EXTERIOR PARTS W

Roof module of the smart Spoiler Plus

(manufacturer: ArvinMeritor; photo: smart GmbH)
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Thermoplastic Films. The range of thermoplastic films suitable for use as a sub-

stitute for paint systems for car exteriors has grown consistently since the develop-

ment started, depending on the particular part and specifications. Various con-

cepts have been verified or are being further refined. Other concepts, especially

involving coatable films, are under development.
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market are basically manufactured by

two different production processes.
Firstly, we have the so-called “dry-paint”
films, in which a special thermoformable
coating system (colour coat plus clear coat)
is printed on a polymer film substrate or
applied to it by doctor blade or by casting.
The layers of paint are partially crosslinked
and can therefore be processed like ther-
moplastics. As a rule, however, these sys-

The films currently available on the
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tems are only suitable for low stretch ap-
plications, because the hiding power of the
coating is not good enough due to the low
film thickness and the stretching. Second-
ly, we have the coextruded films, in which
the coloured and clear coats are applied di-
rectly in the coextrusion process. The func-
tional film thicknesses are higher, making
higher stretching possible. Some of the
demands made on the films are unrelated
to the relevant component and some are.
The properties that are not dependent on
the particular component include:

W UV resistance,

W scratch and abrasion resistance,

B chemical resistance and sensitivity to

stress cracking,
B colour matching (isotropic properties

with effect colours compared with nor-
mal paints) and

B mechanical properties of the facing lay-
er (e.g. hailstone resistance).

Component-related properties include

B heat resistance,

B mechanical resistance (crash behav-
iour and hailstone resistance),

B formability and

M optical requirements depending on
surface specifications (e. g. gloss, haze,
orange peel and inhomogeneities)/
visible zone.

Because the layer structures of the vari-

ous systems and thus also the properties

vary considerably, other advantages and

disadvantages of the individual develop-

ments will now be described in detail.
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Fig. 1. Stiffness characteristics of different film
materials

Films in the Thickness
Range of 0.5—-2 mm Coated
with a Paint System

Avery Dennison: Avery Dennison Per-
formance Films Division, Schererville/
USA, produces formable films under the
name Avery Dennison Avloy. These films
consist of a colour coat and a clear coat.
Both coats are based on PMMA/PVDEF
combinations. The films, with a thickness
of 0.25 mm, are laminated onto ABS or
TPO backing sheet. The resultant com-
posite is thermoformed and reinforced
with thermoplastic by backmoulding
(IMD). Possible uses for the Avloy films
include lamination to sheets with a thick-
ness of 3.0 to 6.0 mm for non-reinforced
thermoformed parts. Avloy films can be
used to produce both matte and high-
gloss solid and metallic finishes.

Avery Dennison is currently focusing
its outdoor application projects on small-
er parts, primarily decorative elements.
Examples are body side mouldings for the
Honda Civic and rear tailgate garnish for
the Ford Mercury Grand Marquis [1].

Soliant: Fluorex films from Soliant
LLC, Lancaster/USA, consist of a total of
three layers: A top layer of an acrylic/flu-
oropolymer blend, a colour coat of the
same material and a tie coat or adhesive
layer. The three-layer films are laminated
by extrusion onto backing layers of ABS,
TPO, PVC or PC, depending on the se-
lected reinforcement material [1]. The
thickness of the backing layer can vary be-
tween 80 pm and 8 mm. Alternatively,
however, the films can also be inserted un-
formed into an injection moulding tool
and backmoulded, in which case the ther-
moforming of the film takes place during
the injection moulding process.

Soliant films are used for stone chip
protection of the US models, Toyota Aval-

Fig. 2. Determination of the needle scratch re-
sistance of film surfaces according to DIN 53
799-4.15

on, A and B pillars, outer body panels of
the Cadillac Seville, upper and lower grille
parts of the Renault Laguna and roof
strips for Audi, VW, Nissan and Volvo.

At present, no applications are known
for horizontal parts that use films from
Avery Dennison or Soliant. This might
well be due to inadequate heat resist-
ance.

