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Effects of Aluminum on Delayed Fracture Properties of Ultra High-strength Low Alloy TRIP-aided Steels

Tomohiko Hoio, Koh-ichi SUGIMOTO, Youichi MUKAI and Shushi IKEDA

Synopsis

: To improve the delayed fracture strength of ultra high-strength low alloy TRIP-aided steels with bainitic ferrite matrix (TBF steels), the ef-

fects of aluminum content on hydrogen absorption behavior and delayed fracture properties of 0.2%C-0.5~1.5%Si-1.5%Mn TBF steel were

investigated. When aluminum was added to the TBF steel, the diffusible hydrogen increased. It was expected that the hydrogen was charged

not only in retained austenite films but also on lath boundary. Delayed fracture strength of aluminum bearing TBF steels was significantly in-

creased, compared with conventional TBF steel. This was mainly caused by (1) suppression of the stress-assisted martensite transformation

resulting from the stabilized or carbon-enriched retained austenite, (2) hydrogen trapping to refined interlath retained austenite films and lath

boundary, and (3) relaxation of localized stress concentration by TRIP effect of the retained austenite.

Key words : TRIP-aided steel; ultra high strength steel; aluminum; retained austenite; hydrogen; delayed fracture.
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Table 1. Chemical composition (mass%) and estimated martensite-start temperatures (M, M, °C) of steels and retained austenite

phases, respectively.

Steel c Si Mn P S Al N Ms Mg
A 0.20 1.51 1.51 0.015 0.0011 0.041 0.0021 419 23-185
B 0.20 1.35 1.51 0.016 0.0017 0.210 0.0009 425 50-299
C 0.20 0.99 1.51 0.005 0.0026 0.49 0.0022 434 -68- 37
D 0.20 0. 49 1.51 0.005 0.0025 0.99 0.0022 449 -104- 1
E 0.21 1.50 2.51 0.014 0.0017 0.038 0.0027 377 103-229
(@ (b) Table 2. Hydrogen charging conditions.
'Sgggsc ot Charge H,S0, 0. 5mol /L
20t 1000°C solution KSCN 0. Otmol /L
10t 1200s Curre'ant 500A/m?
\ density
gsoc g 32t
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Fig. 1. Hot and cold rolling and heat treatment process of
TBF steels.
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+0.0220N,+0.0051Nb,+0.003 1Mo, «++++++esseseseesess (2)
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7
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Table 3IZ KD HMPEL DG [FEFHME R &K Oy, B £ 7
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F/, BHOTENZ3~16.7%DFIMIZH 5., AlZHEM
L7-Bfil, C#lild & O DHITIXEIRED SR 2Kk L 7
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Fig. 2. Typical image quality maps of steels (a) A, (b) D and (c) E austempered at 325°C, in which “y;” represents retained

austenite.

Table 3. Tensile properties and retained austenite character-
istics of steels used.

Steel | 7, | vs | m | w | ver | 11| £ | €
300 | 836 | 1420 | 0.59 | 6.6 | 13.0 | 3.6 | 0.85
A | 325 | 778 | 1286 | 0.60 | 5.4 | 9.3 | 3.4 | 1.30
350 | 718 | 1204 | 0.60 | 8.5 | 15.7 | 4.8 | 1.20
300 | 991 [ 1375 0.72 5.9 [13.0| 2.9 | 0.55
B | 325 | 823 | 1284 [0.64 | 5.0 | 11.2| 3.4 | 0.94
350 | 856 | 1254 | 0.68 | 4.5 | 10.4 ] 4.5 | 1.24
300 | 982 | 1366 | 0.72 | 5.5 [ 13.5 [ 3.5 | 1
¢ | 325 | 923 1336|069 46 [121] 31 |1
350 | 885 | 1275 | 0.69 | 5.1 |10.1| 4.1 | 1.52

1

1

300 | 1068 | 1318 | 0.81 | 4.6 | 14.9 | 3.1
D 325 | 982 | 11564 |1 0.85 | 3.5 | 14.2| 3.6
350 | 888 | 1108 | 0.80 | 4.5 | 12.3 | 3.7 | 1.44
325 | 972 | 1367 | 0.71 | 6.2 | 12.6 | 5.8 | 0.62
350 | 927 | 1403 | 0.66 | 6.2 | 13.2 | 5.5 [ 0.90
375 | 938 | 1356 | 0.69 | 6.8 [ 12.8 | 6.7 | 0.88
E 400 | 931 | 1397 | 0.67 | 6.7 [ 11.9| 5.6 | 0.97
425 | 911 | 1308 | 0.70 { 7.4 [13.0| 7.5 | 0.85
450 | 826 | 1245 | 0.66 | 10.0 [ 16.6 | 9.9 | 0.75
475 | 800 | 1289 | 0.62 [ 11.6 | 16.7 | 1.9 | 0.78

T, (°C) : austempering temperature, YS (MPa): yield stress,
7S (MPa) : tensile strength, Y& yield ratio, UF/ (%): uniform
elongation, 7E/ (%): total elongation, £,, (vol%): initial
volume fraction of retained austenite, ¢,, (massk): carbon
concentration of retained austenite
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SR o3 A T TIE U 22 5 300°C DI T oK
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FDTHELW, —JF, EFITIRY — 783 140°C 1L &
BRIz 7 P L, 2O ROMMEREAKE LT
W5,
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Fig. 3. Variations in total charged hydrogen concentration

(H;) as a function of tensile strength (TS) of steels
A-E. Hydrogen charging time: r,=15min, and
current density: 500A/m>.
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Fig. 4. Comparison of hydrogen evolution curve of steels

A, D and E. Hydrogen charging time is f-=15min
and current density is 500A/m?.
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Fig. 5. Typical applied bending stress (o ,)-time to frac-

ture (¢,) curves of steels A, D and E with tensile
strength of about 1300 MPa.
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Fig. 6. Variations in delayed fracture strength (DFL) as a
function of tensile strength (7S) in steels A-E.
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Fig. 8. Relationship between total charged hydrogen con-
centration (H;) and initial volume fraction of re-
tained austenite (f,,) for steels A-E.

Fig. 7. Scanning electron micrographs of fracture surface of steels (a) A, (b) D and (c) E austempered at 325°C.
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Fig. 9. Relationship between ratio of applied stress to
yield stress (0,/YS) and volume fraction ratio
(fy/f,0) of steels A, D and E.
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Fig. 10. Influence of temperature on (a) martensite transformation mechanisms and (b) free energy change.
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