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phase as shown in Figure 1a and b by the RRA and the T6 The SEM and EDS scan analysis in Figure 9 depict
respectively. the microstructure of the as-cast sample of alloyl. The

The RRA process has resulted in high diffraction  dark regions are the primary solid solution and the bright
dispersed precipitate phase peak of Mg,Zn  phase asshown  areas are the non-equilibrium intergranular eutectic
in the XRD plots in Figure 1a. solution as indicated in Figure 9a, its detail appeared in the
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Figure 8. The (a) SEM micrograph (b) EDX scan analysis of the base alloy sample after undergone RRA heat treatment process
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supplemented high magnification micrograph in Figure 9c.
Furthermore, the EDS scan analysis in Figure 9b reveals the
stoichiometry of the bright encircled area.

The SEM image and the EDS scan analysis in Figure 10
depict the microstructure of alloy 1 T6 temper sample. The
distinguished bright region illustrated by encircled region
(k) in the SEM image is an elongated rod like shape phase
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in Figure 10c. This phase is explicated by the supplemented
high magnification SEM image and the EDS scan analysis
in Figure 10b. The EDS scan result of this labeled region
assumes its affiliation to the stoichiometry of the ALNi,,
MgZn, and Mg,Zn | phases. This assumption is also
supported by the XRD analysis in Figure 1. During the
extrusion process the precipitates elongated aligned along
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Figure 10. The (a) SEM micrograph and (b) EDX scan analysis of the alloyl sample after having undergone T6 heat treatment.
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the grain boundaries and reoriented along the extrusion
direction. The SEM image in Figure 11a depicts the
morphology of alloyl RRA sample. The encircled region
(i) clarified by the supplemented enlarged SEM image
representing chained precipitates of flaky structure is
shown in Figure 11c. The EDS scan analysis of this region
in Figure 11b.
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Figure 2 shows XRD plots for different samples of the
alloy 2; the as-cast, the T6 and the RRA. The plot of the as
quenched sample of alloy 2 in Figure 2¢ is mainly consists
of Al Mg, Zn,, Al.Cu,Ni, MgZn, phases. The XRD plots of
the alloy 2 T6 sample in Figure 2b reveals the appearance
of new dispersed compounds of the Mg,Zn ,, ALNi,,
AL Ni Fe , Al,Co, AL, Co Ni, Al, Mg, Ni, phases. The
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Figure 12. The (a) SEM micrograph and (b) the EDX scan analysis for the as-quenched alloy2 sample.
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XRD plot of alloy2 RRA sample in Figure 2a showed that
the RRA process has resulted in high diffraction peaks of
the dispersed precipitate the Mg,Zn, and Al,Ni, phases.

The SEM in Figure 12a depicts the microstructure of
the as-cast alloy2 sample. The dark regions are the primary
solid solution, and the bright regions are the non-equilibrium
intergranular eutectic solution as elucidated by the enlarged
micrograph in Figure 12¢. The EDS scan analysis of the
bright encircled region (m) shows its chemical composition.

The SEM image in Figure 13a depicts the microstructure
of alloy2 T6 sample. In this image there are two encircled
regions (m) and (q) . Region (q) represents the matrix.
The EDS scan analysis results of this region in Figure 13b
supports the likelihood of its attribution to the chemical
composition. The region (m) explicated by the enlarged
SEM image in Figure 13c exhibits a rod like shape phase.
The EDS scan analysis in Figure 13d of this region. In
the extrusion process the grains elongated, aligned and
reoriented along the extrusion direction.

In Figure 14a and b defined by the regions (s) and (p),
the rod like shape phase in a region (s) explicated by the
supplemented enlarged SEM image in Figure 14c. The
EDS analysis in Figure 15d of this region are related to
the stoichiometry of phases. The dispersed particle in the
encircled region (p) is explicated by the supplemented
high magnification SEM image in Figure 14e. Figure 14b
indicated the EDS analysis in for this labeled region . The
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EDS results of the samples under T6 temper and the RRA
process are consistent with the results XRD in Figure 2.

Figure 15 shows the results of the tensile strength levels
after different heat treatment conditions for specimens of the
three alloys examined in this study. After performing the T6
and RRA heat treatments on the three alloys, maximum gains
of (330 and 350) MPa, (390 and 420) MPa and (405 and 435)
MPa were attained in UTS for the three alloys respectively.
The variation in the UTS values for the as-cast alloys’
samples and these samples that underwent the T6 temper
and the RRA process was due to the grain refinement and
the evolution of new interdendritic networks brought about
by the heat treatment processes as shown earlier in Figure 3.
Additionally, the higher porosity level in the as-cast alloy’s
samples as opposed to those of the T6 and RRA processes
was another reason for their relatively low UTS values.

