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Effect of Nb/V Composite Strengthening on Microstructure and Properties
of High-Strength Rebars

ZENG Zeyun'®, LI Changrong"*", LI Zhiying"*, ZHAI Yongqiang®, WANG Jié’

(1. College of Materials and Metallurgy, Guizhou University, Guiyang 550025, China; 2. Guizhou Province Key
Laboratory of Metallurgical Engineering and Process Energy Conservation, Guizhou University , Guiyang 550025,
China; 3. Shougang Shuicheng Iron and Steel (Group) Co., Ltd., Liupanshui 553000, China)

Abstract: The microstructure, second phase, fracture morphology, mechanical properties of high-strength rebars
were characterized by metallographic microscope(MM), scanning electron microscope (SEM), transmission electron
microscopy (TEM) and universal tensile testing machine. The results show that the microstructure of 17—
37 experimental steel rebars are ferrite + pearlite, and the 3" experimental steel rebar contains a small amount of
bainite ; the main precipitate of 3” rebar experimental steel is niobium vanadium composite carbonitride ((Nb, V) (C,
N) ), which is round in shape and precipitate on ferrite grain boundary and pearlite lamellar, with the average particle
size of 10 nm; the tensile fracture of 17=3" experimental steel rebars belong to ductile fracture, and the equiaxed
dimples are distributed on the fracture ; with the increase of Nb content, the tensile strength and yield strength of
experimental steel rebar increase, the elongation after fracture decrease ; the tensile strength and yield strength of 37
experimental steel rebar is the largest, reach 795,525 MPa,respectively , the elongation after fracture is 21.6%.
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Table 1 Chemical compositions of experimental steel rebars

w/%
No. C si Mn p s Cr \% Nb N C,
17 0.2500 0.6400 1.4100 0.0320 0.007 0 0.054 0 0.080 0 0.0130 0.008 2 0.5200
27 0.2200 0.590 0 1.4300 0.0290 0.0030 0.0610 0.088 0 0.0170 0.008 5 0.4910
37 0.2200 0.590 0 1.4300 0.0290 0.002 0 0.0610 0.088 0 0.022 0 0.008 5 0.4910

TR A 9 AR PR T2 2100 t LD B (8
IR A AR W — R A BE (B ) — B Ak B (B A
A ) — /NIy ¥R & (I R SF 2 160 mm X
160 mm, £ 24 12.05 m)— Mg in#4 (R $4REE h
1 050~1 180 °C)—Je 4R ( F3 BRI BR 2 1 1 S Ak 2 ) —
i 2 L HLEL T CHLEL b 5L RS FL) — 3 % 4 (55
K —R IR % (¥ KR E y 830~860 °C)—1]
B — e R R A
1.2 RIWHE

W GB/T 1499.2—2018 F1 GB/T 228.1—2010
(& JEARE Pl 55 1380 IR ) B R
3120 mm X 10 mm X 3 mm B IR A 7E MTS810
T RERAPIRISAL L 10 %s 1 28 e A T 2 W s i
K FH SUPRA40 BY37 & 4141 i+ 1 (U BE (SEM) Wi 8%
FAR A I 1Ak %) 7 S8 SOURTE 35 K 2 — AR AETE X

SeRg R uG AN A P26 BB T 8% 10 mm < 10 mm X
10 mm [ 57 7 MR RE SR 5 HEAT RS (4 8 o', B

Jo R AN BB R WS ORE T W HE AT R bk LR
OLYMPUSGXT71 4 8 i 55 (MM) . SUPRA40 %Y
SEM W % 5 E i FF (1) B 5k 20 208 50 AR fif Iy 11 )2
55 2K 1 Ipwin32 A B8 43 B A e 3 46 5 A O0E
45k Bk R R R BR O R BT 5 [ ) 5 SR A Nano
Measurer 5 B 3 B AL o 328 50 4 A7 4k 3R AR 19 °F-
B diob ROST R BROGARY Fr 2 T i

V8 HE I B A I TR @5 X 2 mm B/ -, 5
WS 2 0.1 mm J& , AL IS HE 28 30 pm, B 5 AT 5
T, A BB ) L BE (TEM) iU FF 5 i Tecnai
G2 F30 S-TWIN & 433 TEM, Sl FE k4T Nb/V &
A A TR A IR, T A LR R 200 kV 5 R H BE
AT (EDS) 20 Al v Nb &2 A 51 H W i 2k

2 ERS54HH
2.1 BRALASH

T8 A Y AR B U P TR



5 8]

B, A5 Nb/V S5 i ARG o i 2 B9 A 2 2L SR P RE F) 52 T 871

(a) 1# experimental steel rebar

(b) 2% experimental steel rebar

(c) 3* experimental steel rebar

F—Ferrite ; P—Pearlite ; B—Bainite
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Fig.1 Metallographic microstructure of experimental steel rebars
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Table 2 Microstructure quantitative analysis results of experimental steel rebars

No. Ferrite grain size/mm Grain size grade w(ferrite)/ % w(pearlite)/ % w(bainite)/ %
1 0.016 9 54.95 45.05 0
27 0.013 11 51.68 48. 32 0
37 0.014 10 44. 37 40. 27 15. 36
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(a) 1* experimental steel rebar

(b) 2% experimental steel rebar
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(c) 3* experimental steel rebar
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Fig. 2 SEM images of experimental steel rebars

(a) 1" experimental steel rebar

A
(b) 2% experimental steel rebar (c) 3* experimental steel rebar
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Fig. 3 Pearlite lamellar micromorphologies of experimental steel rebars
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Fig.4 Pseudo pearlite micromorphologies in experimental steel rebars
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(b) 3* experimental steel rebar
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Fig.5 TEM images of ferrite and pearlite of experimental steel rebars
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(c) Precipitates of ferrite grain
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Fig. 6 TEM images and EDS pattern of (Nb,V) (C,N) precipitates of 37 experimental steel rebar
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(c) 3* experimental steel rebar
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Fig. 7 SEM images of tensile fracture of experimental steel rebars
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Fig. 8 Stress-strain curves of experimental steel rebars
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Table 3 Mechanical properties of experimental steel rebars

R,/

No. MPa R, /MPa R, /R, Al% A/ %
17 507 718 1.42 23.6 12.3
2" 523 744 1.41 22.0 12.0
37 525 795 1.51 21.6 11.5

Note: R,—Tensile strength; R, —Yield strength; A—Elongation
after fracture; A ,—Maximum force total elongation.
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