
(12) STANDARD PATENT (11) Application No. AU 2013345234 B2 
(19) AUSTRALIAN PATENT OFFICE 

(54) Title 
Articles including frims and methods of using them 

(51) International Patent Classification(s) 
B32B 15/06 (2006.01) B32B 15/08 (2006.01) 

(21) Application No: 2013345234 (22) Date of Filing: 2013.10.25 

(87) WIPO No: W014/078057 

(30) Priority Data 

(31) Number (32) Date (33) Country 
61/725,956 2012.11.13 US 

(43) Publication Date: 2014.05.22 
(44) Accepted Journal Date: 2017.08.17 

(71) Applicant(s) 
Hanwha Azdel, Inc.  

(72) Inventor(s) 
Wang, Ruomiao;Hipwell, Jesse;Hausman, Richard 

(74) Agent / Attorney 
Griffith Hack, GPO Box 1285, Melbourne, VIC, 3001, AU 

(56) Related Art 
US 4469543 A



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

(19) World Intellectual Property 
Organization 

International Bureau 
(10) International Publication Number 

(43) International Publication Date W O 2014/078057 Al 
22 May 2014 (22.05.2014) W I PO I P CT 

(51) International Patent Classification: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME, 
B32B 15/06 (2006.01) B32B 15/08 (2006.01) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, 

.) . OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, 
(21) International Application Number: SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, 

PCT/US2013/066796 TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, 
(22) International Filing Date: ZW.  

25 October 2013 (25.10.2013) (84) Designated States (unless otherwise indicated, for every 

(25) Filing Language: English kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ, 

(26) Publication Language: English UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ, 

(30) Priority Data: TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, 

61/725,956 13 November 2012 (13.11.2012) US EE, ES, Fl, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, 
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM, 

(71) Applicant: HANWHA AZDEL, INC. [US/US]; 2000 En- TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, 
terprise Drive, Forest, VA 24551 (US). KM, ML, MR, NE, SN, TD, TG).  

(72) Inventors: WANG, Ruomiao; 807 Lake Vista Dr, Forest, Declarations under Rule 4.17: 
VA 24551 (US). HIPWELL, Jesse; 1259 Kings Carriage - as to applicant's entitlement to apply for and be granted a 
Road, Grand Blanc, MI 48439 (US). HAUSMAN, patent (Rule 4.17(ii)) 
Richard; 510 Wilkshire Drive, Waterville, OH 43556 

(US). - as to the applicant's entitlement to claim the priority of the 
earlier application (Rule 4.1 7(iii)) 

(74) Agent: RHODES, Christopher; Rhodes IP PLC, 30 
Franklin Rd., SW - Suite 600, Roanoke, VA 24011 (US). Published: 

(81) Designated States (unless otherwise indicated, for every - with international search report (Art. 21(3)) 
kind of national protection available): AE, AG, AL, AM, - before the expiration of the time limit for amending the 
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, claims and to be republished in the event of receipt of 
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, amendments (Rule 48.2(h)) 
DO, DZ, EC, EE, EG, ES, Fl, GB, GD, GE, GH, GM, GT, 
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR, 

(54) Title: ARTICLES INCLUDING FRIMS AND METHODS OF USING THEM 

100 

110 

120 

(57) Abstract: Certain embodiments described herein are directed to articles that provide less sag. In some examples, the articles can 
O include a fiber reinforced thermoplastic polymer core layer comprising reinforcing fibers and a thermoplastic polymer, and a frim 

disposed on the fiber reinforced polymer core layer. In certain examples, the frim comprises a film coupled to a scrim comprising an 
effective basis weight to prevent substantial sag of the article, e.g., during a forming operation.



ARTICLES INCLUDING FRIMS AND METHODS OF USING THEM 

[0001] PRIORITY APPLICATION 

[0002] This application claims priority to U.S. Provisional Application No. 61/725,956 filed on 

November 13, 2012, the entire disclosure of which is hereby incorporated herein by reference for 

all purposes.  

[0003] TECHNOLOGICAL FIELD 

[0004] This application is related to articles that include one or more frim layers. In particular, 

certain embodiments herein are directed to articles including a thermoplastic polymer core layer 

and a film and scrim layer disposed on the thermoplastic polymer core layer.  

[0005] BACKGROUND 

[0006] Articles for automotive and construction materials applications typically are designed to 

meet a number of competing and stringent performance specifications. Parts produced using the 

articles can sag resulting in failure during a forming operation or failure of the part.  

[0007] SUMMARY 

[0007A] In one aspect of the present invention, there is provided a thermoplastic composite 

article comprising: a fiber reinforced thermoplastic polymer porous core layer comprising 

reinforcing fibers and a thermoplastic polymer, in which the porous core layer comprises a 

porosity between about 20% to about 80% by volume of the porous core layer; and a frim 

disposed on the fiber reinforced polymer core layer, the frim comprising a film component 

coupled to a scrim component without any discernible interface within the frim, wherein the scrim 

component overlies the film component and is continuous from side to side of the film 

component, wherein the frim comprises an effective basis weight to prevent sag of the article 

during a forming operation.  

[0007B] In another aspect of the present invention, there is provided a thermoplastic composite 

article comprising: a fiber reinforced thermoplastic polymer porous core layer comprising 

reinforcing fibers and a thermoplastic polymer, in which the porous core layer comprises a 

porosity between about 20% to about 80% by volume of the porous core layer and the reinforcing 

fibers comprise a length of about 5 mm to about 200 mm; a film disposed on some portion of a 

first surface of the polymer porous core layer; and a scrim disposed on the film and coupled to the 

film without any discernible interface between the film and the scrim, wherein the scrim overlies 
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the film and is continuous from side to side of the film, in which the scrim comprises an effective 

basis weight to prevent sag of the article during a forming operation.  

[0007C] In another aspect of the present invention, there is provided a thermoplastic composite 

article comprising: a fiber reinforced thermoplastic polymer porous core layer comprising 

reinforcing fibers and a thermoplastic polymer, in which the porous core layer comprises a 

porosity between about 20% to about 80% by volume of the porous core layer; a barrier layer 

coupled to and disposed on an entire first surface of the core layer; and a scrim layer coupled to 

and disposed on the barrier layer, wherein the scrim layer is coupled to the barrier layer without 

any discernible interface between the barrier layer and the scrim layer, wherein the scrim layer 

overlies the barrier layer and is continuous from side to side of the barrier layer, in which the 

scrim comprises an effective basis weight to prevent sag of the article during a forming operation.  

[0007D] In another aspect of the present invention, there is provided a method of facilitating 

assembly of a vehicle, the method comprising providing the thermoplastic composite articles 

described above, and using the article in the assembly of the vehicle.  

[0008] In one aspect, a thermoplastic composite article comprising a fiber reinforced 

thermoplastic polymer core layer comprising reinforcing fibers and a thermoplastic polymer, and 

a frim disposed on the fiber reinforced polymer core layer, the frim comprising a film coupled to a 

scrim comprising an effective basis weight to prevent substantial sag of the article, e.g., during a 

forming operation such as, for example, molding or generally preventing sag of the final, forced 

article when it is placed in its use environment. In some embodiments, the frim may comprise a 

basis weight effective to prevent sag of a core layer comprising a basis weight of about 550-650 

grams per square meter (gsm).  

[0009] In certain embodiments, the scrim of the frim comprises a basis weight of at least 30 

gsm. In other embodiments, the scrim of the frim comprises a basis weight of at least 45 gsm. In 

additional embodiments, the scrim of the frim comprises a basis weight of at least 40 gsm or 50 

gsm. In certain embodiments, the film of the frim comprises a basis weight of at least 15 gsm. In 

other embodiments, the film of the frim comprises a basis weight of at least 30 gsm or 45 gsm. In 

additional embodiments, the film of the frim comprises a basis weight of at least 50 gsm.  

[0010] In some embodiments, the scrim comprises a basis weight of at least 30 gsm and the film 

comprises a basis weight of at least 30 gsm. In other embodiments, the scrim comprises a basis 

weight of at least 30 gsm and the film comprises a basis weight of at least 45 gsm. In additional 
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embodiments, the scrim comprises a basis weight of at least 30 gsm and the film comprises a 

basis weight of at least 40 gsm or 50 gsm. In further embodiments, the scrim comprises a basis 

weight of at least 45 gsm and the film comprises a basis weight of at least 30 gsm. In additional 

embodiments, the scrim comprises a basis weight of at least 45 gsm and the film comprises a 

basis weight of at least 45 gsm. In further embodiments, the scrim comprises a basis weight of at 

least 45 gsm, and the film comprises a basis weight of at least 40 gsm or 50 gsm. In some 

examples, the scrim comprises a basis weight of at least 40 gsm or 50 gsm, and the film comprises 

a basis weight of at least 30 gsm. In some embodiments, the scrim comprises a basis weight of at 

least 40 gsm or 50 gsm, and the film comprises a basis weight of at least 45 gsm. In other 

embodiments, the scrim comprises a basis weight of at least 40 gsm or 50 gsm, and the film 

comprises a basis weight of at least 40 gsm or 50 gsm.  

[0011] In certain examples, the film can be coupled to the scrim with an adhesive. In some 

embodiments, the film is melt bonded to the scrim. In additional embodiments, the scrim 

comprises polyethylene terephthalate. In some embodiments, the film comprises a polyamide. In 

other embodiments, the polyamide can be nylon 6. In certain embodiments, the film comprises 

polypropylene and the scrim comprises polyethylene terephthalate.  

[0012] In certain embodiments, each of the scrim and the film can independently comprise at 

least one of a polyolefin resin, a thermoplastic polyolefin blend resin, a polyvinyl polymer resin, a 

butadiene polymer resin, an acrylic polymer resin, a polyamide resin, a polyester resin, a 

polycarbonate resin, a polyestercarbonate resin, a polystyrene resin, an acrylonitrylstyrene 

polymer resin, an acrylonitrile-butylacrylate-styrene polymer resin, a polyether imide resin, a 

polyphenylene ether resin, a polyphenylene oxide resin, a polyphenylenesulphide resin, a 

polyether resin, a polyetherketone resin, a polyacetal resin, a polyurethane resin, a 

polybenzimidazole resin, or copolymers or mixtures thereof.  

[0013] In some embodiments, the film of the frim can comprise a plurality of layers. In certain 

instances, at least one layer of the plurality of layers comprises a polyethylene. In other instances, 

at least one layer of the plurality of layers comprises a polyamide. In further examples, the film 

comprises a first polyethylene layer coupled to a polyamide layer and a second polyethylene layer 

coupled to the polyamide layer.  

[0014] In some embodiments, the article can include a film layer disposed on a surface opposite 

a surface where the frim is disposed. In certain examples, the film layer disposed on the surface 

opposite the surface where the frim is disposed comprises polypropylene.  

[0015] In certain embodiments, the articles described herein can be configured to sag less than 

an amount to contact the frame or mold of the molding device. For example, the article can be 
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configured to sag less than a desired amount such that a molded article produced from the article 

can be removed from an oven without sag that would contact the oven frame. In some 

embodiments, the scrim is effective to prevent sag of the article during the molding operation.  

[0016] In certain embodiments, the film is coupled to the scrim with an adhesive. In some 

embodiments, the scrim comprises polyethylene terephthalate. In other embodiments, the film 

comprises a polyamide. In other embodiments, the polyamide is nylon 6. In additional 

embodiments, the film comprises polypropylene and the scrim comprises polyethylene 

terephthalate.  

