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Mechanical Properties of Carbon Steels during Solidification

Geon SHIN, Toshiyuki KAJITANI, Toshio SUZUKI and Takatern UMEDA

Synopsis :

A technique for tensile tests has been developed for the investigation of mechanical properties of carbon

steels during solidification.
a predetermined cooling rate.
measured during and after solidification.
dification is determined.

The equipment enables the test piece to melt and solidify without a crucible at
The tensile strength and ductility of Fe-C-1 mass% Mn samples have been
Temperature Range of Strength Generation (TRSG) during soli-
It has been verified that ZST (Zero Strength Temperature), the maximum

temperature showing the strength of sample by the tensile loading is different from ZDT (Zero Ductivity

Temperature),

the temperature showing the brittle-ductile transition.

These mechanical properties of

steels have been examined in relation with solid fraction which is evaluated from numerical analysis for

micro-segregation during solidification.

TRSG is the temperature range where solid fraction is 0.6-0.8,
ZST is the temperature at which the solid fraction 0.6-0.7, and ZDT is about 1.

The influence of carbon

contents on the tensile strength of sample has also been studied.
Key words : tensile strength; ductility ; carbon steel; solidification.
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Table 1. Chemical composition of samples (mass% ).
Sample C Mn Si P S Sol.-Al
Al 0.06 1.05 0.008 0.0007  0.0006 0.024 -
A2 0.13 1.04 0.005 0.0005 0.0006 0.025
A3 0.18 1.06 0.007 0.0006  0.0006 0.026
A4 0.27 1.04 0.015 0.0007 0.0007 0.024
A5 0.41 1.03 0.008 0.0008  0.0005 0.030
A6 0.60 1.06 0.015 0.0009  0.0008 0.026

Ni; 0.002-0.009 Cr;0.001-0.007 Mo <0.001 V <0.001
Cu; 0.001-0.016
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Fig. 1. Schematic diagram of high temperature
tensile testing machine used in determining the ten-
sile strength and ductility of samples during solidi-
fication.

1961 N (200kgf) 1 — FE L% REER O FIo#E L
7=

T BE 3 SR O VA RS IS S EL D i 22 BB T Ic &
BWi7T o7, 72720, Fig. 2 © X5 IR o BE P ER
LRI AE S R4, MEORBRESHS» LD
FHIERIAR & LTk 2. RAOER & RIS 0RE 2
BIRTIEH 60K Tho7. LA L, F0EITBEREM
EEBILAY, 1773 K AR C oS akER o iR & Hil
LD 100K BESVREEZRL TS, &b, AR
HMOBEZIGZL 0K BETH - 7.

1873
<
@
s 1673
E |
@
e i
[-]
b =
=3
E 1473} Control Sample
é’. | Surface Inside
@ -
- QO )@
1273
1 I ] | I 1 1 1 L
1273 1473 1673

Controlled Temperature, K

Fig. 2. Temperature difference between the in-
terior and outer surface of a sample where the con-
trolled thermocouple is located, 0.6 mass% C.
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Fig. 3. Experimental conditions for determining
the tensile strength and ductility of a sample during
solidification.
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Photo. 1. Photograph showing the original shape
and the shape of melted zone in a sample.
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Photo. 2. Photomicroscope showing the structure
of melted/solidified zone in a sample.
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Fig. 4. Schematic diagram showing the change of

load and cooling pattern during determining the
strength of a sample and the definition of TRSG
(Temperature Range of Strength Generation).
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Photo. 3. Photograph  showing the fracture

shapes of a sample with temperature and the defini-
tion of ZDT (Zero Ductility Temperature).
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Fig. 5. Change of the tensile strength and dis-

placement of Fe-0.60 C-1Mn sample with the
temperature.
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Fig. 6. Change of the tensile strength of samples
with temperature at various carbon contens.
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Fig. 7. Change of the tensile strength of samples
with solid fraction at various carbon contents.
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Fe-C-1Mn phase diagram.
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Fig. 9. Iso-tensile strength line with carbon con-

tent on Fe-C~1Mn phase diagram.
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contents ( Numerical result).
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