
 

 

 
Effects of solution heat treatment on corrosion resistance of 

5083F Al alloy 
 

Seong-Jong KIM, Seok-Ki JANG 
 

Division of Marine Engineering, Mokpo Maritime University, Mokpo City, Jeonnam, 530-729, Korea 
 

Received 18 June 2008; accepted 10 March 2009 
                                                                                                  

 
Abstract: Aluminum alloys are used as substitutes for fiber reinforced polymer(FRP) in ships and boats. However, ships constructed 
with 5000-series Al alloy suffer a little corrosion in the marine environment, when they run in high speed, and high flow rate, etc. 
Therefore, solution heat treatment was carried out to prevent corrosion. The optimal heat treatment involved heating specimens for 
120 min at 420 ℃ and then cooling them in water. In addition, the optimal ageing condition involved ageing specimens for 240 min 
at 180 ℃. The slow strain rate test(SSRT) in a seawater revealed that heat treatment under optimal conditions produced improved 
elongation, time-to-fracture and amount of dimples compared with the as-received specimen. 
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1 Introduction 
 

The fiber reinforced polymer(FRP) ships, including 
small fishing boats, have many environmental and 
recycling problems, and there is no method to 
decommission an FRP ship. In addition, medium and 
large ships cannot detect these FRP and wooden vessels, 
since the ability of composite materials to reflect radar 
waves is poor[1−2]. Therefore, a large proportion of ship 
accidents involved. If aluminum was used as a substitute 
for FRP in ships and boats, the result would be more 
environmentally friendly vessels that are easy to recycle 
and have the added value of reduced fuel consumption, 
higher speed, and increased load capacity [3−4]. Ships 
constructed with 5000-series Al alloy suffer a little 
corrosion in the marine environment[1, 5−7], when they 
run in high speed, high flow rate etc. In this work, the 
solution heat treatment was carried out to prevent 
corrosion for Al alloy(5083F) specimen. 
 
2 Experimental 
 

In the electrochemical experiments, the specimen 
was mounted in an epoxy resin so as to leave an exposed 
area of 100 mm2 that was polished with 600# emery 
paper. The electrochemical apparatus consisted of a Pt 
coil as the counter electrode and an Ag/AgCl reference  

electrode. A scanning rate of 2 mV/s was applied in 
natural seawater. Anodic polarization experiments were 
executed from an open-circuit potential(OCP) to a range 
from −0.5 to 3.0 V. Cathodic polarization experiments 
were undertaken from OCP to −2.0 V. The hardness 
measurement was executed by micro-Vickers hardness 
tester with applied load of 9.807 N, and keeping time of 
10 s. The slow strain rate test(SSRT) specimen was 
immersed in seawater using an Instron instrument (#8516) 
of 10 t capacity. The size of test specimens is 235 mm×

4 mm×6 mm. Notches, 1 mm wide and deep, were 
made on both sides of parallel parts of the specimens to 
cause a fracture. The SSRT test was carried out at a strain 
rate of 0.002 mm/min. 
 
3 Results and discussion 
 

Fig.1 shows the hardness of specimens artificially 
aged at 180 ℃ after being heat treated for 60 min at  
420 ℃  and then cooled in water. Each hardness 
measurement was repeated several times, and the black 
circles indicate the mean values. The hardness of the 
un-heat-treated specimen was HV80.72. The greatest 
hardness was produced after aging of 120 min (HV  
88.16) and the second-highest value (HV86.02) was 
produced after ageing for 240 min. A tendency to 
cathodic polarization was observed in specimens aged at 
180 ℃ after they were heated at 420 ℃ for 60 min and 
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Fig.1 Hardness of specimen aged at 180 ℃  after heat 
treatment for 60 min at 420 ℃ 
 
then cooled in water. The heat-treated specimens had a 
lower current density at cathodic polarization than the 
un-heat- treated specimen. 

The polarization trends in all specimens revealed 
the effects of concentration polarization due to oxygen 
reduction and activation polarization due to hydrogen 
generation[8−13]. 

