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Abstract: 
Because of high strength and low breaking rate, 8079 aluminum alloy has become the main material of double zero aluminum foil. 
However, there are still many problems in the manufacturing process, such as broken belt, pinhole and so on. As the main influencing 
element, Si has a great influence on the alloy. In this work, the influences of Si with various contents on microstructural evolution and 
mechanical properties of 8079 aluminum alloy were analyzed by energy dispersive spectrometer (EDS), optical microscope (OM), 
X-Ray diffraction analyzer (XRD), universal testing machine and Vickers hardness tester. The results showed that the primary Si 
phase was tiny and dispersed in the alloy when the content of Si is less than 1.3%. As the second phases dispersion strengthening, 
the Si phase can improve the strength of the alloy. However, when the Si content was too high, the Si phase increased and coarsened. 
Meanwhile, Fe-rich phase which increased by Si decreased the fine grain strengthening and the second phases strengthening 
mechanism. The coarse Si phase and the Fe-rich phase are brittle phase, which are easy to become the crack source in the process of 
material deformation and reduce the strength and toughness of the alloy. The mechanical property test shows that the performance 
of 8079 aluminum alloy is the best when the Si content is 1.3%.
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1. Introduction
8079 aluminum alloy which replaced 1235 aluminum 
alloy [1] has become the main raw material of double zero 
aluminum foil (thickness 5~7 μm) due to many advantages 
such as high tensile strength, small number of pinholes and 
good elongation [2-4]. But in the actual production process, 
there are many quality defects such as scratch, microcrack 
or foreign impurity pressing on the surface of the foil 
during the last pass of rolling [5,6], which greatly improve 
the production cost and increase the safety risks of the foil 
material. What on earth is the cause of these? On the one 
hand, the operation technology is not mature. The casting 
parameters and rolling parameters are optimized to change 
the center segregation and obtain the appropriate thickness 
of foil products. On the other hand, it is related to the 
proportion of components. The content of Fe and Si has a 
greater impact on the comprehensive performance of 8079 
aluminum alloy [7].

The mechanical performance of 8079 aluminum alloy 
depends on the morphology, size and distribution of α-Al 
and other phases [8]. Fe and Si are the main elements of 8079 

aluminum alloy [9-11], which have significant influence on its 
microstructure and mechanical properties. The solubility of 
Fe in 8079 aluminum alloy is relatively low, and the second 
phases mainly composed of Al3Fe will be enriched at the 
grain boundary of the alloy [12]. The Fe-rich phases with 
needle like or platy shape are leading to matrix splitting, 
and then making the plasticity of aluminum foil decrease 
during rolling. The Fe-rich phase also becomes the source 
of crack propagation which develops into pinhole [13,14]. 
However, proper Fe content has the effect of fine grain 
strengthening and second phases strengthening, which 
makes 8079 aluminum foil have higher tensile strength, 
elongation and reduces surface defects such as pores and 
pinholes. At the same time, Si can also reduce the number 
of pinholes in aluminum foil. It has been shown that the 
residual amount of solid solution Si in the alloy is less, and 
most of Si is easy to form (AlFeSi) phase with A1 and Fe [15,16].

The second phases in the double zero aluminum foil 
blank mainly consists of α-(AlFeSi) phase of skeleton and 
round particles, β-(AlFeSi) phase of needle and disk, and 
θ-(A13Fe) phase of needle compound. The θ phase is the only 
Al-Fe equilibrium phase, and the α-(AlFeSi) phase is easy 
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to be broken in the process of aluminum foil deformation 
[17,18]. The solubility of larger acicular β-(AlFeSi) phase 
in aluminum matrix is smaller during homogenization. 
During the rolling process of 8079 aluminum alloy foil, 
the hardness and strength of the foil increase with work 
hardening, while the plasticity decreases. When the size 
of the acicular phase (β, θ) is larger than 5 μm, it is easy 
to become a crack source and then expand into a pinhole. 
In addition, the rolling performance is also related to 
the distribution of the second phases in the Al matrix. If 
the distribution of the second phases in the matrix is not 
uniform, the deformation will be uneven, then pinholes 
will be formed, and the work hardening rate of the alloy will 
be increased [19]. For aluminum foil materials, the grains are 
two-dimensional distribution and the grain boundary is 
plane network distribution. A small amount of the second 
phases at the grain boundary will still destroy its overall 
continuity. So the precipitation of the second phases at the 
grain boundary should be minimized in the production of 
aluminum foil [20].

