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The Embrittlement of Blackheart Malleable Iron
Nobuhisa Tsutsumt, and Tsutomu TAKEUGHI

Synopsis: R o o o
An investigation has been made of the effect of cooling rate from both 450 and 650°C and also the
effect of treatments consisting of various combination of heating rate, holding temperature and cooling
rate on the shift of transition temperature of blackheart malleable iron by impact test. IMA analysis
has been also carried out on the fracture surface of specimens cooled from 450°C under the various

cooling conditions.
The results obtained are as follows:

(I) Holding at 650°C or slow cooling from 450°C shifts the transition temperature to lower tem-

peratures.

(2) Quenching from 450°C increases the tendency of embrittlement.
(3) Any heat treatment have no effect no the transition temperature when cooled from 650°C after

0.5h. holding.

(4) The influence of cooling fate from 650°C to room temperature on the embrittlement of black-
heart malleable iron is 2lmost the same as that in the temperature range from 650°C to 450°C.

(5) IMA analysis on the fracture surface of blackheart malleable iron cooled from 450°C with
various cooling rate shows that the larger the cooling rate is, the higher the phosphorus concentration

on the fracture surface becomes.
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Fig. 1 Heat treatment curve for malleablizing

of blackheart malleable iron.
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Table 1. Chemical composition of specimen (wt%)

No. c Si Mn P S Ni Cr l Sb Sn As
1 2.45 1.33 0.40 0.031 0.145 0.011 0.036 ’ 0.001 0.003 0.010
2 2.47 1.34 0.40 0.142 0.147 0.010 0.036 ’ 0.001 0.003,| 0.010
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Fig. 2. Schematic illustration of various heat treatment affecting on the embrittlement
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Fig. 3. Schematic illustration of complex heat treatment affecting on the embrittlement.
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Fig. 4. The influence of phosphorus content on
the transition temperature in blackheart
malleable iron.
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Fig. 5. The influence of cooling rate from 450°C
on the transition temperature in black-
heart malleable iron.
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Fig. 6. The influence of cooling rate from 650°D
on the transition temperature in black-
heart malleable iron.
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Table 2. The influence of various heat treatment
on the shift of transition temperature in
blackheart malleable iron.

| Transition Shift of transition
Heat treatment temperature temperature
Tr°C 47Tr°C
Bw +40 +73
BwBr —21 +12
BwDw —59 —26
BwDr —35 — 2
Dw —-71 —38
DwDr —35 — 2
DwBw —29 + 4
DwBFr —63 —30
BwDw —59 —26
BwDr —35 - 2
BeDw —61 —28
BrDF : —~34 — 1
BDw —68 —35
BDr —25 + 8
BMDw —70 —37
DwBw —29 + 4
DwBr —63 —-30
DrBw i +17 +50
DrBr —19 +14
DBw +10 +-43
DBr —22 +11
DMBw | —32 + 1
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Fig. 7. The influence of various heat treatment
on the shift of transition temperature in
blackheart malleable iron.
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