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Thai Industrial Standards Institute. Tis no.24-2559, Steel bar for reinforced concrete: deformed bars. Bangkok: 5
Thailand; 2017.
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Callister Jr, William D., and David G. Rethwisch. Callister's materials science and 6

engineering. John Wiley & Sons, 2020.
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Callister Jr, William D., and David G. Rethwisch. Callister's materials science and

engineering. John Wiley & Sons, 2020.
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Wang, Peng, et al. "Efficiency stagnation in global steel production urges joint supply-and demand-side mitigation

efforts." Nature communications 12.1 (2021): 2066.
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Choi, Woonam, et al. "Mo addition of high-strength seismic rebars subjected to Tempcore processes for tensile strength 11
enhancement." Materials & Design 219 (2022): 110766.
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Choi, Woonam, et al. "Mo addition of high-strength seismic rebars subjected to Tempcore processes for tensile strength

enhancement." Materials & Design 219 (2022): 110766.
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Choi, Woonam, et al. "Computational Modelling and Experimental Analysis of Hardness and Microstructure of Reinforcing Bars Produced by 13

Tempcore Process." Metals and Materials International (2021): 1-11.
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Choi, Woonam, et al. "Computational Modelling and Experimental Analysis of Hardness and Microstructure of Reinforcing Bars Produced by 14

Tempcore Process." Metals and Materials International (2021): 1-11.
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Choi, Woonam, et al. "Computational Modelling and Experimental Analysis of Hardness and Microstructure of Reinforcing Bars Produced by 15

Tempcore Process." Metals and Materials International (2021): 1-11.
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Nikolaou, John, and George D. Papadimitriou. "Impact toughness of reinforcing steels produced by (i) the Tempcore process and (i) microalloying with 16

vanadium." International journal of impact engineering 31.8 (2005): 1065-1080.



03 Micro-alloying elements lunandedes

U

LAz IngUsraIAtunsLAY

17



Micro-alloying elements lusnandadgas wazingUszadalunisiiu

Micro-alloying elements:

Niobium (Nb)
Titanium (Ti)
Vanadium (V)

Concentration not exceed 0.1 wt%
Formation of MX carbide, nitride, or carbonitride precipitates
Can be produced with Thermo-mechanical controlled process

(TMCP) to achieve small grain size
18
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sUN 11 gaumgiinsnuanueenznay Micro-alloying elements ¥iasing9

Sage, A. M. "An overview of the use of microalloys in HSLA steels with particular reference to vanadium and titanium." HSLA Steels: 19

Processing, Properties and Applications (1990): 51-60.
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Cuddy, L. J., and J. C. Raley. "Austenite grain coarsening in microalloyed steels." Metallurgical Transactions A 14
(1983): 1989-1995. 20
Cuddy, L. J. "Plastic deformation of metals." (1975): 129-140
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Ishikawa, T. "Understanding and controlling microstructural evolution in metal forming: an 21

overview." Microstructure Evolution in Metal Forming Processes (2012): 3-16.
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22
Tanaka, T. "Science and technology of hot rolling process of steel." Microalloying. Vol. 95. 1995.
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Adamczyk, J. "Development of the microalloyed constructional steels." Journal of Achievements in

23
Materials and Manufacturing Engineering 14.1-2 (2006): 9-20.
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Callister Jr, William D., and David G. Rethwisch. Callister's materials science and 25

engineering. John Wiley & Sons, 2020.
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Callister Jr, William D., and David G. Rethwisch. Callister's materials science and 26

engineering. John Wiley & Sons, 2020.
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engineering. John Wiley & Sons, 2020.
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Lv, Yukun, Guangmin Sheng, and Zhenhua Huang. "High strain and low cycle fatigue behaviors of rebars produced by QST 28
and VN microalloying technology." Construction and Building Materials 48 (2013): 67-73.
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Paul, Surajit Kumar, et al. "High and low cycle fatigue performance comparison between micro-alloyed and TMT 29

rebar." Construction and Building Materials 54 (2014): 170-179.
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Paul, Surajit Kumar, et al. "High and low cycle fatigue performance comparison between micro-alloyed and TMT

30
rebar." Construction and Building Materials 54 (2014): 170-179.
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Steels/materials

Observed or envisaged benefits

Typical boron content [wi%]

international 90.11 (2019): 1900133.

Through-hardening heat-treatable steels Enhance hardenability, thereby improve mechanical properties 0.0004-0.0070
Case-hardening steels Enhance hardenability, improve toughness 0.0010-0.0030
Press-hardening steels Enhance hardenability so as to attain ultrahigh ultimate tensile strengths (UTS) 0.0020
Wire rod steels Reduce strain aging due to nitrogen, thus reduce work hardening, 0.0010-0.0060
improve ductility, formability, torsional ductility
Cold-upsetting/cold-forging steels Improve toughness at low temperatures (—60 to —80°C) 0.0020-0.0040
Ferritic stainless steel Improve surface quality of stainless strips 0.0005-0.0050
Austenitic stainless steel Improve hightemperature strength 0.0100
High strength interstitial-free steels Avoid secondary work embrittlement 0.0003-0.0040
Creep-resistant steels Improve creep strength 0.0010-0.0140
Ni-based superalloys Improve creep rupture life 0.0030-0.0250
Eutectic Fe-B alloys Impart wear resistance 0.8-2.6
Fe-12 Mn alloys and Fe-9 Mn steels Improve toughness 0.0010-0.0030
NizAl intermetallics Improve the bonding strength in sintered intermetallics 0.05-0.4
sUN 22 n5lga1u Boron Aulavizutingnag
Sharma, Mamta, Isabell Ortlepp, and Wolfgang Bleck. "Boron in heat-treatable steels: a review." steel research 32
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Dissolved boron in ferrite
or austenite

Equilibrium and / non-equilibrium
segregation of B to ferrite
or austenite grain boundaries

Interaction with specific elements like
synergy with Mo, Nb, Cu etc.; site
competition for GB segregation with
P; formation of B-vacancy complexes

Boron added to steel

Compound formation -
B,O.: BN; M_,(B,C),: Fes(B,C);
M.(B.C).; Fe,B; FeB etc.

vFe - Fe,B
eutectic formation
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Sharma, Mamta, Isabell Ortlepp, and Wolfgang Bleck. "Boron in heat-treatable steels: a review." steel research 33

international 90.11 (2019): 1900133.
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Sharma, Mamta, Isabell Ortlepp, and Wolfgang Bleck. "Boron in heat-treatable steels: a review." steel research

34
international 90.11 (2019): 1900133.
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Sharma, Mamta, Isabell Ortlepp, and Wolfgang Bleck. "Boron in heat-treatable steels: a review." steel research 35
international 90.11 (2019): 1900133.
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> ‘é\ PAG = prior austenite grain
1020 C x1h quenching 630 C x1h tempering
poor hardenability poor toughness
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Zheng, Yaxu, et al. "Dissolution and precipitation behaviors of boron bearing phase and their effects on hardenability and toughness of 25CrMoNbB
steel." Materials Science and Engineering: A 701 (2017): 45-55. 36
Sharma, Mamta, Isabell Ortlepp, and Wolfgang Bleck. "Boron in heat-treatable steels: a review." steel research international 90.11 (2019): 1900133,
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Y

Hong, Seokmin, et al. "Effects of boron addition on tensile and Charpy impact properties in high-phosphorous

steels." Materials Science and Engineering: A 589 (2014): 165-173.
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