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Abstract: By those shown in both the previous study and those  presented in this paper we intend to deal 

with an unfavorable aspect, frequently found in surface mining workings of  the coal basin of Oltenia. The 

excavating machines of these  coal  pits are subjected to difficult working conditions: dust (fine mineral particles 

with sizes up to 10μm or even less), temperature differences (in summer up  to+50
o
C  and in winter to-30

o
C), 

corrosive atmosphere (acid underground waters, sulfates, gases resulting from the extraction of coal - like SOx 

generated from calcination sulfides, nitrates), etc ... 

In terms of mobility, these machines are designed in such a way to adapt both to relief conditions 

(moving horizontally or in an inclined plane) and to  larger or restricted spaces of maneuverability. Also they 

can move to different  working fronts  using the march mechanisms  and the arms (of excavation ,respectively of 

overflowing) are mobile, may rotate both horizontally around the vertical axis of the machine and vertically 

around some own axes [1]. 
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1. INTRODUCTION 

A study carried out by the Society of Civil Engineers has determined that 80-90% of 

the damage occurring in steel structures are caused by the processes of fatigue, representing  a  

process of cumulative destruction which is caused by cyclic variable loads. 

Metals and alloys used in the construction of the energetic equipment without being 

anymore in contact with different chemical environments they may interact  (atmosphere air, 

water, steam, chemical substances), the result of this interaction being the metallic product 

corrosion. The simultaneous action of the mechanical and corrosive environment manifests 

differently on metallic materials, depending on the nature of the metal- environment type, 

resulting in substantial changes in their behavior to the situation in which the influence of the 

work environment was neglected or it was considered inert. In order to improve these defects 

there were analyzed and proposed remedies to prolong the life of the components of the 

energetic equipment. 

If the fatigue phenomenon occurs in the presence of an aggressive environment , this 

type of degradation  is known as the corrosion fatigue [2]. 

Making statistical analyses of the incidence of this type of phenomena, it was noted  

that they do not follow a precise order. Some machines work  according to a working 

schedule - repair and other  equipment comes to be repaired without any schedule  and with 

greater frequency. 
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The working conditions of these  machines being approximately similar, research has 

focused on accidental causes. 

The mechanical stresses which may act on the metallic material located in a corrosive 

environment might be stresses resulting from the application work of some external factors 

involved in the operating conditions or they can be residual stresses  (mechanical, thermal, or 

structural ones) induced even during operation.  The static mechanical stress (constant over 

time) accelerates the corrosion processes causing the material damage called the stress 

corrosion cracking.   

 All static stresses occur under the action of a specific deterioration known as 

hydrogen embrittlement. The dynamic mechanical stress (variable over time) causes a further 

group of phenomena of aggravated corrosion called corrosion fatigue. Under the combination 

of the corrosion and corrosive wear in the fluid (liquid or gas) in a high speed turbulent flow 

containing solid particles may occur the erosion corrosion. 

2.ANALYSES OF OPTICAL MICROSCOPY 

The steels studied are in the category of general use according to ISO SR CR 15608: 

2002 OL 4k 37 (E24 - 4) and OL 4k 52 (E36 - 4) standard 

Microstructural analyses have been carried out on the basis of optical microscopy 

using an optical microscope of Bel Photonics MTM type.  

Images were made by perpendicular,, brightfield illumination ", which render  bright 

flat surfaces. 

Brightfield microscopy is most used in metallography, for qualitative and quantitative 

analyses of the structure of metallic materials (increase over 100). 

Metallographic studies indicate for the analyzed material, E36 construction  steel ,a 

ferrite-pearlite structure, in which the constituents are arranged in rows. Ferrite (F) is a 

homogeneous solid solution of C in Feα and perlite (P) is a structural heterogenous 

constituent namely  a mechanical eutectic mixture consisting of ferrite (Feα - C) and 

cementite (Fe3C) [1]. 

It is known that the highest corrosion resistance is shown in the homogeneous single- 

phased structures. Resistance to corrosion decreases with the heterogenous structures 

concurrently with an increase in the degree of dispersion of the mechanical mixture. 

Metallographic analyses were carried out on samples subjected to varying stresses in a 

corrosive environment of 3.5% NaCl after different periods of time and were compared with 

specific aspects of control samples (unstressed samples). 

