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ABSTRACT 

 
The paper presents the results of a study on the corrosion behaviour of the 

sheets of drawing steel with 0,04% C gone through natural ageing and run for a 
period of 112 days from the moment of drawing. The researches highlighted the fact 
that the phenomenon of natural ageing speeds up the corrosion process. As a result 
the durability of the products realized from sheet and straps of steel depend also on 
the protection of their surfaces through different coating procedures. 
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1. Introduction 

 
By drawing there is executed a wide range of 

marks, very varied as shape and dimensions that are a 
component of the resistance structure, as well as in 
elements of car bodies. This drawn marks, simple or 
complex, require that the used semiproducts to satisfy 
certain conditions referring to the physical and 
mechanical characteristics, durability, accessibility, 
low price, good workability, etc. The usage of steels 
in the car industry is conditioned to accessibility, low 

price, good workability besides the mechanical and 
physical characteristics.  

The running conditions often make the 
environment be a factor that determines an increase to 
corrosion and a decrease of the lifetime of the marks 
obtained through the plastic deformation of the steel 
sheets.  

The chemical composition and the main 
mechanical characteristics of the chosen steel for the 
study of the corrosion behaviour are presented in 
table 1 according to STAS SR EN10030. 

 
Table 1. The chemical composition of the steel 

 
C Mn Si P S Al Cu Cr Ni V Mo Ti Steel 

[%] 

DC04-A 0.040 0.3000 0.025 0.015 0.010 0.068 0.020 0.010 0.020 0.004 0.003 0.005

   
Table 2. The mechanical characteristics of the steel 

 
The 

breaking 
strength, 

Rm 

The yield 
point, 
Rp0.2 

The elongation 
strength, 

An 

The Erichsen 
parameter, 

IE 

The 
anisotropy 
coefficient, 

r 90 

The cold-
hardening 
coefficient, 

n 
[N/mm2] [%] [mm]   

270-370 max 210 min 30  min 8.90 min 1.6 min 0.18 
 

The corrosion resistance, or the chemical 
stability, is the metallic materials’ property to oppose 
to the destructive action of the atmospheric and 
chemical agents, called corrosion. 

When the corrosive environment is an 
electrolyte (environment with dissociated ions 
capable to get metal ions), the corrosion is an 
electrochemical process. The corrosion is manifested 
by the loss of weight, the structure change, the 
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chemical composition, the dimensions, the surface 
colours and the physical, mechanical and 
technological properties of the metallic materials. 

In fact, all the metallic materials in the presence 
of oxygen get oxidized, but their resistance to 
oxidation and corrosion depend on the oxide film 
quality formed at the surface. When the oxide film is 
compact, thin and adherent to the metal, this isolates 
the metal from the corrosive agent, and the corrosion 
resistance of this one is high (the case of platinum, 
iridium, gold, copper, silver, wolfram, zinc, lead, 
nickel, crom, molibden, titanium, etc., that normally 
do not corrodate). The phenomenon is called metal 
passivisation. When the oxide film is spongy and 
nonadherent to the material, this allows permanent 
contact between the material and the chemical agent, 
and the corrosion phenomenon continues up to the 
complete elimination, as it is the case for iron and its 
common alloys with Carbon – steels and pig irons. 

The degradation after the interaction with the 
environment can be the result of a general corrosion 
or by pitting corrosion [1, 2]. 

One can notice that the pitting corrosion is one 
of the major mechanisms that affect the integrity of 
the marine structures. As a rule, the pitting corrosion 
is initiated due to some physical and chemical 
heterogeneousness [3] on the metal’s surface, 
determined by inclusions, secondary phases, flaws, 
mechanical degradation. 

It is known that the pitting corrosion has a 
special effect on the fatigue resistance. The fatigue 
flaws are usually initiated from the zones with pitting 
degradations [4]. As a result of the interaction 
between the cyclic stress and the corrosive 
environment, the cyclic stress favours the pitting 
process, and the pitting corrosion, as a form of some 
geometrical discontinuity, leads to the nucleation and 
later on to the spread of flaws [5]. 

