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Abstract

YB-2 aviation polymethyl methacrylate (PMMA) is irradiated in a xenon arc lamp weather resis-
tance test chamber for 1620 hours. The tensile strength, light transmittance, surface morphology,
relative molecular mass, infrared absorption spectrum and glass transition temperature (T,) of
PMMA exposed in xenon arc lamp for different durations are tested and characterized by univer-
sal testing machine, optical haze instrument, scanning electronic microscopy (SEM), gel permea-
tion chromatograph (GPC), fourier transform infrared spectrometer (FT-IR) and differential scan-
ning calorimetry (DSC), so as to comprehensively analyze the influence of xenon arc lamp irradia-
tion on the performance of PMMA. The results reveal that under the effect of 1620 hours xenon arc
lamp irradiation and periodic spraying water, the light transmittance and glass transition tem-
perature do not change significantly, and no new chemical group is produced. After irradiated 360
hours, tiny cracks occur in the surface of PMMA, indicating that they occur at a certain degree of
degradation, meanwhile, the main chain may be broken and the relative molecular mass of surface
of the material decreases. After exposure of 720 hours, the tensile strength decreases about 30%.
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1. Introduction

To guarantee the normal flight and air safety of aircrafts, aviation perspex components such as windshields or
canopies must have excellent optical performance, sufficient toughness and long service life. However, for po-
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lymer materials such as aviation perspex, exposure to light, hot and humidity conditions is easy to result in color
change, transmittance decrease and mechanical performance reduction [1] [2]. Therefore, it is of great impor-
tance to investigate the effect of environmental factors on the properties of aviation perspex. Researchers around
the world have investigated the performance evolution discipline and mechanism of aviation perspex under dif-
ferent environments, by simulating environmental parameters such as atmosphere, thermal oxidation, humidity
and ultraviolet (UV). They conclude that sunlight is the main factor which leads to the performance change of
PMMA [3]-[8].

Xenon arc lamp accelerated aging, which is capable to simulate environment with sunlight and humidity-heat,
is a kind of accelerated test method suitable to simulate the weather resistance of polymer materials. Due to its
relatively high cost, there are few reports concerning the performance change of aviation perspex under xenon
arc lamp irradiation both at home and abroad. Therefore, in this research, xenon arc lamp irradiation test of avia-
tion perspex for 1620 hours is carried out to observe, characterize and test the morphology, structure and per-
formance of PMMA, so as to discuss the behaviors of aviation perspex during exposure to xenon arc lamp ir-
radiation.

2. Experimental
2.1. Xenon Arc Lamp Irradiation of the Sample

According to GB/T 16422.2-1999, YB-2 aviation perspex with thickness of 2 mm is placed in an SN-500 xenon
weather-ometer. The blackboard temperature is set as 50°C + 3°C, and the spray interval is set as 102 minutes
with each spray lasting for 18 minutes. The sampling period is 180 hours (15 days), and the accumulative irradi-
ation time is 1620 hours.

2.2. Characterization and Testing

e Gaseous phase gel permeation chromatograph (GPC). The relative molecular mass of PMMA after exposure
to xenon arc lamp irradiation for different durations is characterized by Water 515 gel permeation chromato-
graph (GPC).

e Fourier transforms infrared absorption spectrum (FT-IR). The infrared absorption spectrum of PMMA after
exposure to xenon arc lamp irradiation for different durations is characterized using VERTEX 720 infrared
spectrometer.

o Characterization of glass transition temperature (7). The aviation perspex after irradiated by xenon arc lamp
for different durations is tested using a DSC 6200 differential scanning calorimeter. DSC curves are obtained
with temperature increasing from 20°C to 200°C at a rate of 10°C/min, and the midpoint temperature is se-
lected as the glass transition temperature according to GB/T 19466.2-2004.

e Light transmittance. The light transmittance of PMMA after exposure to xenon arc lamp irradiation for dif-
ferent durations is characterized using WGW optical haze instrument.

e Surface morphology. The surface morphology of PMMA after exposure to xenon arc lamp irradiation for dif-
ferent durations is observed using DM 1500 optical microscope and Quanta 200 scanning microscope.

o Tensile strength. According to GB/T 1040-1992, the tensile strength of PMMA after exposure to xenon arc
lamp irradiation for different durations is tested by WDX-50C universal testing machine using II-type spe-
cimens, with jig separation speed 2 mm/min.

3. Results and Discussions
3.1. Surface Morphology of PMMA

The surface morphologies of PMMA samples after exposure to xenon arc lamp for different durations are shown
as Figure 1(a). As shown in Figure 1(a), before exposure to xenon arc lamp, the surface of sample is smooth
without any damage. As shown in Figure 1(c), after irradiated by xenon arc lamp for 900 hours, damages occur
and do not get worse even after 1620 hours, but cracks begin to arise. Figure 1(d) is an enlarged view of cracks,
in which the cracks are smooth with flat surfaces nearby. It is supposed that cracking caused by the internal

stress [9] [10].
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Figure 1. Morphology of aviation perspex under different xenon irradiation time: (a) 0 hour
(non-aged); (b) 900 hours; (c) 1620 hours; (d) 1620 hours (circle of Figure 3(c)).

During spraying in the irradiation process, water will lead to the sudden drop of temperature in the surface of
the sample. And when the spraying stops, the temperature will return to the blackboard temperature. Long-term
of changing between cold and hot will result in internal stress in the materials, which will lead to cracks in the
surface.