[0017] In some embodiments, the film comprises a plurality of layers. In some examples, at 

least one layer of the plurality of layers comprises a polyethylene. In additional examples, at least 

one layer of the plurality of layers comprises a polyamide. In some examples, the film comprises 

a first polyethylene layer coupled to a polyamide layer and a second polyethylene layer coupled to 

the polyamide layer.  

[0018] In certain embodiments, the article can include a film layer disposed on a surface 

opposite a surface where the scrim is disposed. In some examples, the film layer can be disposed 

on the surface opposite the surface where the scrim is disposed comprises polypropylene. In 

some embodiments, the article can include a fabric layer coupled to the film layer disposed on the 

surface opposite the surface where scrim is disposed.  

[0019] In certain embodiments, the core layer comprises glass reinforcing fibers. In additional 

embodiments, the reinforcing fibers comprise one or more of carbon fibers, graphite fibers, 

synthetic organic fibers, inorganic fibers, natural fibers, mineral fibers, metal fibers, metalized 

inorganic fibers, metalized synthetic fibers, ceramic fibers, or combinations thereof.  

[0020] In some embodiments, the core layer is permeable and comprises a density of about 0.1 

gm/cm 3 to about 1.8 gm/cm 3. In certain embodiments, the core layer comprises a porosity 

between about 20% to about 80% by volume of the core layer. In other embodiments, the 

thermoplastic polymer comprises one or more of a polyolefin resin, a thermoplastic polyolefin 

blend resin, a polyvinyl polymer resin, a butadiene polymer resin, an acrylic polymer resin, a 

polyamide resin, a polyester resin, a polycarbonate resin, a polyestercarbonate resin, a polystyrene 

resin, an acrylonitrylstyrene polymer resin, an acrylonitrile-butylacrylate-styrene polymer resin, a 

polyether imide resin, a polyphenylene ether resin, a polyphenylene oxide resin, a 

polyphenylenesulphide resin, a polyether resin, a polyetherketone resin, a polyacetal resin, a 

polyurethane resin, a polybenzimidazole resin, or copolymers or mixtures thereof. In some 

examples, the thermoplastic core layer comprises glass reinforcing fibers and a thermoplastic 
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polymer comprises polypropylene, the film comprises a polyamide and the scrim comprises a 

polyethylene terephthalate.  

[0021] In certain embodiments, the article can include a polypropylene film disposed on an 

opposite surface from a surface where the scrim is disposed.  

[0022] In another aspect, a thermoplastic composite article comprising a fiber reinforced 

thermoplastic polymer core layer comprising reinforcing fibers and a thermoplastic polymer, a 

barrier layer coupled to and disposed on the core layer, and a scrim layer coupled to and disposed 

on the barrier layer, in which the scrim comprises an effective basis weight to prevent substantial 

sag of the article, e.g., during a forming operation such as, for example, molding. In some 

embodiments, the scrim may comprise a basis weight effective to prevent sag of a core layer 

comprising a basis weight of about 550-650 gsm.  

[0023] In certain examples, the barrier layer can be coupled to the scrim with an adhesive and 

the barrier layer can be coupled to the core layer with an adhesive. In other embodiments, the 

scrim comprises polyethylene terephthalate. In further examples, the barrier layer comprises one 

of a polyamide, a polypropylene, a polyethylene and copolymers thereof. In some embodiments, 

the polyamide is nylon 6. In other embodiments, the film comprises polypropylene and the scrim 

comprises polyethylene terephthalate. In some examples, the barrier layer comprises a plurality 

of layers. In additional examples, at least one layer of the plurality of layers comprises a 

polyethylene. In other examples, at least one layer of the plurality of layers comprises a 

polyamide. In some embodiments, the barrier layer comprises a first polyethylene layer coupled 

to a polyamide layer and a second polyethylene layer coupled to the polyamide layer, in which the 

polyethylene layers are effective to adhere the polyamide layer to the core layer and the scrim 

without the use of an adhesive.  

[0024] In certain embodiments, the article can include a film layer disposed on a surface 

opposite a surface where the scrim is disposed. In some embodiments, the film layer disposed on 

the surface opposite the surface where the scrim is disposed comprises polypropylene.  

[0025] In certain examples, the article can also include a fabric layer coupled to the film layer 

disposed on the surface opposite the surface where scrim is disposed. In some examples, the core 

layer comprises glass reinforcing fibers. In other embodiments, the reinforcing fibers of the core 

layer comprise one or more of carbon fibers, graphite fibers, synthetic organic fibers, inorganic 

fibers, natural fibers, mineral fibers, metal fibers, metalized inorganic fibers, metalized synthetic 

fibers, ceramic fibers, or combinations thereof.  

[0026] In some examples, the core layer is permeable and comprises a density of about 0.1 

gm/cm 3 to about 1.8 gm/cm 3. In additional examples, the core layer a porosity between about 
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20% to about 80% by volume of the core layer. In some examples, the thermoplastic polymer of 

the core layer comprises one or more of a polyolefin resin, a thermoplastic polyolefin blend resin, 

a polyvinyl polymer resin, a butadiene polymer resin, an acrylic polymer resin, a polyamide resin, 

a polyester resin, a polycarbonate resin, a polyestercarbonate resin, a polystyrene resin, an 

acrylonitrylstyrene polymer resin, an acrylonitrile-butylacrylate-styrene polymer resin, a 

polyether imide resin, a polyphenylene ether resin, a polyphenylene oxide resin, a 

polyphenylenesulphide resin, a polyether resin, a polyetherketone resin, a polyacetal resin, a 

polyurethane resin, a polybenzimidazole resin, or copolymers or mixtures thereof. In some 

embodiments, the thermoplastic core layer comprises glass reinforcing fibers and a thermoplastic 

polymer comprises polypropylene, the film comprises a polyamide and the scrim comprises a 

polyethylene terephthalate. In additional embodiments, the article can comprise a polypropylene 

film disposed on an opposite surface from a surface where the scrim is disposed.  

[0027] In another aspect, a method of facilitating assembly of a vehicle, the method comprising 

providing a thermoplastic composite article comprising a fiber reinforced thermoplastic polymer 

core layer comprising reinforcing fibers and a thermoplastic polymer, and a frim disposed on the 

fiber reinforced polymer core layer, the frim comprising a film coupled to a scrim comprising an 

effective basis weight to prevent substantial sag of the article, e.g., during a forming operation 

such as, for example, molding or generally preventing sag of the final, formed article when it is 

placed in its use environment. In some embodiments, the film and/or scrim may comprise a basis 

weight effective to prevent sag of a core layer comprising a basis weight of about 550-650 gsm.  

[0028] In certain embodiments, the method can include configuring the vehicle part to be a 

headliner of vehicle. In other embodiments, the method can include configuring the article with a 

film layer on a surface of the core layer opposite the surface of the core layer where the frim is 

disposed. In some examples, the method can include coupling the article to a foam layer. In 

certain examples, the method can include coupling the foam to a fabric layer.  

[0029] In an additional aspect, a method of facilitating assembly of a vehicle can include 

providing a thermoplastic composite article comprising a fiber reinforced thermoplastic polymer 

core layer comprising reinforcing fibers and a thermoplastic polymer, a film disposed on the 

polymer core layer, and a scrim disposed on the film, in which the scrim comprises an effective 

basis weight to prevent substantial sag of the article, e.g., during a forming operation such as, for 

example, molding or generally preventing sag of the final, formed article when it is placed in its 

use environment. In some embodiments, the frim may comprise a basis weight effective to 

prevent sag of a core layer comprising a basis weight of about 550-650 gsm.  
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[0030] In certain embodiments, the method can include configuring the vehicle part to be a 

headliner of vehicle. In other embodiments, the method can include configuring the article with a 

film layer on a surface of the core layer opposite the surface of the core layer where the scrim is 

disposed. In some examples, the method can include coupling the article to a foam layer. In 

certain examples, the method can include coupling the foam to a fabric layer.  

[0031] In another aspect, a method of facilitating assembly of a vehicle can include providing a 

thermoplastic composite article comprising a fiber reinforced thermoplastic polymer core layer 

comprising reinforcing fibers and a thermoplastic polymer, a barrier layer coupled to and disposed 

on the core layer, and a scrim layer coupled to and disposed on the barrier layer, in which the 

scrim comprises an effective basis weight to prevent substantial sag of the article, e.g., during a 

forming operation such as, for example, molding or generally preventing sag of the final, formed 

article when it is placed in its use environment. In some embodiments, the frim may comprise a 

basis weight effective to prevent sag of a core layer comprising a basis weight of about 550-650 

gsm.  

[0032] In certain embodiments, the method can include configuring the vehicle part to be a 

headliner of vehicle. In other embodiments, the method can include configuring the article with a 

film layer on a surface of the core layer opposite the surface of the core layer where the scrim is 

disposed. In some examples, the method can include coupling the article to a foam layer. In 

further examples, the method can include coupling the foam to a fabric layer.  

[0033] Additional features, aspect, examples and embodiments are described in more detail 

below.  

[0034] BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] Certain embodiments are described with reference to the accompanying figures in 

which: 

[0036] FIG. 1 is a side view of an illustration of a frim, in accordance with certain examples; 

[0037] FIG. 2 is a perspective view of a frim comprising more than a single scrim, in 

accordance with certain examples; 

[0038] FIG. 3 is an illustration of a multi-layered frim, in accordance with certain examples; 

[0039] FIG. 4 is an illustration of a composite article comprising a frim and a core layer, in 

accordance with certain examples; and 

[0040] FIG. 5 is an illustration of a composite article comprising a frim, a core layer and a 

second layer on an opposite surface of the core layer, in accordance with certain examples.  
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[0041] It will be recognized by the person of ordinary skill in the art, given the benefit of this 

disclosure, that certain dimensions or features in the figures may have been enlarged, distorted or 

shown in an otherwise unconventional or non-proportional manner to provide a more user friendly 

version of the figures. No particular thickness, width or length is intended by the depictions in the 

figures, and relative sizes of the figure components are not intended to limit the sizes of any of the 

components in the figures. Where dimensions or values are specified in the description below, the 

dimensions or values are provided for illustrative purposes only. In addition, no particular 

material or arrangement is intended to be required by virtue of shading of certain portions of the 

figures, and even though different components in the figures may include shading for purposes of 

distinction, the different components can include the same or similar material, if desired.  

[0042] DETAILED DESCRIPTION 

[0043] Certain embodiments are described below with reference to singular and plural terms in 

order to provide a user friendly description of the technology disclosed herein. These terms are 

used for convenience purposes only and are not intended to limit the articles, composites and 

other subject matter as including or excluding certain features unless otherwise noted as being 

present in a particular embodiment described herein.  

[0044] In certain examples described herein, the articles can include a frim that comprises an 

effective basis weight to prevent substantial sag of the article during a forming operation. In some 

embodiments, the scrim of the frim comprises the effective basis weight to prevent substantial sag 

of the article during a forming operation. As used herein, a forming operation is generally 

understood to include, but is not limited to, heating, molding or pressure or temperature 

processing of the article to provide a final part or article. For example, the frims and/or scrims of 

the frims used herein may be effective to reduce sag of the article when it is heated in an infrared 

oven to avoid or reduce the possibility of fire in the oven. In other instances, the frims and/or 

scrims of the frims used herein may be effective to reduce sag when a heated article is transferred 

out of an oven. In additional examples, the frims and/or scrims of the frims used herein may be 

effective to reduce sag when a heated article is transferred into a molding apparatus. Additional 

similar types of forming operations that may be used with the articles described herein will be 

readily selected by the person of ordinary skill in the art, given the benefit of this disclosure.  

