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Abstract 
Microalloyed steels can be defined as steels which offers good weldability, and have high strength and 

toughness values. As a general approach casting, rolling, austenitization and cooling are important steps in 

the production of microalloyed steel. In addition, this production process should be able to promote 

precipitate formation mechanisms and should not allow the formation of large austenite grain size.   

Austenite grain size control and hardness of matrix in microalloyed steels can be achieved through the 

complex carbide, nitride and carbonitride precipitates. In this study, the effect of Nb, Ti and V elements on 

formability has been investigated by mechanical and microstructural analysis on the DIN / EN 10025-2: 

2004 standard microalloyed steels which is used in oil pipelines. 
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1. Introduction 
Microalloyed steels are a material group which have properties like high strength, high toughness, low 

temperature brittle fracture safety, excellent weldability and corrosion resistance subject to simultaneous 

application of different hardening mechanisms and suitable thermomechanical processing. Microalloyed 

steels are produced in the form of flat and forged products and utilized extensively in flat products (gas and 

oil pipelines, off-shore structures) [1].    

In the microalloyed steels with addition of small amounts niobium, vanadium and titanium   carbonitrides 

has been formed in the microstructure and hence grain growth has been prevented.  During 

thermomechanical rolling process, recrystallization blocked towards the end of deformation, so that in the 

final microstructure fine size ferrite and other phases can be obtained [2]. 

The most important point in the production of microalloyed steels is providing low carbon, sulfur and 

phosphorus in content. Especially by selecting lower carbon content easy formability, sufficient strength and 
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toughness are gained while at the same time the weldability is enhanced as well.  Fine precipitate dispersion 

and grain size control is important in terms of solubility of the resulting precipitate, and solubility 

temperature. Carbide, nitride and carbonitride precipitates which consists of micro-alloying elements in the 

austenite exhibit differences in terms of the dissolution temperature. For example; V (CN) is dissolved in the 

austenite at 1150°C, whereas Nb (CN) is dissolved at above 1250°C temperature. Therefore, the 

austenitization process is made in the temperature range 1100-1300°C. The strength of microalloyed steels is 

increased by application of ferrite grain thinning, precipitation hardening and dislocation of the hardening 

mechanisms together. Due to these alternative mechanisms, strength increasing in microalloyed steel does 

not depend on high carbon content as pearlite, martensite or bainite [3,4,5]. 

Microalloying elements during thermomechanical processing, fulfills one or more of the following functions 

[1,6]. 

• Maintaining of small grain size of austenite at austenitization temperature , 

• Slowing down the growth of recrystallized grains by the  hindering  the grain boundary movement, 

• Delaying or avoiding recrystallization [1,6]. 

 

2. Materials and Method 
 
2.1. Testing material 
In this study, a microalloyed steel produced according to DIN / EN 10025-2: 2004 standard has been 

selected as test material to investigate the effect of Nb, Ti and V micro-alloying elements.   This material has 

been used extensively in applications where intensive strength, weldability and formability are necessary 

such as oil pipelines. The other selected steel is low carbon steel according to DIN / EN 10346:2009 used as 

comparative sample in the test.  

Chemical composition of the materials are given in Table 2.1 

 
Table 2.1 Chemical composition of microalloyed steel and low carbon steel 
 

Element / Sample C Mn Si Ti V Ni Nb 

Microalloyed steel 

(DIN / EN 10025-2: 

2004) 

0,17 1,50 0,500 0,025 0,080 0,100 0,050 

Low Carbon Steel 

(to DIN / EN 

10346:2009) 

0,0025 0,40 0,030 0,015 0,010 0,800 0,005 

 

2.2. Testing equipment 
Selected samples were based mounting polish etched with nital acid solution 2%. Images of microstructure 

was taken from Epiphot 200 Nikon optical microscope   analyzed by image processing software Clemex.   

Tensile test was applied at room temperature according to DIN / EN 6892-1 norm, with Zwick / Roell 

Z1200 pull out testing device. 

