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M icrostructure mechanical properties and strengthening m echanisn of Nb-

bearing TR IP steel after continuous annealing process
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ABSTRACT The continuous annealing processing of transfomation-induced plasticity (TRIP) steel was simulated m lab The m i
crostiucture and mechanical properties were analyzed by opticalm icroscopy (OM ), scanning electron m icroscopy (SEM ), transm ission
electron microscopy (TEM ), electron-backscatier diffraction (EBSD ), X -ray diffraction (XRD ) techniques and tensile test The fac-
tors influencing the stabilization of retained austenite and the strengthening mechanisn of TR IP steel were analyzed The experimental
results showed that fine grains in the microstructure of Nb-bearing TR IP steel fom ed during continuous annealing processing because of
the existence of Nb The Nb-bearing TRIP steel hasmore retained austenite and more cathon in retained austenite than the TRIP steel
without niobium- It is found that retained austenite in the Nb-bearing TRIP steel is buky or thin filny at ferrite and bamnite grain
boundaries and few fine globular ones exist in the ferrite matrix Fe;C and (Nb Ti) (G N) are themain precipitates in the Nb-bear-
ing TRIP steel after hot wlling A fier continuous annealng (Nb Ti) (G N) is the only main precipitates Obviously the yield
strength and tensile strength increase with ncreasing annealing temperature which results fran the precipitation strengthening of fine
Nb-bearing precipitates
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Fig 1 Microstuctures of the tested TRIP steels after continuous annealing (a) withoutNb: (b) with Nb
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Fig 3 XRD pattems of the tested TRIP steels after continuous an-
nealing (a) withoutNb: (b) with Nb
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Fig 4 (Nb Ti) (G N) precipitation in the tested Nb—hearing TRIP steel (a) and Fe; C precipitation in the tested TRIP steel withoutNb (b) after

continuous annealing
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Fig 5 Effect of heat treament temperature in the intercritical tem -

perature range on the mechanical properties of the Nb—bearing TR IP
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Table 1  Precipitation of Nb Ti catbonitride in the Nb-bearing TRIP steel
M (G NHEH& TR RS 0 M(C NI

R TE U

Nb Ti c N AR
AL 0.0602 0.0121 0.0100 0.0009 (Nby.719 T1.281 ) (Co.920 No.o71 )
800°C, 120 ¢ 0.0631 0.014 4 0.0102 0.0018 (Nbo.693 T.307 ) (Co.869No.131 )
830°C, 1204 0.0660 0.0148 0.0105 0.0020 (Nby.697 Ty.303 ) (Co.860No.140 )
850°C, 120 0.067 4 0.0152 0.0111 0.0021 (Nbo.9s T30 ) ( Co.sss No.116 )
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Table2  Fe;C precipitation in the Nb-bearing TR IP steel
M3 CHIFp & B2 ) R A5 6 M3 CAHEY
PAbIE T
Fe Mn C L=
B 2 1.0687 0.0551 0.0806 (Fey.050Mno.o50 )3 C
800°C, 120 s 0.1271 0.0012 0.009 2 (Fev.000Mno.010 )3 C
830°C, 120 ¢ 0.1279 0.0007 0.009 2 (Feo.9904Mno.05 )3 C
850°C, 120 ¢ 0.1278 0.0007 0.009 2 (Fey.004Mno.05 )3 C
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Table3  Size distribution and mass fraction of second phase in the Nb-bearing TRIP steel
ENGEEAY (3L e
% 24 HAELS 800°C, 120 ¢ 830°C, 120 g 850°C, 120 g
Rot/
Z/m (Yenm V) B B /m Penm V) M B/ m (Yemwn V) B B/ (Yemm ) B M
1~5 0.94 3.7 1.35 5.4 1.65 6.6 1.94 7.7
5~10 1.02 5.2 1.49 7.5 1.71 8.6 2.04 10.2
10~18 0.86 6.9 1.67 13.6 1.07 8.6 1.10 8.8
18~36 0.46 8.2 0.50 9.0 0.50 9.0 0.47 8.5
36~60  115.6 0.25 6.0 102.3 0.25 5.9 101.5 0.28 6.7 98.2 0.23 5.6
60~96 0.28 10.2 0.22 7.9 0.25 8.0 0.23 7.8
96~140 0.50 22.0 0.37 16.5 0.38 18.1 0.39 17.2
140~200 0.37 23.0 0.34 21.3 0.34 21.4 0.33 21.2
200~300 0.15 14.8 0.13 12.9 0.13 13.0 0.12 13.0
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