
Journal of Mechanical Engineering Research and Developments 

ISSN: 1024-1752 

CODEN: JERDFO 

Vol. 44, No. 7, pp. 424-433 

Published Year 2021 

424 

 

Studying on microstructure and mechanical properties of low 

manganese steel when modificated by Al and Ti 

Bao Quoc Doan†, Duong Nam Nguyen‡,*, Tien Dung Nguyen‡,*, Dinh Tuyen Nguyen‡†,*, Anh 

Tuan Vu‡, Minh Nhat Nguyen‡‡,*, Thi Minh Hao Dong‡† 

† Faculty of Mechanical Technology, Industrial University of Ho Chi Minh City, Ho Chi Minh city, Vietnam 
‡ School of Mechanical Engineering, Vietnam Maritime University, Hai Phong, Viet Nam 

‡† Institute of Mechanical Engineering, Ho Chi Minh City University of Transport, Ho Chi Minh city, Vietnam 
‡‡ Institute of Engineering, Ho Chi Minh City University of Technology (HUTECH), Ho Chi Minh city, 

Vietnam 

*Corresponding author Email: namnd.khcs@vimaru.edu.vn; dungnt@vimaru.edu.vn; 

nguyendinhtuyen8899@gmail.com; nm.nhat@hutech.edu.vn 

ABSTRACT 

In this paper, the results are presented on the influence of Al and Ti on the microstructure and mechanical 

properties of low Manganese steel. These research results show that for samples not modified by Al combined 

with Ti, the microstructure appear delta ferrite phases; This phase is formed from the melting alloys state. In 

addition, the grain sizes of these alloys are very coarse: for undenatured alloys the smallest grain size reaches 

1,055mm; for samples denatured with Al the grain size is 0.65mm; for samples modified with both Al and Ti, 

the grain size is 60 µm equivalent to ASTM grade 4 - this is the appropriate grain grade for alloys for casting 

castings. The obtained mechanical properties of modified steel in the following cases are as follows: the 

toughness value is 25J/cm2. 
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INTRODUCTION 

High-strength low-alloy (HSLA) steel belongs to the group of structural alloy steels with low C content, the 

alloying elements are Mn, Si, Cr, Ni, Cu ... and can add trace elements such as Ti, Nb, V …, total alloying 

element content is less than 5%. HSLA steel has good strength, strength limit is 450-900 MPa, ductility 

decreases with increase in strength, at strength limit is about 450 MPa, elongation is up to 27%, and when 

strength limit is reached 900 MPa, elongation about 10%. The low manganese steel has many practical 

applications; In addition to the AHSS group for manufacturing deformed parts, there is also a dedicated group 

for manufacturing parts working in wear-resistant conditions [1]–[7]. Wear-resistant characteristics of parts such 

as snow rake teeth; Some groups of bucket teeth work in conditions that need to be organized to ensure both 

hardness and certain toughness.In materials technology, the influence of Al and Ti has been studied a lot in 

recent years. The introduction of elements such as Ti into steel contributes significantly to the creation of small-

grain steel. Moreover, Ti will form carbides such as TiC dispersed inside the matrix, which will increase the 

wear resistance of steel. In addition, Al has the effect of preventing the formation of air porosity [8]–[10], [11]–

[13]. 

G. Golaĕski and other authors [1], [3], [14]–[16] presented research results on the influence of carbide particles 

such as M3C; M2C, M23C6, MC, M7C3 to hold of cast steel L21HMF and L17HMF after heat treatment. Studies 

have shown the structure changing of steel before and after heat treatment. Research by Y. A. Farzin [17] and 

colleagues on the effect of heat treatment on the structure and mechanical properties of ST52 duplex steel has 

shown that the best mechanical properties are obtained when annealing at 770oC for 105 minutes and quenching 

in water. The microstructure is fine small perlite grains, a residual amount of austenite, and the ultimate strength 

value reaches 1331MPa with a hardness value of 316HV30. The study of the dispersion of carbide particles after 
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heat treatment and working for a long time has been shown for Cr-Mo-V low-alloy cast steel. Research by R. C. 

Voigt [18] on the effect of heat treatment on the microstructure and mechanical properties of low-alloy Mn steel 

and HSLA steel. By the analysis of the research team, After heat treatment process, the microstructure of steel 

has been determined to be the tempering ferrite-mactensite structure. The steel's toughness and strength values 

increase when a two-step heat treatment is performed. 

