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Abstract: Zamak 3 is a zinc-aluminum alloy with a composition of 3.7-4.3 %Al, <0.05 % Cu, 0.02-0.06 % Mg, rest is Zn. It is well suited 

for pressure die casting and it results in sufficient mechanical properties and a good surface finish. Zamak 3 is utilized in applications 

automotive industry, household appliances, in structural applications of buildings, etc. It was reported in literatüre that the mechanical 

properties of the zamak alloys deteriorate in time at room temperature.  In the present study, this effect was investigated by artificial aging of 

zamak 3 alloy. 

Zamak 3 samples were produced by cutting and melting of Zamak 3 ingots at 500 oC, and casting into steel molds. Aging experiments 

were conducted by keeping the Zamak 3 samples in a muffle furnace for 24 h at temperatures of 85 oC, 105 oC and 130 oC. Optical and 

scanning electron microscopy was employed for investigating the microstructure of the samples. Hardness values of the samples were 

measured by a Brinell hardness tester. A universal testing machine was used for conduction three point bending tests of the samples. It was 

found that both hardness and bending strength of Zamak 3 alloy decreased with increasing aging temperature. Hardness and strength values 

of Zamak 3 were 89 HB10 and 490MPa, respectively. After aging at 130 oC hardness and strength values were found to fall to 75 Brinell 10 

and 415 MPa, respectively. 
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1. Introduction 

Most of the zinc alloys are appropriate for pressure die casting 

due to their low melting point and good castability. Zamak 3 is a 

member of the zinc-aluminum alloy family. The composition of 

Zamak 3 is 3.7-4.3 %Al, <0.05 % Cu, 0.02-0.06 % Mg and rest is 

Zn. As compared to Zamak alloys that contain higher amount of 

coppler, such as Zamak 5, Zamak 3 exhibits lower hardness and 

strength, whereas it has higher ductility and toughness [1-3]. 

Zamak 3 presents adequate mechanical properties and a good 

surface finish of the as cast products. It is meets the requirements 

for use in frames and handles and other parts of PVC window 

systems, machine parts, automotive engine parts, household 

appliances [1,4]. 

It was reported in literature that the mechanical properties of the 

zamak alloys deteriorate in time at room temperature [5,6].  It was 

also stated that 24 h aging at 105 oC results in the changes in the 

properties of the zamak alloy that would take place in 1 year at 

room temperature [5,6]. In the present study, this effect was 

investigated by artificial aging of Zamak 3 alloy. 

2. Experimental Procedure 

Melting of the Zamak 3 samples prior to casting were 

conducted in a clay bonded graphite crucible, in a muffle furnace at 

500 oC, after cutting pieces from Zamak 3 ingots. 

After melting, samples having the dimensions and geometry for 

for 3-point bending tests were cast in permanent steel molds.  

Aging experiments were conducted by keeping the Zamak 3 

samples in a muffle furnace for 24 h at temperatures of 85 oC, 105 
oC and 130 oC.  These temperatures and durations were selected 

according to the literature. 

Unaged and aged samples were subjected to microstructural 

examinations with an optical microscope (Nicon Eclipse, LV150) 

and scanning electron microscope. Before that, samples were 

subjected to metallographic surface preparation. After cutting the 

samples they were lapped on emery paper having 600, 1200, 3000 

and 4000 grit. Final polishing was performed with 1 micron 

polycrystalline diamond paste. 

Samples having 25 mm span length, 6 mm thickness and 12 mm 

width were used for 3-point bending tests. These tests were 

conducted with a universal mechanical testing machine (Shimadzu 

AG-IC, 50 kN). 

A Brinell hardness tester was utilized for hardness tests. Brinell 

10 scale was used in the hardness measurements. Tests were 

conducted with a 2.5 mm carbide ball and 62.5 kg load. 

3. Results and Discussion 

Optical micrographs of the unaged sample and samples aged at 

85, 105 and 130 oC are presented in Fig. 1. The white globular 

grains in these micrographs are the alpha phase, which is rich in 

zinc. They are formed before the eutectic transformation, in the Zn-

Al phase diagram. In the eutectic transformation, beta+eta forms. 

The gray regions are alpha+eta phase mixtures, which are formed 

by the eutectoid transformation. Alpha phase is rich in aluminum. 

The beta phase in the eutectic beta+eta, transform into alpha+eta in 

the eutectic transformation. Therefore, at room temperature, eta + 

alpha phases are present. 

