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Abstract -

Visibility of the headlamp outer lens is commonly affected by
haziness, fogginess, fading, or white patches caused by the
deposition of volatile organic compounds, oxidation, chemical
attack, water vapors, flying debris, and dirt. In the present
research, two-wheeler headlamp with glass fading issues were
identified and potential preventions have been discussed.
Many of the headlamp outer lens is fabricated using glass
material and outer lens glass fading is generally caused by the
deposition of lower molecular weight moieties and lower
temperature thermally unstable compounds. For this attempt,
two-wheeler headlamp assembly was dismantled and
characterized for possible root cause analysis and failure
prevention. Different parts of the headlamp assembly such as
reflector paint, bulb shield paint, dust cap, and housing were
analyzed for thermal and morphological analysis. Thermal
stability of the components was analyzed using
thermogravimetric analysis (TGA). Morphological analysis
was characterized by using scanning electron microscopy
(SEM) and optical microscopy to evaluate the elemental
alternation after deposition onto the outer lens. In house petri
dish thermal box set up was prepared to evaluate the release
of the lower temperature volatile organic compounds (VOC).
The bulb shield paint system consists of filers, extenders,
biocides, and lower molecular moieties for properties
enhancement. The liberation of the lower molecular weight
components and their deposition onto the inside layer of the
glass outer lens resulted in the glass fading issue. The failure in
the headlamp components was identified and remedies have
been implemented for the failure prevention in future
headlamp parts.
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1. INTRODUCTION

The recent developments in the automotive sectors,
industrial sectors, and building sectors have gained the
researchers attention towards the drover safety concerns.
Electric vehicles, driverless cars, hydrogen fuel cells are the
recent advancements in the worldwide automotive sector [1-
2]. Headlamp is one of the most important features in
automotive industry. Two-wheeler vehicle headlamp consist
of many different parts such as outer lens, housings, dust
caps, reflector, bulb shield, and casings. The light illuminated

by the lens provide the driver more visibility on road while
driving at night and low sun light conditions [3]. Majority of
headlamp outer lens are fabricated using glass and
polycarbonate materials. When light emits through the
headlamp lens it passes through the two different surfaces
first one is the own lens glass and the second one is the
headlight outer lens which is generally made up of glass [4].
In addition to these advantages, the outer lens' transparency
is a critical aspect in preventing accidents during the night,
rainy, and foggy seasons. Glass material is having excellent
transparency and can withstand higher thermal stability but
possess lower impact strength. In the recent years,
researchers have developed the alternate material for the
glass outer lens. There are severe concerns of glass outer
lens as when impacted with sudden load glass material
shattered and can cause serious injury to the drivers [5-7].In
comparison with polycarbonate material, glass material has
good UV stability and scratch resistance and hence some of
two-wheeler makers have requirements for glass outer lens
material [8]. Polycarbonate polymers is having excellent
impact strength, scratch resistance, recyclability, lower cost,
better processability and light weight [9-10].

Accelerated change in technology, construction, and
manufacturing sectors lead to an increase in ambient
temperature, emissions, toxic gas pollution, and climatic
circumstances [11]. Headlamp visibility and transparency
can be impacted by many factors. These factors include as
water vapor stuck into the headlamp assembly, dirt
deposition onto inside or outside layer of outer lens, fog
accumulation during extreme weathering conditions, white
patches due to sudden load or impact, or fading issue due to
deposition of gases or chemicals glass material [12-13].

The outside surface of the lenses can be damaged by a
variety of environmental factors as well as manual
interference, whereas the inside surface of the lenses can be
chemically attacked due to the release and deposition of
volatile organic compounds (VOC) [14-15]. In the glass outer
lens, glass fading and haziness are majorly observed failures
due to the deposition of lower molecular weight compounds
onto the inside layer of the headlamp outer lamp which
resulted in the reduction in the transparency [16]. On the
other hand, dirt and mud particles accumulated on the outer
lenses, reducing the visibility and transparency of the outer
lens material [17]. The volatile organic compounds (VOC)
deposition onto the inside surface of the outer lens is major
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concerns due to release and deposition of lower molecular
weight compounds from the other plastic parts like dust
caps, reflectors, shield pant, and housings etc. Headlamp in
on condition generate the heat more than 120 °C which is
responsible for the release of volatiles present in the plastic
or paint system [18].

