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Abstract

Zn has been added to the Al-12.5wt%Si-2wt%Cu-1wt%Mg
(abbrev Al-12.5Si-2Cu-Mg) alloy. By utilizing optical
microscope (OM), X-ray diffraction (XRD), and scanning
electron microscope (SEM), the microstructure and phase
structure of the alloy were investigated. The alloy’s
mechanical properties and wear resistance were evaluated.
The results demonstrate that the as-cast microstructure of
Al-12.5Si-xZn-2Cu-1Mg alloy consists of (a-Al ? Si)
eutectic, a minor amount of primary Si, h-Al2Cu phase,
Q-Al5Cu2Mg8Si6 phase, and p-Al8Mg3FeSi6 phase. In the
final solidification zone of an alloy with a Zn content
greater than 2%, a Zn-rich granular phase is observed.
With an increase in Zn content, the size of the Si phase
decreases and the number of h-Al2Cu phase decreases. Zn
slightly raises the formation temperature of primary Si,

decreases the (a-Al ? Si) eutectic transition temperature,
and significantly decreases the formation temperatures of
h-Al2Cu and Q-Al5Cu2Mg8Si6 phases. The yield strength
and hardness of the as-cast alloy raise with increasing Zn
content, whereas the elongation decreases and the tensile
strength first increases and then decreases slightly. The
tensile strength is the greatest when the weight percentage
of Zn is 2wt%. After T6 treatment, the tensile strength,
yield strength, and hardness of the alloy rise in proportion
to the alloy’s Zn content, and its resistance to wear is
greatly enhanced.

Keywords: Al-Si-Zn-Cu-Mg alloy, microstructure,
alloy properties

Introduction

Al-Si cast alloys have the advantages of good casting

performance, good wear resistance and low linear expan-

sion rate.1–4 After adding Cu, Mg and other elements, they

can be strengthened by heat treatment to achieve greater

strength. They are utilized extensively in the automobile,

manufacturing, aerospace and other industrial areas.5–7 Zn

is an important strengthening element in some aluminum

alloy materials. Zn can be dissolved in a-Al and play a

certain solid solution strengthening role.8 Zn forms a

strengthening phase in the multi-element alloy with Cu, Mg

and other elements, which can significantly improve the

strength of aluminum alloy.9 However, studies on the role

of Zn in the Al-Si-Cu-Mg alloy are limited.10–12 Zhang

et al. investigated the influence of Zn on the microstructure

and properties of cast Al-Si-Cu-Mg alloy, and found that

Zn can improve the aging hardness of the alloy, but when

the Zn content exceeds 1wt%, the hardness drops.13 Nemri

et al. studied the effect of Zn on the microstructure and

mechanical properties of the Al-11Si-2Cu-0.1Mg alloy.14 It

was found that Zn had no effect on the dendrite structure

and eutectic Si morphology of the as-cast alloy. When Zn

was added at a 0.4 wt% weight percent, the strength was

reduced. When the amount of Zn added was between 1.5

wt% and 3.11 wt%, the effect on mechanical properties

was insignificant. Y Alemdag et al. discovered that Zn

promoted the increase of the Si phase in the Al-12Si-3Cu

alloy, and Zn content less than 2 wt% enhanced the

mechanical properties and wear resistance of the alloy.15

There is little research on the influence of Zn content on

eutectic Al-Si-Cu-Mg cast alloy, although Zn has been

studied as a strengthening element in Al-Si-Cu-Mg alloy.

In addition, the EN AC-AlSi12CuNiMg cast aluminum

alloy in the European standard EN 1706 shows high

strength and wear resistance as a piston material for

internal combustion engines. However, Ni element is a

costly additive element to improve high temperature
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performance, so Zn element is expected to be a potential

alternative reinforcement element. The purpose of this

research is to investigate the effect of Zn content on the

microstructure and properties of Al-12.5Si-2Cu-Mg alloy

in order to develop cast aluminum alloy materials with high

strength and high wear resistance.

Experimental Details

Al-12.5Si-2Cu-Mg-(0-4) Zn alloy was prepared by melting

Al-7Si alloy in a crucible at 700 �C. When the alloy was

molten, crystalline silicon and electrolytic copper were

added, and the crystalline silicon was completely pressed

into the aluminum liquid to ensure complete dissolving.

