woO 2009/088917 A1 |10 0 OO OO A0

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

(19) World Intellectual Property Organization Vd”Ij

) IO O T OO 5O

International Bureau

(43) International Publication Date
16 July 2009 (16.07.2009)

(10) International Publication Number

WO 2009/088917 Al

(51) International Patent Classification:
CO8G 18/36 (2006.01)

(21) International Application Number:
PCT/US2008/088621

(22) International Filing Date:
31 December 2008 (31.12.2008)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
61/006,294 4 January 2008 (04.01.2008) US
(71) Applicant (for all designated States except US): JOHN-
SON CONTROLS TECHNOLOGY COMPANY

[US/US]; 915 East 32nd Street, Holland, M1 49423 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): JOHNSON, Jack,
L. [US/US]; 915 East 32nd Street, Holland, MI 49423
(US). BOOM, Laura, N. [US/US]; 915 East 32nd Street,
Holland, MI 49423 (US). GREGORY, Kevin [US/US];
915 East 32nd Street, Holland, MI 49423 (US).

(74) Agents: RAWLINS, Andrew, E. et al.; Foley & Lardner
LLP, 3000 K Street, NW, Suite 500, Washington, DC 20007
US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

(54) Title: TRIM COMPONENT WITH INCREASED RENEWABLE MATERIALS

12
20
14 16 /
\
\ ! /

(57) Abstract: A trim panel (12) for a vehicle is
disclosed. The trim panel includes a compressible
layer (14), a structural layer (16,18) and an adhe-
sive layer (20,22). The compressible layer is at least
partially formed of an agricultural oil-based polyol.
The structural layer has reinforcing fibers formed
of an agricultural material. The adhesive layer is
used to couple the compressible layer to the struc-
tural layer and is at least partially formed of an agri-
cultural material.



WO 2009/088917 PCT/US2008/088621

TRIM COMPONENT WITH INCREASED RENEWABLE MATERIALS

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS

[0001] The present application claims the benefit of U.S. Provisional Application No.
61/006,294, having a filing date of January 4, 2008, titled “Trim Component With Increased

Renewable Materials,” the complete disclosure of which is hereby incorporated by reference.
BACKGROUND

[0002] The present disclosure relates to a trim component for a vehicle (e.g., a headliner, a
door panel, a sidewall panel, a cockpit component, etc.). More specifically, the present
disclosure relates to a trim component that is at least partially formed of renewable (e.g.,
natural, green, agricultural-based, etc.) materials and a method of forming such a trim

component.

[0003] A vehicle trim component, such as a headliner panel for the interior of the vehicle, is
often formed of a foam layer that is coupled to a structural layer. For such a vehicle trim
component, the foam layer may be formed of a petroleum-derived polyurethane-based
material, while the structural layer may be formed with reinforcing glass fibers. The foam

layer is often coupled to the structural layer using a petroleum-based adhesive.

[0004] Recently, there has been an increased interest in environmental awareness and the
use of natural materials with greater sustainability. However, the problems posed by forming
a vehicle trim component with natural materials is particularly complicated because of the
increased physical properties required in the automotive and/or aerospace industries. As such
the selection of a solution is likely to be unforeseeable to due complications including, but
not limited to, manufacturing cost increases, manufacturing efficiency losses, product
performance losses, etc. encountered when attempting to incorporate natural materials into a

vehicle trim component.
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SUMMARY

[0005] One embodiment relates to a trim panel for a vehicle. The trim panel includes a
compressible layer that is at least partially formed of an agricultural oil-based polyol and a
first structural layer that is coupled to the compressible layer. The structural layer has
reinforcing fibers formed of an agricultural material. The trim panel also includes an
adhesive layer provided between the compressible layer and the first structural layer. The

adhesive layer is at least partially formed of an agricultural material.