Fig.2 presents the potential at the turning point for 
specimens aged at 180 ℃ after being heated for 60 min 
at 420 ℃ and then cooled in water. ‘Turning point’ 
means the potential between concentration polarization 
and activation polarization[5]. Here, the turning point is 
an important factor for evaluating hydrogen 
embrittlement. The cathodic protection potential is the 
best with a high potential compared with the turning 
point, as well as the region of dissolved oxygen 
reduction reaction. Higher values indicate strong 
resistance to hydrogen embrittlement during corrosion 
protection, since the turning point has a low potential. 

As shown in Fig.2, the un-heat-treated specimens 
had a higher potential at ‘turning point’ than the heat- 
treated specimens, with the exception of specimens aged 
 

 
Fig.2 Potential at turning point with ageing time at 180 ℃ 

for 60 min. Specimens aged for 120 and 180 min had the 
lowest negative potential at the turning point. Therefore, 
specimens aged for 120 and 180 min were more resistant 
to hydrogen embrittlement. 

Fig.3 displays the current density at a potential of 
−1.1 V for specimens aged at 180 ℃ after being heated 
for 60 min at 420 ℃ and then cooled in water. The 
current density at a potential of −1.1 V is the cathodic 
protection range, i.e. the region of concentration 
polarization resulting from the dissolved oxygen 
reduction reaction[2]. Hence, a low current density 
indicates high resistance to corrosion. The anti-corrosion 
property is improved by heat treatment, since the current 
densities of heat-treated specimens were lower than those 
of the un-heat-treated specimen. When the electro- 
chemical properties were tested in seawater, specimens 
aged for 240 min at 180 ℃ had the lowest current 
density, and were therefore the most stable. The anodic 
polarization of specimens aged at 180 ℃ after being 
heated for 60 min at 420 ℃ and then cooled in water 
followed a similar trend, and the current densities at a 
potential greater than −0.4 V were almost identical. 
Therefore, it had little effect on stress corrosion cracking 
properties. 
 

 
Fig.3 Current density at potential of −1.1 V with ageing time  
at 180 ℃ 
 

Fig.4 compares the corrosion current density of 
specimens aged at 180 ℃ after being heated for 60 min 
at 420 ℃  and then cooled in water. The corrosion 
current density was calculated using Tafel analysis with 
anodic and cathodic polarization curves around the OCP. 
Resistance to corrosion is greater for low bar graph 
values, since the corrosion rate is low. 

Therefore, heat treatment improved the anti- 
corrosion properties because it lowered the corrosion 
current density. The least corrosion current density 
appeared after specimens were aged for 240 min. The 
comparison of the various characteristics achieved with 
artificial ageing revealed that an aging time of 120 min 
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Fig.4 Corrosion current density of specimen with ageing time 
at 180 ℃ 
 
produced the greatest hardness. The un-heat-treated 
specimen was the least hard. Artificial ageing resulted in 
the hardening of the 5083F alloy. Artificial ageing for 
240 min produced an excellent corrosion current density 
and a current density at potential of −1.1 V. The 
comparison of various properties revealed that 240 min 
was the optimal time of heat treatment. The comparison 
revealed that artificial ageing for 240 min at 180 ℃ 
after heating at 420 ℃ for 60 min and then cooling in 
water yielded excellent results. 

Fig.5 presents the hardness of specimen with heat 
treatment time at 420 ℃. Subsequently, the specimens 
were aged for 240 min at 180 ℃ and then cooled in 
water. The un-heat-treated specimens had lower hardness 
values than all of the heat-treated specimens. In general, 
heat treatment resulted in precipitation strengthening of 
the Al alloy[3]. Although precipitation strengthening 
does not occur in 1000, 3000, 4000, and 5000 series Al 
alloys, this study verified that heat treatment and 
artificial ageing treatment strengthened 5083F[14−15]. 
The greatest hardness was produced with a heat 
treatment time of 360 min (HV89.08). Treating 
specimens for longer than 360 min did not result in any 
improvement over the specimens treated for 30−360 min. 
The cathodic polarization trends were analyzed in 
specimens aged for 240 min at 180 ℃  after being 
heated at 420 ℃ and then cooled in water. 