And then, pure magnesium was dipped into the aluminum

liquid and stirred carefully to melt it. When the charge is

entirely melted, the temperature is raised to 780�C for 30

minutes, and the 0.4 wt% Cu-9P is added. After the treat-

ment, the temperature of the liquid alloy was lowered to

750�C and 1.2 wt% MnCl2 was added as a refining agent.

Lastly, the aluminum sodium-free slag agent was applied to

the surface of the molten aluminum. After 10-15 minutes

of stirring and standing, the slag was removed to obtain the

aluminum alloy melt. The metal mold (displayed in Fig-

ure 1a) samples were prepared when the metal mold’s

preheating temperature was 240�C ± 5�C, and its pouring

temperature was 750�C ± 5�C. The alloy’s cooling curve

was recorded using the sample cup for thermal analysis

depicted in Figure 1b. The samples were heat-treated by

the T6 process. After 8 hours of solution treatment at

510�C, the samples were immediately quenched in water at

20 ± 5�C, aged for 4 hours at 170�C, and then cooled in a

furnace.

The composition of the alloy was examined using a spec-

trometer with direct reading. For microstructure observa-

tion, the same position of alloy samples with varied

compositions was used. The samples were polished with

sandpaper ranging from 180 to 2000 grit. After washing,

they were etched for approximately 7 seconds in a 0.5 wt%

HF alcohol solution. The optical microscope was used to

characterize the metallographic structure, while the JSM-

6510LV field emission scanning electron microscope

(SEM) was used to analyze the fracture morphology,

microstructure, and energy spectrum. Image Pro Plus (IPP)

software is utilized to measure the average size of the Si

phase in the alloy structure. A DX-2700 Cu target X-ray

diffractometer was utilized for phase analysis with the

sample having the dimensions of 10x10x5mm after

grinding and leveling. The scanning range was from 10� to

90�, while the scanning speed was 0.02 �/s. Brinell hard-

ness was measured by Brinell hardness tester with a u5

mm indenter, 250 kg applied load, and 30s holding time.

The average hardness value of 5 points on each sample was

taken as the material hardness value. As depicted in Fig-

ure 2, the as-cast metal mold sample was utilized for the

tensile test according to the national standard GB/T

1173-2013. The loading speed on the universal testing

machine was 0.2 mm/s. As the test result for each condi-

tion, the mean value of the three samples was picked, and

the elongation of the tensile sample was calculated by

measuring the gauge length of the broken sample.

The wear resistance test was conducted using the MMX-3G

multifunctional friction and wear tester. The disk-pin

grinding method was applied. The material of the grinding

disk was quenched 45 steel with a size of u31.7 mm x10

mm. The Al-12.5Si-2Cu-Mg- (0-4) Zn alloy, after T6 heat

treatment, was machined into a pin of u4.8 mm x 12.7 mm.

Figure 1. Schematic diagram of metal die section (a) and sample cup for thermal
analysis (b).
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The test was performed under dry friction conditions with a

30N load, 200 r/min rotational speed, and 60min friction

time. After ultrasonic cleaning, the measured sample was

weighed to calculate the weight loss of the sample during

the wear process, and the SEM was used to characterize the

surface of the wear sample.

Experimental Results

After spectral analysis, the chemical composition of as-cast

Al-12.5Si-2Cu-Mg- (0-4) Zn alloys is shown in Table 1. It

can be seen that the as-cast alloy’s composition is basically

consistent with the design composition.

Effect of Zn Content on the Microstructure
of Al-12.5Si-2Cu-Mg- (0-4) Zn Alloy

Figure 3 depicts the metallographic structure of alloys with

varying Zn content. The microstructure of alloys with

varying Zn contents is composed of a-Al, short-flake

eutectic Si, and fine-block primary Si phase, as depicted in

the picture. There is no obvious a-Al dendrite and the Si

phase is evenly distributed. However, with the increase of

Zn content in the alloy, the proportion of primary Si phase

increases.

