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Abstract: In this paper a serials of TRIP-assisted annealed martensitic( TAM) steels had been obtained
through niobium vanadium and/or titanium microalloying additions into a base chemistry of 0.2% C -
1.5%385i-2.0%Mn and a complex heat cycles of double quenching+tempering processes .From the hydro—
den charging curves microalloyed precipitates have significant effects on delaying/retaining the hydrogen
diffusion through steel matrixs. Hydrogen charging test results indicates that when microallying additions
are at silimar level Nb microalloying steel has the lowest apparent hydrogen diffusive index D, =0.716x

107 em*/s Ti steel with moderate D, =1.136x107" em® /s while value is 2.647x107" cm® /s for 0.052%V
steel. However all these values are far lower than that of refered steel with its D,=4.215%107" cm®/s.For

V-microalloyed steels the SSRT results show that the hydrogen induced ductility loss ID is 76.2% for O.
2%V steel compared with 86.5% for Vree steel.The trapping mechanism of the steel containing different
V contents is analyzed by means of TDS and TEM observation.It is found that the steel containing 0.2%V
can create much more traps and higher activationenergy for hydrogen trapping compared with V{ree steel
which is due to VC as hydrogen traps capturing hydrogen.The relationship between hydrogen diffusion and
hydrogen trapping mechanism is discussed in details.
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Table 1 Main chemical compositions of used steels %
c Si Mn P S v Ti Nb
TAM-VO 0.194 1.42 2.02 0.007 0 0.005 4 0.030
TAM-V5 0.196 1.53 2.13 0.006 7 0.005 6 0.052 0.024
TAM-V10 0.200 1.50 2.10 0.005 4 0.006 6 0.098 0.030
TAM-V20 0.200 1.54 2.05 0.007 5 0.005 6 0.210 0.029
TAM-Ti 0.194 1.47 2.15 0.009 7 0.005 4 0.008 0.072 0
TAM-Nb 0.196 1.47 2.09 0.009 5 0.004 7 0 0.039 0.049
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Fig.3  Anodic current changing as function of hydrogen charging time for different steels
2
Table 2 Hydrogen permeation results
L/mm I, /A 0.631,, /pA t;/s t./s tos /s
TAM 0.31 41.59 26.20 176 1155 380
TAM-V5 0.31 33.25 20.95 231 1 241 605
TAM-V10 0.32 23.89 15.05 720 1950 1025
TAM-V20 0.31 18.61 11.72 1 340 4 350 1 820
TAM-Ti 0.32 46.56 29.33 1157 3360 1 502
TAM-Nb 0.28 39.13 24.65 1 570 5 390 1825
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Table 3 The calculated hydrogen permeation parameters
D,x107"/ 1, %1071/ C3x107%/
(em? s (mol *ecm™ *s™')  (mol * em™)
TAM 4.215 5.491 0.404
TAM-V5 2.647 4.390 0.514
TAM-V10 1.665 3.154 0.606
TAM-V20 0.880 2.457 0.866
TAM-Ti 1.136 6.147 1.731
TAM-Nb 0.716 5.166 2.020
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TAM 0
TAM
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Table 4 Volume fractions of different TAM steels

measured by XRD technique

1%
TAM 10.55
TAM-V5 12.23
TAM-V10 12.63
TAM-V20 12.18
TAM-Ti 12.96
TAM-Nb 12.49
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