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Effect of High Temperature Aging on Eutectic Carbide Morphology of
Centrifugally Cast HK40 and HP Steels

Yoshihiro KONDO, Yoshinobu SAKURAIL Jirou NAMEKATA,
Masaru TANAKA and Fumio HANGAI

Synopsis :

Quantitative measurements of the eutectic carbide morphology have been conducted for HK40 and HP
steels aged at 1 100°C up to 3000h. The average area (S), perimeter (L) and volume fraction of eutectic
carbides increased with the increase in aging time, and the precipitation density decreased. These morpho-
logical parameters of the HK40 steel changed monotonously with the increase in aging time. While, in the
HP steel, there were no changes in these parameters up to 1 000h, but after 1 000h or more, all of these
parameters changed abruptly. Using a parameter of L%/S to assess quantitatively the shape of eutectic
carbides, it was found that the shape of eutectic carbides in the HP steel turned to complicated ones after
long term exposure, whereas that in a HK40 steel turned to rounded ones. In a short time, the number of
secondary carbides precipitated on dislocations in the HK40 steel was larger than that in the HP steel.
After long term exposure, many secondary carbides were observed in the HP steel, irrespective of no car-
bides in the HK40 steel. Secondary carbides remaining after long term exposure in the HP steel coalesced
with eutectic carbides and the shape of eutectic carbides turned to complicated ones. It is concluded that
the changes in the morphology of eutectic carbides with aging time depends on the precipitation morphology
of secondary carbides.
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Table 1. Chemical compositions of centrifugal
cast HK40 and HP steels studied (wt%).

Steel C Si Mn P S Cr Ni

HK40 | 0.42 1.17 1.02  0.019 0.012 24.64 19.54
HP 0.43 1.53 1.3¢  0.012 0.004 24.29 34.93
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Photo. 1. Optical microstructures of HK 40 steel
as cast and aged for 1000 and 3000 h at 1 100°C.
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Photo. 2. Optical microstructures of HP steel as
cast and aged for 1000 and 3000 h at 1100°C.
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Fig. 1. Changes in average area of eutectic car-

bide with aging time at 1100°C.
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Fig. 2. Changes in average perimeter of eutectic
carbide with aging time at 1 100°C.
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Fig. 3. Changes in volume fraction of eutectic
carbide with aging time at 1100°C.
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Fig. 4. Changes in precipitation density of eutec-
tic carbide with aging time at 1100°C.
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Fig. 5. Changes in shape parameter of eutectic
carbide with aging time at 1100°C.
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Photo. 3. Optical microstructures of HK40 and
HP steels aged for 100 h at 1 100°C.
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Fig. 6. Variation in micro-vickers hardness with
distance from eutectic carbide of HK40 and HP
steels aged for 100 h at 1 100°C.
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a : HK 40, in the vicinity of eutectic carbide b : HK 40, in dendritic cell

¢ : HP, in the vicinity of eutectic carbide
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Photo. 4. Transmission electron micrographs of as cast HK 40 and HP steels.
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