Al-Si-Cu-Mg alloy phase composition contains in addition

to a-Al and Si, but also the existence of h-Al2Cu phase,

Q-Al5Cu2Mg8Si6 phase and iron-rich phase p-Al8Mg3FeSi6
compound phase.4 Because these compound phase sizes

are not displayed in the optical metallographic photograph,

which will be discussed later.

Effect of Zn on Si Phase in Alloy

The grain size of the Si phase in the alloy was measured by

IPP software, and the results are depicted in Figure 4. The

results indicate that the size of the Si phase in the alloy

without Zn addition is large, mainly concentrated in the

region of 30 to 45 lm, and the average size of the Si phase

is 37.5 lm. With the increase of Zn content, the Si phase in

the alloy becomes more refined. When the addition amount

is 2 wt%, the average size of the eutectic silicon phase Si

phase is reduced to 29.5 lm, the Zn content in the alloy

increases, and there is no noticeable refinement of the Si

phase.

Compound Phase in Alloy

Figure 5 shows the XRD pattern of Al-12.5Si-2Cu-1Mg,

Al-12.5Si-2Zn-2Cu-1Mg and Al-12.5Si-4Zn-2Cu-1Mg

alloys. It can be observed that the diffraction peaks of the

three alloys correspond to the three phases of a-Al, Si and

h-Al2Cu and are absolutely similar.

Figure 6 shows the SEM images of as-cast alloy samples

with different Zn contents, as well as surface scanning

images of EDS elements. It can be evidenced that com-

pared with the addition of Zn element, the Si, Mg and Cu

elements in the as-cast structure have enrichment regions,

while the distribution of Zn element is relatively uniform,

and there is no obvious enrichment phenomenon, which

indicates that there are compound phases formed by Si, Mg

Figure 2. Illustration of a tensile specimen.

Table 1. The Measured Composition of Alloys with Dif-
ferent Zn Content (Mass Fraction/%)

Item Si Cu Mg Zn Mn Fe Al

Al-12.5Si-
2Cu-1Mg

12.39 1.92 0.97 – 0.26 0.09 Bal.

Al-12.5Si-
1Zn-2Cu-
1Mg

12.31 1.95 0.95 0.96 0.26 0.10 Bal.

Al-12.5Si-
2Zn-2Cu-
1Mg

12.34 1.94 0.97 1.93 0.26 0.09 Bal.

Al-12.5Si-
3Zn-2Cu-
1Mg

12.31 2.00 0.94 3.01 0.26 0.09 Bal.

Al-12.5Si-
4Zn-2Cu-
1Mg

12.41 1.96 0.99 4.04 0.26 0.08 Bal.
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and Cu in the alloy. According to Reference, the Al-Si-Cu-

Mg alloy’s phase composition consists mainly of a-Al, a-

Al ? Si eutectic structure, primary Si phase, h-Al2Cu

phase, Q-Al5Cu2Mg8Si6 phase and iron-rich phase p-

Al8Mg3FeSi6 phase.4 This is inconsistent with the results of

the XRD pattern, and more scanning electron microscopy

analysis is required.

The enrichment regions of Si, Mg and Cu in Figure 6 (a),

(b) and (d) were quantitatively characterized by EDS, and

the phases were deduced based on the atomic ratio. The

results are listed in Table 2. The primary compound phases

of Al-12.5Si-2Cu-1Mg alloy include h-Al2Cu phase,

Q-Al5Cu2Mg8Si6 phase and the iron-rich phase p-

Al8Mg3FeSi6, among which the bright white lamellar

Figure 3. Metallographic structure of alloys with different Zn content (a) Al-12.5Si-2Cu-1Mg; (b) Al-
12.5Si-1Zn-2Cu-1Mg; (c) Al-12.5Si-2Zn-2Cu-1Mg; (d) Al-12.5Si-3Zn-2Cu-1Mg; (e) Al-12.5Si-4Zn-2Cu-
1Mg.