[0006] Another embodiment relates to a method of manufacturing a trim panel for a
vehicle. The method includes providing a compressible layer and a structural layer. The
compressible layer is formed of an agricultural oil-based polyol. The structural layer has
reinforcing fibers formed of an agricultural material. The method also includes coupling the
compressible layer to the structural layer with an adhesive layer. The adhesive layer includes

an agricultural-based dilutant.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIGURE 1 is an isometric view of the interior of a vehicle including a headliner

panel according to an exemplary embodiment.

[0008] FIGURE 2 is a cross section of a headliner panel including renewable materials

according to an exemplary embodiment.

[0009] FIGURE 3 is a block diagram of a method of forming a foam material according to

an exemplary embodiment.
[0010] FIGURE 4 is a block diagram of a method of manufacturing natural oil polyols.

[0011] FIGURE 5 is a block diagram of a method of forming a foam material from both a

plant-based material and a petroleum based material according to an exemplary embodiment.
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DETAILED DESCRIPTION

[0012] Referring to the FIGURES in general, a trim component and components thereof are
shown according to various exemplary embodiments. The trim component replaces, partially
or completely, materials that are traditionally derived from petrochemicals with materials
formed of natural and/or renewable resources such as agricultural materials (e.g., bio-based,
materials derived from plants, etc.) while still meeting current and increasing performance

specifications and requirements for vehicular applications.

[0013] The trim component generally comprises a first layer (e.g., a compressible layer,
etc.), a second layer (e.g., a structural layer, etc.) and a third layer (e.g., an adhesive layer,
etc.) used to couple the first layer to the second layer. For purposes of this disclosure, the
term “coupled” means the joining of two members directly or indirectly to one another. Such
joining may be stationary in nature or moveable in nature and/or such joining may allow for
the flow of fluids, electricity, electrical signals, or other types of signals or communication
between the two members. Such joining may be achieved with the two members or the two
members and any additional intermediate members being integrally formed as a single
unitary body with one another or with the two members or the two members and any
additional intermediate members being attached to one another. Such joining may be

permanent in nature or alternatively may be removable or releasable in nature.

[0014] Each of the first layer, the second layer and the third layer is made at least partially
from materials derived from agricultural, natural and/or renewable resources. For example,
the first layer is at least partially formed of an agricultural oil-based polyol, the second layer
includes reinforcing fibers formed of an agricultural material and the third layer includes an
agricultural-based dilutant. While the trim component is illustrated and described herein as a
headliner panel for an automobile, it should be noted that the trim component could be any of
a variety of trim components used within a vehicle including, but not limited to, door panels,

sidewall panels, floor panels, visors, package trays, etc.

[0015] Referring to FIGURE 1, the interior of a vehicle 10 is shown according to an
exemplary embodiment. Vehicle 10 includes a headliner panel 12 coupled to a roof of the

vehicle. As shown in FIGURE 1, headliner panel 12 may include one or more openings for

3



WO 2009/088917 PCT/US2008/088621

features such as sunroofs, grab handles, visors, etc. Headliner panel 12 replaces, partially or
completely, materials that are traditionally derived from petrochemicals with materials
formed of natural and/or renewable resources such as agricultural materials (e.g., materials
derived from plants, etc.) while still meeting current and increasing performance

specifications and requirements for headliner panels.

[0016] FIGURE 2 is a cross section of headliner panel 12 shown according to an exemplary
embodiment. According to the embodiment illustrated, headliner panel 12 includes a
compressible layer 14 (e.g., a foam layer, etc.), a first structural layer 16 coupled to a first
surface (e.g., upper surface, etc.) of compressible layer 14, a second structural layer 18
coupled to a second surface (e.g., lower surface, etc.) of compressible layer 14, a first
adhesive layer 20 for coupling first structural layer 16 to compressible layer 14 and a second
adhesive layer 22 for coupling second structural layer 18 to compressible layer 14. Headliner
panel 12 may also include a cover layer 24 (e.g., outer layer, trim layer, decorative layer, etc.)
that at least partially covers second structural layer 18. Cover layer 24 can be, for example, a
textile (e.g., a woven fabric, a non-woven, a knit fabric, etc.), leather, a polymer material
(e.g., vinyl, thermoplastic polyurethane (TPU), thermoplastic olefin (TPO), polyvinyl

chloride (PVC), etc.), or any other suitable cover material.

