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Abstract: In this paper, the effect of die bearing parameters (die bearing length and die reduction ratio) on corrosion 

response of extruded Al-Zn-Mg alloy was investigated. The alloy was target material for production of automobile bumper 

beams. Medium carbon steel dies with entry angles of 750, 900, 1050, 1200, 1500 and reduction ratios of 0.21, 0.40, 0.48 and 

0.62 were used to extrude the alloy at temperature of 5000C. The extruded samples were subjected to electrochemical 

corrosion using Tafel polarization technique. The potential dynamic polarization curves indicated improvement in the corrosion 

resistance of the extruded alloy, and the corrosion rate under extruded condition increased with increase in both die angle and 

reduction ratio. It was concluded that the Al-Zn-Mg alloy is suitable for the target application. 
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1. Introduction 

Corrosion, an inevitable problem faced in almost all 

industries, can be considered as one of the worst technical 

calamity of our time. Besides direct loss in dollars, corrosion 

is a serious problem because it definitely contributes to the 

depletion of our natural resources, and corrosion studies have 

also become important due to increasing awareness of the 

need to conserve the world’s metal resources [1]. Corrosion 

studies of aluminium and alloys have continued to receive 

considerable attention by researchers because of their 

technological importance and industrial applications. Due to 

their attractive properties, such as low density, high strength, 

ductility, toughness and resistance to fatigue, Al-Zn-Mg-Cu 

alloys have been widely used as structural materials. 

However, Al-Zn-Mg-Cu alloys have low corrosion resistance 

and are susceptible to local corrosion, like pitting, inter-

granular corrosion (IGC), exfoliation corrosion (EXCO) and 

stress corrosion cracking (SCC) [2]. A major corrosion issue 

with aluminium is the localized breakdown of the passive 

film, which leads to the induction and growing of corrosion 

cavities in chloride containing environments. New heat 

treatments of the Al-Zn-Mg-Cu alloys can improve the 

corrosion resistance, optimum mechanical properties which 

change the microstructure of the alloy in order to obtain the 

desired properties [3]. For applications involving welding 

fabrication, Al-Zn-Mg alloys have the advantage in their 

ability to age-harden at room temperature to obtain very high 

weld strength and efficiency [4]. Whereas mechanical 

properties may be improved through increase of alloying 

element concentrations followed by precipitation, such 

procedures frequently increase susceptibility of the alloy to 

localized corrosion. This is usually due to an increased 

volume fraction of second phase precipitates. However, 

traditional metallurgical approaches are restricted through the 

limited solubility of many of the principal alloying elements, 

including Zr, Sc, Ti, Ni, etc, in the aluminium matrix. Several 

studies have reported that this limitation could be overcome 

with the use of technologies which provide much higher 

solubility, refined microstructures, reduced segregation and 

eliminate coarsely precipitated intermetallic. Such processes 

vary from the widely used chromate treatment to rare earth 

metal salts dip treatment [5 - 8]. In recent years, much 

research has been carried out to search for more 

environmentally acceptable processes instead of chromate 

treatment in surface modification process of magnesium 

alloys. Microstructure improvement can be improved by 
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powder compacting and mechanical forming processes to 

obtain improved microstructures with grain size up to 1–1.5 l 

m [7]. Other studies [10 – 13] have also shown that extrusion 

flow conditions, owing to varying die bearing parameters, are 

affected by the die geometry, and this also affects the 

resulting microstructure and corrosion resistance of the 

extruded metal. Optimization of die bearing parameters is 

therefore very important as it directly affects among other 

parameters surface finish and corrosion resistance of the 

extruded products. 

In this paper the effects extrusion die bearing parameters 

on Al-Zn-Mg alloy in stagnant naturally aerated neutral NaCl 

solution was evaluated. The alloy was target material for 

production of automobile bumper beams. The corrosion rate 

was determined using conventional electrochemical Tafel 

potential dynamic polarization technique [13]. 

Electrochemical measurements were carried out using 

AutoLab potentiostat at room temperature, and the 

experimental impedance data were fitted to theoretical values 

according to equivalent circuit models, were recorded and 

used to generate the potential dynamic current-potential 

curves [11] . 

2. Experimental Methodology 

2.1. Materials 

Square billets of 25.4 mm diameter and 25.4 mm length 

were cut from cast and machined samples of Al-Zn-Mg alloy 

with elemental composition as obtained by Atomic 

Absorption Spectrometry (AAS) given in Table1. 

Table 1. AAS Composition of Al-Zn-Mg alloy. 

Element Al Zn Mg Others 

% 80.1173 11.0178 6.0746 2.7903 

Extrusion dies with entry angles of 750, 900, 1050, 1200, 

1500, and die reduction ratios of 0.21, 0.40, 0.48, 0.62 were 

used. 

2.2. Extrusion Procedure 

 

Figure 1. Extrusion setup. 

