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Effect Mechanism of Curling Temperature on the Toughness
of Titanium Microalloyed High—strength Steel GCL700
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Abstract: The effect of curling temperature on the mechanical properties of Ti microalloyed high-strength steels was inves-
tigated using electron backscatter diffraction, transmission electron microscopy, scanning electron microscopy and me-
chanical experiments. The results show that with the increase of curling temperature, the grain size and the proportion of
small-angle grain boundaries of steel increase, while the large-angle grain boundaries and dislocation density decrease.
When the curling temperature increases from 595 “C to 625 “C, the tensile strength of the steel decreases by 4%, the elon-
gation increases by 32%, and the low temperature impact toughness decreases by 53%. The migration and elimination of
large-angle grain boundaries and the increase of grain size , the reinforcement of fine grain strengthening is weakened thus
reducing the strength and low temperature toughness of steel. The increase of the proportion of small-angle grain boundar-
ies in steel and the decrease of dislocation density effectively prevents the propagation of cracks and the occurrence of
brittle fracture,, thus improving the plasticity of steel. When the curling temperature is 610 °C, the tensile strength and low-
temperature impact toughness of the steel do not decrease significantly, and the steel has a high elongation. With the ongo-
ing increase in the coiling temperature, there is a substantial reduction in the strength and low-temperature impact resil-
ience of the steel.
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Table 1 Chemical composition of GCL700 steel %0

C Si Mn P S Ni Cr Ti N Al
0.07 0.10 1.46 0.011 0.002 0.021 0.04 0.13 0.0030 0.027
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Fig. 1  Changes in tensile properties of each sample of

GCL700 steel (3 mm thickness)
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Fig. 2 Changes in elongation after fracture of each sample of
GCL700 steel (3 mm thickness)
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Fig. 3 Morphology of tensile fractures of each sample of GCL700 steel (3 mm thickness) : (a) sample 1* fracture topography, (b)

sample racture topogra , {¢) sample racture topogra N —e orphology and energy spectra of inclusions in the sample
ple 2" fi pography, (c) ple 3" f pography, (d—e) Morphology and gy sp f inclusions in th ple 3
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Fig. 4 The test results of the low—temperature impact tough-
ness of each sample of GCL700 steel (3 mm thickness )
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Fig. 5 Morphology of low—temperature impact fractures of each sample of GCL700 steel (3 mm thickness): (a) 1%, (b) 27, (¢) 3%,

(d) morphology and energy spectra of inclusions in tough nests in sample 3*

2157 177%
i S15%1 8230 0w
¢
21572100
_| G 515° 78 80 < 200m
@ h )
" 1 L |
\ 2515% 31.7% |
o P Y5, 46830 = _ 20wm

;e N

K6 GCL70049(3 mm 5 )AL EBSD MR EEH: (a)1%; (b)2%; (¢)3%; (al, bl, cl) FIM RALIE 5 (a2, b2, 2)5WB KN
EaA L5 (a3, b3, ¢3) A% T34 2% 1 14
Fig. 6 EBSD test results of GCL700 steel (3 mm thick) : (a)1%; (b)2"; (¢)3"; (al, bl, cl) steel inverse pole figure; (a2, b2,

c2) steel size angle grain boundary figure; (a3, b3, ¢3) nuclear average dislocation density figure
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Fig. 8 TEM diagram of each sample of GCL700 steel (thickness 3 mm). Dislocation morphology : (a) 1%, (b) 2%, (¢) 3%, (d) mor-
phology diagram of the second phase particles in sample 2*
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Fig. 9 Morphology of main inclusions in GCL700 steel (3 mm thickness) sample: (al-a3) 1%, (b1-b2) 2%, (c1-¢c3) 3
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Fig. 10 Results of inclusions in GCL700 steel (3 mm thickness) samples :

(a) proportion of inclusions of different sizes in different

titanium content samples, (b) number density of inclusions in different titanium content samples
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Fig. 11  Ti microalloyed steel strengthening mechanism dia-

gram : (a) low coiling temperature, (b) high coiling temperature
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