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resistance. The interactive effects of Yttrium (Y) additive on the microstructure of
A5083 secondary aluminum alloy and how 0.5%, 1.0%, and 1.5% of this addictive
affects the mechanical properties of the secondary alloy was investigated. X-ray
diffractometer and FESEM spectroscopy, coupled with an optical microscopic test were
used for characterization, while the mechanical properties testing involves tensile and
impact strength test. The modifications formed an intermetallic compound which
causes the size of the dendritic phase to decrease along with increasing the grain size
to 40 um. The Al-Mg-1% Y alloys display greater tensile strength, Young modulus, and
elongation, these enhancements were expected to improve the service integrity of the
secondary A5083 aluminum, especially for structural, marine, and building
construction. The impact shock absorbed by the modified alloy and the micro hardness
test result also indicated that the addition of Y up to 1 wt.% gives the best modification
to the A5083 secondary aluminum alloy.
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1. Introduction

The increasing application of aluminum in packaging industries, transportation, construction and
electrical engineering has significantly lead to a dramatic increase in aluminum production. For
example, the production of primary aluminum increased from approximately 38, 938 metric tons in
2006 to 58, 890 metric tons in 2016 [1]. Thu, showing an average of 15.7 % annual increase
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throughout a period of 10 years, with a demand increase projected to around 97 million tons by the
year 2020.

Aluminum production is an energy-intensive industry reported to have been responsible for
about 1 % total man-made greenhouse gas emission [2-3], with about 40 % direct emission from
production and 60 % indirect emission from electric energy use. A comparative analysis of primary
aluminum production and recycling of aluminum has positioned the secondary aluminum production
as a basis for aluminum sustainability. Furthermore, recycling of aluminum products has been
estimated to have utilized about 5 % of the energy and also responsible for emitting nearly 5 % of
the greenhouse gas as against that of the primary production [2, 4-5].

Secondary aluminum production has been considered as a major driver towards sustainable
aluminum use as it accounted for above third the total aluminum used in the world today. In 2007,
secondary aluminum production was close to 18 million tons and a global recycling target for used
aluminum beverage cans was pegged to about 75 % by 2015 [3]. Presently, large amount of recycled
aluminum was generated from old aluminum scraps or byproducts and excesses or waste from rolling
and extrusion. Because of the large volume of these aluminum byproducts and/or scraps, coupled
with the excellent recyclability, aluminum have the highest possibility of regular recycling without
altering its atomic structure. Hence, the declaration that the life cycle of an aluminum product is
actually a renewable “cradle-to-cradle”.

Yellishetty et al., [5] reviewed the earlier work of Reuter et al., [6], Ayres et al., [7] on improving
sustainable material use through innovative recycling strategies. Their comment identified that the
logistics of material grouping based on the residual concentration is the most serious and daring
phases in metal recycling processes because mingling of metallic products and other alloying
elements through changing life cycle stages leads to buildup of contaminants, causing lots of
constraints during re-melting and a great challenge to the intention of producing quality materials.
More so, Nakajima et al., [8] and Das et al., [9] are of the view that if scrap is pre-treated and/or
sorted appropriately, the recycled aluminum can be utilized for almost all aluminum applications.

However, since majority of the aluminum recycling is done in open loop cycles where there is a
high degree of uncertainty in validating the complete transformation of primary aluminum and
alloying elements, the quality of secondary aluminum from such a recycling route was and will
continue to be a major challenge in metal recycling processes [10-11]. Often, melt treatment
modification is applied to these secondary alloys to maintain and improve the working properties by
adding other alloying elements in to the alloy system as modifiers [12-14].

Rare-earth metals and other elements found in group five of the periodic table such as lanthanum
(La) and cesium (Ce), antimony (Sb) and arsenic (As) were reported to have influences the
morphology of a silicon structure Al-Si-Cu-Mg alloy system [15]. For example, Yile [16] found that
Lanthanum was responsible for speeding up the age-hardening growth of 6061 alloys. While other
rare earth elements such as Yttrium was reported to have increased the strength of Al-Zn-Mg-Cu
alloy at a high temperature by reducing the grain size of the as-cast alloy, which results to
improvement in the nucleation ratio, during artificial aging [17-19]. Bethencourt et al., [20] examine
the influence of lanthanide towards the pitting corrosion of AA5083 alloy, their findings revealed the
effectiveness and ecological advantage of lanthanide salts for impeding the corrosion of Al-Mg
AA5083 alloy when compared to the popular chromate inhibitors.

