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Research works presented in the article aim to determine optimal ratio of Mg and Si content in chemical composi-
tion of commercial EN-AW 6082 aluminium alloy in order to maximize mechanical properties of this material. Vari-
ous amounts of Si (in the rage of 0,6-1,2 wt. %) and Mg (0,6-1,1 wt. %) along with 0,4 wt. % of Fe, 0,4 wt. % of Mn and
0,05 wt. % of Ti were metallurgically synthesised with the use of gravity die casting process which allowed to obtain
5 different castings. In the next phase of research works all alloys were subjected to mechanical and electrical prop-
erties testing in as cast temper and after performed heat treatment.
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INTRODUCTION

Modern railway applications and research works re-
lated to this field of scope are concentrated on the use of
various non-ferrous metals which are divided into two
main groups being responsible to transfer mechanical
loads and/or electric current [1,2]. One of the materials
which is lately being used more and more often is high
strength aluminium alloys, especially from the 6xxx al-
loy series. One of the most important advantage of these
AlMgSi alloys is that they can be subjected to heat
treatment which allows for their precipitation hardening
due to the variable solubility of basic alloy additives,
i.e. magnesium and silicon in the solid state [3]. The fi-
nal properties of a given 6xxx series aluminium alloy
depend mostly on the amount of those two alloying ad-
ditives forming the Mg2Si phase. It is believed that
while increasing the content of magnesium and silicon
it also increases the strength and hardness of the alloy,
while reducing its plastic properties and increasing the
brittleness of the material, especially under the influ-
ence of dynamic external forces [4-7]. The main chal-
lenge and also the scope of this article is to develop a
new material with chemical composition based on the
commercial EN-AW 6082 aluminium with optimal
Mg:Si ratio. This high-silicon aluminium alloy grade
shows high strength properties (similar to basic struc-
tural steels) and due to the above it is dedicated for con-
struction applications. In addition, this type of alloy is
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also characterized by a fine-grained microstructure,
thanks to which it is also highly resistant to various
types of dynamic loads [8,9]. The final purpose of
works presented in this article is to find optimal chemi-
cal composition and heat treatment parameters, which
will allow to determine the type and amount of the
strengthening phase, and thus the level of the final me-
chanical properties.

EXPERIMENTAL PROCEDURE

During the first phase of research works, based on
the conducted literature analysis and own material and
technological knowledge in the field of material engi-
neering of aluminium alloys a group of 5 alloys were
selected with different amount of Mg in the range of
0,6-1,1 wt. % and Si in the range of 0,6-1,2 wt. % (see
Table 1). All selected alloys where next subjected to
metallurgical synthesis with the use of induction fur-
nace. Temperature of the melting process in graphite
crucible was set at 750 °C. Initially 99,5 % Al wire rod
was heated and melted and next all additional alloy ad-
ditives were introduced to the liquid metal (in crystal-
line form for Mg and in the form of master alloy for Si,
Mn, Fe and Ti).

During the metallurgical synthesis liquid metal was
stirred several times (in 5 minutes intervals) with the
use of graphite lance. After melting and alloying pro-
cesses liquid alloy was casted into a secondary graphite
crucible in order to speed up the crystallization process.
Obtained alloys, after performed chemical composition
analysis which confirmed that targeted chemical com-
position was achieved, were next subjected for their
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Table 1 Targeted chemical composition of selected
aluminium alloys for synthesis and analysis of their
properties in as cast temper and after performed

heat treatment
Alloy-forming element / wt. %
Fe Mg Si Mn Ti Al
Alloy 1 0,4 1 0,6 0,4 0,05 rem
Alloy 2 0,4 0,9 0,7 0,4 0,05 rem
Alloy 3 04 0,8 0,8 0,4 0,05 rem
Alloy 4 0,4 0,6 1 0,4 0,05 rem
Alloy 5 04 1,1 1,2 04 0,05 rem

hardness and electrical conductivity in as cast temper.
Hardness was measured both in the HV5 and HB scale
with the use of Wilson Tukon 2500 Vickers Automated
Hardness Tester and Innovatest Nexus 300 Brinell test-
er. Electrical conductivity was measured with the use of
Foerster Sigmatest 2.069 instrument which is based on
eddy current method. In the next phase all obtained
castings were homogenized at 550 °C and 575 °C for
100 hours total and then quenched in water. After solu-
tion heat treatment all materials were subjected to artifi-
cial aging process in the following temperature and
time range: temperature of 170 °C, 190 °C and 210°C
for 1 — 24 h period. During the artificial aging process,
the hardness and electrical conductivity of each materi-
al were again tested after each hour of the process.

RESULTS AND DISCUSSION

All casts after metallurgical synthesis process were
analysed in terms of their chemical compositions cor-
rectness. It was found out that all materials have very
similar to the previously indicated composition. For ex-
ample, for alloy no. 1, the magnesium composition was
at the level of 1,01 wt. % which is only 0,01 wt. % high-
er than previously assumed. In most cases measure-
ments showed the difference from 0,01 — 0,05 wt. %,
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Figure 1 Chemical composition analysis results done for all 5
alloys after their metallurgical synthesis process
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and in the extreme cases the difference from was at the
level of 0,08 wt. % (see Figure 1).

After chemical composition analysis electrical con-
ductivity tests were conducted. Average value taken
from five individual measurements for five different
castings, starting from alloy no. 1 and ending with alloy
no. 5, were successively 20,7, 21,2, 21,4, 21,1 and 20,7
MS/m.