The concomitant action of mechanical stresses 
and aggressive environment lead to the degradation of 
the element areas made of steel or other metallic 
materials, a process called corrosion under tension 
and in case of variable stresses - corrosion fatigue, 
which have different causes and effects as compared 
to the degradation under the single action of either 
mechanical stresses or corrosive environment. 

The evolution rate of the corrosion under stress 
and the fatigue process in corrosive environment 
(fatigue corrosion) is much higher than the two 
processes considered separately and their effect is not 
additive (simple overlapping of individual effects), 
but much more complex.  

The complex interaction of the mechanical and 
chemical factors is highlighted by the fact that the 
phenomenon of corrosion under stress and the fatigue 
corrosion can occur in weakly corrosive chemical 
environments and the mechanical stress producing the 
process is of low levels, below the material yielding 
point, in some cases representing only a fraction of its 
value. 

According to the electrochemical theory [11], 
the occurrence of cracks in the metal under the 
concomitant action of the corrosive environment and 
the mechanical stresses is a predominantly 
electrochemical process and is related to the 
localization of the corrosion process in various areas 
of the deformed metal. These areas are considered of 
high sensitivity for the production of anodic 
dissolution processes. They are usually located on the 
border of the crystalline grains and facilitate 
destruction by intercrystalline corrosion [12]. Thus, 
the large group of carbon steels and alloys based on 
aluminium can be destroyed through such a 
mechanism [13]. However, the sensitivity of these 
alloys to intercrystaline corrosion is not a sufficient 
condition for destruction by corrosion under stress. 
There are such cases when the destruction takes place 
due to intercrystalline corrosion. This phenomenon is 
related to the fine structure of the deformed metal. In 
metals, due to mechanical stresses, the dislocation 
movement is based on their plane accumulation; they 
tend to decay by trans-crystalline corrosion, while 
those with the cell structure dislocations are mainly 
destroyed by inter-crystalline corrosion. 

In metals where there are no local areas 
favouring dissolution, dislocation migration occurs 
due to mechanical stresses. In these metals process 
localization takes place because of the rupture of the 
protective oxide films [14], which will lead to the 
formation of new anodic areas, the other areas 
forming the cathode.  

Research [15, 16] has shown that flaws may 
occur on metal surfaces in those places where the slip 
bands exit which further result in formation of small 
pits. 

 
2. Determinations and experimental 

results 
 

2.1. The evaluation of the corrosion 
resistance of the steel sheets 

In figure 2 it is presented the microstructure of 
the blank assay before going through corrosion. 
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Fig. 1. The surface aspect of the blank assay x200 (before the corrosion) 

 
 

Fig. 2. Potentiometer device:1 – PGP 201 Potentiostat; 2 – working electrod (WE); 3 – the sollution 
of 3.5% NaCl; 4 – bridges of salt; 5 – auxiliary electrod (CE); 6 – refernce electrod (RE) 

 
By means of a potentiometers device (fig. 3) 

consisting of a PGZ100 All-in-one Potentiostat (1), a 
saturated calomel electrode as reference electrode (6), 
a platinum electrode as auxiliary electrode (5) and a 
sample as working electrode (2), was recorded in situ, 
the evolution of the electrode potential after the cold 
plastic deformation and after the natural ageing run 
for a period of 5 months. 

The system was connected to a computer with 
data analysis software. The samples to be analysed 

(the working electrode) were isolated at one end 
before the immersion in the testing solution 0,5N 
NaCl. The corrosion tests of each sample began with 
monitoring the corrosion potential (open circuit 
potential – OCP) after the sample immersion in the 
testing solution until this reached the stationary 
values. 