In the present work, we have found out the possible root
causes for glass fading issues observed in the headlamp.
Figure 1 shows the photographs of glass faded outer lens,
reflector paint and bulb shied paint Minda industries are
leading original equipment manufacturer of automotive
components. The glass fading issue was observed in the
headlamp outer lens and several experiments were
implemented to find out the root causes for the failure
prevention. In order to avoid this kind of glass fading we
have carefully observed the individual headlamp component
more over polymeric material, which has possibility to
release the volatile gases. Table 1 shows the different
components of the headlamp assembly along with
fabrication material. We have done the petri dish thermal
box test of the individual headlamp component to observe
any release of gases from the plastic parts mounted onto the
backside of the lens. Differential scanning calorimetry (DSC)
and thermogravimetric analysis (TGA) has been done in
order to confirm the gases released from child parts like. We
have also run the SEM-EDS analysis to check the ash
recovered from the TGA analysis for better understanding on
the filler side.

Table 1: Components of headlamp and their
fabrication materials.

1.1 Experiments
Materials and Methods:

Two-wheeler headlamps obtained from Minda-Rinder
Industries Pune, India. The obtained headlamp was complete
assembly with glass fading issue. Isopropyl alcohol (IPA) was
used to clean the sample pans of DSC, TGA and optical
microscopy platform was purchased from Loba Chemicals,
India. Nitrile hand gloves were used to eliminate the direct
contact with samples were purchased form Swati Scientific,
India.

Reflector Paint

Glass Fading

Figure 1: Headlamp assembly components (A) Outer
Lens, (B) Inner Lens (C) Reflector Paint and Bulb
Shield Paint.

Methods:

The main aim of the experiment is to check whether the glass
fading caused by the individual parts or number of parts are
releasing gases due to heating. Because glass fading can
reduce the glare with reducing the visibility of the outer lens.
The complete headlamp assembly was dismantled into outer
lens, dust caps, housings, reflector, and bulb shield. The
dismantled components were characterized for petri dish
thermal box test at 180°C for 4 h. In the petridish test, it was
observed that bulb shield paint system releasing some
volatile compounds and deposited onto the inside layer of
the petri dish. The schematic representation of the bulb
shield paint petri dish sample is shown in Figure 2. In order
to confirm the volatile organic compounds releasing from
the bulb shield paint, we have carried out thermal and
morphological characterization using thermogravimetric
analysis (TGA), differential scanning calorimetry (DSC),
scanning electron microscopy (SEM) and optical microscopy.

S.N. Description Material
1 Reflector Polyphenylene Sulphide (PPS)
2 Light Guide Polymethyl Methacrylate (PMMA)
HT
3 Bezel Polyphenylene Sulphide (PPS)
4 Dust Cap Silicon Rubber
5 Bulb Shield CRCA (Nickel Chrome Plated)
6 Grommet Silicon Rubber
7 Breather Nitto Denco Sticker (Atlanta)
Sticker Type
8 O ring Nitrile Butadiene Rubber (NBR
Black)
9 Washer Nylon 66
10 Two Part Epoxy Resin
Sealant
11 Potting Epoxy Resin
12 Washer Nylon 66
© 2022,IRJET | ImpactFactor value: 7.529

ISO 9001:2008 Certified Journal | Page 2220



’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 09 Issue: 06 | Jun 2022

www.irjet.net

p-ISSN: 2395-0072

Step2 > Step 3

(/_;-\
) —
. =

VOC released under oven | Visual inspection of VOC on

Petridish + Sample
At 180°C temperature Petridish and further analysis

Figure 2: Schematic representation of petri dish
thermal box test

2. Material Characterization
2.1 Optical Microscope

Optical microscope analysis is employed to check the
morphological behavior bulb shield paint sample after the
petri dish thermal box test. Optical microscopy is a
nondestructive testing used to analyses the surface
morphology. The optical microscope, also referred to as a
light microscope, is a type of microscope that commonly uses
visible light and a system of lenses to generate magnified
images of small objects. Leica DM2700 model has been used
for analysing the petri dish to check the deposited layer.

