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INCLUSIONS IN STEEL (I)

(Behavior of Titanium-, Zirconium-, and Vanadium-Nitrides -
and Carbides and Their Effect on Austenitic Grain Size of Steel)

Hiroshi Sawamura, Dr. Eng. and Toshisada Mori, Dr. FEng.

Synopsis: .

When titanium (zirconium or vanadium), nitrogen and carbon are contained in steel,
nitride and (or) carbide of the element are formed according to the degree of stability of
these compounds. The free energy equations of the formation of nitrides ‘and ‘carbides in
steel are derived ‘by the same method described in the previous report (Tetsu to Hagane
(1955) vol. 41, No. 10, p. 1082). The equilibrium relations of the formation of titanium-,
zirconium- and vanadium-nitrides and carbides are calculated by these equations in seve-
ral cases of different contents of these elements. According to. the results of calculation,
‘both titanium-(zirconium-) nitride and carbide are estimated to be effective as grain growth
inhibitors, but inclusions which are precipitated in austenite may be considered to be more
effective as inhibitors than those in molten steel. Vanadium nitride may also be effective

.-as the inhibitor but there remains some uncertainty. Vanadium carbide ‘VC’ does not pre-

cipitate in steel while ‘V,C;’ may precipitate in austenite and may be effective as the inhibitor.
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Table 1. Eqﬁilibrium ratio between two
phases in the range from 1534 to 723°C.

Temp °C - Phase 9, ‘ Phase 95
1534 ) 0 ] "L 100
1529 0 35 L 65
1520 8 66 L 34
1500 ¢ 85 L 15
1492 6 87°5 L 12°5

7 8 37°5 625
1484 8§ 23 e 77
1476 & 0 r 100
865 @ 0 r 100
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800 a 58 T 42

723 a 81 T 19
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V5 (1%) +N (0°005%) =VN
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. | Vol. 41 No. 10 p. 1082, No.11
7S 1 p. 1175
] 2) PORZ, BRI SR 19% 3769
] (1955) 7 B '
3) ‘Basic Opén Heairth Steel
making’ (1951) p. 632
T 7300 4) H.Witte and H. J. Walbaum:
—— Temp. € .
Fig. 3. The free energy of formation of nitrides and carbides as a function of temperature.
No. Reaction No. Reaction
1 Al1;(0*01%) +N:(0°005%) = AIN 19 Vy(1%) +Ny(0°005%) =VN
2 Al5(0701%) +N, (0°005%) = AIN 18! Va(19) +Ng(0*005%) =VN
3 Aly(0°01%) +Ny(0°005%) = AIN 20* V1(0°019) N (0°005%) = VN
4 Ala(0701%) + Ny (0°005%) = AIN 21 V5(0°019%) + N (07005%) = VN
5 3/4511(0°5%) +N; (0°005%) = 1 /481N, 20% Vy(0°01%) +Ny (0°005%) = VN
6, 3/4Si5(0°5%) +Nj (0.005%) = 1/4SisN, 21 1% V4 (07019%) +Ng(07005%) = VN
7 ! 3/4Siy(0°5%) + Ny (0*005%) = 1/4SisN, 23 Ti1(0°019%) +C;(0*159%) = TiC
8 | 3/48ia(0°5%) +Nu(0°005%) = 1/4SisN, 24 Tis (0°01%) +Cj (0" 15%) = TiC
9 | 4Fey+Ny(0'005%)=Fe;N 25 Tiy(0*019%) + Cy (0° 15%) =TiC
10 4Few+Nu(0°005%) =Fe;N 26 Ty T v
11 Ti1(0°01%) +N;(0°005%) = TiN 27 Tig(0°01%) +Ca(0°15%) = TiC
12 Tis(0°01%) + N3 (0°005%) = TiN 28 Zr1(0-01%)+§(o-15%)=2rc
13 Tiy (0°01%) + Ny (0°005%) =TiN’ 29 Zrs (0°019) +Cs (0 1594) = ZrC
12! Tia(0°01%) + Ny (07005%) = TiN 30 Zry(0°01%) +Cy (0* 15%) = ZrC
14 Zr1(0:01%) +N;(0°005%) = ZrN 31 V1(1%) +C1(0* 1595) =V C
15 Zr; (0°01%) +N (07005%) =ZrN 32 V5 (1%) +C5 (0*15%) =VC
16 g_l‘y (0*019,) +Ey (0-005%) =ZrN 33 \_7_7 (1%) +_C-y (0°15%) =VC
17 V1(1%) +N;(0-005%) = VN 34 Va(1%) +Ca(0°15%) =VC

* T, Shimose and K. Narita
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