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ABSTRACT

A new multi-layer co-extruded in-color lonomer film is
developed to provide an alternative decoration process
to replace paint on Dodge Neon Fascias. The lonomer
film provides a high-gloss "class-A" surface in both non-
metallic and metallic colors that match the car body paint
finish. Using the lonomer film to decorate fascias
reduces cost; eliminates VOCs; increases manufacturing
flexibility and improves performance (weatherability and
durability). The molding process consists of
thermoforming a film blank and injection molding
Polypropylene or TPO behind the film. The paper will
include the background, the benefits, the technology
development objectives, the film materials development,
tooling optimization, film fascia processing (co-extrusion;
thermoforming and injection molding) and validation
testing of the film.

INTRODUCTION

High gloss exterior components are typically painted.
The paint process is expensive, messy and detrimental
to the environment. There has been a desire for many
years to develop technologies that eliminate the paint
process while still providing the high gloss finish that
matches the body paint. The Small Vehicle Product
Team (SVPT) at DaimlerChrysler has been working with
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key suppliers to develop these paint replacement
technologies. The SVPT has utilized the in-house fascia
molding facility at DCC’s Belvidere lllinois vehicle
assembly plant to implement these technologies
beginning with the introduction of the Dodge Neon in
1994. The first technology consisted of accent color,
grained-finish mold-in-color (MIC) fascias. The Neon
was the first vehicle in the industry to mold fascias of
ionomer resin. The ionomer was selected as an
alternative to TPO which was presenting color match and
clean-ability issues. In 1999, the next progression in the
paint-less technology was introduced: MIC high gloss,
“class-A” finish ionomer fascias that matched the body
paint. This innovation represented the first high-gloss
body-matching MIC fascia in the industry. This MIC
technology was only capable of matching non-metallic,
solid body colors. The lack of a complete vehicle color
palette (metallic colors usually represent the majority of
the vehicle's color options) prompted DCC’s SVPT to
pursue the current MIC technology: Injection molded,
extruded-in-color film fascias. Instead of molding the
entire fascia of the expensive pre-colored resin, this
technology consists of extruding an ionomer film in color,
thermoforming the film to create a 0.75mm fascia skin
and then injection molding a lower cost substrate
material behind the film skin to create the full part
thickness.

The MIC film fascia technology provides many benefits
relative to conventional painted fascias:



'1) A significant cost savings of $5 to $15 per fascia
depending on size.

2) Because a paint shop is not required it is practical to
locate the fascia molding facility adjacent to the car
assembly plant resulting in $3-$12 of transportation
savings. This proximity to the assembly plant also
makes it practical to mold the fascias and install the
add on components (brackets, lamps, bezels, grilles
etc) and sequence the built up fascia assembly
directiy to the vehicle assembly line.

3) The film is more durable than the elastemeric paint
used on fascias reducing in-system damage,
warranty claims and customer dissatisfaction.

4) The film can replace paint on other injection molded
components (claddings, grilles, mirror housings etc)
to provide additional savings. With additional
development the film can be applied to plastic body
panels.

5) There are significant environmental benefits
associated with eliminating paint from fascias:

e Film fascias are 100% recyclable thermoplastic
making them life cycle friendly

e All excess trim and scrap are reusable in the
fascia substrate material

e The scrap is compatible with other commonly
used PE/PP resins

e Eliminates volatile organic compounds, sludge
disposal and isocyanides

o Eliminates the energy consumption associated
with the paint curing process

e Locating the fascia molding facility adjacent to
the assembly plant eliminates the shipping truck
exhaust emissions

The opportunity to realize the substantial benefits offered
by the MIC film fascia technology prompted DCC to enter
into a major development project with the following
suppliers to convert the technology from concept to
reality:

e ExxonMobil: Adhesive tie layer and film backing
layer material development

e A Schulman: fonomer compounding and color
match development

e Mayco Plastics: Fitm extruding and

thermoforming ’

e Build-A-Mold: Special features in injection mold
to allow for injection behind fascia skin

MAIN SECTION
FILM FASCIA DEVELOPMENT OBJECTIVES

The film fascia technology development consisted of two
major components: 1) develop an extruded-in-color film
that is capable of matching body paint and 2) develop the
necessary processes and tooling to convert the film into
the final fascia.

Many obstacles were encountered and overcome during
the film development process. Some of the major
challenges were: poor dispersion and orientation of the
metallic flakes during extrusion; lack of gloss and clear
layer clarity; insufficient inter-film adhesion; insufficient
performance when exposed to extreme humidity
conditions; contamination in the film; film sticking on the
tool after injection molding and insufficient scratch
resistance. These challenges were magnified because
of timing constraints associated with developing a new
technology on a production timeline. This first component
of the technology development has been exiremely
successful. Materials have been selected and
parameters have been determined that provide an
extruded film that matches body paint (for solid and
metallic colors) and meets all of the exterior performance
requirements. Color match development is on-going to
match all colors released on the DCC vehicles intended
for film fascia implementation. DCC has patents pending
for the extruded-in-color film technology.