Thus, it has been found that the action of the corrosive environment occurs mainly on 

heterogeneous areas consisting of strips of pearlite, ferrite grains being less affected, resulting 

in changes in the continuity of the surface layer with the appearance of the first pitching on 

the metal surface (Fig. 1 b, c). 
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Fig. 1.  Microstructural analysis of samples of s E36 steel; changes produced in the 

metalelectrolyte interface after several hours of fatigue in corrosive environment of 3.5% 

NaCl: a) after 5h of fatigue stress in corrosive environment; b) after 10h of stress fatigue in 

corrosive environment 

Optical microscopy studies show that after five hours of stress to the specimen, the 

most affected,  structurally, was the surface layer of the specimen which was in direct contact 

with the electrolyte. The action of the corrosive environment was manifested markedly along 

the perlite strips, the perlite grains of the  interface area corroding intensely (Fig. 1).  

Ferrite grains are less affected,resulting  only changes of surface micro-relief,through 

the appearance of some uneven areas (Fig. 1b).  

After ten hours of fatigue stress in corrosive environment,the corrosive process is 

more intense, with the occurrence of corrosion products.  

In Fig. 2 one can notice the occurrence of some corrosion products as a result of the 

electrochemical reactions that occurred. It can also be noted that the electrochemical corrosion 

process is manifested most prominently in corrosion in the  perlite belts  which corrode  more 

intenselly.  

Also, penetration of depth of corrosion in  the steel structure has also increased. 

 

 a  b 

 

Fig. 2. Microstructural analysis of E36 steel specimens after 10h of fatigue stress 
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In corrosive environment of fatigue 3.5% NaCl 

It has been found that during the process of fatigue in corrosive environment, the 

general process of crack evolution  is also influenced by the mechanism of the process of 

corrosion under stress [3,4]. 

Analyzing  the breaking surface of metallic materials subjected to fatigue processes in 

corrosive environment  we can observe a partly intercrystalline relief on the entire breaking 

surface. Sometimes on the facets of crystalline grain limits  from the fractured surface, fatigue 

striations are to be noted. 

Fractures caused by fatigue in the corrosive environment usually have several focuses 

of destruction, compared with  fatigue in air, where this type of destruction is specific only to 

the surge voltage or the right of stress concentrator (Fig. 4). 

The evolution in time of the degradation of E36 naval steel specimens in corrosive 

environment  of 3.5% NaCl and 6% H2SO4 at a level of 300 MPa is shown in Fig. 3b, c. It has 

been found that after five hours of application on the surface of the specimen   corrosion 

pitching occur as a result of the chemical processes. 

 

   
a                                                                  b 

 

 
c 

 

Fig. 3. Aspects of  breaking surface: a-  specimen of fatigue stress in the environment 

(350MPa); b, c - specimen of fatigue stress in corrosive environment (300MPa) 
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Fig.4. Cracks in sample works 

3. CONCLUSION ON THE ANALYSIS OF OPTICAL MICROSCOPY 

The influence of the corrosive environment is mainly manifested  on perlite belts of 

ferrite-perlite structure of E36 steel. Ferritic grains of the surface layer being is less affected, 

this layer will acquire an uneven microrelief, areas where pitting degradation will  further 

develop. Microscopic studies confirm the results of profilometry research showing that the 

evolution of degradation from pinching to crack  manifests itself by increasing their depth and 

not their density. 
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This is due to the corrosive attack on pearlite bands which leads to the  increase of the 

depth of  pinching that  subsequently will become  fatigue cracks. 

The prevalence of corrosive attack at the pearlite grain level  and the occurrence of 

ferrite-pearlite boundaries lead to changes in the type of fatigue breaking,from intracrystalline 

cleavage breakage  in the environment to intercrystalline breakage  in corrosive environment. 

As demonstrated by the experimental data presented in this paper, the process of 

degradation through corrosion fatigue is an evolutionary process with physical, chemical and 

mechanical changes. The  synergy of mechanical and electrochemical processes also leads to 

changes in the shape and structure of the surface layer.  

As a result of corrosion pinching that form the basis of  fatigue cracks primes being 

considered as stress concentrators will change their geometric shape, altering the level of 

tension concentration. Based on these considerations, unlike variable  stress  in the air ,in 

corrosive environment the stress concentration factor  has an evolutionary value over time 

[3,4]. Basically the effects of corrosion of a metallic material can be maintained within 

acceptable limits, acting in the following ways:  

-the appropriate selection of the metallic material;  

-intervening in the mechanism of corrosion;  

-the isolation of  the metallic material from the corrosive environment. 
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