise a coloring agent. In yet other embodiments, the ?ber 
reinforced composite of the door may comprise at least one 
of a release agent, a barrier coat, or an in-mold coating 
applied to at least a portion of the structure. 

[0038] The ?ber-reinforced composite door of the present 
invention may comprise a variety of structural components 
used in the manufacture of doors. In one embodiment, the 
?ber-reinforced composite may comprise a door skin. Alter 
natively or additionally, the ?ber-reinforced composite may 
comprise a door panel. In yet another embodiment, the 
?ber-reinforced composite may comprise a plant-on struc 
ture or other type of applied molding used to provide trim or 
other design aspects for doors as described in more detail 
herein. In yet another embodiment, the ?ber-reinforced 
composite may comprise cladding for a door. 

[0039] The door of the present invention may comprise an 
opening for a translucent panel, such as a WindoW pane or 
the like. Also, in an embodiment, the ?ber-reinforced com 
posite of the door may comprise a substantially smooth 
surface. Alternatively or additionally, the ?ber-reinforced 
composite may comprise a grain pattern on at least one 
surface. 
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[0040] In another embodiment, the present invention com 
prises a method for producing a building structure. The 
method may comprise the step of preparing a mold having 
an internal volume in the shape a building structure. Also, 
the method may comprise the step of dispensing a mixture 
comprising a plurality of ?bers and a polymer resin onto a 
surface of the mold. The method may also comprise the step 
of alloWing the resin to polymeriZe under conditions suffi 
cient to produce a ?ber-reinforced composite. In an embodi 
ment, the ?ber-reinforced composite building structure may 
be made using long-?ber injection (LFI) technology. 

[0041] In an embodiment, the polymer resin used in the 
method of the invention may comprise a thermosetting 
polymer. For example, the thermosetting polymer may com 
prise a polyurethane. 

[0042] The ?bers used in the methods of the present 
invention may comprise ?berglass. In an embodiment, the 
?ber may range in length from about 5 mm to about 100 mm. 
In an embodiment, the ?bers do not comprise ?bers that 
have been arranged in an ordered structure. Thus, in an 
embodiment, the ?ber used in the methods of the present 
invention comprise a plurality of chopped ?bers arranged in 
a non-structured, substantially random orientation. For 
example, in an embodiment, the ?bers in the composite are 
not purposefully interWoven With respect to each other in 
any one dimension. 

[0043] In an embodiment, other components are used in 
the method of making ?ber-reinforced composite building 
structures of the present invention. In one embodiment, a 
?ller may be added to form the ?ber-reinforced composite 
building structure. Alternatively or additionally, a coloring 
agent may be added to form the ?ber-reinforced composite. 
In yet other embodiments, at least one of a release agent, a 
barrier coat, or an in-mold coating may be applied to at least 
a portion of the structure. 

[0044] For example, in some embodiments, a surface 
active agent may be applied to either the mold, or to the 
composite, or to both. Thus, the method may comprise the 
step of applying a surface-active agent to at least a portion 
of the mixture injected onto the mold. For example, the 
surface agent applied to the mixture may comprise a release 
agent or a barrier coating. Alternatively or additionally, the 
method may comprise applying a surface-active agent to at 
least one surface of the mold. For example, the surface agent 
applied to the mold may comprise a release agent, an 
in-mold coating, or a barrier coating. 

[0045] The mold may be shaped as is required to form the 
building structure of interest. In one embodiment, the mold 
is shaped to form a substantially planar composite. For 
example, the mold may be shaped to form a door skin. Or, 
the mold may be shaped to form a door panel. 

[0046] In other embodiments, the mold may be shaped to 
form a substantially non-planar structure. Thus, in alternate 
embodiments, the building structure of interest made by the 
methods of the present invention may comprise cladding, a 
door frame or a portion of a door frame, siding, a shutter, or 
a shingle. Or, the building structure may comprise a WindoW 
frame or a portion of a WindoW frame, or a WindoW part, 
such as a sash, glass stop or a simulated divided light (SDL) 
bar (e.g., a muntin). 

[0047] In one embodiment, the present invention com 
prises a method for producing a door skin. The method of 
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producing a door skin may comprise the step of preparing a 
mold comprising a ?rst and second die, Where both dies 
comprise at least one substantially planar surface. The 
method may additionally comprise the step of dispensing a 
mixture comprising a plurality of ?bers and a polymer resin 
onto the substantially planar surface of the ?rst die. The 
method may additionally comprise the step of bringing the 
substantially planar surface of the second die in contact With 
the ?bers and resin. Also, the method may comprise alloW 
ing the resin to polymeriZe under conditions suf?cient to 
produce a ?ber-reinforced composite in the shape of a door 
skin. 

[0048] In an embodiment, the polymer resin used to make 
the door skin by the method of the invention may comprise 
a thermosetting polymer. For example, the thermosetting 
polymer may comprise a polyurethane. 

[0049] The ?bers used to make a door skin by the methods 
of the present invention may comprise ?berglass. In an 
embodiment, the ?ber may range in length from about 5 mm 
to about 100 mm. In an embodiment, the ?bers do not 
comprise ?bers that have been arranged in an ordered 
structure. Thus, in an embodiment, the ?ber used in the 
methods of the present invention comprises a plurality of 
chopped ?bers arranged in a non-structured, substantially 
random orientation. For example, in an embodiment, the 
?bers in the composite are not purposefully interWoven With 
respect to each other in any one dimension. In one embodi 
ment, the method of making door skins may comprise the 
use of long-?ber injection (LFI) technology. 

[0050] In an embodiment, other components are used in 
the method of making ?ber-reinforced composite door skins 
of the present invention. In one embodiment, a ?ller may be 
added to form the ?ber-reinforced composite door skin. 
Alternatively or additionally, a coloring agent may be added 
to form the ?ber-reinforced composite door skin. In yet other 
embodiments, the ?ber-reinforced composite door skin may 
comprise at least one of a release agent, a barrier coat, or an 
in-mold coating applied to at least a portion of the door skin. 
For example, in some embodiments, a surface-active agent 
may be applied to either the mold, or to the composite, or to 
both. Thus, the method may comprise the step of applying 
a surface-active agent to at least a portion of the mixture 
dispensed onto the die. For example, the surface agent 
applied to the mixture may comprise a release agent or a 
barrier coating. Altematively or additionally, the method 
may comprise applying a surface-active agent to at least one 
surface of one of the dies. For example, the surface agent 
applied to the die may comprise a release agent, an in-mold 
coating, or a barrier coating. 

[0051] The dies may be shaped to form a “?ush” door 
skin, i.e., a door skin having an entire surface that is 
substantially ?at. Thus, in one embodiment, at least one of 
the die surfaces in contact With the ?bers and the polymer 
resin comprises a substantially ?at surface such that the 
?ber-reinforced composite door skin comprises a ?at pro?le. 
Alternatively or additionally, the dies may be shaped to form 
a door skin that comprises a protrusion or a depression on 
the surface of the door skin. Thus, in one embodiment, at 
least one of the die surfaces in contact With the ?bers and the 
polymer resin comprises at least one of a groove or a 
protrusion such that the ?ber-reinforced composite door skin 
comprises a molding. For example, in one embodiment, the 


