Figure 4. Grain size distribution and average size of the Si phase in alloys with different Zn content: (a) Al-12.5Si-
2Cu-1Mg; (b) Al-12.5Si-1Zn-2Cu-1Mg; (c) Al-12.5Si-2Zn-2Cu-1Mg; (d) Al-12.5Si-3Zn-2Cu-1Mg; (e) Al-12.5Si-4Zn-2Cu-
1Mg; (f) average size of Si phase.
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copper-rich phase is h-Al2Cu phase. The Mg-rich phase in

the alloy is the Q-Al5Cu2Mg8Si6 phase, and no Mg2Si

phase is found, indicating that the Mg element in the alloy

mostly forms the Q-Al5Cu2Mg8Si6 phase, which may be a

result of the high Cu/Mg ratio in the alloy. Reference5 has

pointed out that Mg2Si in Al-Si-Mg-Cu alloys decreases

with the increase of Cu content, and the Mg2Si phase

disappears after the Cu content reaches a certain value; the

Chinese-script-like iron-rich phase is p-Al8Mg3FeSi6,

which is less damaging to the alloy than the acicular b-Fe

phase commonly observed in cast aluminum alloys.

Similar to the alloy without Zn, the main compounds in the

alloy with Zn are still h-Al2Cu phase, Q-Al5Cu2Mg8Si6
phase and p-Al8Mg3FeSi6 phase. Compare to the

microstructures in Figure 6 (a) and (b), the morphology of

the Q-Al5Cu2Mg8Si6 phase in the alloy containing 2 wt%

Zn changes from flake to fishbone when compared to the

morphology of the phase in the alloy without Zn. The p-

Al8Mg3FeSi6 phase contains a minor amount of Mn and

changes from Chinese script to strip shape.

In addition, as shown in Figure 7, as the Zn content

increases to 4 wt%, the copper-rich phase h-Al2Cu trans-

forms from lamellar to irregular small flakes, the phase size

reduces, and granular particles appear in the surrounding

area.

Effect of Zn Content on Mechanical Properties

As-cast Mechanical Properties

The hardness and mechanical properties of the as-cast Al-

12.5Si-xZn-2Cu-1Mg alloy are shown in Figure 8. Without

Zn, the as-cast tensile strength of the alloy is 218 MPa.

Tensile strength increases initially and then decreases as Zn

content in the alloy increases. The maximum tensile

strength of the as-cast 2 % Zn alloy is 235 MPa. The

Figure 5. XRD patterns of different alloys (a) Al-12.5Si-
2Cu-1Mg; (b) Al-12.5Si-2Zn-2Cu-1Mg; (c) Al-12.5Si-4Zn-
2Cu-1Mg.

Figure 6. SEM morphology and EDS scanning analysis of different alloys: (a) Al-12.5Si-2Cu-1Mg;
(b) Al-12.5Si-2Zn-2Cu-1Mg; (c) Al-12.5Si-3Zn-2Cu-1Mg; (d) Al-12.5Si-4Zn-2Cu-1Mg.
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alloy’s yield strength and hardness increase as its Zn

content rises. Without Zn, the alloy’s yield strength and

hardness are 142.7 MPa and 90.5 HB, respectively. With a

4 % Zn addition, the alloy’s yield strength and hardness

increase to 163.2 MPa and 103.0 HB, respectively. The

elongation of the alloy reduces as the proportion of zinc

increases. In conclusion, the effect of Zn on the mechanical

properties of as-cast Al-12.5Si-xZn-2Cu-1Mg alloy can

improve the alloy’s strength but decrease its plasticity.

T6 Heat-Treated Mechanical Properties

The hardness and mechanical properties of Al-12.5Si-xZn-

2Cu-1Mg alloy after T6 treatment are shown in Figure 9.

The figure demonstrates that the tensile strength of the Al-

12.5Si-xZn-2Cu-1Mg alloy is greatly enhanced after heat

treatment compared to the as-cast tensile strength, and that

the tensile strength of the alloy after T6 treatment increases

with the increase of Zn content in the alloy. After T6

treatment, the alloy with a 4 wt% Zn addition has a yield

strength of 378 MPa and a Brinell hardness of 145 HB. The

elongation of the alloy after heat treatment is not signifi-

cantly higher than that of the as-cast alloy, and the elon-

gation decreases as the Zn content of the alloy increases.