From the review of work done so far, some useful studies that deals with the microstructural
modification and enhancement of the mechanical properties of primary Al-Mg and Al-Si-Cu-Mg alloy
system have been undertaken. However, there is a shortage of information on the secondary Al-Mg
alloys system. Therefore, this research studies the interactive effect of Y on the microstructure and
mechanical properties of A5083 secondary aluminum alloy.
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2. Methodology
2.1 Sample Preparation

The elemental composition of the secondary A5083 aluminum used in this study is presented in
Table 1, this aluminum alloy was supplied under license of MAA SDN BHD Malaysia. The supplied
ingot was cleaned, dried and cut into smaller pieces, and then placed in a silicon carbide crucible
shown in Figure 1(a), the melting was carried out under a temperature range 880 °C — 900 °C in an
induction furnace. Yttrium (Y) in varying concentration of 0.5 %, 1.0 % and 1.5 wt.% was introduced
to the molten. A duration of 10 min interval was observed between each material addition stage to
achieve better homogenization and dissolution, Zirconia coated steel rod was used to stir the melt
for about 40 s to ensure that dross and other impurities were removed before pouring at 900 °C. The
molds as presented in Figure 1(b) are pre-heated to 600 °C in a firing furnace for 30 minutes before
the casting operation.

Table 1

Chemical composition of the A5083 secondary aluminum alloy

Elements Al Si Cu Fe Mn Mg Zn Balance
Weight (%) Bal 0.4 0.1 0.4 1 4.9 0.25 Al

2.2 Materials Characterization

The as cast alloy is cut to a suitable size, cold mounted in a resin and grind with a finer Sic paper.
A mirror smooth surface was achieved by polishing with a 0.5um silica suspension, a mixture of 90 %
H,0 and 10% HF was used for etching of the polished samples. X-ray diffractometer (XRD), Siemens—
D500 was used for the phase identification on the samples using Cu Ka line generated at 40 kV and
35 mA at a scan rate of 0.05°/sec for 20 of 20-80 degrees. The chemical microanalysis of the
secondary alloys was carried out using energy dispersive spectroscopy (EDS) while, the
metallographic analysis was carried out using optical microscope and (FESEM), Carl Zeiss, Germany.

2.3 Mechanical Testing

Specimens for the tensile strength and impact energy testing were prepared according to ASTM
E-08, and the cutting to shape was done with the EDM wire cut. The tensile test was conducted using
a Universal testing machine (model 5982) set to a crosshead speed of 1mm/min. while the impact
test was carried out with Zwick pendulum impact tester. A Vicker’s hardness value obtained from
three different points on each sample using a load of 5 Newton was computed to represent the
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hardness of the modified A5083 secondary alloy. All these testing were carried out at ambient
temperature. Table 2, contains the detail illustrations of the samples prepared.

Table 2
Samples for mechanical testing
Test Referenced Diagrams
standard
Tensile  ASTM E-08
strength < 100 mm -
e 40 mm -
- S mm - e 2 mm
\ D‘
¢ ' 1 10 mm
6 mm —~
10 mm
32 mm
Impact ASTM E-08
10
~ '
27.5 | A Z

10 ) . . *

55

3. Results
3.1 Microstructural Analysis

The structure of the A5083 secondary alloy was overwhelmed by wide equiaxed grains with
coarsening dendritic arrangement which spread continuously along the grain boundaries, showing a
severe dendritic structure of the Al-Mg-Si-Zn alloy, with a greater branch distance between the
dendrites and the grain size of about 60~80 um.

In all likelihood, the addition of Y has affected the structure of the treated A5083 secondary alloy.
It is clear that greater branch distance between the dendritic arrangements has reduced, and the
dendritic structure of the Al-Mg-Mn-0.5 % Y alloy became much pronounced with a uniform average
grain size of about < 30 um as illustrated in Figure 2 (a) and (b). More so, as the percentage of Y
increased to 1.0 %, a slight changed in terms of the volume fraction of the dendritic phase along with
an increase in the grain size to 40 um was observed in the microstructure Figure 2 (c) and (d).

However, a decrease in grain size and reduction in volume fraction of the dendritic phase was
revealed as percentage of Y increases to 1.5 % Figure 2(e) and (f). Thus, confirming the speculations
by Yile and Zhang et al., [17-19] that rare earth elements such as Yttrium can be able to improve the
strength of Al-Zn-Mg-Cu alloy at a high temperature by decreasing the grain size of the as-cast alloy
and increasing the nucleation ratio.
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Fig. 2. Optical (left side) and scanning electron micrographs (right side) of the secondary
A5083 alloy with and without the addition of Y; (a, b) 0.5 wt.% Y, (c, d) 1.0 wt.% Y, and (e, f)
1.5wt.%Y

Results obtained from chemical microanalysis using EDX Figure 3(a), confirmed the matrix phase
of the base alloys as Al rich and the dendritic structure is a compound of the Al, Si and Mg rich phases.
A large number of residual phases exist at grain boundaries, and the white secondary phase shown
in spectrum 1 was identified as Al-and Mg-rich, which may be the mixture of supersaturated solid
solution a (Al) and AlsMga.