[0045] In certain embodiments, the articles described herein can include one or more frims or 

frim layers. The term frim refers to a combination of a scrim and a film. For example, and 

referring to FIG. 1, the frim 100 comprises a scrim 110 and a film 120. The frim 100 may be used 

or present in the form of a prepreg that includes the scrim 110 coupled to a film 120 through 
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suitable bonding, adhesives or other forms. In some embodiments, the frim 100 may be pre

processed by heating the materials to a suitable temperature to soften the materials. In certain 

examples, the frim 100 can be heated to a desired temperature such that the scrim 110 and film 

120 are melted and coupled to each other to provide a frim without any discernible interface 

within it. In use, the scrim of the frim may be present on an outer surface of the article, whereas 

in other configurations, the film of the frim may be present on an outer surface of the article.  

[0046] In certain embodiments, the scrim used in the frim may be a heavy weight scrim. For 

example, typical scrims used in existing articles are lightweight, e.g., 10 gsm or less, so as to not 

increase the overall weight of the article to a substantial degree. In certain embodiments, the 

scrim present in the frim may have a basis weight of at least 30 gsm, more particularly a basis 

weight of at least 35 gsm, for example, a basis weight greater than 40 gsm, 45 gsm, 50 gsm, 55 

gsm, 60 gsm, 65 gsm, 70 gsm or 75 gsm. Depending on the thickness and construction of the 

scrim however, the basis weight can be lower, e.g., 15 gsm-30 gsm. In certain examples, the 

scrim may be about 0.075 mm thick to about 2 mm thick, more particularly, about 0.1 mm thick 

to about 1 mm thick, for example, about 0.1 mm thick to about 0.70 mm thick.  

[0047] In certain examples, the scrim can be disposed as a generally planar layer that covers 

substantially all of a surface on one side of the film layer. For example, the scrim can be disposed 

as a layer that overlies the film and generally is continuous from side to side of the film layer. If 

desired, the scrim can be disposed on both sides of a film layer to sandwich the film between 

scrim layers. Where a film layer is sandwiched between two or more scrim layers, the scrim on 

each side of the film may be the same or may be different. In addition, while the scrim on each 

side of the film may comprise the same material, the basis weight of the scrim on each side may 

be different. For example, the scrim on each side of the film may comprise polypropylene or 

polyethylene terephthalate but the basis weight of one scrim may be larger than the basis weight 

of the other scrim. In some embodiments, the scrim closest to the outer surface of the final article 

may have the higher basis weight, whereas in other examples, the scrim closest to the outer 

surface of the final article may have the lower basis weight. If desired, the scrim may comprise 

two or more layers coupled to each other to form the overall scrim that is used. For example, the 

scrim may include a plurality of layers of material adhered, melted or coupled to each other to 

provide a final scrim that can be coupled to a film and used as a frim as described herein. If 

desired, adjacent layers of the film may comprise scrim material or different scrim layers can be 

separated by the film or one or more other materials.  

[0048] In some embodiments, the scrim may have areas comprising a different basis weight to 

provide increased strength in those areas. For example, the scrim may predominantly have a basis 
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weight of 30 gsm but certain areas or zones may have an increased basis weight, e.g., 45 gsm, to 

reduce sag in those areas. To provide such areas with increased basis weight, the scrim may be 

disposed on the film as patches or strips of scrim material. For example and referring to FIG. 2, a 

perspective view of a frim 200 is shown. The frim 200 comprises a plurality of scrims 204, 208 

and 212 disposed on a film 220. In certain instances, the scrim layers or strips 204 and 208 

comprise a different basis weight than the scrim layer 212. In some embodiments, the strips 204 

and 208 may comprise the same basis weight, whereas in other embodiments, the strips 204 and 

208 may comprise a different basis weight. In certain examples, strip 204 has a larger basis 

weight than strips 208 and 212. In certain embodiments, strip 208 has a larger basis weight than 

strips 204 and 212. In other embodiments, strip 212 has a larger basis weight than strip 204 and 

208.  

[0049] In certain embodiments, the strips 204 and 212 may have a basis weight of about 30 gsm 

and the strip 208 may have a basis weight of about 35 gsm or greater, a basis weight of 40 gsm or 

greater, a basis weight of 45 gsm or greater or a basis weight of 50 gsm or greater. In other 

examples, the strips 204 and 212 may have a basis weight of about 35 gsm and the strip 208 may 

have a basis weight of about 40 gsm or greater, a basis weight of 45 gsm or greater or a basis 

weight of 50 gsm or greater. In certain examples, the strips 204 and 212 may have a basis weight 

of about 40 gsm and the strip 208 may have a basis weight of about 45 gsm or greater, a basis 

weight of 50 gsm or greater or a basis weight of 55 gsm or greater. In certain embodiments, the 

strips 204 and 212 may have a basis weight of about 45 gsm and the strip 208 may have a basis 

weight of about 50 gsm or greater, a basis weight of 55 gsm or greater or a basis weight of 60 gsm 

or greater.  

[0050] In certain examples, the strip 208 may have a basis weight of about 30 gsm and the strips 

204 and 212 each independently may have a basis weight of about 35 gsm or greater, a basis 

weight of 40 gsm or greater, a basis weight of 45 gsm or greater or a basis weight of 50 gsm or 

greater. In other examples, the strip 208 may have a basis weight of about 35 gsm and the strips 

204 and 212 each independently may have a basis weight of about 40 gsm or greater, a basis 

weight of 45 gsm or greater or a basis weight of 50 gsm or greater. In certain examples, the strip 

208 may have a basis weight of about 40 gsm and the strips 204 and 212 each independently may 

have a basis weight of about 45 gsm or greater, a basis weight of 50 gsm or greater or a basis 

weight of 55 gsm or greater. In certain embodiments, the strip 208 may have a basis weight of 

about 45 gsm and the strips 204 and 212 each independently may have a basis weight of about 50 

gsm or greater, a basis weight of 55 gsm or greater or a basis weight of 60 gsm or greater.  
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[0051] In certain embodiments, the scrim may comprise one or more thermoplastic polymer 

materials. For example, the scrim can include one or more thermoplastic resins such as, for 

example, a polyolefin resin, a thermoplastic polyolefin blend resin, a polyvinyl polymer resin, a 

butadiene polymer resin, an acrylic polymer resin, a polyamide resin, a polyester resin, a 

polycarbonate resin, a polypropylene resin, a polyestercarbonate resin, a polystyrene resin, an 

acrylonitrylstyrene polymer resin, an acrylonitrile-butylacrylate-styrene polymer resin, a 

polyimide resin, a polyphenylene ether resin, a polyphenylene oxide resin, a 

polyphenylenesulphide resin, a polyether resin, a polyetherketone resin, a polyacetal resin, a 

polyurethane resin, a polybenzimidazole resin, a polyethylene terephthalate resin and copolymers, 

mixtures and combinations thereof. In some embodiments, the scrim can include two polymer 

resins, three polymer resins, four polymer resins or more. In other examples, different portions of 

the scrim can include different polymer material compositions.  

[0052] In other embodiments, the scrim may comprise a material with a melting point of greater 

than 200 C, more particularly greater than 225 C, for example, a material with a melting point 

greater than 250 C or greater than 260 C, e.g., a melting point between 250-260 C. If desired, 

the material may be a thermoplastic polymer such as, for example, a thermoplastic resin or two or 

more thermoplastic resins.  

[0053] In certain embodiments, the scrim can include reinforcing materials. In some 

embodiments, the reinforcing materials can be one or more types of fibers. Illustrative types of 

fibers include, but are not limited to, glass fibers, carbon fibers, graphite fibers, synthetic organic 

fibers, particularly high modulus organic fibers such as, for example, para- and meta-aramid 

fibers, nylon fibers, polyester fibers, or any of the resins described herein that are suitable for use 

as fibers, natural fibers such as hemp, sisal, jute, flax, coir, kenaf and cellulosic fibers, mineral 

fibers such as basalt, mineral wool (e.g., rock or slag wool), wollastonite, alumina silica, 

and the like, or mixtures thereof, metal fibers, metalized natural and/or synthetic fibers, ceramic 

fibers, yarn fibers, or mixtures thereof. In some embodiments, the fibers present in the scrim can 

be chemically treated prior to use to provide desired functional groups or to impart other physical 

properties to the fibers. The fiber content in the scrim may be from about 1% to about 90%, more 

particularly from about 30% to about 70%, by weight of the scrim. Typically, the fiber content of 

the scrim varies between about 20% to about 90% by weight, more particularly between about 

40% to about 80% by weight of the scrim. The particular size and/or orientation of the fibers used 

may depend, at least in part, on the polymer material used and/or the desired properties of the 

resulting article. Suitable additional types of fibers, fiber sizes and amounts will be readily 

selected by the person of ordinary skill in the art, given the benefit of this disclosure. In some 
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examples, fibers present in the scrim generally have a diameter of greater than about 5 microns, 

more particularly from about 5 microns to about 22 microns, and a length of from about 5 mm to 

about 200 mm; more particularly, the fiber diameter may be from about 10 microns to about 22 

microns and the fiber length may be from about 5 mm to about 75 mm. In other embodiments, 

different types of fibers can be present in the scrim. The different types of fibers may comprise 

different materials, different fiber lengths, different fiber diameters or combinations thereof.  

[0054] In certain examples, the film of the frim may comprise a suitable basis weight to impart 

desired properties to the final article where the frim is used. In certain embodiments, the film 

comprises a basis weight of at least 30 gsm. In some embodiments, the film comprises a basis 

weight of about 15 gsm to about 75 gsm, more particularly about 20 gsm to about 55 gsm, for 

example, about 22 gsm to about 50 gsm. If desired, the film may be porous or may be non

porous. The film may be clear, colored or make include pigments, dyes or other additives as 

desired. In certain examples, the film may be about 0.05 mm thick to about 2 mm thick, more 

particularly, about 0.1 mm thick to about 1.5 mm thick, for example, about 0.5 mm thick to about 

1 mm thick.  

[0055] In some embodiments, the film may be effective to function as a barrier layer that is 

effective to prevent substantial adsorption of odors, colored fluids or other materials on the final 

article. For example, the film may be effective to ensure cigarette smoke, diesel exhaust, bad 

odors and the like are not adsorbed and/or retained by the article. Where the article is exposed to 

an agent that is a liquid, the film can be effective to prevent soaking of the fluid into the 

underlying materials, which could result in formation of mold, discoloration of the article or 

permanent staining of the article.  

[0056] In certain examples, the film may comprise one or more of a polyolefin, a polyamide or 

combinations thereof. Where a polyamide is used, the polyamide may be an aliphatic polyamide 

(e.g., nylon), an aromatic polyamide, a semi-aromatic polyamide or combinations or copolymers 

thereof. In other embodiments, the film may comprise one or more thermoplastic resins such as, 

for example, a polyolefin resin, a thermoplastic polyolefin blend resin, a polyvinyl polymer 

resin, a butadiene polymer resin, an acrylic polymer resin, a polyamide resin, a polyester resin, a 

polycarbonate resin, a polypropylene resin, a polyestercarbonate resin, a polystyrene resin, an 

acrylonitrylstyrene polymer resin, an acrylonitrile-butylacrylate-styrene polymer resin, a 

polyimide resin, a polyphenylene ether resin, a polyphenylene oxide resin, a 

polyphenylenesulphide resin, a polyether resin, a polyetherketone resin, a polyacetal resin, a 

polyurethane resin, a polybenzimidazole resin, a polyethylene terephthalate resin and copolymers, 

mixtures and combinations thereof. In some embodiments, the film can include two polymer 
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resins, three polymer resins, four polymer resins or more. In other examples, different portions of 

the film can include different polymer material compositions.  