Amounts or morphology of the phases did not present a 

noticeable change after aging at different temperatures. There are 

some differences in the contrast of the alpha phase, due to etching 

process. 
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(b) 

 
(c) 

 
(d) 

 
Fig. 1 Optical microscope images Zamak 3 alloy samples after (a) casting, 

(b) aging at 85 oC, (d) aging at 105 oC, (d) aging at 130 oC for 24 h. 

 

SEM micrographs of the unaged sample and sample aged at 105 
oC for 24 h are presented in Fig.2. In higher magnification than the 

optical micrographs, eta+alpha phase layers in the eutectic 

formation can be visualized in more detail in the SEM micrographs. 

 

(a) 

 

(b) 

 
Fig. 2 SEM images Zamak 3 alloy samples after (a) casting, (b) aging at 
105 oC for 24 h. 

 

Aging temperatures, and hardness, bending strength and 

bending strain values of the samples according to aging temperature 

are given in Table 1. The changes of these properties are presented 

in the following figures. 

 

Table 1: Aging temperatures, and hardness, bending strength and bending 
strain values of the samples according to aging temperature. 

 Aging Temperature (oC) 

 Unaged 85 105 130 

Hardness 

(HB10) 
88.7 85.1 79.1 75.4 

Bending 

strength 

(MPa) 

490.4 459.7 454.7 414.1 

Bending 

strain 
4.8 4.5 5.7 5.0 

 

Change in the hardness of Zamak 3 alloy samples is presented 

in Fig. 3 as a function of aging temperature. Hardness of the unaged 

sample was 88.7 HB10. Hardness was seen to decrease with the 

increase in the aging temperature. Hardness of the Zamak 3 sample 

which was aged at 130 oC for 24 h was 75.4 HB10. 

 

 

Fig. 3 Hardness values of Zamak 3 alloy samples as a function of aging 
temperature. 

 

Change in the bending strength of Zamak 3 alloy samples is 

presented in Fig. 4 as a function of aging temperature. Bending 

strength of the unaged sample was 490.4 MPa. Bending strength 

was seen to decrease with the increase in the aging temperature. 

Strength of the Zamak 3 sample which was aged at 130 oC for 24 h 

was 414.1 MPa. 
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Fig. 4 Bending strength values of Zamak 3 alloy samples as a function of 

aging temperature. 

 

Change in the three point bending strain values of Zamak 3 

alloy samples is presented in Table 1 as a function of aging 

temperature. It was seen that the strain values were in 4.8-5.7. 

Strain values were seen not to be dependent on the aging 

temperature. 

4. Conclusion  

It was found that both hardness and bending strength of Zamak 

3 alloy decreased with increasing aging temperature. Hardness and 

strength values of Zamak 3 were 89 HB10 and 490 MPa, 

respectively. After aging at 130 oC hardness and strength values 

were found to fall to 75 Brinell 10 and 415 MPa, respectively. 

The high hardness of the unaged Zamak 3 samples was 

attributed to the presence of regions that contain elements higher 

than the equilibrium composition, due to the effect of fast cooling 

during casting. The decrease in hardness and bending strength of 

the Zamak 3 samples a result of aging may be attributed to the 

elimination of the regions that contain elements above the limit, by 

diffusion during aging. 

  

Acknowledgements 

Authors are grateful to Akdeniz University Research Projects 

Coordination Unit for supporting this study with project number 

FYL 2018-3682. 

 

References 

1. Goodwin, EF and Pnikvar, AL.,. Engineering Properties of Zinc 

Alloys. Third Edition-Revised U.S.A: International Lead Zinc 

Research Organization, pp.111 (1989). 

 2. ASTM B 86 Standard Specification for Zinc and Zinc-

Aluminum (ZA) Alloy Foundry and Die Castings (2018) 

3. Wu Z, Sandlöbes S, Wu L, Hu W, Gottsteın G, Korte-Kerzel S.,. 

Mechanical behaviour of Zn–Al–Cu–Mg alloys: Deformation 

mechanisms of as-cast microstructures. Materials Science and 

Engineering: A, 651 (2016) 675-687.  

4. Campbell J., Casting alloys, in: Complete Casting Handbook. 

Oxford: Butterworth Heinemann, pp.255-390 (2011). 

5. Goodwin, F. E., Leis, W. and Kallien, L.. Ageing Properties of 

Zinc Alloys. NADCA Congress, Columbus, OH. (2011). 

6. Kallien LH., and Leis W., Ageing of Zink Alloys, International 

Foundry Research 64 (2011) 1-23. 

 

 

 

369

INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS." WEB ISSN 1314-507X; PRINT ISSN 1313-0226

YEAR XIII, ISSUE 8, P.P. 367-369 (2019)