While, the grey phase in spectrum 2 represents the impurity phase, which may be the matrix a
(Al) with solute of Zn, Mg, Si elements. Figure 3(b), shows the composition of the obtained phases
after the addition of the Y, however, the dendritic structure of the alloy is still Al-and Mg rich,
accompanied with precipitates phase, which belongs to the intermetallic compounds of Al, Mg, Si,
Cu, Zn, and .

To make sure the modification of the rare earth elements such as Y are successfully formed with
the elements of the binary or ternary compounds, elemental dot mapping was conducted on the
A5083 modified alloy with 1.0 % Y. Careful observation indicates that the entire alloying elements of
the modified secondary aluminum alloy have been uniformly formed along with the formation of Y
element on the boundaries of dendritic and precipitated inside as well.
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Flg 3. EDX anaIy5|s of spectrum 1 and spectrum 2 of (a) A5083 base alloy (b) 1.0 wt.% Y modified A5083

alloy

Supporting the discussion on the modifying effect of Y, the formation of phases due to the
modification of Y in secondary A5083 alloy is further studied by analyzing the samples through X-ray
diffraction. Figure 4, presents the diffractogram of the treated and untreated A5083 secondary alloy.
Careful observation of the detected Al phase of the binary AlsMg; alloy indicates the formation of
YsAlz, YAI, MgYZn, Mg3YZns and Mn;YSi> compounds in the treated alloys as a direct consequence of
Y addition. The peaks intensity of these compounds varied in accordance with the amount of Y added,
as earlier observed by [16]. In this study, the sample with 1 wt.% Y addition obtained the highest
intensity, and the reason may be associated to the high volume of the detected intermetallic
compounds which may possibly translate to effect the dendritic phases and the grain size.
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Fig. 4. X-ray diffractogram of unmodified and modified A5083 secondary
aluminum alloy with varying concentration of Y

3.2 Mechanical Properties

The tensile properties of A5083 secondary aluminum with different amounts of Y addition are
illustrated in Figure 5. There was a significant change in the tensile properties of the secondary alloy,
but these changes are mainly attributed to the remarkable variation in the microstructure.
Accordingly, the best elongation, UTS, and E of 10.2 %, 192 MPa, and 75 GPa for A5083 alloy was
obtained with the addition of 1.0 wt.% of Y, due to a high volume fraction of Y-rich precipitated, such
as YsAlz, YAl, MgYZn, MgsYZne and Mn;YSi; that are formed accompanying with variation in the grain
size.

Increasing the amount of Y also results to a decrease in mechanical properties, suggesting
therefore, that the volume of yttrium added in to the recycled Al-Mg-Cu alloys must be restricted
within a cogent range. Bethencour et al., [21] proposed that, a homogenous dispersal of RE in Al-Mg-
Cu alloys can inhibit dislocation slipping and improve the strength even at an elevated temperature.
Looking at the FESEM result in Figure 2, increasing the content of yttrium leads to coarsening and
growth in size of the precipitate and thus induce a gradual change in shape from flake to irregular
spherical shape. It is right therefore to emphasise that these remarkable changes strengthens the
alloy and inhibit dislocation slipping, yielding to an increase of the UTS, which is conforming to the
work of Park and Ardell [22]. However, results from this experimental study indicated that, addition
of 1.0 % Y appears to provide maximum strength to the modified A5083 secondary aluminum alloy.
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Fig. 5. Result of tensile test showing the YS, UTS, EI% and elasticity modulus of the modified A5083
secondary aluminum alloy with varying concentration of Y

The fracture surfaces of the tensile strength tested samples were also investigated to examine
the type and mode of failure. Coarse Al planes indicating a mix mode fracture of intergranular and
some dimpling areas in between was observed at the fractured surface of the A5083 base alloy
without any addition Figure 6(a). The fracture surface of samples with 0.5% Y addition Figure 6(b),
exhibits fine Al planes associated with mixed mode fracture of intergranular and transgranular. While
samples with 1.0 and 1.5 % Y showed a mixed mode of ductile with a high percentage of dimples as
shown in figure 6(c) and d respectively. Indicating that the plastic strength of the material has been
of poorer quality at this time; as earlier reported by Shen et al., [23] that as-cast aluminum alloys fails
as transdendritic mode.

