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Effect of initial rolling temperature on the hydrogen-induced delayed fracture of
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ABSTRACT The effect of initial rolling temperature on the hydrogen-induced delayed fracture resistance of Nb alloyed hot stamping
steel was studied by the constant load test and the electrochemical hydrogen permeation method. When the initial rolling temperature
drops from 1000 °C to 950°C  the hydrogen diffusion coefficient and the corrosion resistance of the steel decrease but the hydrogen-in—
duced delayed fracture resistance increases. TEM test shows that when the initial rolling temperature is 1000 °C  the MX precipitated
phase has an average size of 30nm and the Cr,C, precipitated phase can be observed with an average size of 100 nm; when the initial
rolling temperature is 950 °C  the MX precipitated phase has an average size of 5nm. The main reason leading to the improvement of
delayed fracture resistance is the hydrogen trapping effect of the MX precipitated phase. The reason for the difference of precipitated
phases is that a higher rolling start temperature will prompt the coarsening of the MX precipitated phase which will suppress the pre—
cipitation of the Cr,C, phase.
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950 C

© 2016—12—14
(51372020 51672026)



* 1424 - 38 10
1
1.1
= Nb 50 kg
Nb 1250 C 1h 3.5 mm
Nb 850 C 600 °C
7 Nb 1.4 mm .
P1 P2 1
Nb A P1 1000°C P2
Nb 950 °C. 950 C 3
Nb min ( ).
Nb 1
1 ( )
Table 1 Component of experiment steel %
C Si Mn P S Nb Ti B Cr Mo \
(Pl P2) 0.30 0.24 .60  <0.015 <0.002 0.04 0.05 0.02  0.0025 0.20  0.005  0.0010
(a) R6.5 ®) 2(c) PI ;2
" ¢ ', \ (d) P2 2(e) P2
[ O /1 2:1 3 2 P2 : 2 Pl
55 L—» 45 P2 P2
. 71 _ Y GB/T 6394—2002
1 (a) (b)( :mm)
Fig.1 Specimens for tensile test under constant load ( a) and hydro- >0
gen permeation test ( b) (unit: mm) 15 '
P1 17.3 pm;
1.2 P2 7.3
0. 5mol* . Pl
L™ H,S0, +0.25g*L"™" 2(b) P
0.0.5 1.0mA+cm’. )
(1) (o) ot R, R, A A,
l T - P2
2
0.5mA<cm- Table 2 Mechanical properties of the steels
Ry, /MPa R, /MPa Al% AT ( )
D, =L*/15T,. (1) Pl 1152 1788 4.2 67.5
L T, . P 1154 1844 4.6 60
3%
Olympus BC51M 2.2
3
. P1 780
2 MPa P2 840 MPa; 0.5mA-
2.1 em ™’ P1 370 MPa P2
610 MPa; ImAsecm™ Pl
2(a) Pl 2(b) Pl 190 MPa P2 520 MPa.
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2 - (a) ~(c) P (d) ~(f) P2

Fig.2 Microstructures and original austenite grains of the steels: (a) —( ¢) P1 steel; (d) —(f) P2 steel

3 . (a) PI ; (b) P2

Fig.3 Resulis of delayed cracking test under a constant load. ( a) Pl steel; (b) P2 steel

0.5mA™ Pl 2.4
P2
2.3 P1 P2
. . ) Pl
Tb - L2 /15. 3Dap . . P1 20 ~40 nm
P1 ) P2 | 5 nm
Ti.Nb  C; 2 50 nm
3
. Cc C
Table 3 Hydrogen permeation results of the steels
4(a) Pl 4(b)
L/mm Ty, /s Dap/(IO’7 cm?es!) 4( d) 4( a)
P1 0.82 380 11.5 Nb T
P2 .36 2300 52 (Nb Ti) (C N).  4(e) 4(b)

P1
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Nb. Ti.Nb C Nb Ti
Ti ¢ Ti Nb (Nb Ti) (C N)
(Nb Ti) (C N) TiC NbC.  4(¢) Pl
4( 1) 4(b) 250 nm
4 Pl ((a) ~(c)) ((d) ~(9)
Fig.4 Precipitated phase of P1 steel ( (a) —{ c)) and corresponding EDS spectra ( (d) — f) )
5(a) P2 1 ) 50 ~ 100 5(d)
1 5 nm 1 Nb.Ti C
5 P2 ((a) ~(c)) ((d) (e))

Fig.5 Precipitated phase of P2 steel ( (a) —{ c)) and corresponding EDS spectra ( (d) (e))
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