[0057] In some examples, the film may comprise reinforcing materials. In some embodiments, 

the reinforcing materials can be one or more types of fibers. Illustrative types of fibers suitable 

for use in the films include, but are not limited to, glass fibers, carbon fibers, graphite fibers, 

synthetic organic fibers, particularly high modulus organic fibers such as, for example, para- and 

meta-aramid fibers, nylon fibers, polyester fibers, or any of the resins described herein that are 

suitable for use as fibers, natural fibers such as hemp, sisal, jute, flax, coir, kenaf and cellulosic 

fibers, mineral fibers such as basalt, mineral wool (e.g., rock or slag wool), wollastonite, 

alumina silica, and the like, or mixtures thereof, metal fibers, metalized natural and/or synthetic 

fibers, ceramic fibers, yarn fibers, or mixtures thereof. In some embodiments, the fibers present 

in the film can be chemically treated prior to use to provide desired functional groups or to impart 

other physical properties to the fibers. The fiber content in the film may be from about 0% to 

about 90%, more particularly from about 30% to about 70%, by weight of the film. Typically, the 

fiber content of the film varies between about 5% to about 90% by weight, more particularly 

between about 40% to about 80% by weight of the film. The particular size and/or orientation of 

the fibers used may depend, at least in part, on the polymer material used and/or the desired 

properties of the resulting article. Suitable additional types of fibers, fiber sizes and amounts will 

be readily selected by the person of ordinary skill in the art, given the benefit of this disclosure.  

In some examples, fiber present in the film generally have a diameter of greater than about 5 

microns, more particularly from about 5 microns to about 22 microns, and a length of from about 

5 mm to about 200 mm; more particularly, the fiber diameter may be from about 10 microns to 

about 22 microns and the fiber length may be from about 5 mm to about 75 mm. In other 

embodiments, different types of fibers can be present in the film. The different types of fibers 

may comprise different materials, different fiber lengths, different fiber diameters or combinations 

thereof.  

[0058] In certain examples, the frim may comprise a stack of scrim/film layers coupled to each 

other. For example and referring to FIG. 3, a frim 300 comprises a layered stack comprising a 

scrim 310 disposed on a first layer 320. The first layer 320 is disposed on a second layer 330. An 

additional layer 340 may be present in the frim as well. In some embodiments, the first layer 320 

may be a film, a different scrim than the scrim 310 or other materials. For example, the first layer 

320 may comprises barrier properties that can impart desired properties to the final article that 

includes the frim. The second layer 320 may be a film, scrim or other material such as, for 

example, a barrier layer. The additional layer may also be a film, scrim or other material such as, 
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for example, a barrier layer. In certain instances, the first layer 320 may be an adhesive layer, the 

second layer 330 may be a film layer and the additional layer 340 may be another adhesive layer 

which can be used, for example, to attach the frim 200 to a core layer as described herein. In 

other configurations, the scrim 310 may comprise polyethylene terephthalate, the second layer 

320 may comprise polyethylene, the third layer 330 may comprise a polyamide and the additional 

layer 340 may comprise polyethylene. The particular shading shown in FIG. 3 is not limiting and 

is provided solely to provide visual distinction between the different layers.  

[0059] In certain embodiments, where a frim is present, the overall basis weight of the frim can 

vary depending in the desired overall weight and properties of the articles comprising the frim. In 

some embodiments, the frim may comprise a basis weight of about 35 grams per square meter 

(gsm or g/m2) to about 120 gsm, more particularly, about 40 gsm to about 95 gsm, for example, 

about 45 gsm to about 75 gsm.  

[0060] In certain examples, one or more layers of the frim may comprise colorants, dyes, 

pigments, particles, whiskers, fiber or other desired materials. In certain embodiments, one or 

more layers of the frim can include reinforcing materials. In some embodiments, the reinforcing 

materials present in any one layer of the frim can be one or more types of fibers. Illustrative types 

of fibers include, but are not limited to, glass fibers, carbon fibers, graphite fibers, synthetic 

organic fibers, particularly high modulus organic fibers such as, for example, para- and meta

aramid fibers, nylon fibers, polyester fibers, or any of the resins described herein that are suitable 

for use as fibers, natural fibers such as hemp, sisal, jute, flax, coir, kenaf and cellulosic fibers, 

mineral fibers such as basalt, mineral wool (e.g., rock or slag wool), wollastonite, alumina 

silica, and the like, or mixtures thereof, metal fibers, metalized natural and/or synthetic fibers, 

ceramic fibers, yarn fibers, or mixtures thereof. In some embodiments, the fibers present in the 

frim can be chemically treated prior to use to provide desired functional groups or to impart other 

physical properties to the fibers. The fiber content in the frim may be from about 5% to about 

90%, more particularly from about 30% to about 70%, by weight of the frim. Typically, the fiber 

content of the frim varies between about 20% to about 90% by weight, more particularly between 

about 40% to about 80% by weight of the frim. The particular size and/or orientation of the fibers 

used may depend, at least in part, on the polymer material used and/or the desired properties of 

the resulting article. Suitable additional types of fibers, fiber sizes and amounts will be readily 

selected by the person of ordinary skill in the art, given the benefit of this disclosure. In some 

examples, fiber present in the frim generally have a diameter of greater than about 5 microns, 

more particularly from about 5 microns to about 22 microns, and a length of from about 5 mm to 

about 200 mm; more particularly, the fiber diameter may be from about 10 microns to about 22 
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microns and the fiber length may be from about 5 mm to about 75 mm. In certain embodiments, 

the fibers can be present in the scrim, in the film or in both the scrim and the film. In other 

embodiments, different types of fibers can be present in the scrim and the film of the frim or in 

other layers present in the frim. The different types of fibers may comprise different materials, 

different fiber lengths, different fiber diameters or combinations thereof.  

[0061] In certain embodiments, the articles described herein can include a frim that is disposed 

on a core layer to provide a composite article. Such composites can provide a number of 

attributes, e.g., they can be molded and formed into a variety of suitable structural and non

structural articles without substantial sagging, including, but not limited to, an automotive 

structural component such as, for example, a bumper, an interior headliner, an underbody shield, a 

fender liner, a fender flare, a skid plate, a cross-member, a dashboard, and interior and exterior 

trim parts or interior or exterior panels. In other examples, the composites can be used as, or can 

be part of, a building panel, an acoustic panel, a vehicle panel, a lightweight structural member 

such as those present in a recreational vehicle or other applications where it may be desirable to 

use or include lightweight materials. In certain embodiments, traditional fiber composites used in 

exterior structural applications can be generally compression flow molded and can be 

substantially void free in their final part shape. By comparison, low density fiber composites used 

in automotive interior applications can be generally semi-structural in nature and are porous and 

lightweight with densities ranging from 0.1 to 1.8 g/cm 3 and containing 5% to 95% voids 

distributed uniformly through the thickness of the finished part. Certain automotive specifications 

desire light weight, good flexural strength, low sag, impact resistance, and other mechanical 

properties, as well as good thermoformability characteristics and/or improved mechanical 

properties.  

[0062] In certain embodiments, the frim may be produced by coupling or attaching a film to a 

scrim. Suitable suppliers of films and scrims include, but are not limited to, the Mondi Group 

(Vienna, Austria), Kurabo (Japan), Condako (Belgium) and many other suppliers.  

[0063] In certain examples described herein, a composite article comprises a frim disposed on a 

core layer comprising one or more thermoplastic polymers. In some embodiments, the 

thermoplastic polymer of the core layer can be a polymer resin or a polymer rosin. Illustrative 

types of polymer resins include, but are not limited to, those based on a polyolefin resin, a 

thermoplastic polyolefin blend resin, a polyvinyl polymer resin, a butadiene polymer resin, an 

acrylic polymer resin, a polyamide resin, a polyester resin, a polycarbonate resin, a 

polyestercarbonate resin, a polystyrene resin, an acrylonitrylstyrene polymer resin, an 

acrylonitrile-butylacrylate-styrene polymer resin, a polyimide resin, a polyphenylene ether resin, a 
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polyphenylene oxide resin, a polyphenylenesulphide resin, a polyether resin, a polyetherketone 

resin, a polyacetal resin, a polyurethane resin, a polybenzimidazole resin, and copolymers, 

mixtures and combinations thereof. In some embodiments, the resin can include two polymer 

resins, three polymer resins, four polymer resins or more. In other examples, different portions of 

the core can include different polymer material compositions. For example, a first area of the 

core can include a first polymeric resin, and a second area of the composite can include a second 

polymeric resin different from the first resin. Other resins may also be used that can be 

sufficiently softened by heat or other radiation to permit fusing and/or molding without being 

chemically or thermally decomposed (to any substantial degree) during processing or formation of 

the composite article. Such other suitable resins will be readily selected by the person of ordinary 

skill in the art, given the benefit of this disclosure.  

[0064] In some embodiments, the resin of the core can be pre-processed or chemically treated 

prior to use in the composites described herein. For example, thermostabilizers, softening agents, 

viscosity modifiers, thickening agents, chaotropic agents, diluents or other materials can be added 

to the resins prior to their use to provide a composite article. In certain examples, a dispersing 

agent can be added to the resin to assist in mixing of the resin with other components used to 

provide the article.  

[0065] In certain embodiments, the composite described herein can comprise, or be configured 

as, a lightweight composite or a thermoplastic composite, e.g., a lightweight reinforced 

thermoplastic (LWRT) composite. An example of such a composite is prepared by HANWHA 

AZDEL, Inc. and marketed or sold under the trademark SUPERLITE@ sheet. Preferably, the 

areal density of such an LWRT is from about 400 grams per square meter (gsm) of the LWRT to 

about 4000 gsm, although the areal density may be less than 400 gsm or greater than 4000 gsm 

depending on the specific application needs. In some embodiments, the upper density can be less 

than about 4000 gsm. If desired, the composite may take other forms such as, for example, a 

glass mat thermoplastic composite or other configurations including a thermoplastic and two or 

more layers that are coupled to each other, e.g., laminated or adhered to each other.  

[0066] In certain embodiments, the core of the composite article can include reinforcing 

materials such as, for example, fibers, whiskers, powders, particles, cross-linkable materials, or 

other materials that can increase the overall strength or impart a desired mechanical property to 

the core material. Where reinforcing materials are present, they can be present in a continuous or 

discontinuous form, homogenously throughout the core or localized or otherwise present in larger 

amounts in some areas compared to other areas. In embodiments where the reinforcing materials 

are fibers, the fibers can be arranged parallel to each other, orthogonal to each other or present in 
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no particular angular orientation depending on the desired properties of the core material.  

Illustrative types of fibers for use in the core include, but are not limited to, glass fibers, carbon 

fibers, graphite fibers, synthetic organic fibers, particularly high modulus organic fibers such as, 

for example, para- and meta-aramid fibers, nylon fibers, polyester fibers, or any of the resins 

described herein that are suitable for use as fibers, natural fibers such as hemp, sisal, jute, flax, 

coir, kenaf and cellulosic fibers, mineral fibers such as basalt, mineral wool (e.g., rock or 

slag wool), wollastonite, alumina silica, and the like, or mixtures thereof, metal fibers, metalized 

natural and/or synthetic fibers, ceramic fibers, yarn fibers, or mixtures thereof. In some 

embodiments, the fibers present in the core can be chemically treated prior to use to provide 

desired functional groups or to impart other physical properties to the fibers.  