The phase transformation in Mn steel is currently a matter of concern because accurately determining phase 

transformation in specific conditions will contribute to improving the workability and service life of research 

steel. These phase transitions are greatly influenced by the heat treatment process. Several scientists have 

studied phase formation in steel and analyzed the formation of delta ferrite when cooled from the liquid state 

[2]–[4], [19], [20][21]. In addition, some scientists have shown the influence of pearlite on the microstructure 

and properties of steel. The study of the structure formation of phases in materials is carried out by various 

methods. Many scientists around the world have used many different methods to analyze and determine the 

phase structures of alloys as well as steel [22],[23],[24]. This paper studies the influence of aluminum and 

titanium on the microstructure and mechanical properties of low manganese steel. The samples studied here 

include undenatured samples; samples modified only aluminum and modified samples combined aluminum and 

titanium. 

EXPERIMENT AND RESEARCH METHODS 

The steel grades are cooked in a medium-frequency furnace with an average batch weight of 250kg with the aim of 

making the steel grades studied to ensure composition uniformity and stability. This result was conducted at Thang 

Loi Co., Ltd. The composition of each cooking batch was analyzed on the ARL-3460 elemental analyzer of Fisons, 

Switzerland, giving the results as shown in Table 1. 

Table 1. The chemical of sample 

Sample C Mn Si Cr Mo Ni Al Ti Fe 

M0 0,255 0,887 1,631 1,676 0,251 0,040 0,053 - Bal. 

M1 0,282 0,883 1,433 1,602 0,218 0,369 0,211 - Bal. 

M2 0,249 0,869 1,479 1,579 0,219 0,365 0,192 0,151 Bal. 

After casting and heat treatment, The samples were analyzed for structure by optical microscope Axiovert 25A; 

VHX and FESEM Jeol 7600 electron microscope - Hanoi University of Science and Technology. In addition, to 

evaluate the composition by EDS analysis method on FESEM Jeol 7600. To evaluate the mechanical properties 

of the alloy, the sample was tested for hardness on the Mitutoyo ATKF 1000 hardness tester and the impact 

toughness on the JBS-300. 

RESULTS AND DISCUSSIONS 

Microstructure 
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a) X500 

 

b) X1000 

Figure 1. Microstructure of M0 sample 

In the Figure 1, Forecast of microstructure includes the main phases: Ferrite + Perclite + Some free alloyed 

carbides. Due to the complex composition, several other intermetallic phases are possible. The microstructure of 

this steel was shown that: After casting, the particle size of the sample is very large; for this case it is not 

possible to determine the grain size of the steel. In addition, inside the grain appear bright colored grains that 

here are not ferrites formed from austenite. These phases have very clear borders with the Peclite matrix 

(formed from austenite). These phases have a distinct boundary compared to the grain boundary ferrite, where 

the grain boundary does not have a clear separation compared to the perlite Fig. 1a. Analysis of the formation of 

perlite in the grain shows that there are different orientations of the perlite in the same grain Fig. 1b. The 

smallest grain size of the steel is 1.055mm (Figure 2) 

 

Pearlite with 

different crystal 

orientation 

Ferrite on the grain 

boundary 

Ferrite on the grain 

boundary Ferrite in the grain  
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Figure 2. Grain size of M0 sample 

 

Figure 3. Porosity of M0 sample 

In the Figure 3, the microstructure has some porosity points in the matrix. This points have at ferrite particle and 

pearlite particle. Thus, it can be confirmed that sample M0 (without denaturation) can not cleaned of porosity. 

By XRD, it could be seen in Figure 4.  

porosity 
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Figure 4. XRD of M0 sample 

Analysis of XRD results shows that the matrix phase is a solid solution phase with dissolved alloying elements. 

For the research alloy sample, it is a solid solution of Fe with some additional elements such as C; Cr, Si, Mn, 

Mo. The results of XRD analysis showed no presence of inter-metallic phases. However, by XRD method, it is 

not possible to accurately determine the light phases inside the grain and the light phase composition at the grain 

boundary of this alloy. By the results of SEM and EDS analysis (Figure 5), it was found that: 

  

  

Figure 5. The chemical composition of bright phase in the grain 

The results of EDS analysis at points 1 and 2 are bright areas located inside the grain, and it is found that: The 

main composition is Fe, in addition, there are some alloying elements but the presence of C is not found (in the 

error area). Therefore, it can be concluded that this is the ferrite phase. 
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Figure 6. Chemical composition of bright phase on the grain boundary 

The analysis of the light phase at the grain boundary region shows that with high magnification, the phase 

boundary between the bright color region and the plate perlite region can be determined (Fig. 6). Conclusion of 

EDS analysis: The light color phase in the grain is suspected to be the intermetallic phase but it is not, it is only 

the ferritic phase, but this ferrite is not the ferrite released from austenite when cooled, but the ferrite secreted 

from the liquid state, at high temperature, is called ferrite delta. 

