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ABSTRACT A series of low—alloying ultra—high strength structure steels (LUHSSS) which contain
Si, Mn as the alloying elements are developed through controlling the transformation temperature,
cooling rate and tempering parameters. The observations on the microstructure by means of TEM,
SEM and AFM show that LUHSSS are composed of very fine and close ferrite (F) lathes and retained
austenite (Ag) of thin film shape with high stability, and no blocky Ar and cementite are observed
in steels. The discontinuous F lathes consist of several shear units and their thickness range is 75—
100 nm. During low temperature tempering, the dislocations in the shear units move and finally form
a number of homogeneous cell substructures with the diameter less than 17 nm. Under the condition of
ultra—high strength (o,>1400 MPa), the multi-scale, multi-level and double—phase of microstructure
significantly increase the impact absorption energy (Axy=200 J). Furthermore, the mechanism of
toughness improvement caused by cell substructures is analyzed.

KEY WORDS ultra-high strength steel, ferrite, retained austenite, shear unit, impact absorption

energy, cell substructure
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Table 1 Chemical composition of LUHSSS

(mass fraction, %)

Sample C Si Mn Ni Cr
1 0.20 1.56 2.31 0.30 1.21
2 0.21 1.52 2.30 0.35 1.20
3 0.21 1.58 2.32 0.32 1.18
4 0.20 1.60 2.26 0.31 1.15
5 0.26 1.72 2.30 1.26 1.46
6 0.24 1.80 2.46 1.28 1.52
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Table 2 Mechanical properties and volume fraction of retained austenite (Ar) of LUHSSS

Sample  Heat treatment oy, MPa o092, MPa 6, % v, % Akv,J Volume fraction of Ag, %
1 Process 1 1430 1132 16.5 69.5 190 12.5
2 1410 1100 17.5 66.0 195 12.6
3 Process 2 1410 1089 15.0 69.5 200 13.2
4 1400 1070 16.5 70.5 210 13.8
5 Conventionall>:19] 1460 1190 14.0 68.0 123 10.2
6 1460 1170 16.0 685 119 11.0
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Fig.1 SEM image of the sample 4, showing fine and close

ferrite lathes and AR films between the lathes
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Fig.2 TEM micrograph of sample 4 (a), SAD pattern (b) and its indexing (c), subscript FK and FN in Fig.2¢c

representing K—S and N-W orientation relations, respectively
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Fig.3 HRTEM graph of sample 4 (a), FFT pattern of square area in HRTEM graph (b) and lattice
image obtained by filtered treatment and IFFT (c), circles showing a large number of dislocations
(4.03x10%6/m?)
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Fig.4 AFM images of sample 2

(a) the average length of F lathes is very short, as shown as double arrows 1 and 2

(b) each lath consists of regular shear units, of which the thickness, as shown as double bend

lines, is two or three times of cell substructure’s dimension

B 5 Bk 4 mET I B
Fig.5 AFM images of sample 4

(a) the average length of F lathes is very short but the length difference is larger, as shown

as arrows 1 and 2, and each lath is composed of some shear units of prism shape

(b) the shear units arrange regularly along their flanks

(c) the diameter of the cell substructure is less than 17 nm, as shown as arrows 1 and 2
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