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Abstract: Strengthening mechanism for rebar with nitrided ferrotitanium is studied by optical microscopy
scanning electron microscopy and transmission electron microscopy with HRB335 rebar produced by a
domestic steel mill and the rebar containing a certain amount of nitrided ferrotitanium based on HRB335
as raw materials respectively. Experimental results demonstrate that rebar’ s strength and ductility are
both enhanced as the nucleation of ferrite grain is promoted and ferrite grain is refined by the precipitation
of numerous TiN particles produced in the process of solidification. Precipitates obtained by extraction
replica method mainly contain a few composite oxides and Ti( C N) whose size is usually less than 10 nm
with multi-wide distribution. So it is quite feasible to use nitrided ferrotitanium as an alloy element to pro—
duce HRB400 hot rolled rebar.
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1 HRB400
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-l 18Ti. 20MnTi. .
20MnSiTi o 1 ( )
2010 ¢ Table 1 Chemical compositions of molten steel
( Mass fraction) %
v o o Si Mn P S 0
o Ladle1  0.22 0.57 1.17 0.029 0.028 0.0030
5 Ladle2  0.22 0.56 1.15 0.024 0.027 0.0015
® Ladle3  0.24 0.56 1.10 0.033  0.030 0.0015
Ladle4  0.21 0.53 1.09 0.030 0.023 0.0033
N : 1.3.2
¢ TiN (22
TiC mm X 10 mm 4%
30 ~50 s
0 4% 20 ~30 s
TiN S -360 -
: EVO - 18
; 4%
o 4/
5 (
! )
1.1 2 mm X2
HRB335 N mm 15%
(wy =12% w ., =
35.2%) (wy =16% wy =12%
wy, =55%) . N N o ° 5%
1.2
DMRX ~CAMBRIDGES -360 -
EVO -18 WJEM -2010
N o JEM -2010
1.3
1.3.1 )
N 2.1
1/4 DMRX
N 1/2 o 1
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Fig. 1 The metallographic figure of rebar samples at 120 times
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Fig.2  Organization of Ti microalloyed rebar at different magnifications
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Fig.3  Micro-morphology of precipitates in rebar
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Fig.5 The round precipitate N2 in tested rebar
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Table 2 Mechanical properties of the tested rebars
/mm /MPa /MPa 1%
HRB335 -1 @22 408 573 25 0.71
HRB335 -2 022 395 558 26 0.71
Ti — rebar -1 022 435 620 24 0.70
Ti - rebar -2 322 445 620 25 0.72
HRB335
o 1 )
HRB335 401.5 MPa
565.5 MPa;
440 MPa 38.5 MPa o
620 MPa 54.5 MPa. 2)
HRB400 10 nm o
HRB400 o 3)
3 38.5 MPa
54.5 MPa
HRB400 o
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