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Effect of Carbon on Hot Ductility of As-cast Low Alloy Steels
Yasuhiro MAEHARA, Kunio YASUMOTO, Yasuo SUGITANI and Koki GUNJI
Synopsis :

The effect of C on hot ductility of low alloy steels has been studied in view of surface cracking of con-
tinuously cast (CC) slabs. As the ductility was not affected by C content in hot tensile test of the reheated
specimens, the well-known C dependency of surface cracking susceptibility in CC slabs can be ascribed to
the microstructural change during the solidification process. Austenite grain size of as—cast materials was
found to depend largely on C content, i.e., the maximum grain size appears in 0.10~0.15%, C region.
This can be explained by the higher austenite formation temperature in this C region. Austenite grain
growth rapidly occurred after the complete transformation or solidification into y phase, as the strong pin-
ning effect of the second phase such as é—ferrite or liquid phase on 7 grain boundary migration disappeared.
Carbon dependency of 7 grain size became more marked with increasing cooling rate up to that of ordi-
nary continuous casting.

Such coarsening of 7 grains enhanced intergranular fracture, resulting in ductility loss inversely pro-
portional to the y grain size. Uneven surface solidification in the mold due to the peritectic reaction will
produce much coarser 7 structure because of the local delay of cooling. Surface cracking susceptibility
will also be largely accelerated by this mechanism. Carbon range where surface cracking susceptibility
was the largest varied with the chemical compositions. This shift can be explained in terms of the effect

of alloying elements such as Mn on the peritectic composition.
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Table 1. Chemical composition of steels used (wt2,).

Steel C Si Mn P S Al N Nb

Al 0,052 0.34 1.51 0,020 0.008 0,047 0.0059 0.052
A2 0,12 0.33 1.51 0,020 0.008 0,047 0.0056 0.055
A3 016 0.33 1.49 0.019 0.008 0.047 0.0051 0,051
A4 0,21 0.33 1.48 0.020 0.009 0,047 0.0064 0.038
A5 0,30 0.33 1.49 0.020 0.009 0.048 0,0060 O0.052

Bl 0,053 0.30 0.24 0.020 0.017 0.048 0.0062 —
B2 0.11 0,83 0.22 0.021 0.017 0.047 0.0053 —
B3 0.13 0.34 0.24 0.022 0.016 0.039 0.0147 —
B4 0.20 0.35 0.24 0.019 0.018 0.047 0.0054 -
B5 0.24 0.38 0.24 0.019 0.016 0,053 0.0046 —

Cl 0,029 — 0.84 0.020 0,006 0.025 0,0047 —
C2 0.059 — 0.88 0.019 0.006 0,042 0.0056 o
C3 0,10 - 0.96 0.024 0.006 0.066 0.0059 —
C4 0,12 ~ 0.78 0.026 0.005 0.013 0.0054 —
C5 0.16 — 0.68 0.022 0.006 0,010 0.0043 —
c6 017 - 0.71 0.021 0.006 0.014 0.0054 —
c7 017 . 0.84 0.024 0.006 0,048 0.0060 —
c8 0.22 — 0.83 0.022 0.007 0.020 0.0055 —
c9 0.28 - 0.89 0.022 0,007 0.031 0.0066 —
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Fig. 1. The effect C content on hot ductility in
Steels Al~A5 (0.358i-1.5Mn-0.05Nb).  The
specimens were deformed at 800 or 900°C at a
strain rate of 0.83x 10-3s-1 after solution treat-
ment at 1 300°C.
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Fig. 2. Relationship between tensile properties
and reciprocal of y grain size (D,). Steel A2
specimens were solution-treated at 1 100~1 350
°C and then deformed at 800 or 900°C at a
strain rate of 0.83 x10-3s-1,
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Photo. 1. The effect of y grain size
on fracture surface. Steel A2 speci-
mens were deformed at 800°C at a
strain rate of 0.83x10-3s-1 after
heating at (a) 1350, (b) 1300,
(c) 1200 and (d) 1100°C.
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Photo. 2. The effect of C on y grain size. Steel Al~A5 specimens were remelted at I 580
°C, cooled to 900°C at a rate of 5°Cs-1 and then quenched into water.
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Photo. 3. Grain growth of y phase during continuous cooling. Steel C5 specimens were
remelted at 1580°C, cooled to given temperatures at a rate of 0.28°C s-1, and then

quenched into water.
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Photo. 4. Grain growth of y phase during isothermal holding at 1450°C. Steel C5

specimens were remelted at 1580°C,

cooled to 1450°C at a rate of 0.28°Cs-1,

held at 1450°C for given time, and then quenched into water.

(a), (d): Steel Bl (0.05%C), (b), (e) : Steel B3 (0.13%C), (c), (f) : Steel B5 (0.24%C)

Photo. 5. Effect of C on fracture surface.

The specimens were remelted at 1580°C,

cooled to 1050°C at a rate of 2°Cis-1, and then deformed at a strain rate of 1.0s-1.
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Fig. 3. Grain growth of y phase during continuous
cooling. The specimens were remelted at 1580°C,

cooled to given temperature at a rate of 0.28°C
s-1, and then quenched into water.
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Fig. 4. Grain growth of y phase during isother-
mal holding at 1450°C. Steel C5 specimens were
remelted at 1580°C, cooled to 1450°C at a
rate of 0,281°Cs-1, held at 1450°C, and then
quenched into water.
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Fig. 5. Schematic illustration of the effect of C
on surface cracking frequencies of continuously
cast slabs?~3),
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Fig. 6. The effect of C content on y grain size
and calculated value of RA. (a) Relationship
between r grain size and C content in the speci-
mens shown in Photo. 2. (b) Calculated values
RA which were deduced from the grain size de-
pendency in Fig. 2 assuming that the specimens
were deformed at 800°C and at a strain rate of
0.83 x10-3s-1,
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Fig. 7. Variation of y formation temperature
with C content in Steels C1~C9 cooled at various
cooling rates with reference to the equilibrium
Fe-C phase diagram (dotted line). Solid line was
deduced by considering the effect of Mn.
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Fig. 8. Influence of cooling rate on the C
dependency of y grain size.
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Fig. 9. Schematic illustration of austenite
structure in solidified shell.
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