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Abstract 

The corrosion behavior of austenitic and duplex stainless steels in various 

concentrations of lithium, bromide solution was investigated by using the 

conventional weight loss measurement method. The results obtained show 

that corrosion of these steels occurred due to the aggressive bromide ion in the 

medium. Duplex stainless steel shows a greater resistance to corrosion than 

austenitic stainless steel in the medium. This was attributed to equal volume 

proportion of ferrite and austenite in the structure of duplex stainless steel 

coupled with higher content of chromium in its composition. Both steels 

produced electrochemical noise at increased concentrations of lithium 

bromide due to continuous film breakdown and repair caused by reduction in 

medium concentration by the alkaline corrosion product while surface 

passivity observed in duplex stainless steel is attributed to film stability on 

this steel. 
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Introduction 

 

Ever since the discovery of stainless steels in 1913 [1], several groups of these steels 

have emerged. Among these groups are martensitic, ferritic and austenitic stainless steels 

(ASS). This classification is based on their chemical composition, metallurgical structure and 

mechanical properties [2]. However, the search for improved material to meet the challenges 

of ever dynamic technological world has led to recent discovery of duplex stainless steel 

(DSS). The corrosion behavior of these steels in a particular medium is determined by their 

passive nature [3,4], alloy composition [5,6] and precipitation morphology [7,8]. The 

intactness of passive film on these metals is dependent on its stability in the medium of 

exposure. 

DSS has a dual phase microstructure of approximately equal volume fractions of 

ferrite and austenite [9]. This steel possesses a favorable combination of mechanical strength 

and corrosion resistance in chloride ion-containing environments [10] and it is widely used in 

industrial sectors such as petrochemical, power generation and transport [9]. It has the ability 

to accommodate higher chromium and molybdenum contents than many other stainless steels. 

These alloying elements, as well as nickel and nitrogen, are known to enhance the resistance 

to pitting corrosion, crevice corrosion and chloride stress corrosion cracking [9]. 

Corrosion occurs in many forms in structures made of these steels during service in 

various media. Some of these forms are intergranular [10,11], pitting, sulfide stress cracking, 

chloride stress cracking [12,15] and stress corrosion cracking [16,17]. Weld decay is also 

common in sensitized stainless steel structures [18,19]. The consequences of these forms of 

corrosion are obvious; varying from enormous material losses to unreliability of operating 

equipment which may lead to catastrophic consequences involving both men and money. 

Refrigeration technology extensively utilizes lithium bromide-based brines as working 

fluids. Concentrated solutions of this salt have desirable properties as absorbents because of 

their high hydration heat, high solubility of solid phases, good thermal stability, and 

appropriate viscosity [20]. However, lithium bromide solutions can cause serious corrosion 

problems in metallic components in both refrigeration systems and heat exchangers in 

absorption plants [21]. In particular, corrosion problems are exacerbated by the recent trend 

toward using triple effect technology, which involves the use of higher temperatures and more 

corrosive salts in addition to lithium bromide [20]. Thus this work is aimed at investigating 
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and comparing the corrosion behaviour of austenitic and duplex stainless steels in various 

concentrations of this medium. 

 

 

Experimental 

 

A 15mm diameter austenitic stainless and an 11mm duplex stainless steels were used 

in this work. They were obtained from the Universal Steel Limited, Ikeja, Lagos. Their 

chemical compositions as supplied by the manufacturer are as shown in Table 1. 

 
Table 1: Chemical compositions (wt %) of ASS and DSS samples  

Composition C Si S P Mn Ni Cr Mo Cu Fe 

ASS 0.085 0.486 0.015 0.039 1.296 11.737 19.146 0.078 0.207 Bal. 

DSS 0.03 0.8 0.02 0.03 1.5 6.5 21-23 0.082 0.5 Bal. 

 

Corrosion samples of these steels were prepared using the procedure and precautions 

described by [22–24]. The samples were totally immersed in different concentrations (0.25M, 

0.5M, 0.75M, 1.0M, 1.25M and 1.5M) of lithium bromide solution. The variation in the 

lithium bromide concentration is to evaluate the influence of mild and aggressive 

concentrations of the solution on the corrosion behavior of the austenitic and duplex stainless 

steels. The corrosion behavior of the steels was assessed using the conventional weight loss 

measurement at every five day interval for a total period of forty days using a digital weighing 

balance. 

 

 

Results and Discussion  

 
Figures 1-6 show the comparative plots of weight loss versus exposure time for AAS 

and DSS immersed in different concentrations (0.25M, 0.5M, 0.75M, 1.0M, 1.25M and 1.5M) 

of lithium bromide solution. It can be seen from these Figures that for all concentrations of 

lithium bromide, the DSS show less susceptibility to corrosion in comparison to the ASS. 