The aim of using Scanning Electron Microscope (SEM) is, to find out the effect of fracture surface of 

microalloyed steels and carbonitride structures which consists of the micro-alloying elements on the 

mechanical properties and formability, by analyzing their chemical structures. For this purpose in the study 

Jeol JSM 5600 scanning electron microscope was used. 
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Figure 2.1 Microstructure image is taken from DIN / EN 10025-2: 2004 sample, grain size of ASTM 
12.5-(4.0 µ) 
 

          
 

Figure 2.2 Microstructure image is taken from DIN EN 10346:2009 comparative sample, grain size of 
ASTM 12.5-(9,44 µ) 
 
3. Results and Discussion 
In this experimental study, tensile, fracture and microstructural analysis of  DIN/EN 10025-2: 2004  

microalloyed steel which is used in oil pipelines have been analysed in comparison with DIN EN 

10346:2009 low carbon steel.  The effects of Nb, Ti and V microalloying elements on steel formability has 

been investigated based on the mechanical and microstructural analysis.    

Figure 2.1 and Figure 2.2 shows the sample images from light microscopy and particle size measurements. 

As seen from the figures, DIN / EN 10025-2: 2004 quality sample which is microalloyed with Nb, Ti and V 

grain size is smaller than the comparative sample. 

 

To investigate the effect of microstructure analysis on samples, tensile strength results is given in Figure 3.1. 

As can be seen from the graphic DIN / EN 10025-2: 2004 quality microalloyed sample tensile and yield 

values are much greater than the comparative sample. It is difficult to explain the increased strength values 

only with micro-alloying elements when taking into account chemical composition differences but it is a 

also fact that precipitated Nb-Ti-V (C, N) structures deposited in the quality DIN / EN 10025-2: 2004 

sample. 

According to the analysis of the chemical composition the samples are considered to have ductile fracture 

characteristic.   
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To determine fracture behavior of the samples first cross sections triturated thinned amount   then cooled 

down to -195°C temperature in the nitrogen tank and were broken with hammer blow and fracture surfaces 

were analyzed with SEM. Fracture surface SEM images of DIN / EN 10025-2: 2004 quality sample is given 

in Figure 3.2. According to the abservation the cleavage plane in the fracture surface can be said that it 

shows brittle fracture characteristics. This situation showed that win brittle and fragile structure of the 

sample DIN / EN 10025-2: 2004 quality at -195°C. 

 

 
 
Figure 3.1 DIN / EN 10025-2: 2004 and DIN EN 10346:2009 quality sample tensile test results. 
 

 

               
 

Figure 3.2 SEM images of the fracture surfaces is taken from the DIN / EN 10025-2: 2004 sample. 
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Figure 3.3 SEM images of the fracture surface is taken from the DIN EN 10346:2009 sample. 
 

Similar application has been repeated for sample DIN EN 10346:2009 quality sample, and the obtained 

images are given in Figure 3.3. According to SEM images of the fracture surface of the sample, DIN EN 

10346:2009 quality are said to have a more ductile fracture characteristics. 

In order to analyze the forms of carbide and carbonitrides in the microstructure of DIN/EN 10025-2: 2004 

quality sample an EDS analysis was performed. The data and image presented in Figure 3.4 and Table 3.1. 

According to data received from zone 2 of microstructure, Nb, Ti and V percentages are higher which means 

that Nb-Ti-V (C, N) the structure exists. Although is not possible to see clearly the formed carbonitride 

structures by SEM analysis, the data received from EDS analysis supports existence of carbonitride structure 

in the area. While high Niobium percentage is supporting that the probable chemistry of the precipitate is 

Nb-Ti (C, N), the emergence of lowest percentage value in vanadium supports the theory vanadium 

precipitation at the grain boundaries. 

