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Morphology of Proeutectoid Ferrite at Austenite Grain Boundaries

in Low Carbon Steels
Kei AMEYAMA, Masanori MINAGAWA, Tadashi MAKI and Imao TAMURA

Synopsis :

This paper describes morphologic features of proeutectoid ferrite (a) formed at austenite ( 7) grain
boundaries in three kinds of steel; a HSILLA steel with 0.04%Nb and 0.04%V, a commercial 0.2%C steel and
an Fe-0.1%C alloy. Shape of the proeutectoid a at ¥ grain boundaries strongly depended on the austenitiz-
ing temperature. At the higher temperature, the proeutectoid (@) grains precipitated in the shape of film
along planar ¥ grain boundaries, and a coalescence of several a grains with the same orientation made the
film-shaped a in which many subgrain boundaries were observed. At the lower austenitizing temperature,
on the other hand, they precipitated in the shape pf globe (allotriomorph) form along curved 7 grain
boundaries. Each a grain had a different orientation and led to allotriomorph. This trend was commonly
observed in all the steels investigated.

Key words : proeutectoid ferrite; ¥— a transformation ; morphology of ferrite ; low carbon steel.
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Table 1. Chemical compositions of steels investigated (mass%).
C Si Mn P Nb \Y% N Al Fe
Nb steel 0.12 0.26 1.40 0.016 0.007 0.038 0.039 0.004 0.034 Bal.
0.2C steel 0.23 0.18 0.46 0.016 0.017 — — 0.008 0.003 Bal.
Fe-0.1C 0.09 0.01 0.02 0.001 0.004 — — — — Bal.
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(a) 1573K,60s—~ 973K, 300s—~W.Q. (b)1573K, 1.8ks~1033K, 300s—W.Q. (c)1623K,300s—1073K, 300s—W.Q.
(d) 1423 K, 60s—=973K, 300s—=W.Q. (e)1373K,1.8ks +1073K,300s—W.Q. (f)1373K,60s—=1073K, 300s—W.Q.

Photo. 1.

Optical micrographs showing the change in morphology of proeutectoid a with austeni-

tizing temperature in Nb steel ((a), (d)), 0.2% C steel ((b), (e)) and Fe-0.1% C alloy ((c), (f)).

Austenitizing condition : (a) 1 573 K, 1.8 ks (137; 400 um) (b) 1473 K, 1.8ks (7)7: 140 ym) (c) 1373 K,1.8 ks (57: 110 pum)
Photo. 2. Optical micrographs showing the effect of austenitizing temperature on the morphology
of proeutectoid @ formed at 1 033 K for 300 s in 0.2% C steel.
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Heat treatment : 1 623 K, 1.8 ks = 1033 K, 300s— W.Q.
Photo. 3. Optical micrograph showing the early

stage of the formation of film-like @ morphology in
0.2%C steel.

Heat treatment : 1 573 K, 1.8 ks =973 K, 540 s —~ W.Q.
Photo. 4 Transmission electron micrograph of

film-like a in Nb steel. Subgrain boundaries in
film-like @ are shown by arrows.
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(a) 1573 K, 1.8 ks~ 1033 K, 300s— W.Q.(T)., : 400 um)

(b) 1373 K, 1.8 ks — 1033 K, 300 s ~ W.Q.(D, : 110 um)
Photo. 5. Optical micrographs of film-like a (a)
and globular a (b) in 0.2% C steel.
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Photo. 6. Scanning electron micrograph (SEM) of film-like @ shown in Photo. 5(a) and
electron channeling patterns obtained from numbered circles indicated in SEM.
Orientations of each numbered area of a are also shown in the unit triangle.

Photo. 7. Scanning electron micrograph (SEM) of globular @ shown in Photo. 5(b) and
eletron channeling patterns obtained from numbered circles indicated in SEM.
Orientations of each numbered area of « are also shown in the unit triangle.
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Heat treatment : 1 573 K, 1.8 ks =1 373 K, 1.8 ks~ 1 033 K,

300 s —~ W.Q. (D, : 400 pum)
Photo. 8. Optical micrograph of proeutectoid e
formed at 1033 K for 300 s after a step austeni-
tization at 1 573 K and 1 373 K in 0.2% C steel.
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(a) 1573 K. 1.8 ks — W.Q.(D, : 400 pm)
(b) 1373K. 1.8 ks = W.Q. (D, : 110 pm)

Photo. 9. Optical micrographs showing prior 7
grain boundaries in 0.2%C steel.
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