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Effect of Bolide Former Elements on Recovery and Recrystallization
of Reverse-transformed Austenite in Fe-19%Ni Alloy

Takuya Y asuno, Akio Kocane, Kazuhiko Kurmsavasni, Tadashi Hasecawa and Ryo Horwcr

Synopsis :
examined in carbon-free Fe-19mass%Ni alloys.

Effect of various bolide former elements on recovery and recrystallization of reverse-transformed austenite was
The combined addition of Nb and B was found to be most effective

in suppressing them, because the recrystallization of reverse-transformed austenite rose up to 1200K, which was 100K
higher than that of nothingadded alloy. TEM observation of extraction replicas indicated that their retardation was due
to very fine precipitates of Nb-bolide. It was evident from the theoretically obtained solubility products of several MB,
~type bolides (M : Cr, Mn, Nb, Ti, Mo) that NbB, was more stable than the other bolides up to high temperature. This
may be the reason why recovery and recrystallization are suppressed up to the highest temperature by the combined

addition of Nb and B.
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Fe-19%Nit

Table 1. Chemical composition in mass% of the

steels employed. (mass%)
Ni Ta W Nb Ti Mo B
Base 19.2 — — —  0.03 — —
+Ta 20,4 0.32 — — 0.03 — —
+W 189 — 029 — 0.03 — —
+Nb 19.0 — — 0.15 0.03 — —
+Ti 18.9 — — —  0.11 —
+Mo 19.3 — — — 0.04 0.15 —
+B 19.0 — — — 0.02 0.0076
+B+Ta 19.1 0.25 — —  0.02 — 0.0120
+B+W 189 — 0.29 — 0.02 — 0.0080
+B+Nb 18.9 — — 0.15 0.02 — 0.0072
+B+Ti 18.8 — — — 0.12 — 0.0055
+B+Mo 19.0 — - — 0.04 0.15 0.0090

CN,PS < 0.004 SiMn < 0.006 Al —0.03
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Fig. 1. Optical micrographs of Fe-19Ni base steel.
a) 1473K, 4ks=>WQ
b) 1473K 4ks=>WQ+923K,4ks=>WQ
¢) 1473K.dks=>WQ+1023K,4ks=>WQ
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Fig. 2. Optical micrographs of Fe-19Ni steel.
a) Fe-19Ni-Nb steel 1473K,4ks=>WQ
b) Fe-19Ni-Nb steel 1473K, 4ks=WQ+ 973K, 4ks=2>WQ
¢) Fe-19Ni-Nb steel 1473K 4ks= WQ+1073K,dks=> WQ
d) Fe-19Ni-Nb-B steel 1473K,4ks=>WQ
e) Fe-19Ni-Nb-B steel 1473K,4ks= WQ+1123K,4ks=>WQ
f) Fe-19Ni-Nb-B steel 1473K,dks=®> WQ+1173K ks> WQ

Table 2. Recrystallization temperature for various
specimens.
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Fig. 3. Transmission electron micrographs of
extraction replicas, austenitized at 1223K for
4ks.

a) B containing alloy
b) B and Nb containing alloy
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Fig. 4. EDX analyses of dispersed particles
obtained from Fe-19Ni steels, a) containing
B, and b) containing B and Nb, using extrac-
tion replica. Energy spectrum corresponding
to Cu means mesh holding the replica.
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Fig. 5. Variations of Vickers hardness in the Fe-
19Ni steels during isochronal annealing for
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Fig. 6. Variations of Vickers hardness in the Fe-19Ni steels during isothermal annealing at 1073K.
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Fig. 7. Calculated solubility products of MB, in Fe-
M-B ternary system.
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