Friction and Wear Properties

The friction and wear tests of Al-12.5Si-xZn-2Cu-1Mg

alloy with different Zn contents were conducted after T6

heat treatment, and the wear resistance was compared to

that of ENAC-AlSi12CuNiMg alloy.16 Figure 10 shows the

wear amounts and steady-state average friction coefficients

of Al-12.5Si-xZn-2Cu-1Mg alloy and ENAC-AlSi12Cu-

NiMg alloy. According to the graph, the mass loss of Al-

12.5Si-xZn-2Cu-1Mg alloy during wear reduces as the Zn

Table 2. Results of Quantitative EDS Analyses of Phases in Figure 6 (a), (b) and (c)

No. Element (Atom Fraction%) Phase

Al Si Cu Mg Fe Mn Zn

Cu-rich phase in (a) 64.11 4.24 31.65 – – – – h-Al2Cu

Mg-rich phase in (a) 46.98 22.67 9.21 21.15 – – – Q-Al5Cu2Mg8Si6

Fe-rich phase in (a) 69.43 17.33 0.81 9.27 2.94 0.23 – p-Al8Mg3FeSi6

Cu-rich phase in (b) 64.46 4.05 31.49 – – – – h-Al2Cu

Mg-rich phase in (b) 46.98 22.67 9.21 21.15 – – – Q-Al5Cu2Mg8Si6

Fe-rich phase in (b) 70.84 16.19 0.49 9.21 2.68 0.59 – p-Al8Mg3FeSi6

Cu-rich phase in (d) 66.24 1.41 32.35 – – – – h-Al2Cu

Mg-rich phase in (d) 18.02 22.67 10.59 39.49 – – 0.77 Q-Al5Cu2Mg8Si6

Figure 7. Morphology of h-Al2Cu in a high Zn content alloy: (a) Al-12.5Si-3Zn-2Cu-
1Mg; (b) Al-12.5Si-4Zn-2Cu-1Mg.

Figure 8. Hardness and mechanical properties of as-
cast Al-12.5Si-xZn-2Cu-1Mg alloy.
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content of the alloy increases. The wear amount of the

alloy without Zn element during wear is 8.3 mg. When the

Zn content in the alloy is increased to 3 wt%, the wear

amount of the alloy reduces to 6 mg, which is less than the

ENAC-AlSi12CuNiMg alloy. In addition, as Zn content

increases, the friction coefficient of Al-12.5Si-xZn-2Cu-

1Mg alloy drops. The friction coefficient of the alloy

containing 3 wt% Zn is comparable to that of the EN AC-

AlSi12CuNiMg alloy.

Discussion

Analysis of the Solidification Process
and Mechanism of Microstructure Formation

Figure 11 shows the cooling curve of the Al-12.5Si-2Cu-

1Mg alloy and the first differential curve that corresponds

to it after computer processing. Based on the change rule of

the first differential curve, the characteristic points and

values on the cooling curve are determined and extracted.

As shown in Figure 11, the differential curve of the alloy

exhibits four distinct peaks. Table 3 displays the temper-

atures corresponding to the four peaks on the cooling

curve. The table also lists the temperature value and tem-

perature gap corresponding to the second characteristic

peak when the rate of change is 0. The first peak on the

differential curve corresponds to the precipitation of pri-

mary Si; the second peak corresponds to the a-Al?Si

eutectic transformation, as determined by the results of

phase and microstructure investigation of the alloy. The

eutectic transformation is the main transformation of Al-

12.5Si-xZn-2Cu-1Mg alloy solidification. The transforma-

tion process releases a large amount of latent heat of

crystallization, causing the temperature to rise, that is, the

recalescence phenomenon. The third and fourth peaks

Figure 9. Hardness and mechanical properties of a heat-
treated Al-12.5Si-xZn-2Cu-1Mg alloy.

Figure 10. Friction and wear properties of different
alloys.