e

Fig. 6. Fractured surfaces of (a) 0% (b) 0.5% (c) 1.0% and (d) 1.5% Y modified
secondary alloys after tensile testing
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Figure 7 describes the correlation between the energy absorbed by the modified secondary alloys
with optimal concentration of Y addition. The absorbed energy value for the base alloy is 6.0 J,
whereas it increased to 9.5 J after 1.0% Y addition. The measured impact values for 0.5% and 1.5 %
alloys were 6.7 and 5.7 J, respectively. This unprecedented result suggest that the impact toughness
of the modified secondary alloys depends mainly on the morphology [23], Al dendrite size and
intermetallic Y- rich phases [17]. Hence the reason for a better impact strength of 1.0% Y modified
secondary alloy. Different behavior was observed in the effect of Y additions on the modified and un-
modified A5083 secondary aluminum alloys. Such as, a general enhancement to the hardening
response of the modified alloy as shown in Figure 7.
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Fig. 7. Absorbed impact energy and hardness values for
modified and unmodified A5083 secondary aluminum alloy

In particular, the maximum hardness increased from 66.6 MPa for the base A5083 secondary
aluminum alloy to 81.55 MPa for samples containing 1.0 wt.% Y, which happen to be the maximum
recorded. However, the maximum hardness was decreased to 63 MPa when the Y content was
further increased to 1.5%, which might be as a result of the high percentage of porosity, as narrated
by [14, 23] that micro-cracks and pores at the matrix—intermetallics interfaces may likely results in
brittleness of the material. The increase in hardening response at 1.0% Y may be a result of the Y
solid solution strengthening and grain refinement.

4. Conclusions

This study strongly support the assertion that rare earth metals, especial Yttrium contributes to
refinements in most aluminum alloys. It is also found to be responsible for the existence of
heterogenic crystallization nuclei in A5083 secondary aluminum alloys. Hence, recommended for use
in melt refinement/treatment of secondary aluminum alloys. The refining effect of Yttrium in A5083
alloys is mainly on the microstructure in terms of volume fraction of the dendritic phase and the grain
size. However, the addition of Y up to 1.5% into secondary Al-Mg alloy can induce finer and denser
precipitate when compared to the unmodified alloy. The Al-Mg-1% Y alloy demonstrate a higher
value of Young modulus and elongation, which positively improve the UTS of the treated A5083
secondary aluminum compared to base secondary aluminum. The results of the impact and micro
hardness test in this study also indicated that 1 wt.% Y addition offers the optimum modification to
the A5083 secondary aluminum alloy.

176



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 62, Issue 2 (2019) 168-178

Acknowledgement
The authors would like to acknowledge ORICC UTHM for the Graduate Research Incentive Grant (Vot

No:

U738), TRGS Vot T0O01 for partly sponsoring this paper and Tertiary Education Trust Fund

(TETFUND-Nigeria) Federal College of Education (Technical) Gombe, Nigeria.

References

(1]
(2]
3]
(4]

(5]

(6]

(7]
(8]
(9]

(10]

(11]

[12]

(13]
(14]

[15]

[16]
(17]
(18]

(19]

[20]

E. A. Association, "Global Aluminum Recycling: A Cornerstone of Sustainable Development," ed: Brussels, 2006, pp.
13-48.

Zhang, Yanlu, Mingxing Sun, Jinglan Hong, Xiaofei Han, Jing He, Wenxiao Shi, and Xiangzhi Li. "Environmental
footprint of aluminum production in China." Journal of Cleaner Production 133 (2016): 1242-1251.

Gerber, Jurg, ed. Global aluminium recycling: a cornerstone of sustainable development. International Aluminium
Institute, 2006.

Liu, Gang, and Daniel B. Miiller. "Addressing sustainability in the aluminum industry: a critical review of life cycle
assessments." Journal of Cleaner Production 35 (2012): 108-117.

Nuhu, Awwal Hussain, Suzi Salwah Jikan, Saliza Asman, Nur Azam Badarulzaman, Dagaci Muhammad Zago, and
Abdullahi Tijjani. "Effects of holding time on the properties of direct recycled aluminum-copper-cullet metal
composites." In AIP Conference Proceedings, vol. 2068, no. 1, p. 020099. AIP Publishing, 2019.

Yellishetty, Mohan, Gavin M. Mudd, Pathegama Gamage Ranjith, and A. Tharumarajah. "Environmental life-cycle
comparisons of steel production and recycling: sustainability issues, problems and prospects." Environmental
science & policy 14, no. 6 (2011): 650-663.