2.2 Thermogravimetric Analysis (TGA)

Thermogravimetric analysis is applied to check any kind of
volatile organic compound release (voaQ).
Thermogravimetric analysis (TGA) is destructive technique
used to determine a material's thermal stability and its
fraction of volatile components by monitoring the weight
change that occurs as a sample is heated at a constant rate.
The thermogravimetric analysis of bulb shield paint and
reflector paint was obtained with TA make instrument TGA
55 (Serial Number: 791). We have run the TGA in presence
of nitrogen purging. Test Parameters: Heating from 25 °C to
200 °C with the heating rate of 20 °C/min. The test was
maintained at 200 °C for 1 h using isothermal mode.

2.3 Differential Scanning Calorimetry (DSC)

DSC is used to analyze the thermal properties of the bulb
shield paint and reflector paint. Also, release of any low
temperature volatiles or any other regrind mix with the base
material was analyzed using DSC analysis. Differential
Scanning Calorimetry (DSC) is a thermal analysis technique
in which the quantification of heat flow is measured as a
function of time or as a function of time at a given
temperature. DSC of bulb shield paint and reflector paint is
obtained with TA make instrument DSC 25 (Serial No 1152).
We have carried out DSC analysis in the presence of nitrogen
atmosphere. Test parameters: First heating from 40 °C to
300 °C isothermal for 3 min cooling from 300 °C to 40 °C.

Second heating from 40 °C to 300 °C isothermal for 1 min.
Sometimes during first heating, some erroneous peaks
appear resembling to the releasing of volatile compounds
due to moisture absorbed by polymers or any other low
molecular weight components presents in the polymers. In
the second heating cycle, these peaks were got diminished.

2.4 Petri dish thermal box test

This petri dish thermal box test is house made setup. In this
test two petri dish were used for the analysis along with the
thermal box. Bulb shield paint and reflector paint was
scratched out form the surface and kept into the first petri
dish and covered with second petri dish. This petri dish was
then kept inside the thermal box and test was carried at 180
°C for 4 h. Visual inspection was carried out to observe the
deposition of any lower temperature volatile organic
compounds. All the components of the headlamps were
analyzed using petri dish thermal box test.

2.5 Scanning Electron Microscope (SEM)

Scanning Electron Microscope is highly sophisticated
analytical technique often use to analyze the die/package
cracks, fracture surfaces, bond failure, physical defects which
is all related to the surface morphology. SEM analysis is a
powerful analytical tool, which uses a focused beam of
electrons to produce complex, high magnification images of a
sample’s surface topography. How small the size of electron
beam shot into the specimen can get is the key to high
resolution of SEM. Metal sample can directly place onto the
mounting stab. Both sided carbon tape is used to fix the
sample with the sample-holding stab. Polymeric samples
cannot use directly as polymers are nonconductive material
which accumulate the static electric field and starts charging.
To prevent the charging of the sample ultrathin coating of
gold, silver, platinum, chromium is done onto the sample,
which is called sputter coating. We have used the latest
model of JEOL make SEM (IT-200) (Serial Number:
MP1040003050305) which has a unique feature of low
vacuum mode which prevents the polymeric samples from
charging even if you are using without sputter coating. Both
sided carbon tape is used to fix the sample onto the sample-
holding stab. Sample is carefully blown out to remove any
dirt and dust particles, Height is measured to avoid any
breakdown issue and successfully mounted onto the
specimen chamber stage.

© 2022,IRJET | ImpactFactor value: 7.529

ISO 9001:2008 Certified Journal | Page 2221



‘l’ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 09 Issue: 06 | Jun 2022

www.irjet.net

p-ISSN: 2395-0072

3. RESULTS AND DISCUSSIONS

3.1 Optical Microscopy Analysis

Petridish
Surface

Deposited
Layer

\

Painted Bulb | Petri dish-Under Optical Image 1| Optical Image 2
Shield Microscope

Figure 3: Optical Microscopic Imaging (A) Painted Bulb
Shield (B) Petri dish Under Microscope (C) Optical Image
1 (D) Optical Image 2