[0017] According to an exemplary embodiment, headliner panel 12 includes a compressible
layer 14 in the form of a foam material that is at least partially formed of an agricultural oil-
based polyol, a structural layer 14, 16 in the form of a composite sheet material that includes
reinforcing fibers that are formed of agricultural-based fibers or a combination of
agricultural-based fibers and carrier fibers, and an adhesive layer 20, 22 that is at least
partially formed of an agricultural-based dilutant. The combination of compressible layer 14,
structural layer 14, 16 and adhesive layer 20, 22 provide a relatively light weight headliner

composite.

COMPRESSIBLE LAYER

[0018] Referring to FIGURE 3, the composition of compressible layer 14 is shown

according to an exemplary embodiment. As illustrated, at least a portion of the components

A-
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for the foam making process are derived from a more readily renewable (e.g., “green”),
natural source such as from a plant source (e.g., corn, soy, other vegetables or plants, etc.).
Compressible layer 12 is formed via a process that includes the reaction of a base polyol resin
blended material or mix 30, a copolymer polyol resin blended material or mix 32, water 34, a
crosslinker material 36, a catalyst material 38, a surfactant material 40, a cell opener (or
regulator) 42 and an isocyanate material 44. According to an exemplary embodiment, base
polyol mix 30 and base copolymer polyol mix 32 are each formed of both a non-agricultural
based polyol and an agricultural based polyol. For example, base polyol mix 30 is shown as
being formed of a petroleum-based base polyol 46 and a plant oil-based base polyol 48.
Similarly, base copolymer polyol mix 32 is shown as being formed of a petroleum-based
copolymer polyol 50 and a plant oil-based base polyol 52. According to an exemplary
embodiment, base polyol mix 30, copolymer polyol mix 32, water 34, crosslinker 36, catalyst
38, surfactant 40 and cell opener 42 are blended to make a polyol formulation blend 54.

Isocyanate 44 and polyol formulation blend 54 are mixed to form a foam material 56.

[0019] The use of agricultural or natural materials such as natural oil-based polyols is
desirable to increase the amount of “green” or readily renewable materials used to
manufacture polyurethane-based foam. Natural oil-based polyols have a relatively low
reactivity and their molecular weight has limited their use to percentages to approximately 5
percent to approximately 7 percent of the foam by weight. The foams for structural interior
components are generally semi-rigid and do not require high molecular weights. The lower
molecular weights of natural oil-based polyols advantageously allow a significant increase in

natural oil-based polyols, which can be as high as approximately 50 percent.

[0020] According to an exemplary embodiment, compressible layer 14 may be formed of a
foam material that is commercially available from The Woodbridge Group, and sold under

the name Stratas 1615 with Biopolyl.

STRUCTURAL LAYER(S)

[0021] Structural layers of trim components are often formed of a fiberglass sheet material.

According to an exemplary embodiment, to increase the amount of renewable material, one

-5-
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or more of structural layers 16, 18 of headliner panel 12 replace the glass fibers with an
agricultural fiber mat or a mat comprised of fiber synthetic blends such as polypropylene (PP)
fibers and a carrier fiber such as polyethylene terephthalate (PET) or PP. The agricultural
fibers are in low percentages, but advantageously can serve as a carrier fiber. The petroleum
fibers can be in concentration of, for example, approximately 30 percent to approximately 50

percent (e.g., a fiber mat formed with 50 percent natural fibers and 50 percent polymer fibers,

etc.).