Reuter, M. A., U. M. J. Boin, E. Verhoef, K. Heiskanen, Yongxiang Yang, and G. Georgalli. The metrics of material and
metal ecology: harmonizing the resource, technology and environmental cycles. Vol. 16. Elsevier, 2005.

von Gleich, Arnim, Robert U. Ayres, and Stefan Gossling-Reisemann, eds. Sustainable metals management: securing
our future-steps towards a closed loop economy. Vol. 19. Springer Science & Business Media, 2007.

Nakajima, Kenichi, Osamu Takeda, Takahiro Miki, Kazuyo Matsubae, Shinichiro Nakamura, and Tetsuya Nagasaka.
"Thermodynamic analysis of contamination by alloying elements in aluminum recycling." Environmental science &
technology 44, no. 14 (2010): 5594-5600.

Das, Subodh K., John AS Green, J. Gilbert Kaufman, Daryoush Emadi, and M. Mahfoud. "Aluminum recycling—An
integrated, industrywide approach." JOM 62, no. 2 (2010): 23-26.

Amini, S. H.,, J. A. M. Remmerswaal, Maria B. Castro, and Markus A. Reuter. "Quantifying the quality loss and
resource efficiency of recycling by means of exergy analysis." Journal of Cleaner Production 15, no. 10 (2007): 907-
913.

Nakamura, Shinichiro, Yasushi Kondo, Kazuyo Matsubae, Kenichi Nakajima, Tomohiro Tasaki, and Tetsuya
Nagasaka. "Quality-and dilution losses in the recycling of ferrous materials from end-of-life passenger cars: input-
output analysis under explicit consideration of scrap quality." Environmental science & technology 46, no. 17
(2012): 9266-9273.

Dahle, A. K., Kazuhiro Nogita, S. D. McDonald, C. Dinnis, and L. Lu. "Eutectic modification and microstructure
development in Al-Si Alloys." Materials Science and Engineering: A 413 (2005): 243-248.

Sigworth, Geoffrey K., and Timothy A. Kuhn. "Grain refinement of aluminum casting alloys." International Journal
of Metalcasting 1, no. 1 (2007): 31-40.

Bagaber, Salem A., Tijjani Abdullahi, Zawati Harun, Nateq Daib, and Mohd Hafiz D. Othman. "The effect of
lanthanum addition on the microstructure and mechanical properties of A390 aluminium alloy." Arabian Journal
for Science and Engineering 42, no. 11 (2017): 4559-4564.

Hegde, Sathyapal, and K. Narayan Prabhu. "Modification of eutectic silicon in Al-Si alloys." Journal of materials
science 43, no. 9 (2008): 3009-3027.

Yile, Y. A. N. G. "Effects of La on microstructure and age-hardening behaviour of 6061 alloy." Hot Working
Technology 20 (2009): 016.

Min, Song, Chen Kanghua, and Huang Lanping. "Effects of Ce and Ti on the microstructures and mechanical
properties of an Al-Cu-Mg-Ag alloy." Rare Metals 26, no. 1 (2007): 28-32.

Zhang, Ya, Xiaogin Zeng, Liufa Liu, Chen Lu, Hantao Zhou, Qiang Li, and Yanping Zhu. "Effects of yttrium on
microstructure and mechanical properties of hot-extruded Mg—Zn—Y—Zr alloys." Materials Science and Engineering:
A 373, no. 1-2 (2004): 320-327.

Daging, W. Q. "Effects of yttrium on microstructure and mechanical properties of AlZnMgCu alloy," Journal of China
University of Mining & Technology 4, (1999).

177



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 62, Issue 2 (2019) 168-178

[21] Bethencourt, M., F.J. Botana, M. A. Cauqui, M. Marcos, M. A. Rodriguez, and J. M. Rodriguez-lzquierdo. "Protection
against corrosion in marine environments of AA5083 Al-Mg alloy by lanthanide chlorides." Journal of alloys and
compounds 250, no. 1-2 (1997): 455-460.

[22] Park, Joong Keun, and A. J. Ardell. "Microstructures of the commercial 7075 Al alloy in the T651 and T7
tempers." Metallurgical Transactions A 14, no. 10 (1983): 1957-1965.

[23] Shen, Hua, He Liang, Wei Dong Yang, Guang Chun Yao, and Chuan Sheng Wang. "Effect of Y on Microstructure and
Mechanical Properties of Aluminium Alloy." In Applied Mechanics and Materials, vol. 421, pp. 250-254. Trans Tech
Publications, 2013.

178



