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EXTENDED ABSTRACT

Introduction

Today, new methods such as RH steelmaking are used for steel production, which, in
addition to reducing prices, has also led to an increase in the purity of the produced steel.
Steel is one of the most abundant materials produced by humans, and more than 1 billion
tons of steel are produced worldwide each year.

This mechanism has been taken from HERAEUSE and RUHERSTHALI since 1950. It is
well known that carbon makes steel stronger; "non-engineering" decarbonization
reduces the mechanical properties and strength of steel. However, there is engineering
decarbonization that increases the properties of steel in such a way that, instead of
carbon, other elements such as nickel, chromium, niobium, and titanium can be used to
strengthen steel. The prepared steel goes to the rolling machine, where the metal billet is
deformed by passing between one or more pairs of rollers. In this research, the properties
and microstructure of RH melts before and after rolling were investigated. The purpose of
this research was to remove carbon from the composition so that its reaction with oxygen
has less impurity. By removing oxygen and carbon and by adding microalloys such as Ti
and Nb, steel will gain the desired strength for secondary processes. For this purpose,
microstructural and mechanical investigations were carried out, and the samples were
compared with each other.

Methodology

To produce sheets with steels, high-strength steelmaking with low alloy, 5 types of steel
were studied in terms of microstructure and mechanical properties. The studied alloys were
of grades 1110, 1361, 5942, 5976, 5973, and 5357, which are the internal grades of
Mobarakeh Steel and their equivalent standard grades and slabs and sheets produced by
Mobarakeh Steel Company with the specified chemical composition presented in Table 1.

Table 1. Internal grades of Mobarakeh steel and its standard equivalent.

Standard grade

EN10130 DC06 1110
EN10111 DD14 1361
EX65 API 5942
EX70 API 5976
X52 API 5973
X55 API 5357

The melt was discharged from the furnace after being prepared into 200-ton pails, and
the melt was transferred to the RH unit by transferring to the transmission line by a crane
and after performing the RH process. After the approved slabs were sent for rolling, a sample
of 50 cm x 50 cm was taken from them after the rolling operation and turned into a roll; this
sample was prepared to check the microstructure. The pre-rolled samples, including 6
samples, were prepared for mechanical and metallographic tests as shown in Figure 1.
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Figure 1. Samples prepared for microstructural and mechanical investigations.

Results and discussion

The tested samples are presented by coding in Figure 2 and according to Tables 2 and 3
below:

5973: Microscopic image of a sample produced with internal grade 5973 and API X52
standard. As can be seen, the white spots of ferrite and the golden blades of martensite are
low-carbon. Figure 2(5.1) is before rolling, and Figure 2(5.2) is after rolling.

5976: Microscopic image of a sample produced with internal grade 5976 and APIEX70
standard. As can be seen, the white spots of ferrite and blades are low-carbon martensite.
Figure 2(6.1) is before rolling, and Figure 2(6.2) is after rolling.

Figure Z._Microscopic images of ;nples with coding sepaaion produced with an internal grid.

All tensile mechanical tests were performed according to ASTM A370 and ASTM B557M
standards and with zwick/Roell z600 machine. Tables 2 and 3 show the final tensile
strength of 6 grades before and after rolling. In grade 5976, it was 275 before rolling and
315 after rolling. Also, in grade 5973, the tensile strength changes from 287 to 325.

Table 2. Mechanical properties before rolling.

Results grade
N R RE/RM-T LO ELT UTS-T  YIEIO-T Alloy
0.237 2.845 0.35 80 44 283 149 1110
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0.238 2.945 0.54 80 44 283 148 1361
0.253 2.89 0.51 80 44 277 144 5942
0.251 2.90 0.49 80 44 275 136 5976
0.252 2.612 0.49 80 44 287 141 5973
0.254 2.9 0.5 80 44 276 137 5357
Table 3. Mechanical properties after rolling.
RESULTS grade
N3 R2 RE/FiM- LO ELT UTS-T YIEIO-T Alloy
T

0.254 2.69 0.5 80 55 320 165 1110
0.237 2.845 0.53 80 49 303 151 1361
0.237 2.845 0.53 80 47 313 184 5942
0.253 2.92 0.49 80 46 315 165 5976
0.252 2.692 0.51 80 51 325 175 5973
0.238 2.845 0.53 80 52 292 152 5357

Conclusion

1. The results showed that rolling has a great effect on the structure and properties of
steels in all grades with the given chemical compositions. According to the obtained results,
the martensitic phase of the blade increases by approximately 2% after rolling, and we
observe that the grains become larger and wider, which causes the martensitic blades to
widen.

2. According to the results obtained from the mechanical tests and the analysis of these
results and data, we conclude that rolling on alloys increases their mechanical strength to
an acceptable level and is better than the state before rolling. In the tests, they had greater
mechanical resistance and better stability than before rolling, which applies to all these
alloys.

' RE/RM-T: The ratio of tensile strength to yield point
¥ R: The reduction ratio of width to thickness
¥ N: Manual work
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