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Effect of Chemical Compaosition on 673K Brittleness of Ductile Cast Iron

Y oshitaka IWABUCHI Isao KOBAYASHI  Ryuichi

KONDOU

Abstract - Elevated temperature brittleness (673K brittleness) of ductile cast iron (DCI) has been
referred to as reduced ductility within an elevated temperature range and has been related to grain
boundary brittleness. The phenomenon of 673K brittleness has not been yet clearly understood. In

this study, the mechanism of 673K brittleness was studied in terms of

strain rate and chemical

composition. Yield strength was related to solid solution hardening of silicon. The reduced tensile
ductility was the direct result of intergranular embrittlement and the temperature, at which ductility
was minimum, was strain-dependent and was about 650K. Heats containing high phosphorous
exceeding 0.032 mass¥% were found to be immune to 673K brittleness, while sulphur had little
effect on 673K brittleness. It is found that 673K brittleness could be suppressed by the ratio of

magnesium and phosphorous to less than 1.5
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Table 1 Chemical composition of the heats used for this study (mass%).
Heat C Si Mn P S Ni Mg Remark
A 3.51 2.70 0.08 0.038 0.005 0.30 0.042 standard
B 3.51 2.68 0.07 0.016 0.005 0.30 0.036 low P
C 3.59 2.68 0.08 0.032 0.004 0.32 0.072 high Mg
D 3.53 2.66 0.08 0.077 0.004 0.30 0.079 high P-high Mg
E 3.60 2.79 0.07 0.034 0.016 0.31 0.040 high S
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Fig.1 Optical Microstructure of each casting after ferritizing.

40
16%
91% 99% 38 60 ® |
g m
10nm 50mm 0T
25kN e B
5
773K 2.6 2 Ay
x 10° 103%! g’ 15 |
o
(S8 m
10 |
. 5 B
Fig.2
550 0 ! ! ! ! !
200 300 400 500 600 700 800
600K T ot K
enper at ure,
440MPa 500 700K
B C Fig.3. Variation of elongation of each casting with testing
temperature.
Fig.3
500
450 | g A DE
650K
g 7| |
o 30 . B C
g 200 |- 600 700K 6 700K
(0]
o 20 ] 623K 673K
[ Sem A DE
|_
--A--DTS
%0 | |.o-gTs 1 B C 30%
1w | | | | |
200 300 400 500 600 700 800 673K
Tenperature, K
Fig.2. Variation of tensile strength of each casting with Figd 5 6

testing temperature.



290 35

o B
0 i 0 r AN —a—ar|]
~ --n--DRA
N - B RA
20 | n 25 N |
N
§ b3 o . o O
.g 260 |- . g of Nl T 0o i
5 X AT
- 20 1 7 S 15 i
= B
=7 | °| K><:§ |
0 - 7 5 |
220 5 ‘4 ‘3 2 0 : ‘
100 10 107 10 10°° 104 10°3 10°2
Srain Rte, s Srain Rite, st

Fig.4. Variation of yield strength of each casting with Fig.6. Variation of reduction of area of each casting with

strain rate. strain rate.
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Fig.7 Relation between elongation and reduction of

of ductile cast iron.
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Fig.8 Dependence of elevated temperature ductility of
ductile cast iron on the combination of magnesium and
sulfur content.
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Fig.9. Relation between tensile strength and elongation at

each testing temperature.
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Fig.10. Dependence of elevated temperature ductility of
ductile cast iron on a ratio of magnesium to phosphorus.
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