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Abstract— Aesthetics greatly influence consumer decisions in many
industries including automotive. High-gloss, visually striking surfaces
are traditionally achieved through conventional painting processes.
However painting process is costly, environmentally harmful, and time-
intensive due to volatile organic compound (VOC) emissions and
complex production steps. This paper is going to discuss sustainable
alternatives by exploring modified plastics E.g., Polycarbonate (PC) and
Acrylonitrile Butadiene Styrene (ABS) for decorative automotive
components like bezels, interior trim and pillar appliques.

The research deals with modified PC & ABS materials specifically
created for thin-wall (1.5-3 mm) injection molding components. These
components must meet strict functional requirements such as dynamic
load conditions and at the same time maintain aesthetically superior look
under harsh conditions. Virtual engineering simulations were conducted
to validate structural durability, while scratch testing & UV testing were
conducted to test for optimal aesthetic performance.

The experimental findings showed a 35% decrease in costs and a
25% reduction in carbon footprint. The PC & ABS materials not only
fulfilled but surpassed the aesthetic and functional benchmarks
established for painted surfaces. Their performance was notably
superior regarding durability, resistance to scratches, and resilience
against weathering conditions. Furthermore, they exhibited enhanced
surface quality, stability under severe temperature fluctuations, while
also providing savings in both weight and cost. Moreover, the
elimination of VOC emissions yielded significant advantages for the
environment.

The findings of the research conclude that such sustainable
alternatives are possible and beneficial, with great cost savings and
environmental advantages, while maintaining the raised aesthetic
standards and structural integrity requirements to be adopted for
automotive use. Thereby, these findings can be applicable to other
industrial sectors such as consumer electronics and medical technology,
among others
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L INTRODUCTION

The automotive industry is moving towards sustainable and
cost-effective manufacturing methods especially for exterior parts
that require high quality finishes. Traditionally, these finishes have
used multi-step painting processes which while effective, but
environmentally and economically not friendly. The emission of
volatile organic compounds (VOCs) during painting contributes to
environmental pollution. The complexity and the resource
intensity of the process drive up production costs. As automotive
OEM’s prioritize economical and sustainable parts, the search for

alternative methods that can deliver similar or superior results
without the environmental impact has gained momentum.

This paper assesses the viability of using high-temperature
Polycarbonate (PC) & ABS as a substitute to deliver high-gloss
finishes on decorative automotive components such as piano black
on appliques, bezels, and pillar trims. These parts are important in
terms of aesthetics but also for the structural integrity and
durability. The study seeks to determine whether ABS and PC can
meet or beat the aesthetic standards set by traditional painted
surfaces and offer significant economic and environmental
benefits.

The core challenge addressed in this study is eliminating the
need for painting without compromising the visual and functional
qualities of these components. This paper will focus on material
selection, engineering design, and tooling optimization to develop
a manufacturing process that will enhance the sustainability and
performance of automotive exterior parts. The objective is to
minimize environmental impact, particularly by lowering VOC
emissions, and simultaneously cutting costs and maintaining the
high-quality standards demanded in the automotive industry. This
study can be a game changer in how components such as
appliques, bezels, and pillar trims are finished.

II. LITERATURE REVIEW

The reviewed literature provides an extensive analysis of the
different materials and techniques involved in the manufacturing
of automotive appliques and exterior trims, especially focusing on
the pillar regions and other key elements of automobiles. A major
technique identified is the use of a multi-component polymer
system consisting of polypropylene or nylon with a thermoplastic
elastomer to formulate appliques by the process of injection
molding. These components were specifically designed for the A-
pillar areas for various types of vehicles, including cars, pickup
trucks, minivans, and SUVs [1]. In addition, appliques in which
nylon, polyacetal, or polycarbonate are mated with sheet metal
have been designed to enhance durability [2]. Lastly, cosmetic
resin appliques consisting of poly plasti-flex liquids attached via
self-adhesive acrylic double-sided tape have been considered [3].

Following on, advances include appliqués that include a
thermoplastic base, a wear-resistant gasket comprised of a
thermoplastic rubber, and an aesthetic overlay, all bonded together
in one molding operation [4]. Another innovation with exterior
trims included the use of opaque materials protected with a
transparent overlay to provide durability and aesthetic appeal [5].
In addition, application of molded sheets using plastic material
colored with pigments plus an overlay of a transparent clear coat
based on a thermoplastic fluoropolymer has been noted [6]. Efforts
aimed at reducing environmental impacts included techniques
designed to eliminate paint solvent vapors [7]. Another
development work involved a decorative sheet coated with PVC
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glossy clear finish, which is bonded on a substrate panel through
pressure-sensitive adhesive for outer automotive laminates [8].