Seven determinations were made in ≈ 30 
minutes and the following results from the table 3 
graphically represented in fig. 3 were obtained: 

 
Table 3. The evaluation of the corrosion resistance of the steel sheets 

 
 

Sample 
surface Rp Calculated 

Rp t 
The corrosion 

speed 
The calculated 
corrosion speed  

[cm2] [Ωxcm2] [µm/an] 
1 1.8 292.1 525.78 486.3 875.34 
2 1.8 321.4 578.52 441.9 795.42 
3 1.8 308.2 554.76 460.9 829.62 
4 1.8 344.3 619.74 412.6 742.68 
5 1.8 333.2 599.76 426.3 767.34 
6 1.8 317.5 571.5 447.4 805.32 
7 1.8 203.0 365.4 699.6 1259.28  
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Fig. 3. The corrosion speed of the steel sheets before the natural ageing 
 

In figure 4 are presented macrostructural 
aspects from the surface of the steel samples after 

three weeks of natural ageing after having been 
exposed to corrosion. 

 

 
After 112 days other determinations of speed 

corrosion were made in order to observe the 
differences owed to the process of natural ageing. The 
corrosion tests began by monitoring the corrosion 

potential (open circuit potential – OCP) after the 
sample immersion in the testing solution until it 
reached the stationary value. In table 4 and fig. 5 are 
presented the obtained results. 

 
Table 4. The evaluation of the corrosion resistance  

of the steel sheets (after112 days) 
 

The sample 
surface Rp Calculated 

Rp  
[cm2] [Ωxcm2] 

1 1.2 519.663 623.596 

2 1.2 539.075 646.890 

3 1.2 525.210 630.252 

4 1.2 466.697 560.036 

5 1.2 476.953 572.344 

6 1.2 494.408 593.290 

7 1.2 415.654 498.785 

 
Figure 4 The macrostructural aspects of the surface of the steel samples after three weeks of natural 

ageing, exposed to corrosion; x 100 
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In figure 6 it is presented the evolution of the 

electrode potential for the two situations – before and 
after the natural ageing of the steel sheets. As one can 

notice, the phenomenon of natural ageing leads to 
moving the potential of electrode towards the more 
electronegative anodic zone. 

 
 

 
 

Fig. 6. The evolution of the electrode potential [mv] in time [seconds] for the steel sheet  
before (- - -) and after corrosion ( ) 

 
 

In fig. 7 it is presented the macrostructural 
aspect of the samples exposed to corrosion after 112 
days of natural ageing.  

One can notice a noticeable evolution of the 
corrosion mechanisms.  

The corrosion is realized mainly by pitting and 
in other zones it developed a local corrosion on 
surfaces identified through the red colour, due to the 
elimination of a brown-red powder of iron oxide 
(Fe2O3 hard and Fe3O4). 

 

 
 

Fig. 5. The polarization resistance of the steel sheets exposed to natural ageing for 112 days. 
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Fig. 7 .The macrostructural aspects of the steel sample surface exposed to corrosion, 

 after 112 days of natural ageing,  x 100 
 

3. Conclusions 
 

• The research made on the corrosion 
behaviour of the steel intended for drawing, showed 
that the phenomenon of natural ageing speeds up the 
corrosion process. 
• Thus, it was highlighted the correlation 
between the polarization resistance and the corrosion 
speed. The higher the polarization resistance, the 
lower the corrosion speed. The samples naturally aged 
for a period of 112 days presented a much lower 
polarization speed as compared to the behaviour 
between the ageing; the polarization resistance is 1,7 
times lower and the speed corrosion is much increased 
by 2,5 times, which requires a very strict control of 
the coating for the table protection with the objective 
of increasing the product’s lifetime. 
• In the tests of accelerated corrosion, we 
noticed that the main mechanisms of corrosion are the 
pitting and the local corrosion on zones identified by 
the red colour due to the elimination of a brown-red 
powder of iron oxide (Fe2O3 hard and Fe3O4). 
• When exploiting it is necessary to use the 
covered sheets (with compact films, adherent, without 
flaws) for increasing the corrosion resistance and the 
exploiting durability.  
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