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ABSTRACT
In the area of mining is common to use conveyor belts to transfer the iron ore. In these belts are used protection grids to avoid improper contact with the moving parts of the belt. These grids are exposed to the environment suffering with the action of the sun, rain and dust, besides iron ore. In this work, a grid of nylon 6,6 with 30% wt of fiberglass was manufactured by injection molding technique and specimens were extracted directly from this grid. The aim was to analyze the effect of temperature, humidity and UV radiation in the mechanical properties of the composite for both loadings, tensile and flexural. The mechanical properties decreased after aging. The decrease was more pronounced in the tensile than in the flexural. It was observed that the aging effect on the composite mechanical behavior is felt only when the applied stress exceed the elastic region of the material.
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INTRODUCTION
In the area of mining is common to use conveyor belts to transfer the iron ore, inside the storage patios or directly to the ships in ports. In these belts are used protection grids to avoid improper contact with the moving parts of the belt. These grids are exposed to the environment; subject to the action of the sun, rain and dust, besides iron ore. The grid is designed to support light loads, enough to sustain the support of a human body, and must be resistant to environmental degradation.

In this work, a composite of nylon 6,6 reinforced with 30% wt of fiberglass was developed for manufacturing of this grid. In view of the environment where it will be used it is important to analyze the effect of adverse environmental conditions on degradation of this composite.
Degradation is any destructive reaction that can be caused by chemical, physical or mechanical agents and usually causes a progressive deterioration of the composite properties. According to Woo et al. (1) ultraviolet radiation (UV) and humidity exposure are amongst the most severe weathering conditions that can result in harmful effects on the mechanical properties of many polymers. At room temperature and light absence the polymers are stable for long time. However, under the sunshine the polymer oxidation is accelerated and this effect is increased by the pollutant atmospheric.
Polyamides have been extensively studied since they were first synthesized by Carothers at DuPont. A number of papers and reviews have been published about polyamides degradation and aging studies (2-4). At room temperature the polyamides 6,6 are practically unchangeable, but at high temperatures present progressive oxidation with yellowing and embrittlement, which is raised by the strong solar radiation (5). On the other hand, glass fibers are relatively inert, immune to the biological attack and with good resistance to environmental aging. Fiberglass is the traditional reinforcement of polyamides. The nylon 6,6/glass composite is quite common in many sectors.

In the composites degradation other factors must be considered, in addition to degradation of its individual constituents, matrix and fiber. The interface can be affected causing interaction loss between matrix and fiber and disturbing the mechanical integrity of the composite. The composite behavior under radiation depends on fiber/matrix system, loading type and exposure time.

The study of the materials degradation can be accomplished using natural or accelerated aging tests. The accelerated aging test presents the advantage of the speed, supplying data of the probable performance of the material during its useful life. These tests are usually realized in a chamber where are simulated the use conditions of the material, however with high intensities to accelerate the degradation process. The process can be monitored by the changes in the physical state and mechanical properties of the material. The conventional mechanical tests (tensile and flexural) and the thermal analyses techniques are quite useful for this purpose.

This work investigates the combined effect of temperature, humidity and ultraviolet radiation on the mechanical properties of the nylon 6,6/glass composite. The mechanical properties were evaluated by tensile and flexural tests.

MATERIALS AND METHODS
The material is a grid of nylon 6,6 reinforced with 30% wt of fiberglass manufactured by injection molding technique with addition of anti-flame, UV stabilizers and pigments. The grid is showed in Fig. 1.
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Figure1. Grid of nylon 6,6/fiberglass composite.
Specimens were extracted directly from this grid and the mechanical properties determined through tensile and flexural tests. The grid project allows to removal specimens with format similar that specified by standards of the tests, ASTM D638 (6), tensile test, and ASTM D790 (7), flexural test. Fig. 2 shows an enlargement of the grid with the positions in which the specimens were extracted. The solid line indicates the tensile specimen and the dotted line the flexural specimen. Dimensions of tensile specimens: 8 cm width, 3.5 cm thickness and 124.5 cm length. Dimensions of the flexural specimens: 8 cm width, 3.5 cm thickness and 87.2 cm length.
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Figure 2. Enlargement of the grid. Extraction of the tensile specimen (solid line). Extraction of the flexural specimen (dotted line).