This is attributed to the matrix structure of the duplex stainless steel, which consists of ferrite 

and austenite. This composite structure does not show adverse tendency for galvanic 

corrosion due to the fact that the two phases that make up the duplex structure are of almost 

equal volume fraction [25]. Thus the requirement of small anode-large cathode for intense 
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corrosion is not fulfilled [26]. Also the ferritic phase is noble due to the fact that it contains a 

small amount of carbon atoms interstitially dissolved in it (maximum 0.02 wt% C), this makes 

it less corrosion susceptible in comparison to the austenitic phase which has a greater 

proportion of carbon addition [27]. The composition of the DSS also shows that it has a 

higher proportion of chromium (21 – 23 wt% Cr) in comparison to the ASS (19.14 wt % Cr). 

The higher chromium percentage in the duplex structure makes the ferritic phase very stable 

and less prone to dissolution. It also contributes in increasing the overall corrosion resistance 

of the DSS due to the higher chromium oxide which potentially may be formed by it.  

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0 5 10 15 20 25 30 35 40

Exposure time (days)

W
ei

g
h

t 
lo

ss
 (

g
)

ASS

DSS

 

Figure 1. Weight loss versus exposure time for ASS and DSS immersed in 0.25 LiBr 

 

Figure 1 shows the corrosion behaviour of the ASS and DSS samples in 0.25 M 

solution of lithium bromide. The Figure reveals a progressive weight loss in the ASS 

throughout the exposure time. This could be attributed to the aggressive bromide ion which 

continuously breaks down the protective film on this metal. Protective chromium oxide 

formed on the surface of the ASS in the presence of aerated concentration of lithium bromide 

could have been too weak or thin to prevent further penetration of bromide ion which is 

known for its aggressiveness and depassivation effect which usually lead to pitting [28]. DSS 

on the other hand shows a weight loss until the twentieth day of exposure while surface 

passivation of this steel is observed for the rest of the exposure period. The higher content of 

chromium in the composition of this metal is suspected to have produced a stronger and 

thicker chromium oxide protection to it but took a period of twenty days to stabilize this 

protective film on this metal.  
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Figure 2. Weight loss versus exposure time for ASS and DSS immersed in 0.5M LiBr 

 

In Figure 2, the weight losses of the two steel samples fluctuate up till twenty – fifth 

day of exposure while ASS shows increase in corrosion after this period and surface 

passivation is observed for the rest of the exposure time in DSS. Similar features are 

observable in Figures 3 and 4 with the exception that surface passivation is really noted in 

DSS.  
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Figure 3. Weight loss versus exposure time for ASS and DSS immersed in 0.75M LiBr 
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Figure 4. Weight loss versus exposure time for ASS and DSS in 1.0M LiBr 

 

The weight loss fluctuations can be attributed to constant damage on the protective 

film by the notorious bromide ion and subsequent repair by the constantly formed protective 

chromium oxide on the surfaces of these metals. This phenomenon which could be referred to 

as “electrochemical noise” [29 – 31] is possible at increasing concentrations of this medium 

due to the presence of alkaline corrosion product which reduces the concentration of the 

lithium bromide medium.  

 

Figure 5: Weight loss versus exposure time for ASS and DSS immersed in 
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Figure 5. Weight loss versus exposure time for ASS and DSS immersed in 1.25M LiBr 
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Figure 6. Weight loss versus exposure time for ASS and DSS immersed in 1.5M LiBr 

 
The intensity of this “noise” appears to increase in Figures 5 and 6 while slight 

passivation is noted in the last five days of exposure in DSS. Critical observation of these 

Figures reveals a slight drop in average weight loss values for both steels as compared to 

much lower concentrations of lithium bromide observed in Figures 1 and 2. Possible 

explanation for this occurrence is traceable to reduction in concentration of this medium with 

exposure time which has been previously discussed. 

 

 

Conclusions 

 
The following conclusions can be drawn from the studies conducted on 

electrochemical corrosion behavior of ASS and DSS in different concentrations of lithium 

bromide.  

1. Corrosion of ASS and DSS occurred in lithium bromide due to the aggressiveness of 

bromide ion in the medium. 

2. Corrosion susceptibility is more pronounced in ASS than DSS throughout the exposure 

time period studied. This is due to higher chromium content and equal volume proportion 

of ferrite and austenite in the structures of the latter. 
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3. Both stainless steels produced electrochemical noise at increased concentrations of lithium 

bromide due to continuous film breakdown and repair caused by reduction in medium 

concentration by the alkaline corrosion product. 

4. Surface passivation observed only in DSS is attributed to film stability on this steel. 
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