3.2. Infrared Absorption Spectrum and Related Analysis of PMMA

The photodegradation reaction of PMMA mainly includes the degradation of lateral ester group and methyl side
group, and the random degradation of main chain. The groups in the photodegradation products mainly include
O-H (3441 cm™), C-H (2977 ecm ™', 2953 cm™"), C=0 (1730 cm™"), C=C (1632 cm™") and C-O (1148 cm™),
which are the same with those in the perspex molecular chain before degradation. There isn’t any new absorp-
tion peak in the infrared absorption spectrum of PMMA after degradation, either the change of peak’s wave-
number.

The infrared absorption spectrum of PMMA before and after the irradiation is shown as Figure 2. The posi-
tions of characteristic absorption peaks in the infrared absorption spectrum do not change after exposure to xe-
non arc lamp and no new characteristic absorption peak occurs. Therefore, it is indicated that no new group is
produced in the main chain after irradiated. Testing results in Figure 2 agree well with the conclusions drawn in

[11].

3.3. Comprehensive Temperature Analysis

The DSC of PMMA after exposure to xenon arc lamp for different durations is displayed in Figure 3. According
to GB/T 19466.2-2004, the glass transition temperature of PMMA can be determined, as listed in Table 1. Based
on Figure 3 and Table 1, we can learn that the DSC curves of aviation perspex after exposure to xenon arc lamp
for different durations are similar with each other, i.e., after irradiated by xenon arc lamp for 900 hours and 1620
hours respectively, the glass transition temperature keeps about same value.

Usually, changes in the relative molecular mass of polymers will result in the change of their glass transition
temperatures. According to the GPC results, xenon arc lamp irradiation will lead to the decrease of the relative
molecular mass of PMMA. Even though it experiences a decrease of about 19.5%, it still keeps an absolute val-
ue of 6.2 x 10°. Therefore, even after exposure to xenon arc lamp for 1620 hours, there is still no significant

change in its glass transition temperature.
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Figure 2. Infrared spectrometry of aviation perspex under different xenon
irradiation time.
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Figure 3. DSC of aviation perspex under different xenon irradiation time.

Table 1. T, of aviation perspex under different xenon irradiation time.

Irradiation time/h 0 900 1620

T /°C 104.3 105.4 105.7

3.4. Transparence Analysis

Light transmittance of aviation perspex after xenon arc lamp irradiation is shown in Figure 4. As it is displayed,
the transparence changes very little, indicating that the xenon arc lamp irradiation has very limited influence on
the transmittance of aviation perspex. After exposure to xenon arc lamp for 1620 h, the light transmittance de-
creases by 1%, but still above 91%.

The transmittance of aviation perspex is determined by the deflection, absorption and scattering of light ray,
which is essentially decided by its structure. When light goes through, the less loss of light, the higher is the
transmittance. The change of transmittance directly reflects the change scope of chain structure and aggregation
structure in PMMA. After xenon arc lamp irradiation, degradation only occurs in the surface of aviation perspex
and its molecular mass still remains at 6.2 x 10°. Generally, there is nearly no change in the chain structure and
aggregation structure of perspex and consequently no change in the optical performance.
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Figure 4. Evolution of transmittance with xenon irradiation time for PMMA.

3.5. Relative Molecular Mass in the Surface of PMMA

GPC curves of aviation perspex after exposure to xenon arc lamp for different durations is shown as Figure 5.
According to Figure 5, the relative molecular mass of PMMA decreases, indicating that xenon arc lamp irradia-
tion will lead to the main chain broken in PMMA [12]. After exposure to xenon arc lampfor 360 h, the relative
molecular mass begins to decrease, and the number-average molecular mass (Mn) decreases to 6.2 x 10’ from
7.7 x 10° with a lowering extent of 19.48%. Along with the increase of exposure time, Mn remains at about 6.2
x 10° without a further decrease, which reveals that the degradation degree of aviation perspex doesn’t continue
to increase.

3.6. Tensile Strength

Figure 6 displays the change of tensile strength of aviation perspex after exposure to xenon arc lampfor differ-
ent durations. As shown in the figure, at the initial stage of xenon arc lamp irradiation (before 720 h), there is no
obvious change in the tensile strength, but with irradiation going on, the tensile strength decreases gradually.
After irradiated for 1620 h, the tensile strength decreases to 30.45 MPa from the initial 45 MPa, with a decrease
extent of 33%.

According to the surface morphology, the degradation of aviation perspex mainly happens in the surface with
a relative low degradation degree, which has little influence on the tensile strength. Therefore the tensile strength
changes little at the initial irradiation process. With irradiation going on, stress cracking starts to occur in the
surface. The tensile stress transmits along the crack direction under tensile stress and cracks become expanded
and enlarged [13], resulting in the facture of aviation perspex specimens even at relative low tensile stress, i.e.
the decrease of tensile strength.

4. Conclusions

e Short-term irradiation of xenon arc lamp has little influence on the structure and performance of aviation
perspex. After exposure to xenon arc lamp irradiation for 720 h, the tensile strength gradually decreases with
time going on.

e Xenon arc lamp irradiation leads to a certain extent of degradation in the aviation perspex, with a decreased
relative molecular mass, but no new group is produced.

e After exposure to xenon arc lamp for 1620 hours, the light transmittance of aviation perspex does not expe-
rience an obvious decrease (less than 1%), indicating that xenon arc lamp irradiation has little influence on
its optical performance. Meanwhile, there is no notable decrease in the glass transition temperature, revealing
that aviation perspex has perfect thermo-stability.

©
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Figure 5. GPC of aviation perspex under different xenon irradiation time.
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Figure 6. Evolution of tensile strength with xenon irradiation time for avia-
tion perspex.

e Under the synergistic effect of long-term xenon arc lamp irradiation and hygrothermal environment, internal

stress of aviation perspex was occurred, leading to the relative obvious stress cracking in the surface, which
is the typical characteristic of aging.
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