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Effect of Niobium Content and Ingot Heating Temperature
on Microstructure and Property of HRB400 Steel Rebar

Zhou Yun, Yang Xiaowei,Chen Huande and Zhang Yu
(Institute of Research of Tron and Steel (IRIS) of Shasteel ,Jiangsu Province , Zhangjiagang 215625 )

Abstract The effects of niobium content (0.011% ~0.055% ) and heating temperature (1 100 ~1 250 C ) on mi-
crostructure and properties of HRB400 steel rebar 20 mm plat are studied by thermal simulator Gleeble, high temperature la-
ser con-focal microscope and transmission electron microscope. In 20 mm plate with heating at 1 180 C for 1 h, with in-
creasing content of niobium addition,the bainite content in steel increases to inhibit ferrite transformation,leads to increas-
ing yield strength. Addition of 0. 024% niobium, the microstructure has 50. 8% ferrite,39. 0% perlite and 10.2% bainite,
which corresponds to yield strength of 426 MPa, tensile strength of 685 MPa, elongation of 24. 0% and reduction of area
61.3% . The size of niobium precipitates gradually refine with the increasing of heating temperature ,the number is gradually
increasing ,and the disperse distributed niobium-containing precipitates with a size range of 7 ~ 88 nm can be produced at a

Vol.42. No. 1
February 2021

heating temperature of 1 180 C.

Material Index Nb-Microalloying, HRB400 Steel, Heating Temperature, Perlite, Bainite
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Table 1 Chemical composition of HRB400 tested steel’ %

#i 5 C Si Mn Nb P S

1" 0.23 0.31 1.53  0.011 =0.045 =0.045
2* 0.23 0.34 1.54  0.024 =0.045 =0.045
37 0.23 0.33 1.59  0.055 =<0.045 =0.045

%2 RIH HRB400 20 mm # H 284

Table 2  Mechanical properties of HRB400 tested steel
20 mm plate
s Ry, TFHEMGE $HRGR  BEHE B
BE/MPa  [E/MPa [/MPa /% A %
1# 383 382 647 24.9 65.1
2t 426 - 685 24.0 61.3
3¢ 448 - 716 22.4 522
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Fig. 1 Microstructure of 20 mm rolled plate of tested steel:1%0. 011% Nb;2%0. 024% Nb;3*0. 055% Nb
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Fig.2 Morphology of austenite grains of HRB400 steel ingot heating at 1 100 C (a),1 150 °C (b),1200 %C (c) and 1250 C (d)

for1 h
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Fig.3 Effect of heating temperature and holding time on austenite
grain size of HRBA0O steel
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Table 3 Fitting parameters between austenite grains size and

holding time for HRB400 steel heating at 1 100 ~1 250 °C

LA A TR E/C K n
1100 45.57 0.090
o 1150 43.84 0.131
okt 1200 35.84 0.236
1250 83.75 0. 080

B SRRLR f =70 wm, X T /5 S i ok R 45
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B4 (a) 1100 °C,(b) 1150 °C,(c) 1200 CT,(d) 1250 C 1 h [EFLLEE, #4 HRB400 H04T 4740 , TEM
Fig.4 Morphology of precipition of in as-cast HRB400 steel solid-solution treated at 1 100 °C (a),1 150 °C (b),1200 C (c) and

1250 C (d) for 1 h, TEM

5 (a) 1100 C,(b) 1140 C,(c) 1180 C,(d) 1220 CHLhi#ART HRBA0O $#f7 H 47 51 , TEM
Fig.5 Morphology of precipition of in HRB400 steel simulated heating at 1 100 C (a),1 140 °C (b),1 180 C (e¢) and 1220 C
(d),TEM
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