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Austenite Grain Refinement and Superplasticity in HSLA Steel

Naomi MATSUMURA and Masaharu TOKIZANE

Synopsis :

Austenite grain refinement of low carbon steels prepared with and without addition of minor amount of
niobium was attained by a thermomechanical processing in order to obtain the materials with (@-7) mi-
croduplex structure in the intercritical temperature field. Such materials showed superplastic behavior
during high temperature tensile deformation. The largest elongation to failure value of 738% and high
value of strain rate sensitivity exponent, m, (>>0.6) were obtained by tensile deformation at 790°C and at
strain rate of 5 x 10~3 min—? in the Nb-bearing steel. Moreover, elongation to failure value of about 300%,
was obtained by tensile deformation at around 800°C and at strain rate of 5x 10! min— which may be
applicable for practical forming process. The largest elongation to failure value and the highest m-value
were, as a whole, obtained at around the temperature where the specimens are composed of nearly equal
volume fraction of & and y phase.

A minor addition of niobium presumably promoted superplasticity of low carbon steel through a suppressive
effects of finely dispersed precipitates of niobium—carbide (or—carbonitride) on grain growth during high

temperature deformation.
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Table 1. Chemical composition of steels (wt %).

Steel C Si Mn P S Nb XAl 2N

KNb 0.15 0.19 1.16 0.019 0.006 0.014 0.014 0.0036

KCI 0.16 0.3¢4 1.29 0.019 0.006 — 0.030 0.0053

1250°Cx h

T°Cxts

T°C|ts
KNDIBE5| 35
KCIB70{40

80% Cold rolling

Fig. 1. Schematic diagram of the thermome-
chanical processing of the steels.
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Fig. 2. Dimension of tensile specimens.
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(a) steel KNb, d=5.0pm, (b) steel KCIO, d=5.7pm
(d =average prior austenite grain diameter).
Photo. 1. Optical microstructures of the specimen
quenched from the temperature just above A,
point in the process indicated in Fig. 1.

(a) 740°Cx30min 1.B.Q., fm=30%, (b) 760°Cx30min 1.B.Q., fm=45%, (c¢) 800°Cx30min I.B.Q., fm=70%
(I.B.Q. : iced brine quenching. fm : volume fraction of a').

Photo. 2. Optical microstructures of the specimen KNb quenched from (a+7) field after
holding for 30 min.
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Photo. 3. Specimens of steel KNb after being tested to failure.
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Table 2. Chemical analysis of compound type Nb
in steel KNb (wt 9). (A) specimen held at
865°C for 35s. (B) specimen strained to failure
at 780°C (elongation to failure=629 9,, holding
time=21h).
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Photo. 4. Optical microstructures of the specimens
quenched from 780°C after holding for 24 h.

(a) steel KNb (average grain size: 5.1pm),

(b) steel KCI[ (average grain size : 6.8 ym).
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