Senoplast: To go with the Senotop
brand coextrudates, Senoplast Klepsch &
Co GmbH & Co KG of Piesendorf/Aus-
tria has developed, specifically for the
coating technique, a range of films based
on polycarbonate (PC) with two outer
layers of (PC+ABS) blend. The back lay-
er is intended to ensure good adhesion to
polyurethane foams, while the facing lay-
er of (PC+ABS) blend has advantages in
paint adhesion compared with straight
PC, which is sensitive to stress cracking.
The films can be coated with formable
coatings using a doctor knife or be paint-
ed as thermoformed films like conven-
tional plastic parts. These films have been
developed in close cooperation with Dow
Europe. PC was selected as the base ma-
terial because, compared with (PC+ABS)
and (PC+ASA) blends, it shows very good
stiffness characteristics in the elasticity
modulus at 100°C (Fig. 1), and thus con-
forms to the OEM specifications with re-
gard to heat exposure. The preliminary
tests with LFI-backfoamed parts showed
excellent results on heat exposure at
110°C over a period of 1 h. No deforma-
tion of the parts or deterioration of the
Class A surface was observed.

Bayer MaterialScience: Bayer offers a
paintable film with a backing film of PC.
A thin (PC+ABS) layer is coextruded to
provide adhesion to the polyurethane
foam system. The paint layers are applied
to the surface of the PC by foil coating and
pre-crosslinked. Post-crosslinkage is car-
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ried out after thermoforming. According
to the paint factory Worwag, metallic
shades without anisotropic metallic colour
properties can be produced in this way.

BASF: BASF is working on two con-
cepts [2, 3]. One of them involves ther-
moforming a monofilm of ASA or
(PC+ASA), reinforcing it and then paint-
ing it. The second approach is based on
the same film types but in this case they
are foil-coated, dried, provided with a
protective film, thermoformed and sub-
sequently crosslinked by brief radiation
with UV light.

Coextruded Films in the Thick-
ness Range of 0.5-2 mm

The demands made on the surfaces of co-
extruded films in which Class A quality is
achieved in one step are basically identi-
cal to those that apply in the surface coat-
ings industry. For parts in which auto-
motive paints are replaced by extruded
thermoplastics, however, there are two
major technical challenges [2, 4], name-
ly the scratch and abrasion resistance of
the finishes and the colour matching of
the parts to be coated.

Let us begin with the demands made
by the automotive industry on the
scratch and abrasion resistance of the
thermoplastic surface. In this respect, the
testing concepts of the OEMs differ sig-
nificantly. Figs. 2 and 3 show the scratch
resistance of an automotive powder
coating, a PC-based film from GE, and
the Senotop film with facing layers of
PMMA. Test method A (Fig. 2) shows the
needle scratch resistance according to
DIN 53 799-4-15, while test method B
(Fig. 3) shows the abrasion resistance ac-
cording to DIN 55 668 in a laboratory
car wash. By method A, the Senotop film
is much more scratch-resistant than the
PC film, and according to test method
B, the PC finish has better abrasion re-
sistance than the Senotop PMMA sur-
face.

As regards colour-matching, it is true
to say that, in most projects, plastic body
parts have painted metal parts added on.
Since different pigments are generally
used for conventional automotive paints
than for the colouring of plastics, it is not
always possible to achieve perfect match-
ing of the shades of the painted and plas-
tic finishes.

Solid-coloured Senotop films can now
be combined very successfully with paint-
ed components (Fig. 4), but plastic and
metal parts with a metallic finish can on-
ly be satisfactorily combined when opti-
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cal parting lines (e. g. decorative strip in
contrasting colours) are used.

For all coextruded film systems, a ma-
jor challenge is to prove that the full au-
tomotive colour shade range is possible.

Mayco Plastics: IC films (moulded-in-
colour) from Mayco Plastics, Sterling
Heights/USA, consist of four layers. The
extruded films are based on a clear coat
and a colour coat of ionomers, followed
by an adhesive coat and a backing layer
[1]. The backing can be made of
polypropylene (PP) or TPO. These films
are used for the bumpers of the Daimler-
Crysler Dodge Neon 2002.