The second component of the technology development,
conversion of the film to the final fascia, has also
presented significant challenges: inconsistent gloss after
thermoforming; effectively loading the film skin onto the
injection mold; obtaining fascias without wrinkies on the
surface; contamination in the final part; developing the
post-molding film trimming process and achieving
sufficient adhesion between the film skin and the fascia
substrate. Film conversion processes and tooling have
been developed that successfully convert the extruded
film into final fascias. Film fascias have been
incorporated on production Neons on a low-volume
basis. The SVPT along with its supplier partners is
working to optimize the production processes and tooling
to improve production efficiencies.

COLOR MATCHED FILM LAMINATE

Developed in the late 1950's and introduced to the
market in the early 60's, ionomers were initially
commercially available produced from ethylene
methacrylic acid copolymer. Today, however, both
ethylene acrylic acid and ethylene methacrylic acid
based ionomers are available from a few, select
suppliers. These materials are produced from a reaction
between an ethylene acid copolymer and a metal
compound (salt). This salt will neutralize the acid
component and form ionic cross linking within the
polymer. The properties of the ionomers are largely
dictated by the acid type, the concentration of the acid in
the copolymer feedstock, the copolymer's molecular
weight, the percentage of the neutralized acid units, and



the type of metal ion utilized. The metal ions utilized in
commercially available products include zinc, sodium,
lithium and magnesium or combinations thereof.
Additionally, these commercialized ionomers typically
have between 7-20% acid with neutralization levels
roughly between 10-75%. Figure A below illustrates the
chemical structure on an acrylic acid based
ionomer.

acrylic acid based ionomer
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Fig. A: Structure of an Acrylic Acid lonomer (EAA
based)

in the solid state, three distinct phases will appear within
an ionomer: 1) amorphous domains; 2) ionic regions,
and 3) crystalline domains. These ionic clusters create
the intermolecular bonding or ‘ionic cross linking.” One
translation effect of this bonding is excellent melt
strength for use in thermoforming, allowing for deep draw
ratios without localized thinning or blow through.
lilustrated in figure B is a schematic of the structure of an
ionomer showing these three phases.

Schematic of lonomer Crosslinking

Fig. B: Schematic of lonomer ionic cross linking

lonomers are well documented for their toughness,
high mar resistance, excellent weathering performance,
low haze, clarity, and chemical resistance superior to
other olefin resins. Typically, copolymer based ionomer
possess a hardness between 55D to 70D. The clarity of
the ionomer resin lends it to ease of coloring with
conventional pigments, and metallic or pearlescent flake,
to obtain a broad palette of chromatic colors and special
effects.

lonomer resins, being an olefin, are capable of
withstanding multiple heat histories without a significant
loss in mechanical properties, allowing for ease of
recycling. lonomer resins will absorb moisture, but they
are not subject to hydrolysis degradation if processed
wet, or when exposed to hot humid environments, such
as can occur with polyamides and polyester type resins.
Although, ionomer resins will absorb moisture, ionomer
films do not require drying prior to thermoforming.
These noted properties demonstrate ionomer resin as
the obvious building block for an extruded laminate sheet
that provides an edae over traditional, painted systems.

The development of this new film technology led for the
need to develop a tie-layer system to adhere the co-
extruded ionomer layers to the injection molded
polypropylene  substrate. lonomer is simply a
polyethylene-based material with a repeating unit of
partially neutralized acrylic acid copolymer. lonomer is
incompatible with  polypropylene due to being
polyethylene based, hence the need for a tie-layer
system to compatibilize the two materials. In order to
adhere the two materials together and maintain the
needed physical properties (i.e. stiffness & melt strength)
of the extruded sheet it was necessary to develop a 4
layer film structure with a tie-layer and backing layer.
This allows for a gradual transition from the polyethylene-
based ionomer layers to the polypropylene substrate
layer and maintain optimal sheet properties.

Adhesion strength between the layers is dependent
on two factors:

1) Intermingling of the polymers at the layer interface
which is promoted by hot interface between layers and
material viscosity compatibility.

2) Moisture content of the materials being co-extruded, if
the products are hydroscopic.

Adhesion strength between film to
the substrate dependent on:

1) Melt temperature uniformity.
2) Injection speed and time.

FILM STRUCTURE

1st - Clear lonomer Layer
Developed by A Schulman; UV
stabitized Formion FI-311301U-01
2nd - Color Matched lonomer Layer
Color matched by A Schulman in
body colors including metallics
3rd - Adhesive Tie Layer
Developed by A.Schulman and
ExxonMobil Chemical
4th - Backing Layer
Extrudable polypropylene copolymer
PP7032 E2 by ExxonMobil
5th - Fascia Substrate
Injection moldable polypropylene copolymer
PP8074 by ExxonMobil
















