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Influence of Grain Size on Yield Stress at Moderate Temperatures
in Ferrite-Pearlite Steel
Nobuo SHIKANAL Hisatoshi TAGAWA and Junichi TANAKA
Synopsis :

The influence of grain size on the yield strength at moderate temperature in ferrite-pearlite steels was
studied with paying attention to the k, value in the Petch equation. The lower yield stress of a ferrite-pear-
lite steel has been considered to depend on the grain size, and is estimated by the Petch equation. The k,
value in the Petch equation is considered as the value which ralates with the dislocation mobility and the
Pierce-force. The k, value is reported to be constant as 2.2 kgf/mm?/mm ™2 below the room temperature.
On the other hand, the investigation on k, above the room temperature has not been reported. The authors
have verified that the k, value decreased with the increase in temperature above the room temperature. The
temperature dependence of k, is clasified to four ranges between 25°C and 550°C. The dependence can be
explained by the decrease in pinning force of dislocations by carbon and nitrogen, the active multification of
dislocations, and I.S. (Interstitial-Substitutional) effect.

The k, value becomes negative, when the grain boundary sliding occurs because of the creep phenomenon
under the lower strain rate at relatively high temperatures. The k, value can not become negative without

the creep phenomenon, but the k, value approaches to zero.
Key words: carbon steel ; ferrite-pearlite steel ; yield stress; moderate temperature ; grain size; Petch

equation ; k, value; creep.
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Table 1. Chemical composition of steel tested.
(wt%)

C Si Mn P S sol. Al T.N

0.28 0.23 0.78 0.014 0.009 0.005 0.0052

*
TCxIh

640 Cx4h

cooling

55°C/h 55°C/h

RT.

% (820°C, 920°C) —Air cooling
(1 050°C, 1 200°C) —Furnace cooling

Fig. 1. Heat treatment for steels tested.
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Fig. 2. Tensile test specimen for elevated temperatures

(25-550°C).
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Table 2. Ferritic grain sizes after various heat treat-

ments. (um)
820°C 925°C 1050°C  1200°C
Heat treatment { ! As rolled } }
A.C. A.C. F.C. F.C.
Non PWHT 12.5 15.7 18.5 51.7 53.6
PWHT 10.4 13.8 18.7 53.2 55.9
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Fig. 3. Influence of testing temperature on mechanical
properties of steels after heat treated at 925 and 1 200°C.
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a:As rolled
b:820°C-Air cooling(A.C.)
c:925°C-A.C.

d:1050°C-Furnace cooling
(F.C. )

e:1200°C-F.C.

Photo. 1. Microstructures of steels after various heat treatments for changing the ferritic grain sizes.
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Fig. 5. Influence of strain rate on k, at 550°C for PWHT
and non-PWHT steels.
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Fig. 6. Influence of ferritic grain size on creep rupture
strengths (Testing temperature : 450 to 500°C).
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Fig. 7. Testing temperature dependence of k, in
0.28C-0.78Mn steel.
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Fig. 8. Schematic presentation with respect to yield
stress in fine and coarse grain steels at high and low
temperatures.
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Photo. 2. Transmission electron micrographs of specimens with 14 ym ferritic grains after tensile
deformation (Strain: 0.2%) at various temperatures.
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