Fig.6 presents the potential at the turning point with 
different heat treatment time at 420 ℃. Specimens were 
then aged for 240 min at 180 ℃ and then cooled in 
water. The specimens heated for 30−240 min had a 
greater negative potential at the turning point compared 
with the un-heat-treated specimen, and the specimens 
heated for longer than 540 min exhibited noble potential. 
These results indicated that 240 min is a reasonable 
heating time limit for corrosion protection during 
cathodic protection. 

 

 
Fig.5 Hardness with heat treatment time at 420 ℃ 
 

 
Fig.6 Potential at turning point with heat treatment time at  
420 ℃ 
 

Fig.7 plots the current density at a potential of −1.1 
V with the time of heat treatment at 420 ℃ . The 
specimens were then aged for 240 min at 180 ℃ and 
then cooled in water. Heat treatment improved the 
anti-corrosion property of the specimen compared with 
the non-heat-treated specimen, since the heat-treated 
specimen had a low current density. The most stable 
property in seawater was seen after heat treatment for 
120 min at 420 ℃ , since specimen had the lowest 
current density. In addition, heat treatment lowered the 
corrosion current density in the anodic polarization curve. 
Artificial ageing produced similar, not higher, values of 
the current density at potentials above −0.4 V. Therefore, 
stress corrosion cracking characteristics have little effect. 

Fig.8 shows the corrosion current density with the 
heat treatment time at 420 ℃. The specimens were aged 
for 240 min at 180 ℃ and then cooled in water. The 
highest corrosion current density in the un-heat-treated 
specimen was 3×10−5 A/cm2. The best corrosion current 
density values were produced after heat treatment for 30 
min (2×10−6 A/cm2). In general, heat treatment 
improved the anti-corrosion property. A comparison of 
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Fig.7 Current density of specimen at potential of −1.1 V with 
heat treatment time at 420 ℃ 
 

 
Fig.8 Corrosion current density of specimen with heat 
treatment time at 420 ℃ 
 
hardness and the cathodic and anodic polarization curves 
revealed that the optimal conditions were heat treatment 
for 120 min at 420 ℃, followed by cooling in water and 
artificial ageing for 240 min at 180 ℃. 

Table 1 presents the effects of heat treatment on 
properties calculated using a SSRT for heat-treated and 
un-heat-treated specimens in seawater. The maximum 
tensile strength was similar regardless of the heat 
treatment condition. However, heat treatment improved 
elongation and the time-to-fracture by approximately 
21% compared with the un-heat-treated specimen. 
Therefore, heat treatment increased the anti-corrosion 
 
Table 1 Effect of solution heat treatment on properties of 
specimens by SSRT in seawater 

Treatment Maximum tensile
strength/MPa Elongation/% Time to 

fracture/h
Non-heat 
treatment 346.45 15.655 26.22 

Solution heat 
treatment 345.39 18.895 31.67 

property and hardness. 
Fig.9 shows SEM photographs of the fractured 

surfaces of heat-treated and un-heat-treated specimens 
subjected to the SSRT. The dimple-type surface shows 
the typical surface morphology of fractured Al. The 
fractured surface of the un-heat-treated specimen reveals 
a partial quasi-cleavage fracture mode, which is not seen 
in the heat-treated specimen, but the latter shows a 
remarkably increased shear lip, which indicates increased 
toughness. Heat treatment reduced the strength of the 
specimens, but increased the elongation and the time-to- 
fracture[16]. 
 

 

Fig.9 SEM photographs of fractured surface after SSRT:     
(a) As-received; (b) Solution heat treated 
 
4 Conclusions 
 

The comparison of the various characteristics of 
5083F alloy achieved with artificial ageing revealed that 
an ageing time of 120 min produced the greatest 
hardness. The un-heat-treated specimen was the least 
hard. Artificial ageing resulted in hardening of the 5083F 
alloy. The comparison of hardness and the cathodic and 
anodic polarization curves revealed that the optimal 
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conditions were heat treatment for 120 min at 420 ℃, 
followed by cooling in water and artificial ageing for 240 
min at 180 ℃. Heat treatment reduced the strength of 
specimens, but increased the elongation and the time-to- 
fracture. 
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