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ABSTRACT

At present, high-strength aluminum alloys have been increasingly used to
replace steel and copper alloys for making plastic-injection molds. Since the high-strength
aluminum alloys have advantages over steel and copper alloys, for example: they have compatible
strength to steels’, but lower in weight (density), higher thermal conductivity and better
machining ability. However, the aluminum alloys have some limitations when they are used at
high temperature and high stress conditions; the strength of the alloys decreases and the alloys
plastically deform with time, or creep, leading to a severe shape change of the molds. This
problem motivates us to gain insight into the creep behavior of such alloys. The main objective
of this research project was to experimentally study creep behavior of 7075-T651 aluminum
alloy. The study was focused on the influencing variables, such as stress and temperature, on
creep behavior of the alloy, the creep mechanism, as well as the micro-structural changes during
creep. The results from this work may have an impact on a suitable mold design and materials
selection process for producing high quality injection molds for plastic industry.

High-strength aluminum alloy 7075-T651 was used in this study. The alloy was
composed of 5.9 wt. % Zn, 2.6 wt. % Mg 1.7 wt. % Cu and balanced Al. The as-received alloy
was plate-like with nominal thickness of 12.7 mm. The experimental works were consisted of
mechanical tests, such as hardness test, tensile test and creep test and microstructural examination
of the alloy both prior to and after creep test. It was found that the as-received alloy has hardness,
ultimate tensile strength, yield strength and elongation at break of 190 HV, 598.4 MPa, 544.7
MPa and 16.6%, respectively. Moreover, tensile tests at elevated temperatures of 100-250°C and
at different strain rates of loading of 5.6X10° - 1X10 "’ s were carried out. It was observed that

the ultimate tensile strength and yield strength were decreased with increasing test temperature; in
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contrast the elongation at break was increased. At test temperature of ISOOC, the ultimate tensile
strength of the alloy was decreased to approximately 50% of that at room temperature. As the
strain rate of loading was increased the ultimate tensile strength was increased.

Constant load creep tests were performed at temperature range of 100-250°C
and creep stress range of 40-400 MPa. The experimental results suggested that creep behavior of
7075-T651 alloy could be demonstrated by a power-law creep equation with stress exponent, n =
4.4 and activation energy for creep, O, = 129 kJ mol” which is closed to the activation energy for
lattice diffusion in pure aluminum, Q. The creep behavior of 7075-T651 alloy in the present

study is the same as that found in pure metals and class M alloys, of which creep is resulted from

dislocation glide and climb controlled mechanism.
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