The literature has used olefin polymers for bumper fascia to
achieve surface hardness and mold flowability [9]. It uses
polyolefin material for instrument panels and bumpers [10].
Manufacturing processes for soft bumper fascia which use RIM
urethane, thermoplastic polyolefin and thermoplastic polyester
elastomers were discussed as well [11]. In addition, research was
carried out on the materials used in car headlamps, lenses and
bezels with optical effects [12], and the size bezels for rear-view
mirrors made from several different polymers: ASA/PC, ABS/PC,
PC, ABS, PA, PPO, strengthened polymers, and metal alloys [13].
This set of studies demonstrates high use of polymeric materials
in automobile environments, particularly for ornamented bezels
and appliques.

Polycarbonate (PC), one of the toughest impact-resistant and
optically transparent polymers, can replace traditional painted
surfaces. In automotive trim, it has been successfully used to
render the surface piano black or silver, ensuring high ultraviolet
resistance, thermal stability, and scratch resistance. Meanwhile,
MIC processing of PC also reduces VOC emissions and saves
energy, thus complementing the sustainability goals of the
automotive industries [15]

III. EXPERRIMENTAL PROCEDURE

A. Material (Sample preparation)

This study focused on two of the most common plastic
polymers cast as door applique in the following way:

1. Sample 1: ABS with conventional painting, ABS
(commercially known as CYCOLAC resin) is a
terpolymer resulting by blending acrylonitrile (A), styrene
(S), and polybutadiene (B)

2. Sample 2: PC with MIC, PC (commercially known as
LEXAN SLX2776T resin) is a polycarbonate copolymer
blend with extra low viscosity and enhanced UV
stabilization. (Fig 1) (Source: Based on supplier
datasheets such as SABIC LEXAN SLX2776T)
(Reference: Supplier brochure for CYCOLAC/LEXAN
resins

Fig 1: Sample 2 (Image source: Image from physical sample
validation)

The design was optimized to a thickness of 2.7 mm and the
structural durability analysis confirmed that the design met the
required stress and deflection criteria.

Tooling was also optimized as seen in (Fig 2) focusing on gate
design, cooling, and venting. The resulting improved design
yielded a higher quality part free from common flaws such as
warpage, fractures, or discoloration.

Fig 2: Apparatus (Image source: Image from physical sample
validation)

B. Material Testing ( Mechanical Properties)

Samples of each polymer grade were prepared and tested with
a set of standardized tests for their properties. Melt flow index
was measured by following the ASTM DI1238; density
evaluation was done by following the ASTM D792; tensile
strength was based on the procedure provided by ASTM D638
and flexural property by following the procedure of ASTM
D790. ASTM D256 was used to determine the effect strength,
and heat distortion temperature testing was conducted in
accordance with ASTM D648. Standard test methods per
ASTM guidelines were followed as referenced in ASTM
D1238, D638, D648, etc.,

C. Thermal Aging

To check how the outer appliques can sustain long periods of
heat exposure, the parts were exposed to an oven at 85°C for 500
hours. The parts were mounted in a way that mimicked their use
within vehicles so that the results would be relevant to real-world
applications.

D. Cold Impact

The appliques conditioned at -30°C for five hours were
subjected to impact testing by utilizing a falling ball apparatus to
deliver some about 5J of energy. It was done right after the
conditioning time to qualify the actual performance of the material
in conditions of low temperatures.

E. Gloss Testing

Gloss levels of ABS, PC, and other samples were measured at
different angles (20°, 60°, and 85°) to evaluate the quality of
finish. These were compared with traditional painted surfaces,
though these new materials performed almost equally or better.

F. Abrasion/Scratch Resistance

The wear resistance of the samples was evaluated as durability
against wear by replicating standard surface degradation over
time, using a Taber Abraser (Fig 3). In this method, a specified
abrasive fabric and a rotating wheel simulates the conditions of
wear and measures the cycles taken to leave a mark.

Fig 3: Taber Abraser (Image source: Image from press
search)
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G. UV Testing (Weather Test)

Xenon arc weathering is an accelerated test method which
simulates long-term outdoor exposure damages for materials.
Samples are prepared and tested in the Xenon arc chamber under
the desired conditions of a simulated environment under
ASTMG154 for some prescheduled time. After the test, the
samples are withdrawn and physical properties in color change,
gloss loss, crack formation, chalking etc. are compared.

.

¢

Fig 4: Weathering Test apparatus (Image source: Image from
press search)

H. Cost Impact

A zero-based costing analysis that presents a comparison of
the cost implications when PC-MIC is compared against
traditional painting techniques based on such factors as Raw
material, Molding & painting, Direct material cost, overheads
etc.,

1. Environmental Impact

Carbon footprint assessment as referenced by material costs,
energy consumption, and VOC emissions indicated that the new
materials offer not only significant reductions on the production
costs but also on the environment. In light of these factors, they
are considered new sustainable alternatives for automotive
applications.

