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Table 1 Chemical composition of the steels (/%)

Sample C Si Mn S Al N Ti+V+Nb La
A 0.06 0.18 1.65 0.001 0.04 0.0074 < 0.2 Null
B 0.06 0.18 1.65 0.0011 0.041 0.0074 <02 0.001
F2 LWWERETI
N /ﬁ ?‘ Table 2 Impact energies of the steels
R // f? @ // Specimen No. Impact energy/J
T // H ?/ A-1 49
L L A2 58
B-1 52
B b iR 7 B AR AR R 7 7
B-2 82

Fig.1 Schematic of the specimen orientations in the rolled plate
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Fig.2 Force-displacement curves of the steels
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Fig.3 Impact fracture morphologies of specimens: (a) A-1, (b) A-2, (c¢) B-1, and (d) B-2
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Fig.4 SEM images of the steels: (a, b) steel A and (c, d) steel B
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Fig.5 EBSD crystallographic orientation maps (IPF//ND) of the rolled plane: (a) steel A and (b) steel B
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Fig.6  Distribution of grain boundary misorientation
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Fig.7  Distribution of coincidence site lattice (CSL) grain

boundaries: (a) steel A and (b) steel B
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Fig.9 Retained austenite of the steel A (a) and steel B (b)

*3 . MKTEHALE
Table 3 Precipitation quantity of Nb, Ti and V elements
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Table 5 Size distribution of precipitation particles of steel B

Size /i;frval AD)/ % nm™ fralct/tliaosrj 1% Cumulative/%

1~5 2.89 11.6 11.6
5~10 2.48 12.4 24.0
10~18 1.88 15.0 39.0
18~36 0.74 13.3 52.3
36~60 0.30 7.2 59.5
60~96 0.34 12.4 71.9
96~140 0.22 9.5 81.4
140~200 0.31 18.6 100.0
200~300 0.00 0.0 100.0

(ng/g)
Steel No. Nb Ti v
A 519 271 14
B 494 242 5
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Table 4 Size distribution of precipitation particles of steel A

Size /;nr;erval AD)/%nm™ fral(:/tl?osr? 1% Cumulative/%
1~5 2.09 8.3 8.3
5~10 1.82 9.1 17.4
10~18 2.37 19.0 36.4
18~36 1.13 20.3 56.7
36~60 0.15 3.5 60.3
60~96 0.22 8.1 68.3
96~140 0.14 6.1 74.4
140~200 0.22 13.1 87.5
200~300 0.13 12.5 100.0

Mean size: 77.8 nm

Mean size: 62.8 nm
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Effect of Lanthanum on the Microstructure and Impact Toughness of HSLA teel

Qu Wei'?, Ren Huiping'?, Jin Zili*, Ji Yunping'?, Li Binglei*, Wang Chaoyi’
(1. Shanghai University, Shanghai 200444, China)
(2. Key Laboratory of Integrated Exploitation of Bayan Obo Multi-Metal Resources, Baotou 014010, China)

Abstract: In order to research the mechanism of effect of rare earth micro-alloying on the impact toughness of HSLA steel, oscillographic
impact experiments were performed by instrumented Charpy impact equipment. The microstructures, characteristics of grain boundaries
and volume fractions of the retained austenite were analyzed by scanning electron microscopy (SEM), electron back scattering diffraction
(EBSD) and X-ray diffraction (XRD). The solid solution quantity of lanthanum and precipitates of the niobium, titanium and vanadium
were quantified by physics-chemical phase analysis. Sizes of the secondary phase precipitates were measured by small angle X-ray
scattering (SAXS). The results indicate that La addition increases the volume fraction of retained austenite and the quantity of high-angle,
especially the low-Z value coincidence site lattice (CSL) grain boundaries, decreases the precipitates of niobium, titanium and vanadium
and refines the sizes of the secondary phase precipitates; as a result, crack propagation is prevented and the toughness of the HSLA steel is
enhanced.

Key words: lanthanum; HSLA steels; impact toughness; microstructures; second phase precipitates
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