Figure 16 reveals the variations in the Vickers hardness
values of the three examined alloys after different heat
treatment conditions. After performing the T6 and the
RRA heat treatments on the three alloys samples extruded,
maximum gains of about (110 and 120) MPa were attained
in UTS for all alloys respectively. Principally the hardness
scale depends on the extrusion process which led to reduced
the porosity and grain size as well as the ageing precipitation
whose impact is included in the distribution of precipitates
or dispersion phases of additives in the matrix during these
processes.
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Figure 13. The (a) SEM micrograph and (b) EDX scan analysis of the alloy2 sample after having undergone T6 heat treatment.
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Figure 14. The (a) SEM micrograph and (b) EDX scan analysis of the alloy2 sample after having undergone the RRA process.
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Figure 15. Variations of the tensile strength for the three alloys after different heat treatment conditions.

4. Discussion

The results indicated that substantial improvements
in the YS, UTS and Hv hardness of the base alloy were
attained after following certain heat and mechanical
treatments of T6 temper, the RRA and extrusion processes.
The strengthening mechanism of the ageing at T6 (120°C

for 24h) for the base (Al-Zn-Cu-Mg) alloy is attributed to
the precipitation hardening i.e., the effects of the Guinier-
Preston zones coherent with nanometer sized h' metastable
precipitates. These precipitates act as pinning points which
impede the dislocation movement®'**. The XRD and the
EDS results have revealed the existence of the 1 and 1’
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Figure 16. Variations in the Hv hardness values for the three examined alloys after different heat treatment conditions.

phases. The YS and UTS of the base alloy sample after RRA
process showed a distinguished improvement as opposed
to that of the T6 temper specimen. This improvement is
attributed to the partial dissolution of the pre-existing GP
zones and h' phase. The GP zones can act as nucleation
sites for h' particles and the remaining h’ phase carries on
growing during the RRA process. Additionally, after the
RRA treatment the solute atoms dissolve in the matrix,
precipitate again and produce more small size GP zones and
h' phase. Hence it led to the augmentation of the phases n
and h’ by the RRA process more than that which resulted
from the T6 process.

The strengthening mechanisms achieved by the
addition of the Ni and Co microalloying elements into
the Al-Zn-Cu-Mg alloy can be divided into precipitation
strengthening derived from the alloying elements in the
base alloy already explained and the dispersoid and fine-
grain strengthening derived from the Ni and Co-rich
particles subjected to the extensive extrusion process.
In the later strengthening mechanism the dislocations
are hindered by the Ni or/and Co dispersed within the
slipping planes. The hindering level depends on the even
distribution of the particle phase, size, spacing and degree
of coherency. The dispersoid phase particles are looped,
by passed and/or sheared by the dislocation through the
Orowan mechanism*. Moreover, The fine grains of Ni
or/and Co contained dispersoids restrict recrystallization
and inhibit the grain growth as shown in Figure 3b and c.
Furthermore, the extensive extrusion process has led to
grain size reduction as shown in Figure 4b and c. Thus
grain refinement according to Hall-Petch equation, means
higher material strengths>’.

5. Conclusions

1. The RRA process for the base alloy improved the
yield strength more than what the T6 temper did; it
pushed the ultimate tensile strength to a higher level.
UTS of 530 MPa and Hv hardness value of 223 were
attained by the application of this process.

2. Regarding the mechanical properties, the YS, UTS
and the Hv hardness for the base alloy sample of 0.5
wt. % Ni additions underwent RRA process increased
by 95 MPa, 100 MPa and 27 MPa respectively.

3. With appropriate microalloying additions of 0.5 wt.
% nickel plus 0.5 wt. % of cobalt, alloy2 after RRA
process exhibited the highest strength and hardness
values. YS of 615 MPa, UTS of 665 MPa and Hv
hardness of 265MPa were attained. The rapid increase
in strength and hardness was due to the Ni+Co
dispersed of Al, Co Ni , phase which have high
hardness and strength.

4. Generally, the incremental increase in the strength
of alloys 1 band 2 in the present study was due
to different factors working together. These are
precipitation hardening, Orowan strengthening and
the Hall-Petch strengthening resulted from grain size
refinement brought about by the heat and mechanical
treatments.
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