



























































































































































































































































75

Fig. 6: Schematic representation of applied voltage and current density.

Current Density

7" bt i
43 microns 10 micron
—y
LA, Longitudinal section to tensile axis L.G, Longitudinal section to tensile axis
Fig. 7: Highly magnified scanning electron Fig, 9: A typical transmission electron
micrograph of lamellar steel before micrograph of lamellar steel

the test. before the test.
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Fig. 8: Dependence of thickness of cementite plate on interlamellar Spacing.



Fig. 10: A typical optical
micrograph of spheroidized
steel before the test.

SF

20. microns
—_—

Fig. 11: A typical optical
~micrograph of Armco iron

hefore the tost

Armco A

200. microns
e}

Armco B
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—_—
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5.0 microns
LE, Longitudinal L
Fig, 12: Transmission electron micrograph of lamellar
steel showing a grain boundary running across
the lamellar structure.

1.4 microns
LF, Longitudinal "~ 1
Fig. 13: A typical transmission electron micrograph
of lamellar steel showing no sub cell walls
in the ferrite before the test.
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5.0 microns
SF, Longitudinal
Fig. 14: Substructure of spheroidized steel showing
no sub cell walls or dislocations in ferrite

dwansmneo hafars +the tact
Biaiiio UCLUITC il vOS L

5.7 microns
Armco B, Longitudinal
Fig. 16: Sub cell walls running from the high angle
boundary in Armeco iron before the test.



A

Zone Axis= 100

Assuming that the beam is parallel
to the zone axis in Figs. 15A and
15B, the resultant misfit angle
at the boundary becomes 63. 4°. g

B
Long.

1.1 microns
e e ]

Zone Axis = 120

Fig. 15: Misorientation at a ferrite boundary in a spheroidized steel before
the test.
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.42 microns
——

LG, Transverse

Fig. 17:

Tangled dislocations between the cementite plates
of lamellar steel with no sub cell wall.
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. 71 microns
—

1.G, Transverse

Fig. 18: High dislocation density near the fragmented cementite
subdividing the matrix observed in a coarse lamellar

steel.



.71l microns
et

LG, Transverse

Fig. 19: Dislocation structure at the tips of discontinuous

cementite plates.
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. 67 microns
PERERER—”

SA, Transverse

Fig. 20: Extensive tangled dislocation structures with less
clearly defined sub cell walls observed in a finely
dispersed spheroidized steel.



1. 2 microns
—_——y

8B, Transverse

Fig. 21: Accumulation of dislocations near the cementite

“particles.
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.42 microns
i

SF, Longitudinal

Fig. 22: Well defined cell walls seen in a coarsely dispersed
spheroidized steel.
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1.V microns

Armco A, Longitudinal

Direction A in the electron
micrograph corresponds to -
direction B in the S. A.D..
The calibrated rotation angle
for this magnification is 9,

B A

Fig. 23: Well defined cell walls near the high angle boundary.



.57 microns
—————t

Armco A, Longitudinal

Fig. 24: Well defined parallel cell walls observed in
Armco iron.
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Fig. 26: Logarithmic true stress-true strain curves showing a linearity at strains ovezx
€ = ,09 for Armco iron.

@ = .075 for lamellar and spheroidized steels and
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Standard Error of
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Y =031 + .94X
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Fig. 27: Relation between the work harde nln u)c:fﬁcumt and the uniform ductility

showing they are numerically equal.
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Fig. 29: The dependenbce of the work hardening coefficient on the F. M. F. P. as
n = B(FMFP) .
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Fig. 28: Pre-exponent constant, K in 61;1 = B E_n as a function of (F.M. F.P)

assuming K = A (F. M. F., P. )"
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Fig. 30: Empirical relation between the work hardening coefficient and ultimate tensile strength.
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Fig. 31

LA, Tensile tested at R. T.,
impact fracture at -196°C
and etched

2.3 microns
e

Fig. 32

SF¥, Tensile tested at R. T.,
impact fractured at -196°C
and etched

4.9 microns
e )

Fig. 31 and 32: Scanning electron micrographs of fractured surface in a
method proposed by Tanaka et al.



95

Fig. 33

LG, Longitudinal

Deformed up to the uniform
extension at R. T., polished
and etched.

9.2 microns

SRR G 1 T . S
€1i811€ ar,1XE€Teilh

Fig. 34

SF, Longitudinal

Deformed up to the uniform
extension at R. T.,

polished and etched.

6.4 microns
—_—

Fig. 33 and 34: Scanning electron micrographs after the uniform extension
in lamellar and spheroidized steels showing some voids left.
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A

Armco B, Longitudinal
Deformed up to the uniform
extension at R. T.,

polished and etched

/ 16. microns

_ v oo
lensiie Direction

B

Armco B
The same as above

] 16. microns
—_—

Fig. 35: Scanning electron micrographs of fractured cementite particles

located at the grain boundary leaving no void between the fracture
surfaces.
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Fig. 36: A cementite plate showing steps made by s
extension or thin foil preparation.

.36 microns

hear slip during uniform
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