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Refinement of As-cast Austenite Grain in Carbon Steel by Addition of Titanium

Masayoshi SASAKL, Kiyotaka MATSUURA, Kenichi OHSASA and Munekazu OHNO

Synopsis : Effects of Ti addition on as-cast austenite grain size in S45C carbon steel have been investigated in range of Ti addition between 0 and

0.5 mol%. The cooling rate was set to be 0.03°C/s. It is shown that the average austenite grain diameter decreases from 1900 to 250 um as

the Ti addition increases from 0 to 0.5 mol%. The microstructural observation revealed that the motion of austenite grain boundary is inhibit-

ed at inter-dendritic position, which is ascribable to pinning effect of Ti(C,N) particle. The CALPHAD analysis showed that this particle

crystallizes mainly in L+y—Fe+Ti(C,N) phase field. As increasing Ti addition, the size of Ti(C,N) particle does not substantially change,

however, the number of the Ti(C,N) particles increases, leading to further refinement of the austenite grains.
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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 o]

045 0.0037 0.28 0.78  0.014 0.018 0.002 0.0114
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Fig. 1. Austenite grain structures (a) without Ti addition,
(b) with addition of 0.05 mol% Ti, (c) with addition
of 0.1 mol% Ti, and (d) with addition of 0.5 mol%
Ti.
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Fig. 2. Effect of Ti addition on ¥ grain size. The broken
: line represents the result of Ti and B additions re-
ported in the previous paper.®
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Fig. 3. Comparison between (a) y grain and (b) dendrite
structure at the same position in the sample with
addition of 0.2 mol% Ti.

KNROBEN TV F 74 MEBOME TRl Eh T 5,

P EDEREZRT 57012, Leellk > THE XN T
W% Fe-C-N-TilUJLRDES)¥ 7 — # 9% T CAL-
PHADEIZ X 2 IRREK G & % 47 - 7=, Fig. 412 Fe-0.45
wt%C-0.0037wt%N-—xTi DIKBEX % /R §, B TiiRE



1600 : : - :

L+6Fe - —TL +Ti(C,N)
1500 1 L*g«l‘e‘rIl(L.N)

L+yFe L +y-Fe+Ti(C.N)
1400 ﬁ”/'Fe

13004

¥-Fe+Ti(C,N)

Temperature, 7/ °C

1200+

1100 T T T T
0.0 0.1 0.2 03 0.4

Ti composition /mol %

0.5

Fig. 4.

Calculated phase diagram of Fe—0.45wt%C-0.0037
wt%N-xTi steel.

Fig. 5. Ti(C,N) particles existing at grain boundary.
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Fig. 7. Temperature dependence of C and N compositions
in Ti(C,N) phase calculated by CALPHAD method
for the sample with 0.45wt%C—0.0037wt%N and
0.02 mol% Ti.
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Fig. 8. Dependence of austenite grain size on quenching
temperature in the samples without Ti and with
0.2 mol% Ti.
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Fig. 9. Variation of Ti(C,N) particle size with respect to Ti

composition.
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Fig. 10. Variation of the number of Ti(C,N) particles per
unit area with respect to Ti composition.
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Fig. 11. Relation between r/f,, of Ti(C,N) and y grain size.
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