Table 3. Characteristic Point Temperature of Al-12.5Si-xZn-2Cu-1Mg Alloy

Item T1/�C T2/�C T3/�C T4/�C Tmin/�C Tmax/�C 4T/�C

Al-12.5Si-2Cu-1Mg 565.9 566.6 536.5 494.4 564.6 569.2 4.6

Al-12.5Si-1Zn-2Cu-1Mg 566.2 565.2 530.1 490.8 564.2 568.3 4.1

Al-12.5Si-2Zn-2Cu-1Mg 566.8 564.5 524.1 485.9 563.9 567.8 3.9

Al-12.5Si-3Zn-2Cu-1Mg 567.3 563.2 519.3 471.2 562.3 567.5 3.2

Al-12.5Si-4Zn-2Cu-1Mg 568.7 562.4 512.5 464.3 561.6 564.5 2.9

Figure 11. Cooling curves and first order differential
curves of Al-12.5Si-2Cu-1Mg alloy
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represent the transition of alloying elements into a com-

pound phase in the alloy.

The solidification structure of the as-cast Al-12.5Si-2Cu-

1Mg alloy is mainly composed of a-Al dendrites, a-Al ?

Si eutectic structure, block primary Si and h-Al2Cu phase

according to XRD results. Zn and its compounds are not

observed in the microstructure and XRD results of the alloy

after adding Zn, indicating that Zn promotes the solid

solution of Zn in the aluminum matrix due to its high

solubility in a-Al, which is consistent with the results of Zn

element surface scanning. In the experiment, P modifier

can form AlP with a comparable crystal structure to Si with

Al, which can be employed as the nucleation core to pro-

mote the non-spontaneous nucleation of the Si phase. The

results shown in Table 3 shows that the growth temperature

of the primary Si phase increases to 568.7 �C and the

intensity of the peak on the corresponding differential

curve increases with the increase of Zn content in the alloy.

This indicates that the primary Si phase increases with the

increase of Zn content in the alloy. In addition, the eutectic

transition temperature decreases by 4.4 �C as the Zn con-

tent of the alloy increases, which is consistent with the

results of the Al-Si-Zn phase diagram17, and the difference

T between the maximum temperature Tmax and the min-

imum temperature Tmin of the eutectic decreases as the Zn

content of the alloy increases. Zhang et al. hypothesized

that the eutectic Si phase tends to grow in the {111} Si

direction, and that Zn limits the growth of the eutectic Si on

the {111} Si surface, forcing the eutectic Si to shift its

stacking and therefore inhibiting its growth.18

In the alloy composition design, a Cu/Mg mass ratio of 2

was adopted, which not only prevents the formation of the

Mg2Si phase by the Mg element, but also guarantees the

simultaneous formation of h-Al2Cu phase and

Q-Al5Cu2Mg8Si6 phase.5,19 According to the results of

phase analysis, the alloy contains less p-Al8Mg3FeSi6
phase. Based on the results and conclusion in previous

references4,20, the third peak (T3) corresponds to the

reaction being L ? Q-Al5Cu2Mg8Si6, and the fourth peak

(T4) corresponds to the reaction being mainly L ? a-Al ?

Si ? h-Al2Cu. T3 and T4 transition temperatures decrease

dramatically with increasing Zn content in the alloy,

demonstrating that Zn decreases the phase formation tem-

perature of h-Al2Cu phase and Q-Al5Cu2Mg8Si6. In addi-

tion, the intensity of the third peak on the differential curve

increases with the increase of Zn content in the alloy, while

the intensity of the fourth peak decreases with the increase

of Zn content, indicating that Zn has the effect of pro-

moting the formation of the Q-Al5Cu2Mg8Si6 phase, and

the increase in the formation of the Q-Al5Cu2Mg8Si6 phase

will reduce the Cu content in the residual liquid phase,

leading to the decrease of Cu element through the ternary

eutectic reaction to form h-Al2Cu, which is also consistent

with the previous results that the h-Al2Cu phase decreases

with the increase of Zn content in the alloy.

In conclusion, the analysis of the solidification process of

the Al-12.5Si-xZn-2Cu-1Mg alloy reveals the formation

process of the microstructure during the solidification

process of the Al-12.5Si-xZn-2Cu-1Mg alloy:

L?L1? primary Si

L2?L3? p-Al8Mg3FeSi6

L3?L4? a-Al ? eutectic Si

L4?L5? Q-Al5Cu2Mg8Si6

L5?a-Al? Si? h-Al2Cu

The Al-12.5Si-xZn-2Cu-1Mg alloy microstructure forma-

tion is significantly influenced by the Zn content.