[0067] In certain embodiments, the polymer core layer can include about 20% to about 80% by 

weight of fibers having an average length of between about 5 mm and about 200 mm, and about 

20% to about 80% by weight of a wholly or substantially unconsolidated fibrous or particulate 

thermoplastic materials, where the weight percentages are based on the total weight of polymer 

core layer. In another embodiment, the polymer core layer of the composites herein includes 

about 30% to about 60% by weight of fibers. In some examples, fiber comprising an average 

length of between about 5 mm and about 25 mm are typically utilized in polymer core. Suitable 

additional fiber types include, but are not limited to, metal fibers, metalized inorganic fibers, 

metalized synthetic fibers, glass fibers, graphite fibers, carbon fibers, ceramic fibers, mineral 

fibers, basalt fibers, inorganic fibers, aramid fibers, kenaf fibers, jute fibers, flax fibers, hemp 

fibers, cellulosic fibers, sisal fibers, coir fibers, and combinations thereof. Additional suitable 

fibers will be readily selected by the person of ordinary skill in the art, given the benefit of this 

disclosure.  

[0068] In certain embodiments, fibers including an average length of about 5 mm to about 200 

mm can be added with thermoplastic powder particles, such as polypropylene powder that can 

provide a resin, to an agitated aqueous foam. In another embodiment, reinforcing fibers including 

an average length of about 5 mm to about 75 mm, or more particularly, about 5 mm to about 50 

mm may be used. The components can be agitated for a sufficient time to form a dispersed 

mixture of the reinforcing fibers and thermoplastic powder in the aqueous foam. The dispersed 

mixture can then be laid down on any suitable support structure, for example, a wire mesh, and 

then the water can be evacuated through the support structure forming a web. The web can be 

dried and heated above the softening temperature of the thermoplastic powder. The web can be 

cooled and pressed to a predetermined thickness and cooled to produce a polymer core layer 
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having a porosity of greater than 0%, more particularly between about 5% to about 95% by 

volume.  

[0069] In some embodiments, the web can be heated above the softening temperature of the 

thermoplastic resins in the core layer to substantially soften the plastic materials and is passed 

through one or more consolidation devices, for example calendaring rolls, a laminating 

machine, a double belt laminator, an indexing press, a multiple daylight press, an autoclave, 

and other such devices used for lamination and consolidation of sheets and fabrics so that the 

plastic material can flow and wet out the fibers. The gap between the consolidating elements in 

the consolidation devices can be set to a dimension less than that of the unconsolidated web and 

greater than that of the web if it were to be fully consolidated, thus allowing the web to expand 

and remain substantially permeable after passing through the rollers. In one embodiment, the gap 

can be set to a dimension about 5% to about 10% greater than that of the web if it were to be fully 

consolidated. A fully consolidated web means a web that is fully compressed and substantially 

void free. A fully consolidated web would have less than about 5% void content and have 

negligible open cell structure.  

[0070] In certain examples, particulate plastic materials may include short plastics fibers that 

can be included to enhance the cohesion of the web structure during manufacture. Bonding can 

be affected by utilizing the thermal characteristics of the plastic materials within the web 

structure. The web structure can be heated sufficiently to cause the thermoplastic component to 

fuse at its surfaces to adjacent particles and fibers. In one embodiment, the thermoplastic resin 

used to form the core layer can be, at least in part, in a particulate form. Suitable thermoplastics 

include any of those resins noted herein above, or other comparable resins that will be selected by 

the person of ordinary skill in the art, given the benefit of this disclosure. Generally, 

thermoplastic resins in particulate form need not be excessively fine.  

[0071] In certain embodiments, the core can be porous, non-porous or includes areas which are 

porous while comprising other areas which are non-porous. The exact porosity present in the core 

can vary depending on the intended use of the composite. In certain embodiments, the polymer 

core can comprise a porosity greater than 0% by volume of the polymer core, more particularly 

between greater than 0% to about 95% by volume of the polymer core, and still more particularly 

between about 30% to about 70% by volume of the polymer core. While not required, it is also 

possible that the overall composite, which includes the polymer core and the frim, is non-porous 

or has a porosity within the aforementioned ranges, e.g., the porosity of the composite may 

generally be greater than 0% to about 95% of the total volume of the composite, more particularly 

between greater than 0% to about 95% by the total volume of the composite, and still more 
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particularly between about 30% to about 70% by the total volume of the composite. In yet other 

examples, the core or the overall composite may comprise a porosity of 0-30%, 10-40%, 20-50%, 

30-60%, 40-70%, 50-80%, 60-90%, 0-40%,0-50%,0-60%,0-70%,0-80%,0-90%, 10-50%, 10

60%, 10-70%, 10-80%, 10-90%, 10-95%, 20-60%, 20-70%, 20-80%, 20-90%, 20-95%, 30-70%, 

30-80%, 30-90%, 30-95%, 40-80%, 40-90%, 40-95%, 50-90%, 50-95%, 60-95% 70-80%, 70

90%, 70-95%, 80-90%, 80-95% or any illustrative value within these exemplary ranges. If 

desired the porosity of the core or the overall composite may be greater than 95%, e.g., may be 

about 96% or 97%.  

[0072] In certain examples, the thermoplastic composite can be generally prepared using 

chopped glass fibers, an index resin and a thermoplastic polymer film or films and or woven or 

non-woven fabrics made with glass fibers or thermoplastic resin fibers such as, for example, 

polypropylene (PP), polybutylene terephthalate (PBT), polyethylene terephthalate (PET), 

polycarbonate (PC), a blend of PC/PBT, or a blend of PC/PET. In some embodiments, a PP, a 

PBT, a PET, a PC/PET blend or a PC/PBT blend can be used as the resin. To produce the 

thermoplastic composite, or components thereof, , the resin, reinforcing materials and/or other 

additives can be added or metered into a dispersing foam contained in an open top mixing tank 

fitted with an impeller. Without wishing to be bound by any particular theory, the presence of 

trapped pockets of air of the foam can assist in dispersing the glass fibers and resin. In some 

examples, the dispersed mixture of glass and resin can be pumped to a head-box located above a 

wire section of a paper machine via a distribution manifold. The foam, not the glass fiber or resin, 

can then be removed as the dispersed mixture is provided to a moving wire screen using a 

vacuum, continuously producing a uniform, fibrous wet web. The wet web can be passed through 

a dryer at a suitable temperature to reduce moisture content and to melt or soften the resin. When 

the hot web exits the dryer, a surface layer such as, for example, a frim may be laminated onto the 

web by passing the web of glass fiber, thermoplastic resin and frim through the nip of a set of 

heated rollers. Additional layers may also be attached along with or in place of the frim to one 

side or to both sides of the web to facilitate ease of handling the glass fiber-reinforced core. The 

composite can then be passed through tension rolls and continuously cut (guillotined) into the 

desired size for later forming into a final article. Further information concerning the preparation 

of such LWRT composites, including suitable materials and processing conditions used in 

forming such composites, are described, for example, in U.S. Pat. Nos. 6,923,494, 4,978,489, 

4,944,843, 4,964,935, 4,734,321, 5,053,449, 4,925,615, 5,609,966 and U.S. Patent Application 

Publication Nos. US 2005/0082881, US2005/0228108, US 2005/0217932, US 2005/0215698, US 

2005/0164023, and US 2005/0161865.  
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[0073] In certain embodiments and referring to FIG. 4, a composite article 400 comprising a 

frim 410 disposed on a core 420 and an additional layer 430 disposed on an opposite surface of 

the core 420 is shown. The frim 410 may be any one or more of the frims described herein 

including multi-layered frims, frims comprising a single scrim and a single film and other suitable 

frims. The core layer 420 may be any core layers described herein including, but not limited to, a 

thermoplastic composite layer or other suitable core layers. The additional layer 430 may be a 

film, a scrim, a fabric, adhesive or other suitable layers of material. In some embodiments, the 

additional layer 430 may include a thermoplastic polymer material and optionally reinforcing 

materials as described herein. For example, the additional layer may include a thermoplastic 

polymer, e.g., polypropylene, and optionally reinforcing fibers such as, for example, glass fibers.  

The exact thickness of each of the layers may vary depending on the desired final properties of the 

article 400.  

[0074] In some embodiments and referring to FIG. 5, a composite article 500 comprising a frim 

510 disposed on a core 520 and an additional frim 530 disposed on an opposite surface of the core 

520 is shown. The frims 510 and 530 may be any one or more of the frims described herein 

including multi-layered frims, frims comprising a single scrim and a single film and other suitable 

frims. The frims 510 and 530 may be the same or may be different. In some examples, the frims 

510 and 530 may include at least one common material, e.g., similar reinforcing fibers or similar 

thermoplastic polymers. The core layer 520 may be any core layers described herein including, 

but not limited to, a thermoplastic composite layer, e.g., a LWRT composite layer, or other 

suitable core layers. The exact thickness of each of the frims 510 and 530 and the core layer 520 

may vary depending on the desired final properties of the article 500. In some embodiments, one 

or both of the frims 510 and 530 may include at least one common material as present in the core 

layer 520.  

[0075] In certain embodiments, the composite articles described herein can be produced using 

numerous methods. For example, the composite may generally be prepared in various forms, 

such as sheets or films, as layered materials on pre-formed substrates, or in other more rigid forms 

depending on the particular application desired. For certain applications, the composite can be 

provided in sheet form and may optionally include, in addition to the surface layers, one or more 

additional layers on one or both surfaces of such sheet. In one illustration, such additional surface 

or skin layers may be, for example, a film, non-woven scrim, a veil, an additional frim, a woven 

fabric, or combinations thereof. If desired, the surface layers may be air permeable and can 

substantially stretch and spread with the composite article during thermoforming and/or molding 

operations. In addition, such layers may be adhesive, such as a thermoplastic material (e.g., an 
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ethylene acrylic acid copolymer or other such polymers) applied to the surface of the fiber

containing thermoplastic material. Generally, the areal density of the composite article, 

particularly when in sheet form, varies from about 150 gsm to about 4000 gsm, more particularly 

about 500 gsm to about 3000 gsm, e.g., about 300 gsm to about 500 gsm, or about 500 gsm to 

about 750 gsm or about 750 gsm to about 2500 gsm.  

[0076] In certain embodiments, the composite materials described herein can be used to provide 

intermediate and final form articles, including construction articles or articles for use in 

automotive and other applications including, but not limited to, body panels, a parcel shelf, 

package tray, headliners, door module, instrument panel toppers, hood panels, side wall panels 

such as for recreational vehicles, cargo liners, front and/or rear pillar trim, a sunshade, and the 

like. Other such articles will be apparent to the skilled artisan. The composite material can be 

molded into various articles using numerous methods including, but not limited to, pressure 

forming, thermal forming, thermal stamping, vacuum forming, compression forming, and 

autoclaving. Illustrative methods are described, for example, in U.S. Patent Nos. 6,923,494 and 

5,601,679, and in DuBois and Pribble's "Plastics Mold Engineering Handbook", Fifth Edition, 

1995, pages 468 to 498 and elsewhere.  

[0077] In certain embodiments, the scrim of the frim, or the entire frim, can be effective to 

prevent substantial sag of the article during a forming operation such as heating, molding and the 

like. In some embodiments, the forming operation or process may occur from about 160 C to 

about 240 C. e.g., about 180 C to about 230 C. It will be recognized by the person of ordinary 

skill in the art, given the benefit of this disclosure, that the article may intentionally deform or 

otherwise be altered during the forming or processing operation. In some embodiments, the frim 

may be effective to prevent sag of the final formed article, of the article if used without further 

processing, when the article is placed in its use environment, e.g., as a headliner or part of a 

headliner, interior part or other suitable article.  

