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Abstract

carrying out the peel-off test.

The research is envisaging characterizing the Polyurethane (PU) coating on AA 7075 so as to predict the aircraft
coating life. Differential Scanning Calorimetry (DSC) and X-ray Diffractometry have been employed to investigate
the differences in thermal behavior and crystalline structure of the polyurethane (GB BOND 141). DSC can be used
to examine the material from a subambient starting temperature to the glass transition event and finally through the
crystalline melting region. X-ray diffraction (XRD) provides important structural information about the polyurethane in
the structure of semi-crystalline polymer substance consisting of two phases, viz., amorphous and crystalline as well
as their fine texture which has a strong effect on physical and mechanical properties of polyurethane. After analyzing
the characteristics, the extent of coating loss is examining visually in order to evaluate the adhesion property before
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Introduction

Economic competitiveness and environmental concerns have driven
the coating technologist to explore newer chemistry and approaches
to improve the efficiency of organic coatings at a minimum volatile
organic component (VOC). Organic coatings or paints on a substrate
give aesthetic appearance as well as protection from the destructive
phenomenon known as corrosion. Coatings can provide materials
with the desired aesthetical properties such as color and gloss, but they
are also of vital importance in the protection against environmental
influences, including moisture, radiation, biological deterioration or
damage from mechanical or chemical origin [1,2].

Polyurethane (PU) coatings opened the door for automotive
applications. Formulations and processing techniques continuously
developed as one- and two-pack systems were developed. The PU
coating industry has entered a stage of stable progress and advanced
technological exploitation. Today, PU coatings can be found on many
different materials to improve their appearance and lifespan.

On automobiles, PU coatings provide the demanded exterior
high gloss, improved color retention, improved scratch and corrosion
resistance. Different types of PU coatings have been applied in
construction, where building floors, steel trusses and concrete supports
are spray coated to make them more durable against environmental
deterioration with minimum cost to maintain [3,4].

The research reported here investigated the importance of the
characterization of PU coating on AA7075 to check their thermal
stability, structure of PU and adhesion strength.

Experimental Procedure
Sample preparations

The coating system used in this study was epoxy polyamide
primer (GP GUARD 144) and with a high gloss polyurethane topcoat
(GP BOND 141). The coating substrate was AA7075-T6 and had
been purchased from Perfect Metal Alloy Company. After cleaning
aluminium surface with methyl ethyl ketone, and the coatings were
applied by spray painting using a conventional spray gun. The primer
film thickness was maintenance approximately in a range of 30 + 0.5

um, while the coat of polyurethane top was in the range of 35-60 +
1.5 pm. The schematic diagram of coating layer of sample is shown in
Figure 1 [5].

Coating thickness measurements

After coating, epoxy polyamide primer layer and polyurethane
topcoats on AA7075 surface coating thickness should be measured to
achieve the required level. PHYNIX Surfix Probe [6] is type coating
thickness gauge was used to measure the coating thickness level of each
primer and topcoat layer on the aluminium surface.

Characterization

Differential scanning calorimetry (DSC) measurements were
conducted using a thermal analyzer (DSCQ20 V24.2 Build 107, TA
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Figure 1: The actual coating layers 1) AA7075 substrate 2) Epoxy polyamide
as primer layer 3) Polyurethane as topcoat layer.
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Instruments). A polyurethane coated surface was peeled off and made
into the powder form of 10mg, which is required level for DSC studies.
DSC is used widely for examining polymers to check a number of
characteristic properties, such as two major thermal transitions: the
glass transition temperature (Tg), the melt temperature(Tm). In the
test the temperature of PU sample increased from room temperature to
200-250°C with a heating rate of 10°C min™'.

A scanning electron microscope (SEM) is a type of electron
microscope that images a sample by scanning it with a high-energy
beam of electrons in a raster scan pattern. Scanning electron microscope
(SEM) studies were performed in a JSM-6610 scanning electron
microscope (JEOL/EO). SEM can produce very high-resolution images
of a sample surface, revealing details about less than 1 to 5 nm in size.
Due to the very narrow electron beam, SEM micrographs have a large
depth of field yielding a characteristic three-dimensional appearance
useful for understanding the surface structure of a sample. Therefore,
resolutions, magnification and depth of field are important an element
of SEM [6].

X-ray diffraction (XRD) provides important structural information
for polymers. Useful XRD analysis data was obtained from crystalline,
semi-crystalline, amorphous polymeric materials. Significance
information of structure can be obtained from peaks in XRD pattern,
including peak position, peak shape and peak width as well as peak
intensity, to identify crystalline phases and orientation and determine
structural properties: d-spacing’s and lattice parameters, residual strain,
particle or grain size, phase composition, etc [7]. The diffraction profiles
show an amorphous broad shoulder, diffused diffraction maximum at
20 = 20°. It is likely that some soft segment-hard segment phase mixing
could occur in the system disturbing the soft segment crystallization.
This may account for the broader diffraction.

Peel off test

An essential requirement of protective coatings is that they should
adhere firmly on the substrate to which they are applied. This is an
obvious requirement, but it is a difficult one to measure quantitatively.
Many procedures are available for assessing coating adhesion, including
ASTM D 3359 for peel off test. The aluminium alloy 7075 sample size is
50 mm x 50 mm was coated with polyurethane in required microns to
measure the strength of polyurethane that they adhere on the substrate.