Effect of Zn Content on Mechanical Properties
and Wear Resistance of Al-Si-Zn-Cu-Mg Alloy

As shown in Figure 8, as the Zn concentration of the Al-

12.5Si-xZn-2Cu-1Mg alloy increases, the tensile strength

initially increases and then drops, the yield strength and

hardness increase, and the elongation decreases. Tensile

strength is the greatest when the zinc content is 2 wt%.

With a Zn level of 4 wt%, Brinell hardness is at its max-

imum. According to the above microstructure and XRD

analysis results, this is mainly attributed to the solid solu-

tion strengthening effect caused by Zn dissolution in a-Al,

the refinement effect of Zn on the Si phase in Al-12.5Si-

xZn-2Cu-1Mg alloy, and the reduction in the bulk ternary

eutectic h-Al2Cu phase, all of which are advantageous for

enhancing the strength and hardness of the alloy. With

increasing Zn content, however, the tensile strength of the

Al-12.5Si-xZn-2Cu-1Mg alloy first increases and subse-

quently drops. When the alloy’s Zn level hits 2 wt%, its

tensile strength reaches its maximum value. As the Zn

content of an alloy increases, its tensile strength reduces,

which may be due to the precipitation of granular Zn-rich

phases within the alloy structure. As Zn content increases,

the plasticity of the alloy decreases.

The wear surface analysis of the alloy without Zn and with

3 wt% Zn reveals that the wear mechanism includes both

adhesive wear and abrasive wear, but the two alloys are

distinct in certain respects. Without Zn, the alloy has many

adhesive tear pits and severe adhesive wear. The alloy with

3 wt% Zn exhibits reduced adhesive tearing pits and pre-

dominantly abrasive wear.12 Due to the solid solution

strengthening effect of Zn on a-Al and the improvement in

Si phase size and morphology, an increase in Zn content in

the alloy can improve its wear resistance and reduce its

friction coefficient.
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Conclusion

(1) The as-cast microstructure of Al-12.5Si-xZn-

2Cu-1Mg is composed of a small quantity of

primary Si, a-Al ? eutectic Si, h-Al2Cu phase,

Q-Al5Cu2Mg8Si6 phase and a small amount of

p-Al8Mg3FeSi6 phase. In the alloy with a high

Zn content, the final solidification zone precip-

itates a granular Zn-rich phase. Zn influences the

size and quantity of the Si phases in the

microstructure of the as-cast Al-12.5Si-xZn-

2Cu-1Mg alloy. With an increase in the alloy’s

Zn content, the size of Si phase decreases and

the amount of primary silicon increases slightly.

The h-Al2Cu phase decreases as the Zn content

increases.

(2) The as-cast tensile strength of the Al-12.5Si-

xZn-2Cu-1Mg alloy increases initially and then

decreases as the Zn content in the alloy

increases. The 2 wt% Zn alloy has a maximum

tensile strength of 235 MPa. The yield strength

and hardness of the alloy are enhanced with an

increase in the alloy’s Zn content, but the alloy’s

elongation decreases. After T6 heat treatment,

the tensile strength, yield strength and hardness

increase with the increase of Zn content in the

alloy, but the alloy’s elongation shows an

opposite trend. The addition of Zn improves

the alloy’s strength and reduces its ductility.

(3) The wear resistance of the Al-12.5Si-xZn-2Cu-

1Mg alloy increases as the alloy’s Zn content

increases. The friction coefficient and mass loss

of the alloy decrease as the proportion of zinc

increases.

(4) Zn slightly increases the formation temperature

of primary Si in Al-12.5Si-xZn-2Cu-1Mg alloy,

decreases the eutectic reaction temperature of a-

Al ? eutectic Si, and greatly reduces the

formation temperature of h-Al2Cu phase and

Q-Al5Cu2Mg8Si6 phase. Zn promotes the for-

mation of Q-Al5Cu2Mg8Si6 phase and reduces

the precipitation of h-Al2Cu.
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