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Abstract

A study has been carried out to investigate the effect of heat treatment on the corrosion 
behaviour of Al-Zn alloys in seawater environment. The microstructure, potential and 
current capacity of the samples were studied. Open circuit potential (OCP) of 96 hours 
was measured against saturated calomel electrode (SCE) and estimating current 
capacity of the alloys were calculated by using protective current generated from the 
capacity test. For the microstructure study, optical microscope is used to examine the 
surface morphology before and after test. The results show that the heat treated 
samples of 2 hours at 550°C and variation in alloys composition affected the values of 
alloys OCP, current capacity and microstructure.
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Introduction

Aluminum alloy sacrificial anodes are widely used in cathodic protection technology. 
The performance of aluminum alloys as sacrificial anode has been directly related to its 
electrochemical efficiency [1]. To achieve good performance, researched has focused 
on the development of aluminum alloys, which oxide film can be broken down. For that 
purpose, several studies have been made, including the effect of alloying additions [1
3], the effect of casting parameters [4] and microstructure control [5].

Methodology

Samples were fabricated using pure ingots of Al (99.7%), Zn (99.99%) Sn (99.85%) and 
Mg (99.99%). The raw materials were then melted in the melting furnace up to 800°C 
and cast in the steel mould. Prior to testing, samples were milling to 50 mm length and 
10 mm in diameter; while 185 mm diameter and 395 mm length of the protected metal 
was made of carbon steel pipe. For heat treatment, samples were heat treated for 2 
hours at a temperature of 550°C. The apparatus set-up for measuring current capacity 
was referred to DnV RB 401 standard for continuous run of 96 hours at given current 
density of 1 mA/cm2 in natural seawater. At the end of this experiment, the sample was 
cleaned and weighed for determining the weight loss value. The current capacity and 
anode efficiency was calculated according ASTM G97 standard expressed as:



Current capacity, CC  (Ah/kg) = (CA/V) x 1000 (1)

Anode efficiency = (CC/CCT) x 100 (2)

where CC  is the current capacity, Cthe quantity of total charge, l/l/the weight loss of the 
samples and CCT  is the theoretical current capacity of aluminum anode. The open 
circuit potential (OCP) measurement was given against Saturated Calomel Electrode 
(SCE). Samples were immersed in stagnant natural seawater up to 96 h. The 
microstructure observation was done using optical microscope (model Carl Zeiss). The 
samples were polished up to 0.2 jam surface finish followed by etching in Keller’s 
reagent for 20 s.

Result and discussion

Two different compositions of Al alloys were used in this study. The chemical 
composition of the as cast alloys determined by Spark Emission Spectroscopy (model 
WAS Foundry UV) are listed in Table 1.

Table 1 Chemical composition of the as cast Al alloys
Sample Zn Mg Sn_______ Si________ Fe____________ Al

A1 4.380 0.0028 0.0308 0.0128 0.0386 Reminder
A2 4.835 0.0028 1.3700 0.0203 0.0376 Reminder

The optical micrograph of the as cast samples of A1 and A2 are shown in Fig. 1 and 2. 
Micrograph of A1 (Fig. 1), with least amount of Sn (0.0308%) shows formation of larger 
grain size. With increasing amount of Sn addition up to 1.37% (A2), it was observed that 
black dots precipitates in aluminium matrix and segregated along the grain boundary. 
According to Mondolfo, 1976 [6], Sn has a solubility of less than 0.01 wt% in the 
aluminum matrix at the melting point of approximately 231.2°C. The Al-Zn and Al-Mg 
phase diagrams show that Zn and Mg are both soluble at high temperature and still very 
soluble (about 5% for Zn and 4% for Mg) at room temperature [7]. The observation of 
microstructure also revealed the decreasing of grain size as the Sn content increased.

Fig.1 Sample A1 as cast (100x) Fig.2 Sample A2 as cast (100x)



Fig.3 Sample A1 heat treated (100x) Fig.4 sample A2 heat treated (100x)

Table 2 Potential value for as cast and heat treated samples

Type Sample 55 min 24 h 48 h 72 h 96 h
As cast A1 -1.151 -1.138 -1.088 -1.070 -1.070

A2 -1.143 -1.129 -1.112 -1.093 -1.083
Heat A1 -1.077 -1.111 -1.110 -1.109 -1.107

treated A2 -1.172 -1.152 -1.115 -1.113 -1.111

Table 2 shows the OCP as a function of immersion time. It was observed that OCP 
value increased with Sn content both in the as cast and heat treated alloys. Sample with 
higher Sn content both as cast and heat treated shows a higher potential value. All 
samples displayed a reasonably stable potential throughout the 96 h immersion. All 
samples showed high potential value after 55 minutes measurement but descreasing 
gradually until it reached final values at 96 hour. Whereas, the heat treated samples 
show slightly higher potential value at 96 hour compared to the as cast samples.

Table 3 Current capacity results for as cast and heat treated samples

Type Sample Current capacity 
(Ah/kg)

Current capacity 
theory (Ah/kg)

Efficiency (%)

As cast A1 2670.07 2849.26 93.71
A2 2154.90 2825.95 76.25

Heat treated A1 2587.12 2849.26 90.80
A2 2023.14 2825.95 71.59

From Table 3, the calculated current capacity of the as cast samples A1 and A2 are 
2670.07 Ah/kg and 2154.90 Ah/kg respectively. While heat treated samples A1 and A2 
show lower current capacity with 2587.12 Ah/kg and 2023 Ah/kg respectively. DNV and 
NACE tests have specify that aluminum anode should have current capacity between 
2300 and 2700 Ah/Kg [8]. From the experiment only sample A1 both as cast and heat



treated meets this requirement. It is believed that the increased of Sn content has 
forced the alloy to undergo active dissolution in seawater by promoting the general 
attacks and thus initiated the breakdown of passive layer on the Al surface. This 
resulted in higher loss and lower current capacity values.

Conclusion

The results obtained have shown that increased Sn content produced lower current 
capacity for both as cast and heat treated samples. But, samples A1 and A2 displayed 
slightly higher OCP values after heat treatment. The distribution of Sn in the 
microstructure affects the distribution of uniformly precipitates in aluminium and 
segregation along grain boundaries. From the experimental results, sample A1 can be 
considered to use as a sacrificial anode protecting steel structures in natural seawater.
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