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Precipitation of Grain Boundary Coarse Carbides and Their Residue
at Quenching of Medium Carbon Martensitic Stainless Steel

Masamichi KAWANO

Synopsis

Residue of grain boundary coarse carbides on quenching from a heat of 1030 C of 0.37C-13Cr steel is investigated. A series
of coarse carbides in an annealed condition is tracked and compared after quenching. The grain boundary carbides after
quenching were observed in the same area as before quenching. It could be concluded that the grain boundary coarse carbides in
quenched dies were derived from annealed material. Precipitation of coarse carbides at the grain boundary was not observed in
quenching after heating to 1030 C . In contrast, carbides remarkably precipitate and cover the grain boundary when quenching
after heating to 1180 T , with no insoluble carbides. It is assumed that grain boundary carbides that precipitated during cooling
after hot working lead to the series of coarse carbides in the annealed condition.
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Table 1. General range of chemical composition in

commercial used medium carbon martensitic
stainless steel. Steel A is used for this
investigation.

C Si Mn Cr Mo \'

034 | 0.25- | 0.25- | 13.0- | 0.05- | 0.03-
Range| v'42 | 110 | 065 | 14.0 | 0.65 | 0.35

Steel A| 0.37 | 1.02 | 0.41 | 13.4 | 0.12 | 0.22
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Fig. 1. CCT diagram and examples of the microstructure
of steel A. Austenitized at 1030 °C with insoluble

carbide.
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Fig. 2. Experimental condition of controlled quenching.
Series of coarse carbides is marked, then the
same area is observed after quenching. A cooling
rate by 4x10° Pa N, gas quench of 376 °C/min to
850 °C and 316°C/min below 850 °C is assumed.
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Fig. 3. Controlled cooling of the austenite with no
insoluble carbides. The condition after hot
working is simulated over the temperature T,.
Ty is set above 820 °C in order to avoid pearlite

transformation.
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Fig. 5. As-quenched hardness related to Fig. 2. No

pearlite is observed in any specimens.
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Fig. 4. Heat process route (a) and (b) for impact test specimens. Initial annealed condition has fewer grain boundary

coarse carbides.
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Fig. 6. Comparison of carbide distribution related to Fig. 2. Specimens were quenched from 1030 °C with various
cooling rates X. Small arrows indicate coarse carbides. The same area is tracked through quenching.
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given. Then the specimen was quenched,
as shown in Fig. 3. Coarse carbides at the
grain boundary can be identified. Intensity is

indicated on the color bar as 0, 5 and 15 .
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Fig. 8. Influence of cooling rate and temperature on carbide precipitation related to Fig. 3.
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Fig. 9. Carbide precipitation at grain boundary by cooling
rate and temperature. Cooling starts at 1130 °C
with no insoluble carbides. Coarse carbides were
not observed for open circle condition. In solid
circle condition, remarkable coarse carbides could

be seen.
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Fig. 10. Microstructure of specimens given by route (a) and
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Fig. 11. Fracture surface and impact value of U-notched

specimens related to Fig. 4 and Fig. 10.
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