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In recent years, the use of transparent polymers in fields such as
optical applications and car glass has become common. Among
these transparent polymers, poly (methyl methacrylate) is one of
the most well-known and widely used plastics with excellent
light-transmitting properties, which is used to make glass. The

ls(c?;‘tn::ﬁrr(cialsistance main disadvantage of acrylic glass is its scratch resistance which
Acrylic is often affected by storage conditions, transportation, and
Epoxy molding process, reducing the quality of polymer glass and thus
Coating its performance and longevity. For this purpose, glycidoxypropyl
Silane trimethoxysilane resin was used as an additive in the amount of
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0.5 and 1% by weight to improve surface properties. To
investigate the effect of epoxy resin coating and silane additive
(as friction reducing agents) on scratch and abrasion resistance,
hardness test, pencil hardness test, scratch resistance, abrasion
and wash, friction coefficient and Taber abrasion were carried
out. The results obtained by applying epoxy coating on poly
(methyl methacrylate) sheets, while maintaining transparency,
improved scratch and abrasion resistance by 28 and 200%,
respectively. Although the application of epoxy coating slightly
increased the coefficient of friction, the use of silane additive
compensated for this shortcoming and reduced the coefficient of
friction, and improved the abrasion and scratch resistance by
more than 50%. It was also observed that the use of epoxy
coatings and additives that improve surface properties did not
have a negative effect on transparency and light transmission.
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EXTENDED ABSTRACT

Introduction

In recent years, the use of transparent polymers in fields such as optical applications
and car glass has become common. Among these transparent polymers, poly (methyl
methacrylate) is one of the most well-known and widely used plastics with excellent light-
transmitting properties, which is used to make glass. The main disadvantage of acrylic
glass is its scratch resistance which is often affected by storage conditions, transportation,
and molding process, reducing the quality of polymer glass and thus its performance and
longevity.

Mechanical blows to polymers lead to a loss of transparency and, as a result, a
reduction in the efficiency of the material. To prevent this effect, the use of coatings to
protect plastic surfaces was developed. For this purpose, transparent coatings with good
scratch and wear resistance should be used. As it is clear from the results, the use of hard
coatings on acrylic glass materials increases the wear resistance significantly. In a
research, the scratchability of epoxy and poly (methyl methacrylate) samples was
evaluated. The results show that the creep of poly (methyl methacrylate) had a high
dependence on time (great increase with time) compared to epoxy. An increase in
compliance equals a decrease in stiffness. Therefore, the decrease in the hardness of poly
(methyl methacrylate), compared to epoxy, indicates that poly (methyl methacrylate) is
more dependent on time.

In this research, commercial polymethyl methacrylate sheets were coated using epoxy
resins. The surface properties of the sheet before and after coating were evaluated using
tests of hardness, friction coefficient, wear, and most importantly transparency, and the
results were compared.

Methodology

In this research, the samples were prepared from poly (methyl methacrylate) sheets
used in making helicopter windows. To improve the abrasion and scratch resistance of
these parts, the final polymer coating method was used; therefore, transparent resins
without solvents had to be used.

In the present research, samples of coating based on epoxy resin were prepared in
different amounts of 0, 0.5 and 1 weight percentage of epoxy silane resin (at room
temperature) and each sample was mixed using a stirrer for 10 minutes at a speed of 600
rpm. Then, for each prepared sample, before applying the hardener coating with the ratio
of hardener (epoxy resin 2:1), it was mixed at 600 rpm for 10 minutes using a stirrer.

Various standard tests containing hardness (shore D), hardness with pencil tip and
scratch resistance was carried out for each sample.

Results and discussion

The results of the hardness test are presented in Table 2. The test was replicated three
times on each sample, and their values and average values presented. As can be observed,
the poly (methyl methacrylate) sheet with epoxy coating had a higher hardness than the
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uncoated sheet, which is due to the presence of cross network connections in the epoxy
structure. In addition, the addition of epoxy silane resin additive to the coating did not
significantly change the hardness of the coating, and this indicated the lack of effect of the
epoxy silane additive in curing the coating.

Table 1. The results of hardness tests for various prepared samples.
Hradness (shore D)

Sample code

Testl Test2 Test3 Average
NON-EP 59 58 58 58.33
EP-SO 70 71 70 70.33
EP-S0.5 73 73 74 73.33
EP-S1 76 75 75 75.33

The results for the pencil hardness of the samples are shown in Table 2. As can be seen
from this table, the hardness of the used pencil was H3 and the scratch resistance
increased to 0.9 kg for the 1EP-S sample. For uncoated surfaces, a pencil with H hardness
was used and the scratch resistance was 0.4 kg. This confirmed that applying a coating
with suitable properties improves the scratch resistance of poly (methyl methacrylate).

Table 2. The results of tip pencil hardness tests for various prepared samples.

Sample code Hradness (tip pencil)
Pencil hardness Scratch resistance (kg)
NON-EP H 0.40
EP-SO H3 0.80
EP-S0.5 H3 0.85
EP-S1 H3 0.90

Conclusion

In the current research, polymethyl methacrylate sheets as a strategic material in the
aviation industry were covered using different combinations of epoxy resin. Various
surface tests such as hardness, abrasion resistance, scratch resistance and most
importantly transparency were performed on the prepared samples and the results were
compared with each other. The results showed that the use of transparent coatings based
on epoxy resin was effective for improving the scratch resistance of transparent poly
(methyl methacrylate) sheets and improved the scratch and wear resistance.
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