IV. RESULTS AND DISCUSSION

A. MATERIAL TEST RESULTS

In Table 1, the physical, mechanical, and thermal properties
of the investigated polymers in the form of ABS, PC, are tabled.
Among the prepared samples, Sample 2, PC indicated higher
tensile strength than Sample 1 that was prepared from ABS.

In terms of flexural properties. Although Sample 1 had the
highest impact strength, Sample 2 still met the required toughness
criteria, Sample 2's melt flow index lies in an intermediate range;
hence, it can probably be specified toward developing thin wall
components. Its heat distortion temperature (HDT) was about
105°C.

TABLE 1 : PHYSICAL, MECHANICAL AND THERMAL PROPERTIES FROM TESTING

Tabbe 1: Firysical, mechamical and thermal properties

Properties Units Sample 1 Sample 2
MFi E/10 min min 21 min 9
Den=ity T max 106 max 1.35
Tansile surengih Mpi min &0 min 63
Ebongatbon at break % min 18 min 15
Flexural strength Mpa min &0 min B0
Flexural mosiulas Mpa min 2000 min 2150
Mobched kod mpact kzom/ rm min 20 min 15
strength at 23 *C

Notched kod impact kzcm/ cm min % min 8
erength &t -0 C

HDT " max 30 max 105
CATE pmf oG max S max 80

B. THERMAL AGEING

Thermal aging test for samples shows a test at 85°C for 500
hours and retained its dimensional stability without any visible
defect, thus proving it perfectly suitable for décor applications
outdoors. Test on cold impact at -30°C proved that Sample 2's
toughness was sufficient so as not to crack under impact.

C. COLD IMPACT

Vehicle-level durability testing was performed by driving the
vehicle on a pave track for 100 cycles with the exterior trim
appliques installed. Inspection after test revealed no cracks or
looseness in components. The structural integrity and durability of
the design from PC are validated as shown in Fig 5.
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Fig 5: Specific strength comparison (Image source: Author-
generated)

D. GLOSS TESTING

Measurements for gloss testing demonstrated that Sample 2
acquired the same gloss finish to one that normally could be
attained by traditional painting on Sample 1 as shown in Fig 6.
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Fig 6: Gloss strength comparison (Image source: Author-
generated)
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E. ABRASIVE/SCRATCH TESTING

Scratch resistance tests revealed more surface damage
resistance by Sample 2 than by Sample 1. This is reflected by a
higher rating of the MIC finish on Sample 2 thus maintain long-
term aesthetics.

Scrwtch - 5 fanger - at 55 bead
Scrnch Katings

Sacuple 1 ANS -
Pateted Anish

Swmgle 2 [P MIC Braad)

Fig 7: Scratch Test result comparison (Image source: Author-
generated)

F. UV TESTING

Accelerated weathering tests showed that Sample 2 with mold-
in-color (MIC) finish exhibited comparable weathering resistance
to Sample 1 with a painted finish. Gloss retention was highest in
Sample 2, demonstrating its durability and ability to maintain a
new appearance over time.

TABLE 2 : WEATHERING TEST RESULT COMPARISON

Weathering Properties

Properties Standard Umnits Sample 1 Sample 2
Accelerated weathering  SAE dE =3 at 2500 h 1.4 at 30400 h
up to 1500 h 2527 GSR 4-5at2500h  4-5ac3000h
Gloss retention after ASTM L] Min 8%, at Min B0 at
artificial weathering D523 2500k 30040 h

G. COST IMPACT

The cost analysis showed noteworthy savings that could be
made from using PC-MIC over painting. Since the painting
process could be eliminated, the manufacturers' production costs
could be reduced by as much as 35%, mainly due to the shortening
cycle times and reduced material waste, as depicted in Fig 8.

35% cost reduction
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Fig 8: Cost reduction benefits in PC MIC parts (Image source:
Author-generated)

H. ENVIRONMENTAL IMPACT

The carbon footprint assessment indicates that the new process
has an overall saving of 25% based on environmental impact, as
demonstrated in Fig 9. The reason for this is the improvement of
production efficiency through the reduction of post-processing
with paints and minimization of scrap rates.
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Fig 9: CO2 reduction benefits in PC MIC parts (Image source:
Author-generated)

V. CONCLUSION

The findings of this study revealed that high-temperature
polycarbonate materials are an excellent alternative to the classic,
painted finishes used in the car manufacturing industry. Glossy,
durable, and cheap, these materials can meet or even surpass the
performance of painted surfaces while saving costs by 35%. In
addition to these benefits, the use of the above materials lower
VOC emissions, thereby leading to a 25% reduction in Carbon
footprint. Getting a high-glossy finish without painting is a great
advancement in material sciences promising great applications
beyond the automotive sector such as home appliances &
consumer electronics.
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