Senoplast: The four-layer films from
Senoplast Klepsch & Co GmbH & Co KG
have been used for the series production
of the Spoiler Plus variant of the smart
(title picture) since April 2002. The films,
based on backing sheet made of a (PC+
ASA) blend from BASF plus facing layers
of PMMA from Degussa-Rohm, are ther-
moformed and subsequently backfoamed
with glass fibre-reinforced polyurethane
using the LFI technique. With this
method, the manufacturer of the roof
modules, Arvin Meritor, Githorn/Ger-
many, was the first company to comply
with the specifications made on a Class A
high-gloss surface using the film tech-
nology.

Because the heat resistance of the
(PC+ASA) layer at 110°C is inadequate
with more complex parts (also depend-
ing on the particular foam system), Seno-
plast decided to develop some new film
composites [4, 5].

To improve the dimensional stability
under the effect of heat, the backing lay-
er of (PC+ASA) was replaced by a blend
of (PC+ABS) with a very high PC con-
tent, while retaining both the typical
structure of Senotop films and the pro-
cessing parameters. Fig. 1 shows the im-
provement in the heat deformation resis-
tance on determining the elasticity mod-
ulus at 100°C compared with the con-
ventional (PC+ASA) blend.

To comply with even the highest de-
mands made on the thermal properties
of the film, a new film is additionally
being developed with a substrate of PC.
At the same time, a newly developed
PMMA type aims to combine the many
advantages of a PMMA surface with the
mechanical and thermal properties of
PC. On the one hand, the PMMA grades
available on the market show inadequate
adhesion between the PMMA and the
PC coats, and, on the other, the recycling
of such composites leads to incompati-
bilities and thus to a marked reduction
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Fig. 3. Determination of the abrasion resistance
of film surfaces according to DIN 55 668 in the
laboratory car wash

in the mechanical data. For this reason,
Degussa-Réhm has developed a PMMA
copolymer [6] with a specific compati-
bility with PC and a suitable processing
viscosity. In this way, optimum compos-
ite adhesion and good recyclability are
achieved while largely retaining the typ-
ical PC properties at the same time. The
corresponding PC grades were selected
and provided by Dow, based on the tech-
nical extrusion data and the market re-
quirements.

Alongside the previously mentioned
advantages, a composite such as this also
shows optimised creep behaviour under
the effect of heat. Initial extrusion trials
and tests on the film-coated parts pro-
duced highly promising results. The de-
velopment partners Rohm and Dow are
currently modifying the raw materials,
while Senoplast is carrying out modifica-
tions to the process.

GE Plastics: GE Plastics, Pittsfield/
USA, offers a film with a facing layer of
the polycarbonate copolymer Lexan SLX
with a UV blocker built into the mole-
cule chain. Beneath this is an integrally
coloured layer of PC, optionally followed
by a layer of (PC+ASA) blend to guaran-
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tee adhesion to the polyurethane foam.
This film was used for the first time as the
facing layer for the roof half-shells of the
smart Roadster in 2003. The film com-
plies with the specifications made on the
heat resistance of backfoamed compo-
nents. The mechanical data are good,
while the sensitivity of the modified PC
surface to scratching seems to be higher
than PMMA, although the composite
shows better values in the very frequent-
ly used Amtec Kistler test than in the
washing brush test (see Figs. 2 and 3).

BASF: In recent projects, BASF has de-
veloped a system of coextruded film con-
sisting of modified (PC+ASA) blends as
the backing layer and a SAN layer as a
high-gloss facing layer [2, 3]. According
to BASE, the SAN has favourable proper-
ties with regard to weather stability and
heat resistance, and the composite is also
recyclable.