Therefore, the effective way to improve the mechanical 
properties of 8079 aluminum alloy foil is to reduce the grain 
size and control the generation of harmful second phases 
[21]. The content of Si in 8079 aluminum alloy is small. The 
purpose of this paper is to study the effect of Si content 
on the microstructure and mechanical properties of 8079 
aluminum alloy, improve the comprehensive properties of 
8079 aluminum alloy, optimize the composition range of 
8079 aluminum alloy aluminum foil blank, and steadily 
improve the quality of aluminum foil.
2. Experimental 
The Al and Al-Mg, Al-Si, Al-Fe, Al-Cu alloys ingots with 
a mass fraction of Si were 0% and 1.1%~1.5% were melted 
up to 750℃ in a 5 kg ceramic crucible by using an electrical 
resistance furnace. After they were completely melted, being 
stirred and cleaned off, the melt was poured into a steel 
mold that was preheated to 200℃. The casting (φ40mm, 
approximately 2kg) was subsequently cut into 10 ×10 ×10 
mm and dog-bone-shaped blocks by wire cutting machine. 
Each square specimen was polished and then etched by 
Keller's reagent for about 40 s at room temperature.

The microstructures of the specimens were examined 
by optical microscope (OM). The distribution of the 
elements in some of the samples was investigated by 
energy dispersion scope (EDS). The phase composition in 
8079 aluminum alloys was measured by X-Ray diffraction 
analyzer (XRD). The Vickers micro-hardness of the samples 
was tested by the Vickers Indenter (HR-150B) at room 
temperature with a load of 200 g and a dwell time of 10 
s. After the bone sample was polished, tensile experiments 
were carried out at room temperatures using an Instron 
machine with a constant displacement rate of 0.5 mm/min. 
In this work, the number of tested samples was three to five. 

3. Results and discussion
3.1 Microstructure analysis
Figure 1 is XRD pattern of 8079 aluminum alloy with 

different Si content. It can be observed that there is α-Al 
phase in the all alloys. When the Si content is less than 1.4%, 
there is only the peak of aluminum phase in the diffraction 
pattern, the content of other phases below detection range 
in the alloy is less. When the Si content is 1.5%, the peak 
strength of α-Al phase decreases obviously, the Si phase 
and (AlFeSi) phase increase. It may be that the Si phase 
grows up and the aggregation of Si particles often blocks 
the continuous contact of Al phase and produces more 
(AlFeSi) phase with the increase of Si content.

Figure 1. The XRD pattern of 8079 alloy with different 
Si content.

Figure 2 illustrates the evolution of the size and 
morphology of α-Al and Si phases in 8079 aluminum alloy 
with different Si content. Figure 2A indicates the size of α-Al 
is about 80μm, most of the grains are columnar implies that 
the property of alloy worse than that of equiaxed crystal. 
Figure 2B shows the Si phase with needle like is less and 
mostly distributed in the intergranular as the second 
phases with 1.1%Si. When the Si content increased to 1.2% 
and 1.3%, the grain size decreases obviously, while the Si 
phase with needle or particle increases, and distributed in 
the intergranular and grain boundary as shown in figure 
2B and 2C. Further increasing the Si content (figure 2D), 
the grain size of the Al phase will not change any more, 
but the Si phase will grow up. When the Si content is 1.5% 
(figure 2E), the grain size of the α-Al phase is about 50 μm, 
and the Si phase with the size of growth and the number 
of increases distributed in the intergranular and the grain 
boundary. That is to say, the more Si content, the more 
conducive to the growth of Si phase.

Figure 3 shows the EDS images of 8079 aluminum 
alloy with 1.3% Si content. It can be seen that some casting 
defects in the sample, Mg and Cu are evenly distributed in 
the alloy, and they form stable intermetallic compounds. 
The distribution of Al, Si and Fe is uneven, and the 
segregation of Si and Fe are the segregation to the grain 
boundary which contrary to Al. It may be that, with the 
increase of Si content, the number of Si rich particles or 
Si phase formed causes the increasing of Si phase. The 
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Al phase cannot well stabilize the Si phase, which lead to 
uneven particle distribution and the formation of iron Fe 
second phases. Moreover, the deposited Si particles may 

block the connection structure of Al matrix, resulting in 
more defects in the material.

