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1. Introduction
According to the literature review, it can be seen that

different researchers have studied different methods to
improve the mechanical properties of various
magnesium alloys. The effect of heat treatment
quantitatively (and not just qualitatively) by
regression method on the hardness of the specific
magnesium alloy under study is rarely found, which is
one of the innovations of the present study. Therefore,
in this paper, the effect of temperature and hardening
time in heat treatment on the hardness and
microstructure of AZ91 and AZ91+1%RE magnesium
alloys is investigated. For this purpose, 8 ageing
processes with different temperatures and times have
been performed on the studied materials. Then, the
microstructures were compared with each other and
the hardness test results were presented by the Brinell
method using sensitivity analysis (regression method)
in Minitab software and the effect of input variables
was determined.

2. Materials and Experiments

Brinell hardness tests were performed before and after
heat treatment on samples produced according to the
ASTM-E10 standard. Hardness test was performed by
Brinell method (with Copa universal hardness tester),
with a diamond ball with a load of 150 kg and repeated
up to 4 times at room temperature. The average
hardness values in terms of Brinell and the percentage
of hardness improvement were reported. After the
metallographic  process of the samples, the
microstructures of the material were examined by light
microscopy. This process included cold mounting,
sanding, polishing, and etching with a glycol-stick
etchant.

All heat treatment steps are performed in a CO;
gas-controlled tube furnace. The above heat treatment
furnace is of tube or tube type, model ATE1100L,
made by Excion company in Germany. The maximum
working temperature of this furnace is 1200°C and the
dimensions of the working area (pipe) include a
diameter of 10 cm and a depth of 90 cm.

3. Results

According to Figure 1, the effect of three variables of
ageing temperature, ageing time, and addition of rare
earth elements (cerium and lanthanum) on the
hardness of AZ91D magnesium alloy is investigated
in the standard effects diagram. Therefore, the
hardening temperature, the addition of rare earth
elements, and the ageing time, respectively, had the
greatest effect on increasing the hardness of AZ91
magnesium alloy. Moreover, it should be noted that
according to Figure 1, the effect of ageing temperature
on hardness was greater than the ageing time. The
addition of a rare earth element to the AZ91
magnesium alloy at ambient temperature also has
significant effects on mechanical properties. These
effects include a decrease in yield strength and an
increase in tensile strength of up to 4% each, an
increase in stiffness of up to 3%, and an increase in a
failure rate of up to 38%. Therefore, it is clear that the
addition of a rare earth element has slightly improved
the hardness. On the other hand, the curing alloy is
highly dependent on the temperature and the ageing
time.
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Figure 1: Diagram of the effect of hardening
temperature, hardening time, and addition of rare
earth element AZ91 on the hardness of magnesium
alloy

The formation of discontinuous sediments causes the
formation and growth of cracks at the grain boundaries
and their weakening, which is the main reason for the
decrease in yield strength in the early stages of the
ageing process. The process of sediment formation
consists of three-time stages. The first stage involves
the initial times of the process that the difficulty does
not change. Then, in the second stage, the increase in
hardness begins and continues until the third stage
begins and the peak of hardness or overexposure
occurs, after which, with increasing ageing time, a
decrease in hardness is observed. Also, with
increasing ageing time, the length of sediments
increased and caused improper arrangement of
sediments, which was the main reason for the increase
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in hardness and strength. Regarding the effect of
ageing temperature, it can be said that increasing the
ageing temperature has caused the accumulation of
sediments at the grain boundaries, which has been
directly effective in strength.

4- Conclusions

In this article, the effects of the ageing temperature and
the ageing time in the heat treatment have been
investigated on the hardness and the microstructure of
AZ91 and AZ91+1%RE magnesium alloys, using the
sensitivity analysis with the Minitab software. For this
purpose, 8 ageing treatments with different
temperatures and times were performed on AZ91 and
AZ91+1%RE magnesium alloys and then, results
related to the Brinell hardness and the microstructure
of the optical microscopy were compared. Based on
the results of the sensitivity analysis, the influence of
the ageing temperature on hardness increasing was
more than the ageing time. Moreover, ageing at 215°C
for 3 hours enhanced the hardness of the AZ91
magnesium alloy about 57% and ageing at 215°C for
5 hours increased the hardness of the AZ91+1%RE
magnesium alloy about 47%. In addition, ageing
converted a large part of continuous precipitations to
needle-shaped precipitations on the alpha phase and
also reduced the number of precipitations around the
Mgai7Al12 phase in the microstructure of both alloys.
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