[0078] Certain specific examples are described below to illustrate further some of the novel 

aspects of the technology described herein.  

[0079] Example 1 

[0080] A frim can be produced by coupling a scrim to a film. In particular, a scrim can be 

disposed on a film and if desired held temporarily in place using adhesive spots or spot welds.  

The composite can be passed through a laminator or set of heated rollers to compress the article 

and couple the scrim and film to each other to provide a frim.  
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[0081] In some embodiments, the scrim can comprise polyethylene terephthalate and the film 

can comprise a polyamide such as, for example, nylon 6. In other embodiments, the scrim can 

comprise polyethylene terephthalate and the film can comprise polypropylene. In other 

embodiments, the scrim can comprise a material other than polyethylene terephthalate and the 

film can comprise a polyamide such as nylon 6. In certain embodiments, the scrim can comprise 

a material other than polyethylene terephthalate and the film can comprise polypropylene.  

[0082] Example 2 

[0083] A composite article can be produced by coupling a frim to a thermoplastic core layer. In 

some embodiments, a frim comprising a polyethylene terephthalate scrim and a polypropylene 

film can be disposed on a core layer comprising polypropylene and chopped glass fibers. If 

desired the frim may be held temporarily in place using adhesive spots or spot welds.  

[0084] The composite can be passed through a laminator or set of heated rollers to compress the 

article and couple the frim and core layer to each other to provide a final article.  

[0085] Example 3 

[0086] The article produced in Example 2 can be used to dispose an additional layer on an 

opposite surface of the final article. In some embodiments, the additional layer can be a 

polypropylene film.  

[0087] Example 4 

[0088] A composite article can be produced by coupling a frim to a thermoplastic core layer. In 

some embodiments, a frim comprising a polyethylene terephthalate scrim and a nylon 6 film can 

be disposed on a core layer comprising polypropylene and chopped glass fibers. If desired the 

frim may be held temporarily in place using adhesive spots or spot welds.  

[0089] The composite can be passed through a laminator or set of heated rollers to compress the 

article and couple the frim and core layer to each other to provide a final article.  

[0090] Example 5 

[0091] The article produced in Example 4 can be used to dispose an additional layer on an 

opposite surface of the final article. In some embodiments, the additional layer can be a 

polypropylene film.  

[0092] Example 6 
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[0093] A composite article can be produced by coupling a frim to a thermoplastic core layer. In 

some embodiments, a multilayered frim comprising a polyethylene terephthalate scrim, a film, 

and a polyethylene layer between the scrim and the film can be disposed on a core layer 

comprising polypropylene and chopped glass fibers. If desired the frim may be held temporarily 

in place using adhesive spots or spot welds.  

[0094] The composite can be passed through a laminator or set of heated rollers to compress the 

article and couple the scrim and film to each other to provide a final article. If desired, an 

additional polyethylene layer can be present between the film and the core layer.  

[0095] Example 7 

[0096] The article produced in Example 6 can be used to dispose an additional layer on an 

opposite surface of the final article. In some embodiments, the additional layer can be a 

polypropylene film. If desired, an additional polyethylene layer can be present between the core 

layer and the additional layer.  

[0097] Example 8 

[0098] A composite article can be produced by coupling a frim to a thermoplastic core layer. In 

some embodiments, a multilayered frim comprising a polyethylene terephthalate scrim, a nylon 6 

film, and a polyethylene layer between the scrim and the film can be disposed on a core layer 

comprising polypropylene and chopped glass fibers. If desired the frim may be held temporarily 

in place using adhesive spots or spot welds.  

[0099] The composite can be passed through a laminator or set of heated rollers to compress the 

article and couple the scrim and film to each other to provide a final article. If desired, an 

additional polyethylene layer can be present between the film and the core layer.  

[00100] Example 9 

[00101] The article produced in Example 8 can be used to dispose an additional layer on an 

opposite surface of the final article. In some embodiments, the additional layer can be a 

polypropylene film. If desired, an additional polyethylene layer can be present between the core 

layer and the additional layer.  

[00102] Example 10 
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[00103] A composite article can be produced by disposing a frim comprising a 47 gsm film layer 

and a 45 gsm scrim layer. The basis weight of the core material can be about 550-650 gsm, which 

provides an overall basis weight of the article of about 730 gsm to about 830 gsm.  

[00104] Example 11 

[00105] An article can be produced according to Example 10 where the frim is substituted with a 

62 gsm frim comprising a film with a basis weight of about 45 gsm and a scrim with a basis 

weight of about 17 gsm.  

[00106] Example 12 

[00107] An article can be produced according to Example 10 where the frim is substituted with a 

72 gsm frim comprising a film with a basis weight of about 55 gsm and a scrim with a basis 

weight of about 17 gsm.  

[00108] Example 13 

[00109] An article can be produced according to Example 10 where the frim is substituted with a 

64 gsm frim comprising a film with a basis weight of about 45 gsm and a scrim with a basis 

weight of about 19 gsm.  

[00110] Example 14 

[00111] An article can be produced according to Example 10 where the frim is substituted with a 

92 gsm frim comprising a film with a basis weight of about 47 gsm and a scrim with a basis 

weight of about 45 gsm.  

[00112] Example 15 

[00113] An article can be produced according to Example 10 where the frim is substituted with a 

65 gsm frim comprising a film with a basis weight of about 48 gsm and a scrim with a basis 

weight of about 17 gsm.  

[00114] Example 16 

[00115] An article can be produced according to Example 10 where the frim is substituted with a 

76 gsm frim comprising a film with a basis weight of about 56 gsm and a scrim with a basis 

weight of about 20 gsm.  
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[0011] Example 17 

[0012] An article can be produced according to Example 10 where the frim is substituted with a 

43 gsm frim comprising a film with a basis weight of about 24 gsm and a scrim with a basis 

weight of about 19 gsm.  

[0013] Example 18 

[0014] An article can be produced according to Example 10 where the frim is substituted with a 

41 gsm frim comprising a film with a basis weight of about 22 gsm and a scrim with a basis 

weight of about 19 gsm.  

[0015] Example 19 

[0016] An article can be produced according to Example 10 where the frim is substituted with a 

58 gsm frim comprising a film with a basis weight of about 28 gsm and a scrim with a basis 

weight of about 30 gsm.  

[0017] Example 20 

[0018] An article can be produced according to Example 10 where the frim is substituted with a 

58 gsm frim comprising a film with a basis weight of about 29 gsm and a scrim with a basis 

weight of about 29 gsm.  

[0019] When introducing elements of the examples disclosed herein, the articles "a," "an," 

"the" and "said" are intended to mean that there are one or more of the elements. The terms 

"comprising," "including" and "having" are intended to be open-ended and mean that there may 

be additional elements other than the listed elements. It will be recognized by the person of 

ordinary skill in the art, given the benefit of this disclosure, that various components of the 

examples can be interchanged or substituted with various components in other examples.  

[0020] Although certain aspects, examples and embodiments have been described above, it will 

be recognized by the person of ordinary skill in the art, given the benefit of this disclosure, that 

additions, substitutions, modifications, and alterations of the disclosed illustrative aspects, 

examples and embodiments are possible.  

[0021] It is to be understood that, if any prior art publication is referred to herein, such reference 

does not constitute an admission that the publication forms a part of the common general 

knowledge in the art, in Australia or any other country.  
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CLAIMS 

1. A thermoplastic composite article comprising: 

a fiber reinforced thermoplastic polymer porous core layer comprising reinforcing 

fibers and a thermoplastic polymer, in which the porous core layer comprises a porosity 

between about 20% to about 80% by volume of the porous core layer; and 

a frim disposed on the fiber reinforced polymer core layer, the frim comprising a 

film component coupled to a scrim component without any discernible interface within the 

frim, wherein the scrim component overlies the film component and is continuous from 

side to side of the film component, wherein the frim comprises an effective basis weight to 

prevent sag of the article during a forming operation.  

2. The thermoplastic article of claim 1, in which the scrim component comprises a basis 

weight of at least 30 gsm, or of at least 40 gsm, or of at least 45 gsm.  

3. The thermoplastic article of claim 1, in which the film component comprises a basis 

weight of at least 15 gsm, or of at least 30 gsm, or of at least 40 gsm, or of at least 45 gsm.  

4. The thermoplastic article of claim 1, in which: 

the scrim component comprises a basis weight of at least 30 gsm and the film 

component comprises a basis weight of at least 30 gsm, or 

the scrim component comprises a basis weight of at least 30 gsm and the film 

component comprises a basis weight of at least 45 gsm, or 

the scrim component comprises a basis weight of at least 30 gsm and the film 

component comprises a basis weight of at least 40 gsm, or 

the scrim component comprises a basis weight of at least 45 gsm and the film 

component comprises a basis weight of at least 30 gsm, or 

the scrim component comprises a basis weight of at least 45 gsm and the film 

component comprises a basis weight of at least 45 gsm, or 

the scrim component comprises a basis weight of at least 45 gsm and the film 

component comprises a basis weight of at least 40 gsm, or 

the scrim component comprises a basis weight of at least 50 gsm and the film 

component comprises a basis weight of at least 30 gsm, or 
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the scrim component comprises a basis weight of at least 50 gsm and the film 

component comprises a basis weight of at least 45 gsm, or 

the scrim component comprises a basis weight of at least 50 gsm and the film 

component comprises a basis weight of at least 40 gsm.  

5. The thermoplastic composite article of any one of claims 1 to 4, in which the film 

component is coupled to the scrim component with an adhesive.  

6. The thermoplastic article of any one of claims 1 to 4, in which the film component is 

melt bonded to the scrim component.  

7. The thermoplastic article of any one of claims 1 to 6, in which the scrim component 

comprises polyethylene terephthalate.  

8. The thermoplastic article of any one of claims 1 to 6, in which the film component 

comprises a polyamide.  

9. The thermoplastic article of any one of claims 1 to 6, in which the film component 

comprises polypropylene and the scrim component comprises polyethylene terephthalate.  

10. The thermoplastic article of any one of claims 1 to 9, in which each of the scrim 

component and the film component independently comprises at least one of a polyolefin resin, a 

thermoplastic polyolefin blend resin, a polyvinyl polymer resin, a butadiene polymer resin, an 

acrylic polymer resin, a polyamide resin, a polyester resin, a polycarbonate resin, a 

polyestercarbonate resin, a polystyrene resin, an acrylonitrylstyrene polymer resin, an 

acrylonitrile-butylacrylate-styrene polymer resin, a polyether imide resin, a polyphenylene ether 

resin, a polyphenylene oxide resin, a polyphenylenesulphide resin, a polyether resin, a 

polyetherketone resin, a polyacetal resin, a polyurethane resin, a polybenzimidazole resin, or 

copolymers or mixtures thereof.  

11. The thermoplastic article of any one of claims I to 10, in which the film component 

comprises a plurality of layers.  
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12. The thermoplastic article of claim 11, in which at least one layer of the plurality of 

layers comprises a polyethylene or a polyamide.  

13. The thermoplastic article of claim 11, in which the film component comprises a first 

polyethylene layer coupled to a polyamide layer and a second polyethylene layer coupled to the 

polyamide layer.  

14. The thermoplastic article of any one of claims I to 13, further comprising a film layer 

disposed on a surface opposite a surface where the frim is disposed.  

