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Effects of Addition of Titanium and Boron on Columnar Austenite Grain in Carbon Steel

Masayoshi SASAK], Kiyotaka MATSUURA, Kenichi OHSASA and Munekazu OHNO

Synopsis : We performed casting experiment of S45C steel, focusing on the effect of addition of Ti and B on as-cast austenite grain structure. Without

the addition of these elements, the austenite structure consists of columnar grains over the whole sample in the present casting conditions.

The addition of Ti and B leads to the formation of equiaxed austenite grains and, importantly, fully equiaxed austenite structure was observed

in the sample with 0.2 mol% Ti and 0.4 mol % B. The microstructural observations indicated that this behavior of austenite structure stems

from the columnar-to-equiaxed transition of ferrite dendrite structure. The addition of these elements, furthermore, leads to refinement of the

columnar austenite grains.

Key words: carbon steel; solidification; austenite structure; grain refinement; dendrite structure.
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Table 1{Z/R 3L PR & #5211 ER O S45C HAD I b % 15
AR & LT Wz, S45CHIMMBOERIZ20mm TH
D, W320g& 55 KHIFFREL 72, Hil9 THH A TiB, K
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Table 1. Chemical composition of commercial S45C steel
rod employed in this study (wt%).

C N Si Mn P S Al (6]

S45C 045 00037 028 0.78 0014 0018 0002 00114

R 20 -3 H 17 A2 FRE20 5 H 12 H A28 (Received on Mar. 17, 2008; Accepted on May 12, 2008)
*  dbiEAEAERE (B EAER ¥ (BK)) (Graduate Student, Hokkaido University, now Sumitomo Metal Industries, Ltd., 1850 Minato Wakayama 640-8555)

* 2 Atid i Ko KPP LT 78R} (Graduate School of Engineering, Hokkaido University)
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Fig. 1. Austenite grain structures cooled at R=4.50°C/s, (a) without addition of Ti and B, (b) with 0.02 mol% Ti and 0.04 mol% B,
(¢) with 0.1 mol% Ti and 0.2 mol% B, and (d) with 0.2 mol% Ti and 0.4 mol% B.
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Fig. 2. Comparison between dendrite and austenite grain structures cooled at R=4.50°C/s. The columnar to equiaxed transition re-
gion is indicated by dashed line. (a) Dendrite structure, (b) austenite grain structure.
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Fig. 3. Effect of addition of Ti and B on fraction of colum-
nar dendrite.
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Fig. 4. Columnar austenite grain structures (a) without addition of Ti and B at R=4.50°C/s, (b) 0.1 mol% Ti and 0.2 mol% B at
R=4.50°C/s, (c¢) without addition of Ti and B at R=16.67°C/s, and (d) 0.1 mol% Ti and 0.2 mol% B at R=16.67°C/s.
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Fig. 5. Effect of addition of Ti and B on longitudinal and
transverse diameters of columnar austenite grain.
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Fig. 6. Comparison between austenite ((a) and (c)) and
dendrite ((b) and (d)) structures at same position at
R=16.67°C/s. (a) and (b): without addition of Ti
and B. (¢) and (d): with addition of 0.1 mol% Ti
and 0.2 mol% B
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Fig. 7. Pinning particles existing between primary dendrite
arms in the sample cooled at R=16.67°C/s.
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Fig. 8. Effect of cooling rate on primary dendrite arm
spacing and transverse diameter of columnar
austenite grain in the sample with 0.1 mol% Ti and
0.2mol% B
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Fig. 9. Schematic picture of effect of Ti and B on solidifi-
cation process.
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