The aluminium alloy was melted and cast in sand molds to 

Ø26 mm. Extrusion billets were machined to Ø25.4 mm x 

25.4 mm. The extrusion rig was used for the extrusions in 

[10], and extrusion billets were direct extruded on the manual 

ELE Compact-1500 hydraulic compression testing machine 

as shown on Figure 1. 

2.3. Electrochemical and Tafel Polarization Measurements 

Cylindrical test samples of the extruded Al-Zn-Mg alloy 

were sealed with acrylic resin material in such a way that the 

area exposed to the medium was 1.0 cm2, and were polished 

and then dried to avoid moisture before subjected to 

corrosion. Electrochemical measurements were carried out 

using AutoLab potentiostat at room temperature. The 

electrochemical cell was a conventional three electrode 

compartment having glass cell with a platinum counter 

electrode and a saturated calomel electrode (SCE) as 

reference. The working electrode was made up of Al-Zn-Mg 

alloy. All the values of potential difference were measured 

with reference to the SCE. The finely polished specimens 

were exposed to corrosion medium of 0.1 M concentration of 

sodium chloride (NaCl) at room temperature. Before 

measurements, specimens were held in the test solution for 1 

h to establish a steady open circuit corrosion potential, Ecorr. 

The potential dynamic current-potential curves were recorded 

by polarizing the specimens to −250 mV (cathode) and +250 

mV (anode) with respect to open circuit potential (OCP) at a 

scan rate of 0.01 V/s. 

2.4. Micrographs 

Samples for microstructural analysis were ground 

successively to 1200 microns using emery paper and polished 

with SiC powder to produce mirror surfaces, and then etched 

in sodium hydroxide (NaOH) solution for 10 seconds. 

Micrographs were obtained using AX optical metallurgical 

and CMOS digital microscopes at x100 magnification. 

3. Results and Discussion 

3.1. Microstructure Response 

Figures 2 and 3 show that the microstructures consist 

mainly of intermetallic particles enriched with zinc and 

magnesium [3, 5, 9] which are responsible for initiating 

pitting corrosion. The width of the enrichment zone 

correlates with microstructure refinement, and the 

backscattered electron images reveal a relatively dark matrix 

within areas of intense precipitation of the Zn–Mg base 

phases compared with other areas. From Figure 2, the 

structures corresponding to the die angle of 90o shows a 

nearly pore-free matrix with many fine precipitates indicating 

better flow conditions and properties than would be obtained 

with as cast and other die angles [7, 10]. The micrographs of 

Figure 3 show grain refinement as die reduction ratio is 

increased owing to large deformations which breakdown 

large crystals and any discontinuities as suggested by the 

findings of earlier studies [7, 8, 11, 12]. 
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Figure 2. Micrographs of extruded samples at various die angle. 

 

Figure 3. Micrographs of extruded samples at various reduction ratio (R). 

3.2. Corrosion Response 

Figure 4 and 5 shows that corrosion rate was affected as 

die geometry is changed; following extrusion, the corrosion 

rate reduced drastically from 0.06561 mm/yr. for the as cast 

samples. In Figure 4, the corrosion rate is lower with the die 

angle of 90o compared to the other die angles. This is 

attributed to better flow condition at lower extrusion pressure, 

with reduced discontinuities in the oxide film, thereby 

reducing the number of sites where corrosion can be initiated 

[7, 10, 15]. Similarly in Figure 5, increasing die ratio reduced 

corrosion rate. These trends are consistent with the 

microstructure response of the Al-Zn-Mg alloy presented 

above [15]. 

 

Figure 4. Plot of corrosion rate against die angle. 

 

Figure 5. Plot of corrosion rate against die ratio. 

Figures 6 and 7 represent the potential dynamic 

polarization curves for different die angles and reduction 

ratios at 25oC respectively. From these figures, the corrosion 

potential is shifted in the positive direction as the die angle 

and reduction ratio are increased. The positive shift in the 

corrosion potential Ecorr indicate that the anodic process is 

much more affected than the cathodic process [13]. Tafel 

slopes remained almost unchanged indicating that die angle 

and reduction ratios do not change the mechanism of the 

corrosion process. 
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Figure 6. Polarization curves for various die angles

Figure 7. Polarization curves for die reduction ratios

4. Conclusion 

The study has shown that corrosion resistance of Al

Mg alloy is affected by die bearing parameters (

angle and die reduction ratio). However, while there is 

improvement in microstructure and corrosion re

the alloy with extrusion, these are dependent on the die 

geometry and the resulting flow condition

considerably reduced with the die angle of

corrosion rates are obtainable with higher die 

The potential dynamic curves suggest that the anodic process 

is much more affected than the cathodic process

angle and reduction ratio do not change the mechanism of the 

corrosion process. Given the corrosion response to extrusion 

processing parameters, it was concluded that the Al

alloy is suitable for the target application. 
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