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ABSTRACT 

This paper presents a review of the effect of micro alloying in cast steels. Micro 

alloyed cast steels are a group of micro alloyed steels, in which reliable mechanical 

properties could be achieved by heat treatment. Elements such as vanadium, niobium, 

titanium and zirconium were added as micro-alloys. The elements were added in different 

percentages and combinations to the base cast steels. This method of alloying refines the 

microstructure of the cast steel in the as-cast form. The addition of these elements in the non 

micro alloyed (NMA) steel increases the hardness, tensile strength and yield strength while 

the elongation and impact energy decreases. 
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1. INTRODUCTION 

 In general, based on the method of production, steels can be classified as either 

wrought or cast steels. Wrought steel products are shaped by plastic deformation, whereas 

cast steel products are produced by casting methods. Normally, both these processes are used 

to produce steel products. In particular, the production of intricate internal shapes and 

complicated designs is easier in cast steel. However, the mechanical properties of cast steels 

are lower when compared with wrought steels. Hence, the improvement in mechanical 

properties is further required for cast steel due to its wide use in applications like railways, 

chemical plants, automobiles and petroleum refineries, etc. 

Micro-alloyed (MA) steels are low, medium carbon steels or low-alloy steels with the 

addition of elements such as niobium, titanium, vanadium and zirconium. These additions 

increase the strength of the steel, individually and also in different combinations. Initially, 

microalloyed wrought steels were produced with microalloying and with thermo-mechanical 

processing (heat treatment) for higher strength as well as toughness and good weldability. 

Similar improvements are required for steels in the as-cast condition, especially carbon and 

low-alloy steels that are used for many applications. Moreover, these castings are frequently 

used in extreme conditions of tensile and fatigue stressing, impact loading, creep, abrasion 

and corrosion. Generally, cast steels have the major advantage of wider ranges of 

composition, higher casting temperatures and fewer impurities over wrought steels. To meet 

the present critical applications of components, cast steels with higher strengths and 

toughnesses are used. The objectives of this paper are to review the metallurgical aspects of 
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micro alloyed steels production, heat treatment variables, chemical composition in the as cast 

condition and to discuss the mechanical properties. 

 

2. TYPES OF ALLOY STEELS 

Steels containing one or more alloying elements, other than carbon, are design than to 

enhance the one or more of the steels properties. Specifically, alloy steels are superior plain 

carbon steels due to the effect of the alloying elements. All alloy steels can be classed into 

three groups with respect to the total content of alloying elements: low-alloy steels 
1,2

 with up 

to 5 %, mediumalloy steels
1
 with 5 % to 10 % and high-alloy steels with more than 10 %. In 

micro-alloy steel, minor amounts of vanadium, niobium and/or titanium, etc., are added 
2,5

. 

The addition of these individual elements is generally less than 0.10 % and the total micro-

alloying is less than 0.20 %. 

 

3. EFFECTS OF MICRO-ALLOYING ELEMENTS 

The purposes of adding micro-alloying elements to the cast steel are either to get fine 

grains or to form precipitates. The various factors contributing to the increase in hardness of 

the micro-alloyed cast steel are variations in the pearlite content, the ferrite grain size and the 

formation of fine carbonitride precipitates. Among these factors, the increase in hardness and 

strength is mainly due to carbonitride precipitates. Based on earlier studies 
5,7–9

, carbonitride 

precipitates from the matrix, precipitate at the gamma/alpha interphase and with random 

precipitation.  

The micro-alloying element vanadium precipitates as vanadium carbide at lower 

temperatures on the advancing gamma/alpha interface. It forms either as an interphase 

precipitate or random precipitate in the supersaturated ferritic matrix. Fine carbonitride 

precipitates distributed mainly in ferrite grains are very effective in strengthening. Earlier 

microhardness studies on ferrite grains 
8–11

 revealed that the increase in the strength/ hardness 

of micro-alloyed cast steels is mainly due to precipitation hardening, and the effect of solid-

solution strengthening is lower. The solid solution of microalloying atoms is negligible due 

to the lower concentration of micro-alloying atoms after the formation of carbonitrides. The 

increase in the strength and hardness of vanadium micro-alloyed cast steel is due to the 

formation of vanadium carbonitrides V (CN) 
8,9,13,15

. The increase in the amount of micro-

alloying elements increases the volume fraction of the precipitates. 

Zirconium is a nitride and also a strong oxide forming element. In the solid-state 

zirconium nitride 
14,15

 has a high melting point and a high hardness. The zirconium carbide 

forms at a higher temperature, whereas the zirconium nitride forms at a lower temperature. It 

was found that the zirconium addition improves the hardness and does not decrease the 

impact toughness. The zirconium addition causes sulfide inclusions to shape as globular 

rather than elongated, which improves the toughness and ductility of the micro-alloyed cast 

steel. 

The micro-alloying elements titanium and niobium precipitate at elevated 

temperatures 
9–15

 and generally, both elements form a precipitate in the matrix. The second 

and third type of carbonitrides formed when there are sufficient amounts of titanium and 

niobium present in the form of a solid solution in austenite during the transformation stage at 

the upper critical temperature. 
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4. MATERIALS AND METHODS 

Melting was carried out by a 100 kg capacity, 125 kW, 3 kHz basic lined induction 

furnace. After complete melting of base material, graphite and ferromanganese were added to 

the melts to adjust carbon and manganese contents. The heats were appropriately deoxidized 

with ferrosilicon and Al shot. Microalloying elements were added to the melts in the form of 

ferrovanadium, ferroniobium and pure titanium. The base composition for all heats was 

selected to be about 0.15 wt% carbon and 1.5 wt% manganese. Vanadium, niobium and 

titanium levels in microalloyed heats were selected to be respectively about 0.1, 0.04 and 

0.05. Furthermore, sulfur plus phosphorous levels ranged from 0.02% to 0.035% for all 

heats. The chemical compositions of the base steels used for the micro-alloying experiments 

are presented in Table 1. The contents of the micro-alloying elements are given in Table 2. 