Figure 2. OM images of the 8079 alloy with different Si content, A: 0%Si B: 1.1%Si, C: 1.2%Si, D: 1.3%Si, E: 
1.4%Si, F: 1.5%Si.

Figure 3. EDS analysis of 8079 alloy with 1.3% Si content.

3.2 Mechanical properties
Figure 4 indicates the tensile strength and elongation of 
8079 aluminum alloy with different Si content. The alloy 
has high plasticity and low strength without Si. The tensile 
strength and elongation of the alloy with 1.1% Si content 
are about 130 MPa and 28%, respectively. The tensile 
strength of the alloy with 1.2% Si content rise to 143 MPa, 
and the elongation is similar (about 28%). When Si content 
is 1.3%, the tensile strength and elongation are 152 MPa 
and 35%, respectively. Compared to the 1.1%Si alloy, the 
tensile strength and elongation of 8079 aluminum alloy 
are enhanced by 16.9% and 25%, respectively. However, 
the tensile strength of the alloy with 1.4% and 1.5% Si 
content are reduced to 135 MPa and 130 MPa, and the 

elongation reduced to about 33%. So the tensile strength 
and elongation of 8079 aluminum alloy are first increase 
and then decrease with the increase of Si content. When 
the Si content is small, the primary Si is mostly in the alloy, 
its microstructure is fine, and its distribution is even or 
dispersive. The Si phase can be used as the second phases 
of dispersion distribution, which greatly improving the 
strength of the alloy. When the Si content is higher than 
1.3%, the fine grain strengthening and the second phases 
strengthening mechanism which play the main role in alloy 
will decrease because of the increase of Si phase, coarsening 
and Fe-rich phase. The coarse Si phase and the Fe-rich 
phase (AlFeSi) are brittle phase, which are easy to become 
the crack source in the process of material deformation. 
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In addition, with the increase of Si content, there are more 
voids which exists stress concentration in the alloys are 
suitable for the formation and growth of microcracks, 
which leading to the fracture of materials and reducing the 
strength and toughness of the alloy. 

The hardness of 8079 aluminum alloy with different 
Si content are indicated in Table  1. It is shown that the 
hardness of alloy with 1.1%Si is 36.8HV0.2 is like without 
Si. When the Si content is 1.2% and 1.3% , the hardness of 
alloys is raised to 41HV0.2. But there is a downward trend 
when the Si content increase, the growth trend of Si phase 
is larger, and the partial segregation of Si particles in the 
material is easy to occur. This kind of segregation often 
blocks the continuous contact of Al phase, and the Al liquid 
fills the pores between Si particles. This phenomenon leads 
to obvious defects in the material, then the mechanical 
properties of the material is declined.

Figure 4. The tensile properties of 8079 alloy with 
different Si content.

Table 1. The hardness of 8079 aluminum alloy with different Si content

Si wt% 0 1.1 1.2 1.3 1.4 1.5
Hardness（HV0.2） 35.7±1 36.8±1 41.1±1 41.2±2 36.9±2 31.9±1

4. Conclusion
The thickness of 8079 Al alloy is gradually thinning due to 
conserve energy and reduce emissions, and the processing 
technology of double zero Al foil is more intelligent, which 
requires that the raw materials of aluminum foil have 
better mechanical properties. Si is the main component of 
the material, which has a great influence on the grain size 
and phase distribution. By the analysis and discussion, the 
conclusions were drawn as follow:

(1) The addition of Si can refine primary α-Al phase 
and the mean grain size was decreased by 33.3% from 
75μm to 50μm.

(2) When the Si content was less than 1.3%, the Si 
phase as the second phases was less which needle like, 
mostly distributed in the intergranular. When the Si content 
was more than 1.3%, the Si phase grown up, the amount of 
Si increased at the intergranular and grain boundary. The 
more Si content, the more favorable for the growth of Si 
phase.

(3) When Si content was 1.3%, the tensile strength, the 
elongation and the hardness with the highest value were 
152MPa ,35% and 41.2HV0.2, respectively. 
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