   

 
 

Figure 3.4 EDS analysis results for the DIN / EN 10025-2: 2004 quality sample. 
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Table 3.1 EDS analysis results for the DIN / EN 10025-2: 2004 quality sample. 

Elements / 
Points 

Ti V Nb Mn Fe 

1 0.064 0.045 0.399 0.946 98.545 

2 0.191 0.321 0.266 1.235 97.987 

3 0.187 0.179 0.611 1.391 97.632 

4 0.076 0.211 0.383 0.780 98.550 

 

 

 
 

Figure 3.5 EDS analysis results for the DIN EN 10346:2009 quality sample. 
 

 

Table 3.2 EDS analysis results for the DIN EN 10346:2009 quality sample. 
 

Elements / 
Points 

Ti V Nb Mn Fe 

1 0.155 0.153 0.204 0.217 98.542 

2 0.126 0.066 0.284 0.481 99.044 

3 0.016 0.032 0.274 0.390 99.287 

4 0.189 0.062 0.348 0.431 98.969 

 

Similarly, in the result of SEM analyzes on zone 2 of the DIN EN 10346:2009 quality sample the carbon and 

microalloying elements rates were in accordance with the chemical composition of the material. (Figure 3.5 

and Table 3.2) 

Consequently, as a result of this experimental study it has been shown that mechanical properties are largely 

determined by the precipitates were determined in microalloyed steels. It has been also shown that Ti, V, Nb 

microalloying elements induce grain refining and precipitate hardening by causing carbide, nitride and 

complex carbonitride precipitates formations. The resulting finely dispersed precipitates have been found to 

increase the strength by limiting dislocation movement mechanism. 
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4. Conclusions 
 

1. In this study, tensile, fracture and microstructural analysis of DIN/EN 10025-2: 2004  microalloyed steel 

and DIN EN 10346:2009 low carbon steel have been analysed. 

2. Figure 2.1 and Figure 2.2 shows the sample images from light microscopy and particle size 

measurements. As seen from the figures, DIN / EN 10025-2: 2004 quality sample which is microalloyed 

with Nb, Ti and V grain size is smaller than the comparative sample. 

3. According to tensile strenght result graphic (Figure 3.1) DIN / EN 10025-2: 2004 quality microalloyed 

sample tensile and yield values are much greater than the comparative sample. It is difficult to explain 

the increased strength values only with micro-alloying elements when taking into account chemical 

composition differences but it is a also fact that precipitated Nb-Ti-V (C, N) structures deposited in the 

quality DIN / EN 10025-2: 2004 sample. 

4. According to SEM images of DIN / EN 10025-2: 2004 quality sample (Figure 3.2) the abservation the 

cleavage plane in the fracture surface can be said that it shows brittle fracture characteristics. This 

situation showed that win brittle and fragile structure of the sample DIN / EN 10025-2: 2004 quality at -

195°C. 

5. According to SEM images of the fracture surface of the sample DIN EN 10346:2009 (Figure 3.3) quality 

are said to have a more ductile fracture characteristics. 

6. In order to analyze the forms of carbide and carbonitrides in the microstructure of DIN/EN 10025-2: 

2004 quality sample an EDS analysis was performed. According to data received from zone 2 of 

microstructure (Figure 3.4), Nb, Ti and V percentages are higher which means that Nb-Ti-V (C, N) the 

structure exists. While high Niobium percentage is supporting that the probable chemistry of the 

precipitate is Nb-Ti (C, N), the emergence of lowest percentage value in vanadium supports the theory 

vanadium precipitation at the grain boundaries. 

7. Similarly, in the result of SEM analyzes on zone 2 of the DIN EN 10346:2009 quality sample the carbon 

and microalloying elements rates were in accordance with the chemical composition of the material. 

(Figure 3.5 and Table 3.2) 

8. As a result of this study it has been shown that Ti, V, Nb microalloying elements induce grain refining 

and precipitate hardening by causing carbide, nitride and complex carbonitride precipitates formations. 
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