15. The thermoplastic article of claim 14, in which the film layer disposed on the surface 

opposite the surface where the frim is disposed comprises polypropylene.  

16. The thermoplastic article of claim 15, in which the scrim component comprises 

polyethylene terephthalate and the film component comprises a polyamide.  

17. A thermoplastic composite article comprising: 

a fiber reinforced thermoplastic polymer porous core layer comprising reinforcing 

fibers and a thermoplastic polymer, in which the porous core layer comprises a porosity 

between about 20% to about 80% by volume of the porous core layer and the reinforcing 

fibers comprise a length of about 5 mm to about 200 mm; 

a film disposed on some portion of a first surface of the polymer porous core layer; 

and 

a scrim disposed on the film and coupled to the film without any discernible 

interface between the film and the scrim, wherein the scrim overlies the film and is 

continuous from side to side of the film, in which the scrim comprises an effective basis 

weight to prevent sag of the article during a forming operation.  

18. The thermoplastic composite article of claim 17, in which the film is coupled to the 

scrim with an adhesive.  

19. The thermoplastic article of claim 17 or claim 18, in which the scrim comprises 

polyethylene terephthalate.  
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20. The thermoplastic article of claim 17 or claim 18, in which the film comprises a 

polyamide.  

21. The thermoplastic article of claim 17 or claim 18, in which the film comprises 

polypropylene and the scrim comprises polyethylene terephthalate.  

22. The thermoplastic article of any one of claims 17 to 21, in which the film comprises a 

plurality of layers.  

23. The thermoplastic article of claim 22, in which at least one layer of the plurality of 

layers comprises a polyethylene or a polyamide.  

24. The thermoplastic article of claim 22, in which the film comprises a first polyethylene 

layer coupled to a polyamide layer and a second polyethylene layer coupled to the polyamide 

layer.  

25. The thermoplastic article of any one of claims 17 to 24, further comprising a film layer 

disposed on a second surface opposite the first surface where the film is disposed.  

26. The thermoplastic article of claim 25, in which the film layer disposed on the second 

surface comprises polypropylene.  

27. The thermoplastic article of claim 25 or claim 26, further comprising a fabric layer 

coupled to the film layer disposed on the second surface.  

28. The thermoplastic article of any one of claims 25 to 27, in which the core layer 

comprises glass reinforcing fibers.  

29. The thermoplastic article of any one of claims 25 to 27, in which the reinforcing fibers 

comprise one or more of carbon fibers, graphite fibers, synthetic organic fibers. inorganic fibers.  

natural fibers, mineral fibers, metal fibers, metalized inorganic fibers, metalized synthetic fibers, 

ceramic fibers, or combinations thereof.  
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30. The thermoplastic article of any one of claims 25 to 29, in which the core layer is 

permeable and comprises a density of about 0.1 gm/cm3 to about 1.8 gm/cm3 .  

31. The thermoplastic article of any one of claims 25 to 30, in which the thermoplastic 

polymer comprises one or more of a polyolefin resin, a thermoplastic polyolefin blend resin, a 

polyvinyl polymer resin, a butadiene polymer resin, an acrylic polymer resin, a polyamide resin, a 

polyester resin, a polycarbonate resin, a polyestercarbonate resin, a polystyrene resin, an 

acrylonitrylstyrene polymer resin, an acrylonitrile-butylacrylate-styrene polymer resin, a 

polyether imide resin, a polyphenylene ether resin, a polyphenylene oxide resin, a 

polyphenylenesulphide resin, a polyether resin, a polyetherketone resin, a polyacetal resin, a 

polyurethane resin, a polybenzimidazole resin, or copolymers or mixtures thereof.  

32. The thermoplastic article of claim 25, in which the thermoplastic core layer comprises 

glass reinforcing fibers and a thermoplastic polymer comprises polypropylene, the film comprises 

a polyamide and the scrim comprises a polyethylene terephthalate.  

33. The thermoplastic article of claim 32, further comprising a polypropylene film disposed 

on a second surface opposite the first surface where the film is disposed.  

34. A thermoplastic composite article comprising: 

a fiber reinforced thermoplastic polymer porous core layer comprising reinforcing 

fibers and a thermoplastic polymer, in which the porous core layer comprises a porosity 

between about 20% to about 80% by volume of the porous core layer; 

a barrier layer coupled to and disposed on an entire first surface of the core layer; 

and 

a scrim layer coupled to and disposed on the barrier layer, wherein the scrim layer 

is coupled to the barrier layer without any discernible interface between the barrier layer 

and the scrim layer, wherein the scrim layer overlies the barrier layer and is continuous 

from side to side of the barrier layer, in which the scrim comprises an effective basis 

weight to prevent sag of the article during a forming operation.  

35. The thermoplastic composite article of claim 34, in which the barrier layer is coupled to 

the scrim layer with an adhesive and the barrier layer is coupled to the core layer with an 

adhesive.  
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36. The thermoplastic article of claim 35, in which the scrim layer comprises polyethylene 

terephthalate.  

37. The thermoplastic article of any one of claims 34 to 36, in which the barrier layer 

comprises one of a polyamide, a polypropylene, a polyethylene and copolymers thereof.  

38. The thermoplastic article of claim 34, in which the barrier layer comprises 

polypropylene and the scrim layer comprises polyethylene terephthalate.  

39. The thermoplastic article of any one of claims 34 to 38, in which the barrier layer 

comprises a plurality of layers.  

40. The thermoplastic article of claim 39, in which at least one layer of the plurality of 

layers of the barrier layer comprises a polyethylene or a polyamide.  

41. The thermoplastic article of claim 39, in which the barrier layer comprises a first 

polyethylene layer coupled to a polyamide layer and a second polyethylene layer coupled to the 

polyamide layer, in which the polyethylene layers are effective to adhere the polyamide layer to 

the core layer and the scrim without the use of an adhesive.  

42. The thermoplastic article of any one of claims 34 to 41, further comprising a film layer 

disposed on a surface opposite a surface where the scrim layer is disposed.  

43. The thermoplastic article of claim 42, in which the film layer disposed on the surface 

opposite the surface where the scrim layer is disposed comprises polypropylene.  

44. The thermoplastic article of claim 42 or claim 43, further comprising a fabric layer 

coupled to the film layer disposed on the surface opposite the surface where scrim layer is 

disposed.  

45. The thermoplastic article of any one of claims 42 to 44, in which the core layer 

comprises glass reinforcing fibers.  
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46. The thermoplastic article of any one of claims 42 to 44, in which the reinforcing fibers 

of the core layer comprise one or more of carbon fibers, graphite fibers, synthetic organic fibers, 

inorganic fibers, natural fibers, mineral fibers, metal fibers, metalized inorganic fibers, metalized 

synthetic fibers, ceramic fibers, or combinations thereof.  

47. The thermoplastic article of any one of claims 42 to 46, in which the core layer is 

permeable and comprises a density of about 0.1 gm/cm3 to about 1.8 gm/cm3 .  

48. The thermoplastic article of any one of claims 42 to 47, in which the thermoplastic 

polymer comprises one or more of a polyolefin resin, a thermoplastic polyolefin blend resin, a 

polyvinyl polymer resin, a butadiene polymer resin, an acrylic polymer resin, a polyamide resin, a 

polyester resin, a polycarbonate resin, a polyestercarbonate resin, a polystyrene resin, an 

acrylonitrylstyrene polymer resin, an acrylonitrile-butylacrylate-styrene polymer resin, a 

polyether imide resin, a polyphenylene ether resin, a polyphenylene oxide resin, a 

polyphenylenesulphide resin, a polyether resin, a polyetherketone resin, a polyacetal resin, a 

polyurethane resin, a polybenzimidazole resin, or copolymers or mixtures thereof.  

49. The thermoplastic article of claim 42, in which the thermoplastic core layer comprises 

glass reinforcing fibers and a thermoplastic polymer comprises polypropylene, the film layer 

comprises a polyamide and the scrim layer comprises a polyethylene terephthalate.  

50. The thermoplastic article of claim 49, further comprising a polypropylene film disposed 

on an opposite surface from a surface where the scrim layer is disposed.  

51. A method of facilitating assembly of a vehicle, the method comprising providing a 

thermoplastic composite article as recited in any one of claims 1 to 50, and using the article in the 

assembly of the vehicle.  

52. The method of claim 51, further comprising configuring the vehicle part to be a 

headliner of vehicle.  

53. The method of claim 51 or claim 52, further comprising configuring the article with a 

film layer on a surface of the core layer opposite the surface of the core layer where the frim is 

disposed.  
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54. The method of claim 53, further comprising coupling the article to a foam layer.  

55. The method of any one of claims 51 to 54, further comprising coupling the foam to a 

fabric layer.  
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CLAIMS 

1. A thermoplastic composite article comprising: 

a fiber reinforced thermoplastic polymer core layer comprising reinforcing fibers 

and a thermoplastic polymer; and 

a frim disposed on the fiber reinforced polymer core layer, the frim comprising a 

film coupled to a scrim comprising an effective basis weight to prevent substantial sag of 

the article during a forming operation.  

2. The thermoplastic article of claim 1, in which the scrim comprises a basis weight of at 

least 30 gsm.  

3. The thermoplastic article of claim 1, in which the scrim comprises a basis weight of at 

least 45 gsm.  

4. The thermoplastic article of claim 1, in which the scrim comprises a basis weight of at 

least 40 gsm.  

5. The thermoplastic article of claim 1, in which the film comprises a basis weight of at 

least 15 gsm.  

6. The thermoplastic article of claim 1, in which the film comprises a basis weight of at 

least 30 gsm or 45 gsm.  

7. The thermoplastic article of claim 1, in which the film comprises a basis weight of at 

least 40 gsm.  

8. The thermoplastic article of claim 1, in which the scrim comprises a basis weight of at 

least 30 gsm and the film comprises a basis weight of at least 30 gsm.  

9. The thermoplastic article of claim 1, in which the scrim comprises a basis weight of at 

least 30 gsm and the film comprises a basis weight of at least 45 gsm.  
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10. The thermoplastic article of claim 1, in which the scrim comprises a basis weight of at 

least 30 gsm and the film comprises a basis weight of at least 40 gsm.  

11. The thermoplastic article of claim 1, in which the scrim comprises a basis weight of at 

least 45 gsm and the film comprises a basis weight of at least 30 gsm.  

12. The thermoplastic article of claim 1, in which the scrim comprises a basis weight of at 

least 45 gsm and the film comprises a basis weight of at least 45 gsm.  

13. The thermoplastic article of claim 1, in which the scrim comprises a basis weight of at 

least 45 gsm and the film comprises a basis weight of at least 40 gsm.  

14. The thermoplastic article of claim 1, in which the scrim comprises a basis weight of at 

least 50 gsm and the film comprises a basis weight of at least 30 gsm.  

15. The thermoplastic article of claim 1, in which the scrim comprises a basis weight of at 

least 50 gsm and the film comprises a basis weight of at least 45 gsm.  

16. The thermoplastic article of claim 1, in which the scrim comprises a basis weight of at 

least 50 gsm and the film comprises a basis weight of at least 40 gsm.  

17. The thermoplastic composite article of claim 1, in which the film is coupled to the scrim 

with an adhesive.  

18. The thermoplastic article of claim 1, in which the film is melt bonded to the scrim.  

19. The thermoplastic article of claim 1, in which the scrim comprises polyethylene 

terephthalate.  