Hardness measurement were done with the Vickers
and Brinell method. On the Figure 2 a set of all hardness
results were shown (along with electrical conductivity)
in form of average value calculated from five individual
indentations for every analysed material. It was found
out that alloy 1 have an average value of 48 HV5. For
alloy 2, where the ratio of Mg:Si was 0,9 to 0,7, results
of hardness were at the level of 54 HV5. Results for al-
loy 3 indicate the average hardness at 55 HV5. Alloy 4
with more silicon than magnesium has a hardness of 54
HV5. The last alloy 5 had a hardness value of 58 HV5.
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Figure 2 Research results of hardness and electrical
conductivity tests for all 5 analysed aluminium alloys
in as cast temper

All samples were next subjected to heat treatment
processes (homogenization, solution heat treatment and
artificial aging). Research results showed that after ho-
mogenization and solution heat treatment processes al-
loy 1 had an electrical conductivity of 24 MS/m and a
Vickers hardness of 59 HV5. Alloy 2, when tested just
after homogenization and supersaturation, had an elec-
trical conductivity of 23,4 MS/m and hardness 71,8
HV5. Properties of Alloy 3 are 24,3 MS/m and Vickers
hardness of 70 HV5. Alloy 4 with increased silicon con-
tent, had a conductivity of 24 MS/m and hardness of
60,9 HV5. The last alloy 5 had electrical conductivity of
22,2 MS/m and the hardness of 77 HV5. During artifi-
cial aging, the hardness values increased to a certain
critical point, then began to decrease. Alloy 1, aged at
170 °C, achieved the highest mechanical strength at the
level of 99 HV5 with an electrical conductivity of 25
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MS/m after 18 hours. For the aging temperature of 190
°C, the highest value of hardness was recorded at the
level of approx. 100 HV5 after 10 hours with a simulta-
neous electrical conductivity of 26,2 MS/m. For the
temperature of 210 °C, the highest Vickers hardness
values were noticed after 3 and 4 hours at the level of 93
HV5. Alloy 2 showed increase in electrical conductivity
to the level of 24,9, 27,6 and 28,2 MS/m for artificial
aging temperatures of 170, 190 and 210 °C respectively.
Accordingly, the hardness value reached over 103 HV5
within 13 hours; value of 98 HV5 within 10 hours, and
for the highest temperature of artificial aging 98 HV5
was achieved. Alloy 3 indicated electrical conductivity
values of 26,2 MS/m, 28,3 MS/m and 28,5 MS/m (for
temperatures of 170, 190 and 210 °C, respectively) with
hardness of 104, 101 and 102 HVS5, achieved in 10, 8
and 2 hours respectively. For the alloy 4, in the case of
an aging temperature of 170 °C, the best strength and
electrical results were achieved at the level of 26 MS/m
with a hardness of 110 HV5 during 13 hours. With an
aging temperature of 190 °C, the highest conductivity
value of 27,7 MS/m and a hardness value of 103 HV5
was reached after 5 hours. For the highest temperature
of artificial aging, an increase in electrical conductivity
to the level of 27.6 MS/m and in hardness of 100 HV5
was observed after just 2 hours. The last alloy configu-
ration (alloy 5) with artificial aging temperatures of
170, 190 and 210 °C allowed to observe an increase in
electrical conductivity to 25,1, 26,7 and 28,2 MS/m, re-
spectively. The highest HV5 hardness results for indi-
vidual artificial aging temperatures (170, 190, 210 °C,
respectively) are 112, 106 and 107 HV5 and were
achieved after 12, 3 and 2 hours.

CONCLUSIONS

Analysis of obtained hardness results, shows that in
the temperature of 170 °C the highest values were
achieved within 10-15 hours for all alloys. At the higher
temperature of 190 °C, the maximum hardness values
were obtained in less than 10 hours (generally after
about 3 to 5 hours of aging). For the highest temperature
of the artificial aging process (210 °C), the maximum
hardness results were shown by the samples after aging
not longer than 3 hours (generally after 2 hours of ag-
ing), followed by a sharp decrease in value due to the
aging of the tested alloys.

Alloy 5 had the highest level of hardness (both at the
beginning of this research, after the homogenization
process, and as well after the artificial aging process).
This alloy reached its maximum overall hardness after
12 hours of artificial aging at 170 °C with 112 HV5. In
the case of alloy 1, the highest increase in hardness was
observed during aging at 170 °C (from about 56 HV5 to
about 99 HV5). Alloy 5 has the highest hardness value
also at the aging temperature of 190 °C, reaching its
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maximum at the level of 106 HV5. For the highest tem-
perature of the artificial aging process i.e. 210 °C, also
alloy 5 had the highest hardness among the all tested
alloys, reaching its maximum after 1 hour of artificial
aging - 107 HV5.

The electrical conductivity increases with aging pro-
cess to its maximum, generally reached after 24 hours
of heat treatment. The highest values of electrical con-
ductivity are achieved by alloys 3 and 4. At the aging
temperature of 170 °C, after 24 hours, these samples
achieved an electrical conductivity of 26 MS/m. At the
aging temperature of 190 °C, alloy 3 had the highest
electrical conductivity of approx. 28,4 MS/m. Similarly,
for a temperature of 210 °C, the highest electrical con-
ductivity for alloy 3 was 28,7 MS/m, and then for alloy
5-28,4 MS/m.
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