  All heats were poured at 1600 ºC directly from the furnace into the ceramic shell 

moulds made of alumina–silica slurry and prepared according to the conventional method in 

investment casting foundries. Before casting, the moulds were preheated at 1000 ºC. The 

dimensions of test pieces were close to those specified in ASTM standard for tensile and 

impact tests. To evaluate mechanical properties, tensile and standard room temperature 

Charpy V-notch (CVN) tests were conducted. Fig. 1 shows the dimensions of test pieces. 

 

 

 

 
 

 

Fig. 1. Dimensions of (a) tensile and (b) impact test pieces. 
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Table 1: Chemical composition of the base cast steels 

 

Experimental 

Steel 

Elements in wt % 

C Si Mn P S Cr Mo Ni Al 

Steel 1 

(NMA) 
0.23 0.42 1.20 0.02 0.03 - - - - 

Steel 2 

(NMA) 
0.21 0.39 1.13 - - 0.11 0.18 0.91 0.035 

Steel 3 

(NMA) 
0.14 0.26 1.30 0.008 0.011 - - - 0.027 

 

Table 2: Micro- alloying elements 

 

Experimental 

Steel 

Elements in wt % 

V Nb Ti Zr 

Steel 1 (MA) 0.10 0.05 0.025 0.025 

Steel 2 (MA) 0.09 - - - 

Steel 3 (MA) - 0.036 - - 

 

5. RESULTS AND DISCUSSION 

5.1 MICROSTRUCTURE ANALYSIS 

The microstructures of micro-alloyed steels are shown in fig 2. The microstructure of 

vanadium alloyed steel consisted of pearlite and ferrite. The dominant constituent in the Nb 

alloys was bainite. By comparing the micrographs, it could be concluded that the 

microstructures were mainly composed of upper bainite The difference in the microstructures 

of steel 1, 2 and 3 (micro alloyed) can be attributed to the behavior of free Nb atoms in 

austenite which has been recognized as ‘‘non-equilibrium segregation” or ‘‘quenched–

induced segregation” 
16,17

. Investigations have suggested that Nb atoms segregate to 

particular sites such as γ/α and γ/γ boundaries during cooling due to the movement of 

niobium–vacancy complexes into the vacancy sinks such as grain and subgrain boundaries 
16,18

. As a result, since γ→α transformation is retarded and Ar3 decreases due to the solute 

drag effects, hardenability increases and formation of constituents such as bainite and 

martensite are facilitated 
19,20

. However, it is noteworthy that the presence of niobium 

independently does not guarantee the enhancement of hardenability. The most important 

factor which is a prerequisite for the effectiveness of niobium is adequate cooling rate. 

Karlsson et al. have indicated that cooling rate should be neither too fast nor too slow. Too 

fast cooling rates do not provide enough time for atoms to segregate into the boundaries, on 

the other hand, too slow cooling rates lead to desegregation of niobium atoms from grain 

boundaries to the matrix. This is the reason why instead of bainitic constituent,ferritic–

pearlitic microstructure was formed in the Nb-containing compositions poured in sand 

moulds 
8,22,23,24

.  
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Fig.2. Optical microstructure of (a) Steel 1MA (b) Steel 2 MA (c) Steel 3 MA 

5.2 MECHANICAL PROPERTIES 

The mechanical properties for the micro-alloyed steel 1, 2 &3 and the corresponding 

base steel were tested. In the micro-alloyed steel 1 the results indicate that the addition of 

micro-alloying increases significantly the tensile strength and the hardness, whereas it 

decreases the percentage elongation and the room temperature impact toughness 

considerably. The increase of hardness and tensile strength are 31 % and 10.3 %, 

respectively, was observed in the V, Nb, Ti and Zr micro-alloyed as-cast steel compared to 

the non micro- alloyed as-cast steel. The elongation and room-temperature impact toughness 

of the micro-alloyed as-cast steel decreases to 47.5 % and 43.7 %, respectively, compared to 

the non-micro-alloyed as-cast steel. In the micro-alloyed steel 2 the results indicate that the 

addition 0.09 vanadium, the yield and the tensile strength were increased by 55 % and 26 % 

with respect to non- micro- alloyed. The elongation and the reduction of area were decreased 

by 44 % and 45 %, respectively. In the micro-alloyed steel 3 the results showed that the yield 

and the tensile strength increased by 37 % and 15.31 % with respect to non- micro- alloyed 

steels. The elongation was decreased by 33.33 %. 
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6. CONCLUSION 

1. The effects of micro-alloying additions of vanadium, niobium, titanium and zirconium in 

low-carbon base steels of different compositions, to the as cast condition are discussed. The 

chemical composition of the base steel, the individual and combined additions of 

microalloyed elements are given. 

2. The minimum and maximum values of the mechanical properties obtained in the micro-

alloyed cast steels are summarized. 

3. The steel 1 micro alloyed with vanadium, niobium, titanium and zirconium the hardness 

and tensile strength are greater, percentage elongation and room temperature impact 

toughness are smaller. 

4. The steel 2 micro alloyed with vanadium the ultimate tensile strength and hardness are 

greater, while the ductility, measured as elongation and the reduction of area are smaller.  

5. The steel 3 micro alloyed with niobium the yield and the ultimate tensile strength are 

increased compared to non micro alloyed steel, the elongation is decreased after micro 

alloying. 
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