Results and Discussion

Differential scanning calorimetry (DSC)

Differential scanning calorimetry or DSC is a thermo-analytical
technique. DSCis used widely for examining polymers to checka number
of characteristic properties, such as two major thermal transitions: the
glass transition temperature (Tg), the melt temperature(Tm). Figure
2 shows test the temperature of PU sample increased from room
temperature to 150-170°C with a heating rate of 10°C min’, 20°C
min" and 40°C min’, respectively. Glass transitions may occur as the
temperature of an amorphous solid is increased. These transitions
appear as a step in the baseline of the recorded DSC signal. This is due
to the sample undergoing a change in heat capacity; no formal phase
change occurs. From Figure 3 it can be observed that Tg value depends
on heating history and is subjected to thermal lag, extrapolation to zero
heating rate which yields an accurate value for Tg and is 112.5°C at zero
heating rate. This finding was clearly proved by Xin Fu [8]. Figure 3
shows below the relation between glass transition temperature Tg and
heating rate. Figure 4 shows the measurements differential scanning
calorimetry (DSC) using TA Instrument DSCQ20 V24.2 Build 107

Sample: poly DsSC
Size: 6.5000 mg
Method: constant cell calibration
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Figure 4: DSC curve of polyurethane (endothermic peaks downwards).

device. Two endothermic peaks are well displayed on the DSC curve
associated to two melting temperature (Tm) at 205°C and 224°C. Saiani
et al. [9] absorbed that these two endotherms are due to the melting of
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Figure 5: Polyurethane XRD.

Figure 6: shows peel off test taken a) PU coated in specific microns b) after
cut perpendicular line final weight should be measured c) PU coated in specific
microns d) after cut perpendicular scribe removed from panel final weight
should be measured.

an ordered structure appearing in the hard phase and to a micro phase
mixing of soft and hard segments. The DSC curve also shows, a glass
transition at the temperature T * of approximately 40°C related to the
soft segments. As described by Barikani and Hepburn [10] and Cuve et
al. [11] as mentioned by the PU manufacturer, another glass transition
associated to the hard segments appears at the temperature T ™ of 95 +
1°C. Considering the DSC curve with the values of glass cand melting
temperature, the hard and soft segments content can respectively be
estimated [9].

X-ray diffraction (XRD)

X-ray diffraction (XRD) was carried out for polyurethane samples.
XRD result of polyurethane was shown in Figure 5. As evidenced in
Figure 5, the diffraction profiles show an amorphous broad shoulder,
diffused diffraction to be maximum at 20 = 20°. It is likely that some
soft segment-hard segment phase mixing could occur in the system
disturbing the soft segment crystallization [12]. This may account
for the broader diffraction. For ordinary synthetic polymer, the non-
uniformity of the molecules makes it impossible to form perfect single
crystals. As a result, amorphous and crystalline phases are present in a
real polymer, and these entities have complex organization. Diffraction
occurs only when Bragg's Law is satisfied condition for constructive
interference from planes with spacing d to be.

2dsin® = n\ (1)

Where d is interplanar spacing, 20 is diffraction angle; A is the
wavelength of the incident X-ray beam.

Peel off test

Figures 6a and 6¢ show the specimen which are coated to a thin
(80-micron) on aluminium alloy 7075. During preparation for testing,
the coated polyurethane on aluminium bar (50 mm x 50 mm) is cut
into strips. Figures 6b and 6d show the panel is first divided into strips
by cutting through the coating to the substrate in several perpendicular
lines along the length of the panel and is 50 such perpendicular lines
were made in opposite to each other. Now the coated substrate is lined
by giving perpendicular to each other and the scribe if fixed on coated
panel. Some hand pressure on scribe. After 10 minutes the scribe tape is
suddenly peeled off by hand pressure.

Peel adhesion tests on coatings provides a method for obtaining
quantitative, repeatable peel strength data. Before cutting lines in the
sample, the initial weight and after cutting scribe was removed from
the panel. The final weight of the sample was also measured to assess
the coating loss. In Figure 6a, initial weight of the sample is 114.400 g
and in Figure 6b final weight of the sample is 114.394 g. Figure 6¢ shows
initial weight of the sample as 114.470 g and in Figure 6d final weight of
the sample is 114.470 g. The variation of measurements was less than 10
percent which include coating loss. In the polyurethane coating study,
distinctive peel strength zones were easily detected for scribed coatings
exposed to immersion environments. The coating substrate shows that
polyurethane is having good adhesion between aluminium alloys 7075.
Even though differences on the two samples on the peel strengths were
observed on the coatings, the same high adhesion rating has observed
when tested according to ASTM D 3359 [13]. For both samples of wet
applications, this procedure, contribute to improved understanding of
the adherence of polyurethane coatings to aluminium and to improved
coating, proceeding formulations.

Conclusion

The tribological experiments, chemical and thermal analysis
characterizations indicated that polyurethane showed a semi crystalline
structure and, in particular, a glass transition temperature at 95 + 1°C
associated to the hard-crystalline segments (urethane blocks). XRD
shows, the amorphous and crystalline phases that are present in a real
polymer and it indicate polyurethane is good polymer for industrial
applications.

Conducting peel adhesion tests on coatings provide a method for
obtaining quantitative, repeatable peel strength data. The variation of
measurements was less than 10 percent. In this polyurethane coating
study, distinctive peel strength zones were easily detected for scribed
coatings exposed to immersion environments. The coating substrate
showed that polyurethane is having good adhesion between aluminium
alloys 7075. For both samples on wet applications, this procedure should
have contributed to improve the adherence of polyurethane coatings to
aluminium and also to enhance the coating proceeding formulations.
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