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History of Carbide at Grain Boundary and Its Influence on Impact
Property of SKD61

Masamichi KAWANO

Synopsis

The carbide precipitation behavior of SKD6I during cooling from 1250 T and its influence on impact property after
quenching at 1030 T were investigated. Carbide precipitates at the austenitic grain boundary below 950 C with a cooling rate
X of lower than 10 C /min. Grain boundary carbide that precipitates during cooling from 1250 C remains after quenching at
1030 T . A large amount of grain boundary carbide under the condition of X equals 1 C /min leads to low impact value with a
very coarse fracture surface. On the other hand, the case of X equals 100 T /min gave a high impact value with a fine fracture
surface. In order to attain high impact property in actual dies and molds, it could be assumed that a cooling rate of over 10 C /
min is required below 950 T in the cooling process after hot forming of materials.
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Table 1. Chemical composition (mass%).

Steel C Si Mn Cr | Mo \ N
SKD61 | 0.38 | 1.02 | 0.47 | 5.19 | 1.20 | 0.87 [0.013
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Fig. 1. Experimental conditions that simulate the cooling
process after hot working of ingots. VC will
precipitate at the austenitic grain boundary. The
regions of (a) cooling rate and (b) temperature to
precipitate could be evaluated.
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Fig. 2. Experimental condition to track grain boundary
carbide. The same area is observed before and
after quenching. The cooling rate in the high
temperature region of quenching is approximately
300 °C/min to avoid new precipitation of carbide®.
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Fig. 3. Experimental condition to evaluate the influence

of cooling rate X on impact properties. X is
controlled from 1 °C/min up to 100 °C/min.
Specimens are treated to 45.7 HRC through a
long process with various X.
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Fig. 4. Influence of cooling rate X on hardness.
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Fig. 6. Influence of X on microstructure. Arrows indicate carbide along the austenitic grain boundary at 1250 °C. A large
amount of carbide precipitates under the condition of a cooling rate lower than 10 °C/min.
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Fig. 7. Influence of T on hardness.
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Fig. 8. Influence of T on martensitic transformation
temperature.
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Fig. 10. Dimensional change of specimen.
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Fig. 9. Influence of T¢ on microstructure. Cooling rate from 1250 °C to 650 °C is 1 °C/min. Arrows indicate carbide.

A large amount of carbide precipitates below 950 °C.



Fig. 11 12 B1) 2 A MR DM % &I ORIEHH AT
R7-da, TRR ALY B A N o i e 2
L72) L3884 2 et TV, FAEECIEAR
Wi CR LA BE L 2ok BS 5 Th s, AR
T, RRBALY ORIEDS [HEANEOH I TIEZ 0,
SAMDLOBREMTHL ] L xS, LT

DUFCI, BEANGRICHRR LRty (BT
BURRB OB I L7 b ) ASHREEEIC S X1TT
WEE MY 5.

10un‘n‘

(a) 87..2}-IRB &

Yoo “{ ’$ 0o T

LTI

. l{ carbide
'»,\
Lad N5
T g o
(b) 54.8 HRC V&7

Fig. 11. Carbide morphology in same area (a)
before and (b) after 1030 °C quenching.
Quenching rate at high temperature
region is approximately 300 °C/min.
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Fig. 12. Influence of cooling rate from 1250 °C to
650 °C on impact value.
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X=1°C/min X=100 °C/min
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Fig. 13. Appearance of fracture surface on impact test. Reference back to Fig.3, specimens were cooled by X from
1250 °C to 650 °C. Then quenching was performed at 1030 °C with rapid cooling.

X=1°C/min X=10 °C/min X=100 °C/min

Fig. 14. Microstructure of specimens shown in Fig. 13.
Arrows indicate carbide along the austenitic grain boundary at 1250 °C.
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