The specimens were divided in two groups; the first was tested in its original condition and the second after exposure in an environmental accelerated aging chamber. This chamber was built following recommendations of ASTM G53 (8) and literature (9). The specimens were exposed to combined effect of humidity and ultraviolet radiation: 18 h of UV rays (lamps emitting UVA) and 6 h of steam heated water (54 % of relative humidity) in alternate and independent cycles until reaching 2016 h (84 days). This corresponds at 1512 h of UV rays and 504 h of steam heated water. Only one face of the specimen is exposed to UV radiation and steam heated water, as recommended by ASTM G53 (8). The temperature in the interior of the chamber was 59.5 ± 3 oC during the UV radiation cycle and 50.7 ± 5 oC during the water steam cycle. The outward temperature was 29 oC. Tensile and flexural tests were carried out for aged and unaged specimens. After the aging time have been completed (84 days) the specimens were removed from the chamber and carefully sealed in a plastic bag to keep the absorbed moisture. Tensile and flexural tests were carried out at room temperature according the ASTM D638 (6) and ASTM D790 (7), respectively. A minimum of eight specimens were tested for each condition.
RESULTS
The tests results are presented below. In Fig. 3 and Fig. 4 are the graphs obtained in tensile and flexural tests, respectively.

Each graph shows a representative curve for each condition: unaged and aged. The representative curve is the one that most closely approximates the average values.
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Figure 3. Stress x Strain curves of tensile test.
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Figure 4. Stress x Deflection curves of the flexural test.

The mechanical properties are presented in Tab. 1 and Tab. 2 for tensile and flexural tests, respectively. The values between parentheses correspond to absolute deviation. The percentage relation unaged/aged is shown in the same table.

Table 1. Tensile properties of the unaged and aged composites.

	Properties
	Maximum Stress (MPa)
	Tensile Elastic Modulus (GPa)
	Elongation (%)

	Unaged
	86(±2.3)
	5.94(±0.1)
	2.18(±0.2)

	Aged
	76(±0.7)
	5.13(±0.2)
	2.23(±0.1)

	Unaged/Aged
	-11.6%
	-13.6%
	+2.3%


Table 2. Flexural properties of the unaged and aged composites.

	Properties
	Maximum Stress (MPa)
	Flexural Elastic Modulus (GPa)
	Maximum Deflection (%)

	Unaged
	145±(4.1)
	4.87(±0.2)
	4.14(±0.1)

	Aged
	134±(1.1)
	4.72(±0.2)
	4.05(±0.1)

	Unaged/Aged
	-7.6%
	-3.1%
	-2.2%


It is important to say that these values are not the real material properties, because the specimen dimensions are outside the standard. However, they are valid for comparison of unaged and aged conditions. Reminding that all other procedures recommended by standards ASTM D638 (6) and ASTM D790 (7) were followed.

DISCUSSIONS
Fig. 3 shows the curves obtained in the tensile test. The unaged and aged composites presented a linear curve up to approximately fifty per cent of the maximum load. From this point on it is observed a non-linear ductile behavior. In fact, this is the polymeric matrix behavior that is the phase in higher percentage in the composite. Similar behavior was observed in the flexural test, Fig. 4.

The elastic modulus for both tests, tensile and flexural, was calculated by taking values up to fifty per cent of the maximum load to avoid any damage influence in the measurements.

In Fig. 3 and Fig. 4 we clearly see that curves of aged and unaged composites overlap at low deformation. At higher deformation, we observe a separation of the curves which shows the negative effect of aging on the mechanical behavior of the composite. Higher deformation implies greater separation between the curves. This behavior is more evident in the tensile test.
We can conclude that the effect of the aging on the mechanical behavior of the composite was felt only when the applied stress exceeded the elastic region of the curve. When this happens, the frictional forces that maintain the adhesion between fiber and matrix are exceeded resulting in the interfacial detachment and slipping. This is the beginning of the damage process in the composite that ends with its fracture. Previous works (10, 11) have shown that the adhesion between fiber and matrix doesn't have strong influence in the elastic region of the composite material.
The aging had harmful effect on the mechanical properties of the nylon/fiberglass composite. However, observing the tables 1 and 2, we see that the decrease percentages were not very high (maximum of 13.6%). In the tensile test there was decrease in the maximum stress and elastic modulus while the elongation did not present significant change. In the flexural test there was also properties decrease, but with lower levels than in the tensile test (maximum of 7.6%). Considering the absolute deviation (see Tab. 2) we can say that there was practically no alteration on the flexural properties. In fact, the aging was much less harmful in the flexural loading than in the tensile loading. 
This work has not yet been completed. The next step is to analyze the aging effect on the composite's microstructure and the penetration depth of the degradation in the composite. The last one can be done analyzing samples, taken at different positions along the composite thickness, by infrared spectroscopy technique.
CONCLUSIONS
The aging has harmful effect on the mechanical properties of the nylon/glass composite. However, the decrease percentages of the properties are not very high (maximum of 13.6%).

The aging effect depends on the type of applied test, tensile or flexural. The aging is much less harmful on flexural mechanical behavior than on tensile mechanical behavior.

For both tests it is observed that the aging effect on the composite mechanical behavior is felt only when the applied stress exceed the elastic region of the material.
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