[0022] According to an exemplary embodiment, the agricultural fibers are formed of hemp,
flax, jute, knaf or any other known or otherwise suitable agricultural or natural material. For
example, the reinforcing fiber mat of structural layer 16 and/or 18 may be formed of 100
percent jute, 100 percent hemp, 100 percent flax or any combination thereof (e.g., 70/30 flax
to hemp, 50/50 flax to hemp, 30/70 flax to hemp, 70/30 jute to hemp, 50/50 jute to hemp,
30/70 jute to hemp etc.).

[0023] As can be appreciated, the properties of an agricultural fiber mat may vary in
relation to the properties of a glass fiber mat. For example, a glass fiber mat may have a
tensile strength of approximately 2400 Newton per square millimeter (N/square mm). In
comparison, flax may have a tensile strength of between approximately 800 and
approximately 1500 N/square mm, jute may have a tensile strength of between approximately
400 and approximately 600 N/square mm, and hemp may have a tensile strength of between
approximately 800 and approximately 1500 N/square mm. As such, between two and four
times the volume of the agricultural fiber would be needed to achieve an equivalent strength
to a comparable glass fiber mat. Once this ratio is determined, the equivalent fiber weight
and the equivalent volume of the adhesive needed to bond the fiber mat can be calculated.
According to an exemplary embodiment, structural layers 16 and 18 are each configured to
be approximately 2.4 square meters in area and include a ratio of fibers to adhesive by

volume of 48.48 to 51.52.

[0024] According to an exemplary embodiment, one or more of structural layers 16, 18
may be formed of a natural fiber mat that is commercially available from Flexform in

Indiana, and sold under the name 150 gsm Tossa.

-6-
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ADHESIVE LAYER(S)

[0025] According to an exemplary embodiment, compressible layer 14 is formed into a
substantially flat sheet using a known or otherwise suitable process (e.g., as pours or
continuous pour). The flat foam sheet is then coupled to one or more of structural layers 16,
18 that add strength and stiffness to headliner panel 12. To facilitate the coupling of
compressible layer 14 to one or more of structural layers 16, 18, compressible layer 14 is
coated (e.g., with a roll coat operation or spray) with one or more of adhesive layers 20, 22.
The bond provided by adhesive layers 20, 22 creates a matrix for structural layers 16, 18 and
bonds structural layers 16, 18 to compressible layer 14. According to an exemplary
embodiment, adhesive layers 20, 22 are formed of a poly(diphenylmethane diisocyanate)-
based (MDI-based) adhesive. To increase the agricultural or natural (e.g., biobased, etc.)
content used in headliner panel 12, the MDI adhesive matrix is diluted with inert agricultural-
based oils (e.g., vegetable oils, etc.). According to one exemplary embodiment, a dilutant is
formed using soy-based materials. Soy-based dilutants can be relatively less expensive than
traditional dilutants such as dipropylene glycol. Soy oil monomers and glycerin are isolated
using existing methods. The lower molecular weight material is made into isomers,
hydrogenated, and EO-capped with ethylene oxide to make the molecule more reactive. The
soy-based diol is used as a dilutant for the MDI-based adhesive. The chain length of the

monomers may be adjusted as needed to increase solubility.

[0026] According to an exemplary embodiment, adhesive layers 20, 22 may be an MDI-
based adhesive that is commercially available from Bayer, and sold under the name Baynat

401a.

[0027] A variety of techniques and materials can be used to create and couple compressible
layer 14, substrate layer 16, 18, and adhesive layers 20, 22. Examples are disclosed, for
example, in U.S. Patent Nos. 4,059,660, 4,119,749, 4,546,120, 5,219,893, 6,649,084,
6,649,667, 6,762,138, 6,872,758, 7,045,577, and 7,232,605 and U.S. Published Application
No. 20060223723, the disclosures of which are incorporated herein by reference in their

entireties.
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[0028] After structural layers 16, 18 are coupled to compressible layer 14, cover layer 24
(e.g., a coverstock, etc.) can be coupled to one side of headliner panel 12. A close out scrim
can be coupled to an opposite side of headliner panel 12 and headliner panel 12 may be

formed (e.g., by heat forming) to create a finished headliner trim panel.