20. The thermoplastic article of claim 1, in which the film comprises a polyamide.  

21. The thermoplastic article of claim 20, in which the polyamide is nylon 6.  
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22. The thermoplastic article of claim 1, in which the film comprises polypropylene and the 

scrim comprises polyethylene terephthalate.  

23. The thermoplastic article of claim 1, in which each of the scrim and the film 

independently comprises at least one of a polyolefin resin, a thermoplastic polyolefin blend resin, 

a polyvinyl polymer resin, a butadiene polymer resin, an acrylic polymer resin, a polyamide resin, 

a polyester resin, a polycarbonate resin, a polyestercarbonate resin, a polystyrene resin, an 

acrylonitrylstyrene polymer resin, an acrylonitrile-butylacrylate-styrene polymer resin, a 

polyether imide resin, a polyphenylene ether resin, a polyphenylene oxide resin, a 

polyphenylenesulphide resin, a polyether resin, a polyetherketone resin, a polyacetal resin, a 

polyurethane resin, a polybenzimidazole resin, or copolymers or mixtures thereof.  

24. The thermoplastic article of claim 1, in which the film comprises a plurality of layers.  

25. The thermoplastic article of claim 24, in which at least one layer of the plurality of 

layers comprises a polyethylene.  

26. The thermoplastic article of claim 24, in which at least one layer of the plurality of 

layers comprises a polyamide.  

27. The thermoplastic article of claim 24, in which the film comprises a first polyethylene 

layer coupled to a polyamide layer and a second polyethylene layer coupled to the polyamide 

layer.  

28. The thermoplastic article of claim 1, further comprising a film layer disposed on a 

surface opposite a surface where the frim is disposed.  

29. The thermoplastic article of claim 28, in which the film layer disposed on the surface 

opposite the surface where the frim is disposed comprises polypropylene.  

30. The thermoplastic article of claim 1, in which the scrim is effective to prevent sag of the 

article during a molding operation.  

31. A thermoplastic composite article comprising: 
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a fiber reinforced thermoplastic polymer core layer comprising reinforcing fibers 

and a thermoplastic polymer; 

a film disposed on the polymer core layer; and 

a scrim disposed on the film, in which the scrim comprises an effective basis 

weight to prevent substantial sag of the article during a forming operation.  

32. The thermoplastic composite article of claim 31, in which the film is coupled to the 

scrim with an adhesive.  

33. The thermoplastic article of claim 31, in which the scrim comprises polyethylene 

terephthalate.  

34. The thermoplastic article of claim 31, in which the film comprises a polyamide.  

35. The thermoplastic article of claim 34, in which the polyamide is nylon 6.  

36. The thermoplastic article of claim 31, in which the film comprises polypropylene and the 

scrim comprises polyethylene terephthalate.  

37. The thermoplastic article of claim 31, in which the film comprises a plurality of layers.  

38. The thermoplastic article of claim 37, in which at least one layer of the plurality of 

layers comprises a polyethylene.  

39. The thermoplastic article of claim 37, in which at least one layer of the plurality of 

layers comprises a polyamide.  

40. The thermoplastic article of claim 37, in which the film comprises a first polyethylene 

layer coupled to a polyamide layer and a second polyethylene layer coupled to the polyamide 

layer.  

41. The thermoplastic article of claim 31, further comprising a film layer disposed on a 

surface opposite a surface where the scrim is disposed.  
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42. The thermoplastic article of claim 41, in which the film layer disposed on the surface 

opposite the surface where the scrim is disposed comprises polypropylene.  

43. The thermoplastic article of claim 41, further comprising fabric layer coupled to the film 

layer disposed on the surface opposite the surface where scrim is disposed.  

44. The thermoplastic article of claim 41, in which the core layer comprises glass 

reinforcing fibers.  

45. The thermoplastic article of claim 41, in which the reinforcing fibers comprise one or 

more of carbon fibers, graphite fibers, synthetic organic fibers, inorganic fibers, natural fibers, 

mineral fibers, metal fibers, metalized inorganic fibers, metalized synthetic fibers, ceramic fibers, 

or combinations thereof.  

46. The thermoplastic article of claim 41, in which the core layer is permeable and 

comprises a density of about 0.1 gm/cm 3 to about 1.8 gm/cm 3.  

47. The thermoplastic article of claim 41, in which the core layer a porosity between about 

20% to about 80% by volume of the core layer.  

48. The thermoplastic article of claim 41, in which the thermoplastic polymer comprises one 

or more of a polyolefin resin, a thermoplastic polyolefin blend resin, a polyvinyl polymer resin, a 

butadiene polymer resin, an acrylic polymer resin, a polyamide resin, a polyester resin, a 

polycarbonate resin, a polyestercarbonate resin, a polystyrene resin, an acrylonitrylstyrene 

polymer resin, an acrylonitrile-butylacrylate-styrene polymer resin, a polyether imide resin, a 

polyphenylene ether resin, a polyphenylene oxide resin, a polyphenylenesulphide resin, a 

polyether resin, a polyetherketone resin, a polyacetal resin, a polyurethane resin, a 

polybenzimidazole resin, or copolymers or mixtures thereof.  

49. The thermoplastic article of claim 41, in which the thermoplastic core layer comprises 

glass reinforcing fibers and a thermoplastic polymer comprises polypropylene, the film comprises 

a polyamide and the scrim comprises a polyethylene terephthalate.  
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50. The thermoplastic article of claim 49, further comprising a polypropylene film disposed 

on an opposite surface from a surface where the scrim is disposed.  

51. A thermoplastic composite article comprising: 

a fiber reinforced thermoplastic polymer core layer comprising reinforcing fibers 

and a thermoplastic polymer; 

a barrier layer coupled to and disposed on the core layer; and 

a scrim layer coupled to and disposed on the barrier layer, in which the scrim 

comprises an effective basis weight to prevent substantial sag of the article during a 

forming operation.  

52. The thermoplastic composite article of claim 51, in which the barrier layer is coupled to 

the scrim with an adhesive and the barrier layer is coupled to the core layer with an adhesive.  

53. The thermoplastic article of claim 52, in which the scrim comprises polyethylene 

terephthalate.  

54. The thermoplastic article of claim 31, in which the barrier layer comprises one of a 

polyamide, a polypropylene, a polyethylene and copolymers thereof.  

55. The thermoplastic article of claim 54, in which the polyamide is nylon 6.  

56. The thermoplastic article of claim 51, in which the film comprises polypropylene and the 

scrim comprises polyethylene terephthalate.  

57. The thermoplastic article of claim 51, in which the barrier layer comprises a plurality of 

layers.  

58. The thermoplastic article of claim 57, in which at least one layer of the plurality of 

layers comprises a polyethylene.  

59. The thermoplastic article of claim 57, in which at least one layer of the plurality of 

layers comprises a polyamide.  
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60. The thermoplastic article of claim 37, in which the barrier layer comprises a first 

polyethylene layer coupled to a polyamide layer and a second polyethylene layer coupled to the 

polyamide layer, in which the polyethylene layers are effective to adhere the polyamide layer to 

the core layer and the scrim without the use of an adhesive.  

61. The thermoplastic article of claim 51, further comprising a film layer disposed on a 

surface opposite a surface where the scrim is disposed.  

62. The thermoplastic article of claim 61, in which the film layer disposed on the surface 

opposite the surface where the scrim is disposed comprises polypropylene.  

63. The thermoplastic article of claim 61, further comprising fabric layer coupled to the film 

layer disposed on the surface opposite the surface where scrim is disposed.  

64. The thermoplastic article of claim 61, in which the core layer comprises glass 

reinforcing fibers.  

65. The thermoplastic article of claim 61, in which the reinforcing fibers of the core layer 

comprise one or more of carbon fibers, graphite fibers, synthetic organic fibers, inorganic fibers, 

natural fibers, mineral fibers, metal fibers, metalized inorganic fibers, metalized synthetic fibers, 

ceramic fibers, or combinations thereof.  

66. The thermoplastic article of claim 61, in which the core layer is permeable and 

comprises a density of about 0.1 gm/cm 3 to about 1.8 gm/cm 3.  

67. The thermoplastic article of claim 61, in which the core layer a porosity between about 

20% to about 80% by volume of the core layer.  

68. The thermoplastic article of claim 61, in which the thermoplastic polymer comprises one 

or more of a polyolefin resin, a thermoplastic polyolefin blend resin, a polyvinyl polymer resin, a 

butadiene polymer resin, an acrylic polymer resin, a polyamide resin, a polyester resin, a 

polycarbonate resin, a polyestercarbonate resin, a polystyrene resin, an acrylonitrylstyrene 

polymer resin, an acrylonitrile-butylacrylate-styrene polymer resin, a polyether imide resin, a 

polyphenylene ether resin, a polyphenylene oxide resin, a polyphenylenesulphide resin, a 
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polyether resin, a polyetherketone resin, a polyacetal resin, a polyurethane resin, a 

polybenzimidazole resin, or copolymers or mixtures thereof.  

69. The thermoplastic article of claim 61, in which the thermoplastic core layer comprises 

glass reinforcing fibers and a thermoplastic polymer comprises polypropylene, the film comprises 

a polyamide and the scrim comprises a polyethylene terephthalate.  

70. The thermoplastic article of claim 69, further comprising a polypropylene film disposed 

on an opposite surface from a surface where the scrim is disposed.  

71. A method of facilitating assembly of a vehicle, the method comprising providing a 

thermoplastic composite article comprising a fiber reinforced thermoplastic polymer core layer 

comprising reinforcing fibers and a thermoplastic polymer, and a frim disposed on the fiber 

reinforced polymer core layer, the frim comprising a film coupled to a scrim comprising an 

effective basis weight to prevent substantial sag of the article during a forming operation.  

72. The method of claim 71, further comprising configuring the vehicle part to be a 

headliner of vehicle.  

73. The method of claim 71, further comprising configuring the article with a film layer on a 

surface of the core layer opposite the surface of the core layer where the frim is disposed.  

74. The method of claim 73, further comprising coupling the article to a foam layer.  

75. The method of claim 71, further comprising coupling the foam to a fabric layer.  

76. A method of facilitating assembly of a vehicle, the method comprising providing a 

thermoplastic composite article comprising a fiber reinforced thermoplastic polymer core layer 

comprising reinforcing fibers and a thermoplastic polymer, a film disposed on the polymer core 

layer, and a scrim disposed on the film, in which the scrim comprises an effective basis weight to 

prevent substantial sag of the article during a forming operation.  

77. The method of claim 76, further comprising configuring the vehicle part to be a 

headliner of vehicle.  
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78. The method of claim 76, further comprising configuring the article with a film layer on a 

surface of the core layer opposite the surface of the core layer where the scrim is disposed.  

79. The method of claim 78, further comprising coupling the article to a foam layer.  

80. The method of claim 76, further comprising coupling the foam to a fabric layer.  

81. A method of facilitating assembly of a vehicle, the method comprising providing a 

thermoplastic composite article comprising a fiber reinforced thermoplastic polymer core layer 

comprising reinforcing fibers and a thermoplastic polymer, a barrier layer coupled to and disposed 

on the core layer, and a scrim layer coupled to and disposed on the barrier layer, in which the 

scrim comprises an effective basis weight to prevent substantial sag of the article during a forming 

operation.  

82. The method of claim 81, further comprising configuring the vehicle part to be a 

headliner of vehicle.  

83. The method of claim 81, further comprising configuring the article with a film layer on a 

surface of the core layer opposite the surface of the core layer where the scrim is disposed.  

84. The method of claim 83, further comprising coupling the article to a foam layer.  

85. The method of claim 81, further comprising coupling the foam to a fabric layer.  
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