Morphological analysis of the paint coated bulb shield
samples and petri dish samples were carried out using
optical microcopy. Optical microscopy test was employed to
check the surface roughness of the petri dish after the
heating and VOC deposition. Along with the petri dish,
painted bulb shied surface was also captured using optical
microscopy. The glass fading in headlamp is majorly due to
deposition of the VOC onto inside surface of the headlamp. It
was difficult to put the headlamp for optical microscopy test
hence we have taken some of the scratch out some of the
painted material and kept it into petri dish. Further, the petri
dish was heated about 180 °C for 4 h. The lower temperature
VOC got deposited and tested for optical microscopy. Figure
3 (C) and (D) demonstrates the optical microscopy images of
the petri dish after heating at 180°C. It can be seen from
Figure 3 (C), surface roughness with some black marks are
observed which signifies that some gases were released
during heating process and got deposited onto the inside
surface of the glass headlamp and fading was observed.
Figure 3 (d) shows the micrographs of the petri dish sample
after heating process with 5 g of sample and checked the
gases deposition onto the petri dish layer. It was observed
that with highest amount of material the gas released at
lower temperature got deposited and formed the uniform
layer onto the inside surface of the petri dish and fading was
noticed. Figure 3 (B) displays the petri dish under the
microscope lens. Further this VOC released was confirmed
by TGA and DSC analysis.

3.2 Thermogravimetric Analysis (TGA)

Thermal stability of the reflector paint and bulb shield paint
was determine using thermogravimetric analysis. As from
the petri dish, it was noticed that some gases were getting
deposited after heating above the 150 °C. In order to the
check the temperature at which thermal degradation
occurred, we have analyzed dust cap and paint samples.
Figure 4 shows the weight loss graph of bulb shield painted

sample. It can be seen form the figure that bulb shielded
paint sample shows two step thermal degradation. The very
first step thermal degradation started at around 80 °C and
ended at 120 °C with weight loss nearly 9 %. TGA was
carried out atisothermal condition at 180 °C for 3 h. It can be
seen from the results that some low molecular weight
compounds got released in the given temperature range (80-
120 °C) and got deposited onto the inside surface of glass
headlamp. This deposited VOC results in the reduction in
transparency due to the fading mechanism. The visibility of
the glass headlamp can reduce if deposition of any volatile
organic compound take place onto the transparent surfaces.
Headlamp is closed assembly and evaporation of any volatile
compounds may deposits onto the inside of the outer lens.
Figure 5 displays the reflector paint sample. It can be seen
form the graph that 0.085 % weight loss observed in the
isothermal conditions which is negligible in the tested
temperature range. This reflector paint was also heated up
to 180°C for 3 h atisothermal conditions. This concludes that
volatile organic compounds got released from bulb shield
paint and deposited onto the inside surface of the outer lens.
This deposition results in the glass fading and reduction in
the transparency of the headlamp outer lens.
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Figure 4: TGA thermograph of bulb shield paint
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Figure 5: TGA thermograph of reflector paint sample
3.3 Differential Scanning Calorimetry (DSC)

Differential scanning calorimeter was employed to evaluate
the thermal properties of the bulb shield paint material.
Polymeric coated paint resin generally comes in the
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thermoset category which upon curing mechanism got
crosslinked network and does not change its size and shape.
From the TGA and optical results it confirms that some of
lower molecular weight compound got evaporated and
deposited onto the inside surface of outer lens. In the DSC
analysis we have observed that no exothermic and
endothermic peaks were present which signifies that no
melting and crystallization were observed during the heating
and cooling cycle. During the first heating cycle the slight
transition in the heat flow curve was observed at 58 °C, 98 °C
and 113 °C temperature. This can be attributed to the
different paint layers of the coated materials. In the second
heating cycle (red line curve), no transitions were observed
around 58 °C, 98 °C and 113 °C temperature which clarifies
that volatile compounds got released during the first heating
cycle only. This confirms that volatile got deposited onto the
inside layer of the headlamp outer lens and resulted in the
glass fading issue.
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Figure 6: DSC graph of bulb shield paint material
3.4 Petri dish Thermal Box Test

Figure 7 shows the petri dishes before and after the thermal
box test. Two petri dishes were used for the analysis. Bulb
shield paint sample was scratched and put into the first petri
dish. The second petri dish was used to cover the first petri
dish as shown in Figure 7 (A). These two-petri dishes were
kept in the heating box and the box temperature was raised
to 180 °C and kept it for 4 h and this is shown as Figure 7 (B).
During the heating cycle, it can be seen that some of the
lower molecular weight compounds got deposited onto the
inside surface of the second petri dish. This id due to the
liberation and evaporation of the volatile organic compound
(VOCQ). It is confirmed form the petri dish thermal box test
that in temperature range of 30-180 °C, some of the VOC got
released and as the system is enclosed, it got deposited onto
the inside layer of the petri dish. Coating paint consist of the
number of additives like fillers, antifoaming agents, biocides,
wetting agents, extenders. Impurity of these additives may
result in the release of lower molecular weight substances.
In the Figure 7 (C), it can be seen that after cooling also

deposition and black spots were observed onto the inside
layer of the second petri dish. This test resulted that fading
of the glass surface is caused by the deposition of the volatile
organic compound. This glass fading also resulted in the
reduction in the headlamp visibility.