[0029] Using agricultural or natural fibers, vegetable oil-based foam, and adhesive diluted
with vegetable-based products is intended to produce a light-weight headliner including a
high percentage of renewable or “‘green” materials by using such renewable materials in the

manufacturing of each of the three main components.

[0030] The construction and arrangement of the elements of the headliner as shown in the
various exemplary embodiments is illustrative only. Although only a few embodiments have
been described in detail in this disclosure, those skilled in the art who review this disclosure
will readily appreciate that many modifications are possible (e.g., variations in sizes,
dimensions, structures, shapes and proportions of the various elements, values of parameters,
mounting arrangements, use of materials, colors, orientations, etc.) without materially
departing from the novel teachings and advantages of the subject matter recited herein. For
example, elements shown as integrally formed may be constructed of multiple parts or
elements, the position of elements may be reversed or otherwise varied, and the nature or
number of discrete elements or positions may be altered or varied. It should be noted that the
elements and/or assemblies of the system may be constructed from any of a wide variety of
materials that provide sufficient strength or durability, including any of a wide variety of
moldable plastic materials in any of a wide variety of colors, textures and combinations.
Other substitutions, modifications, changes and omissions may be made in the design,

operating conditions and arrangement of the exemplary embodiments.
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WHAT IS CLAIMED IS:

1. A trim panel for a vehicle, the trim panel comprising:
a compressible layer being at least partially formed of an agricultural oil-based
polyol;
a first structural layer coupled to a first side of the compressible layer, the first
structural layer having reinforcing fibers formed of an agricultural material; and
an adhesive layer provided between the compressible layer and the first

structural layer, the adhesive layer being at least partially formed of an agricultural material.
2. The trim panel of Claim 1 wherein the compressible layer is a foam material.

3. The trim panel of Claim 1 wherein the compressible layer is further formed of

a polyurethane-based polyol.

4. The trim panel of Claim 3 wherein compressible layer is formed of
approximately equal parts of the agricultural oil-based polyol and the polyurethane-based
polyol.

5. The trim panel of Claim 1 wherein the compressible layer comprises a base
polyol mix and a base copolymer mix, the base polyol mix and the base copolymer mix each

comprising the agricultural oil-based polyol.

6. The trim panel of Claim 5 wherein the base polyol mix further comprises a

polyurethane-based polyol.

7. The trim panel of Claim 5 wherein the base copolymer mix further comprises

a polyurethane-based polyol.

8. The trim panel of Claim 1 wherein the agricultural oil-based polyol comprises

at least one of a soy oil-based polyol and a corn oil-based polyol.
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9. The trim panel of Claim 1 further comprising a second structural layer coupled
to a second side of the compressible layer, the second structural layer having reinforcing

fibers formed of an agricultural material.

10.  The trim panel of Claim 1 further comprising a cover material coupled to the

first structural layer on a side opposite the compressible layer.

11.  The trim panel of Claim 1 wherein the trim panel is a headliner for an interior

of the vehicle.

12.  The trim panel of Claim 1 wherein the reinforcing fiber is formed of at least

one of a jute, hemp and flax.

13.  The trim panel of Claim 12 wherein the reinforcing fiber is in the form of a
fiber mat.
14.  The trim panel of Claim 1 wherein the adhesive layer includes a plant oil-

based dilutant.

15. A method of manufacturing a trim panel for a vehicle, the method comprising:
providing a compressible layer, the compressible layer being formed of an
agricultural oil-based polyol;
providing a structural layer, the structural layer having reinforcing fibers
formed of an agricultural material; and
coupling the compressible layer to the structural layer with an adhesive layer,

the adhesive layer including an agricultural-based dilutant.

-10-
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