 

Figure 7. Microstructure of M1 sample 

With the M2 sample shown in the Figure 7, after casting, the microstructure of sample M1 showed that the 

structure closely resembled that of sample M0 including bright particles on the grain boundary; light phase 

inside grain and pearlite matrix. However, the particle size is smaller than that of sample M0; more uniform. 

The particle size analysis of the sample (Figure 8) showed that: 

pearlite 

Ferrite 
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Figure 8. Grain size of M1 sample 

Through the study of some documents, it has been shown that Al has the effect of stimulating the secretion of 

ferrite as soon as it is cooled from the liquid state (called ferrite delta), so by OM, the amount of Al in samples 

have from 0.19-0.2%, see a lot of ferrite in the grain, while on the grain boundary, the amount of ferrite secreted 

from austenite when cooled down is less, smaller grain size. Delta ferrite secreted a lot is not beneficial for later 

heat treatment (dissolving when heat treatment is more difficult). Particle size has improved slightly but not 

significantly, the particle is still large, not within the permissible range of use according to ASTM standards (up 

to 300 microns maximum). Therefore, aluminum cannot be modified to make small particles, only degassed. 

Compared with the M0 castings, these samples have a higher Ti composition (greater than 0.1%), and added Ni 

0.365%. In addition, the composition also contains many other trace alloying elements. The microstructure of 

this sample is Ferrite, pearlite and carbide 

 

Figure 9. Microstructure of M2 sample 

Ferrite on the 

grain boundary 
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Analysis of microstructure of sample M2 after casting shown in Fig. 9 found that the microstructure of the 

sample is finer than that of the M1 sample and M0 sample. There was no appearance of ferrite which created 

from the liquid state. The ferrite secreted at the grain boundary is less than that of the M0 and M1 samples and 

has a smaller size compared to this sample. The structure within the sample still appear porosity. However, this 

porosity is smaller than M0 and M1 samples.  

 

Figure 10. Grain size of M2 sample 

The analysis of the particle size of sample M2 shows that the particle size of the sample is 4-grades (ASTM) 

(Figure 10). The microstructure includes Perclite phases (pseudo-product) and little ferrite on grain boundaries. 

Therefore, the Al and Ti elements is modification, create small particles, which can be cooled more slowly to 

get a structure (F + P), the plasticity will be higher (the impact toughness will be higher) and Al is used to 

reduce porosity (because the sample has a lot of porosity). 

Mechanical properties 

Table 2. The toughness of sample 

Samples Toughness (J/cm2) 

M0 9.6 

M1 11.2 

M2 25.0 

 

From Table 2, The M2 sample has the largest impact toughness value compared to the M0 and M1 samples. 

With this mechanical property value, it is completely consistent with the above structure analysis. The fact that 

in the structure of steel there is no ferrite phase which is formed from the liquid state; The low percentage of 

ferrite phase contributes to improving the impact toughness value of the alloy.In the M2 alloy, the simultaneous 

use of aluminum and titanium has limited the porosity; Titanium is a strong particle reducing element that has 

contributed to improving the grain level of the research alloy. 

Table 3. The micro-hardness of M2 sample 

 

 

 

 

 

 

 

No Phase HV 

2 
Ferrite  

136 

3 142 

4 
Pearlite 

192 

5 174 
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Analysis of hardness results from Table 3 shows that after casting, the struture consists of a pearlite matrix with 

high hardness and a small amount of dispersed ferrite with low hardness; Hardness value of the alloy is 

guaranteed during wear resistance. The hardness value of perlite and ferrite is not much different, so it does not 

affect the impact toughness of the sample. 

CONCLUSIONS 

When using Al and Ti as the modifier and degassing agent for low manganese steel at the same time, the grain 

size is grade 4. The delta ferrite no longer appears in the microstructure, which is formed from the liquid state. 

The ferrite phase formed in the structure, dispersed in the grain boundary area; in the matrix, there is no δ-ferrite 

structure which was created from melting stage. The ferrite phase size is finely and uniform on the matrix, does 

not affect the hardness (abrasion resistance) but also increases the impact toughness of the steel. In the grain, 

there is no different orientation of pearlite. With small particle size and uniform the impact toughness value of 

the sample also reached the highest. 
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