Sample Transparent petridish Glass fading observed

Blur spots on overall petridish

(A) (B)

Bulb Shield Paint at 30 °C

for 4 hours Hazy layer

Bulb Shield Paintat 180 °C | Visual Inspection of deposited

Figure 7: Petri dish thermal box test of bulb shield
paint

3.5 Scanning Electron Microscopy (SEM)

The received two-wheeler headlamp assembly part were
difficult to place in the SEM assembly. For this attempt, we
have carried out the heated petri dish test. The bulb shield
paint sample were scratched and put into the petri dish. The
petri dish was covered by the second petri dish and heated
at 180 °C for 4 h. The volatile organic compounds got
deposited onto covered petri dish material and cut into the
small pieces for the SEM characterization. Figure 8 and 9
represents the petri dish small pieces placed for the
characterization and deposited micrographs of the released
gases. It can be seen from Figure 8 that volatile compounds
onto the petri dish sample have been placed on the SEM
sample holder. Figure 9 (A and B) shows that samples at
different magnification and can be easily seen that particles
after releasing got deposited onto the petri dish surface. The
same observation was observed in the headlamp assembly.
Figure 9 (A) shows the small black dots of the deposited
volatile compound whereas at higher magnification it can be
seen that (Figure 9B) glass surface got completely covered
with the gas surface.
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— 5 mm

Figure 8: Petri dish pieces after heating at 180 °C
for4h

Figure 9: SEM micrographs of faded petri dish sample.
3.6 Glass Fading Remedies and Discussions

Headlamp is one of the most fabricated products of the
Minda Industries. Earlier fabricated products were failed to
qualify basic standards of the headlamp visibility due to the
thermal decomposition of volatile organic components. This
liberated VOCs were then deposited onto the inside layer of
the outer lens and caused the glass fading issue. In order to
resolve this issue, we as a research and development team,
have detached all the parts from the headlamp assembly and
tested for the thermal, structural and morphological
analysis. During the thermal characterization of bulb shield
paint, we have identified that there are several lower
temperature volatile organic components are present in the
system which causing the glass fading issue. Coating paint
should have prepared with purified additives to avoid the
release of low molecular weight compound. Coating resin
and hardener system should have prepared in optimized
ratio to avoid partial crosslinking of resin. After rectifying
the issue, we have asked the paint vendor to change the
formulation of the paint material with virgin grades of the
filler and additives material. Also, aske them check the
impurities present in the additives compound. We have also
set and followed some primary characterization steps for

every new consignment to avoid any further complications
in the headlamp visibility.

4., Conclusion:

In this study, different characterization methods are used to
find out root cause for the glass fading issue observed on to
the glass headlamp outer lens. For the initial screening, we
have used the optical microscopy images to confirm the
deposition of volatile gases. Also, for the fine-tuning and
final confirmation, we have used thermogravimetric analysis
(TGA) and differential scanning calorimetry (DSC) analysis.
TGA analysis conformed that there was weight loss in the
temperature range of 80-120 °C. This low temperature
decomposition attributed to the release of the volatile
organic compounds. In the DSC curve also, irregular heat
flow curve was noticed around 58 °C, 98 °C and 113 °C
temperature range. This irregular heat flow pattern was
absent in the second heating cycle which confirms the
release of the volatile substances takes place during the first
heating cycle only. The optical images of the deposited layer
of gases released during the petri dish test of painted bulb
shield confirms there is a release of some volatiles, which is
being deposited onto the internal surface of headlight lens.
The same thing we have observed from the TGA analysis. In
the petri dish test at 180 °C for 4 h, we have noticed that
some of the particles present in the paint sample got
evaporated and deposited onto the petri dish sample. TGA
and DSC analysis concluded that weight loss and
irregularities in the heat flow was observed nearly
temperature range of 80-120 °C. SEM analysis concluded
that there were some morphological changes in the paint
sample along with the non-uniformity in the paint layer.
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