Thermoplastic Films with a
Thickness above 2 mm

Since the processing of thin-walled films
is usually very complex and post-pro-
cessing represents an additional cost fac-
tor, thicker sheets have been developed
specifically for truck and utility vehicle
out panels. These sheets are thermo-
formed, cut to size and assembled with-
out any additional reinforcement. In
some cases, the thermoformed parts are
painted. With the Renault Trafic, for ex-
ample, the side panel under the loading
area is made of coextruded, thermo-
formed ABS/PMMA sheets (Senosan
AMS50 Solar New EG sheets) in white,
with the colour shade matched to the
painted cab (Fig. 5). Increasing use is be-
ing made of directly coextruded sheets of
ABS/PMMA composite (grade: Senosan
AM 50 Solar Neu EG) or ABS/PC/PMMA
composite (grade: Senosan VP CM 60 So-
lar). Suitable “study objects” for develop-

Fig. 4. Coextruded
film based on
(PC+ASA) and PMMA
as examples of
colour matching

for the automotive
industry
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Fig. 5. The side panel below the loading area of the Renault Trafic consists of coextruded and ther-
moformed ABS/PMMA sheets

ments of this nature are wind-deflection

systems for trucks. A variety of material

grades have been tested, e.g.

B thermoformed parts of ABS/PMMA
multi-layer composites of the grade
Senosan AM 50 Solar Neu,

B thermoformed paintable parts of
ABS/PC composite of the grade Seno-
san C60 EG and

B thermoformed ABS/PC/PMMA mul-
ti-layer composites.

Whereas the ABS/PMMA-based com-
posites cover a broad field of application
[7], backing layers based on (PC+ABS)
blend come into their own particularly
where maximum demands are made on
the impact strength and where long-term
service temperatures above 80°C are
specified.

With regard to the impact strength and
surface properties, it was found that
painted parts based on (PC-ABS) films
can be replaced by coextruded films of the
same substrate having a facing layer of
coloured PMMA. This saves the compli-
cated painting process without sacrific-
ingany of the optical or mechanical prop-
erties. Fig. 6 compares the impact strength

and penetration energy of painted and
coextruded ABS/PC composites.

Outlook

The study shows that, based on the
mounting interest being shown by OEMs
in concepts for paint substitution for the
bodywork, a number of companies have
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Fig. 6. Comparison of toughness and resistance
characteristics of the PC-PMMA composites
with painted systems
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taken up the subject and are working on
it. A variety of systems are already in se-
ries production or approaching maturi-
ty. The range of application extends from
car exterior parts to the utility vehicle seg-
ment. Because of the number of project
inquiries, it seems that this topic will be-
come ever more important in future. B

REFERENCES

1 Manolis Sherman, L.: Decorating with Formable
Films. Plastics Technology (2004) 1, pp. 44—49

2 Grefenstein, A.; Kaymak, K.: Films instead of
Painting? Kunststoffe plast europe 93 (2003) 8, pp.
37-39

3 Funkhausen, S.: Das PFM System: So macht man
Kunststoffe aufenhautféhig. 6th European Auto-
motive Conference, Nov. 2004 Bad Nauheim

4 Vortrag Frankfurt, Hollebauer, A.: Coextruded ther-
moplastic Films for Paint — Substitution for Car
Body Panels. 22/23-01-2002

5 Kappacher, H : Status und Ausblick zur Lackerset-
zenden Folienechnik fiir Kunststoffanwendungen
im Interieur- und Exterieurbereich. 6th European
Automotive Conference, Nov. 2004 Bad Nauheim

6 DE 3719239, EP 297285, DE 3837588, EP 368094,
DE 3837589, EP 372213

7 Kappacher, H.: Carbodies of PMMA/ABS. Kunst-
stoffe plast europe 86 (1996) 3, pp. 37-38

THE AUTHORS

MAG. DR. JOHANN KAPPACHER, born in 1961, is
Technical Manager and Managing Director of Senco
Research & Development, Piesendorf;
kappacher_j@senco-rd.com.

DIPL.-ING. ANDREAS HOLLEBAUER, born in 1971,
is employed by the same company and is responsible
for R&D, plastics testing technology. He is project
manager in vehicle film development;
hoellebauer_a@senco-rd.com.

ING. LUKAS SCHWAIGHOFER, barn in 1980, is in-
volved in various projects at the same company;
schwaighofer_|@senco-rd.com.

Kunststoffe plast europe 3/2005



