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Fig. 1 Octahedral (a) and tetrahedral (b) interstitial site in a-1ron
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Fig. 2 The internal field vs. the distance between the interstitial carbon

and surrounding iron atoms in the iron-carbon martensite(4).
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Fig.3 Change of the Mossbauer pattern from the low temperature

quenched 0 ¢ 4 we % C carbon steel by the room temperature
annealing.
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Table. 1 Chemical composition of the materials used (wt%).

Composition | G N
Mark C Ni Mn Cu Si
A 1.80 <0.001 <{.001 <0.005 <0.01 <0.005 <0,0010
B 1.78 5.83 <0.01 ;0.01 <0.01 <0, 005 <0,0010
C 1.58 <0.01 2.94 <0.01 <0.01 <0.005 § <0.0010
SOURCE PROPORTIONAL
—_I:—_I DRIVE ./ ‘-/COUN TER
7|
ERROR ABSORBER
AMP PRE LINEAR
| AMP AMP
FUNCTION | |POWER ' '
GENERATOR| | AMP HIGH PULSE
VOLTAGE| | HEIGHT
' ANALYZER
PULSE MULTICHANNEL l
GENERATOR ANALYZER PULSE
SHAPER

Fig. 4 Constant acceleration motion and data collection system.
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Fig. 5 The isochronal curve of electrical resistivity and its derivative
for the low temperature quenched Fe-1. 8w%C alloy. Its derivative

between -100°C and 100°C is enlarged in the small square.
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Fig. 6 The isochronal curve of electrical resistivity and its derivative
for the low temperature quenched Fe-6w%Ni-1.8w4%C alloy.

1ts derivative curve between -100°C and 100°C is enlarged in the

small square.
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Fig. 7 The isochronal curve of electrical resistivity and its derivative

for the low temperature quenched Fe-3w%Mn-1.6w%C alloy. Its

derivative curve between -120°C and 100°C is enlarged in the

small square.
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Fig.9 (a},() The Mdssbauer spectra of the Fe-1.8w%C martensite as quenched to
-196°C (a) and after tempering to 0°C by 5 minutes pulse
annealing with 10 degrees steps (b).
The group I, II, ITI, IV, V and VI of the spectrum avre arising
from the martensite and the central peak is arising from the

retained austenite.
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The spectrum was taken at room temp.
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Fig. 10 The enlarged left side part of the MBssbauer spectrum and its

analytical curves.

The notations, 07 and Ty, indicate the components arising from

the first neighboring iron atoms for the octahedral and tetrahedral
interstitial carbon atoms, respectively. The other notations in-

dicate farther components.
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Fig.11 Change in the M8ssbauer spectra of Fe57 during the tempering of
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The Mossbauer spectrum of the freshly quenched Fe-3w%Mn -1.6w%C
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loy.

The group I, II, III, IV, V and VI of the spectrum are

arising from the martensite and the central peak is arising from

the retained austenite.

The six line positions for the carbon

free Fe-3w%Mn alloy are indicated with solid lines.
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Fig.13 Change in the group I, II, V and VI of the Mdsshauer spectra

during the tempering of the freshly quenched Fe-3w%Mn -1.6w%Calloy:

(i) as quenched to -196°C, and (ii) tempered for 30 min at 0°C,

(iii) at 50°C, (iv) at 70°C and (v) at 100°C.
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Table. 2 The numbers and distances of iron neighbors viewed from the
octahedral and tetrahedral interstitial carbon atom in Fig,

14 (a), (b).

Octahedral Sife Tetrahedral Site
nueber distance number distance
(atoms) (*"a" units) (atoms) (Ma'" units)
1st n. 2 0.50 4 0.56
2nd n. 4 0.71 4 0.90
3rd n.n. 8 1.12 8 1.15
4th n.n. 8 1.23 12 1.35
5th n.n. 10 1.50 4 1.44
Table., 3 The probabilities of finding the 1Ist...., 4th nearest

neighboring iron atom for an octahedral and tetrahedral

interstitial atom,

Probability
Carbon Content Class
Octahedral Site Tetrahedral Site

1st n.n. Fe 8.0 % 15.0 %

4 at % 2nd n.n. Fe 13.8 % 12.8 %
3rd n.n. Fe 21.8 % 15.8 %

4th n.n. Fe 15.7 % 15.7 %

pure Fe 40.7 % 40.7 %

1st n.n, Fe 15.3 % 26.5 %

8 at % 2nd n.n. Fe 22.5 % 19.4 %
3rd n.n. Fe 29.1 % 21.0 %

4th n.n. Fe 15.1 % 15.1 %

pure Fe 18.0 % 18.0 %




(a)

. Carbon
O fron atom

Fig.1l4 Crystal structure of b.c.t. iron-carbon martensite around a
. (4) . s

carbon atom in octahedral {(a) and tetrahedral (b) interstitial

site. Numbers indicate near-neighbor shells according to the

distance to the carbon atom at the origin (see Table. 2).
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It can be seen that each peak
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The whole spectrum in Fig. 11 (iv) and the analytical Lorentz
curves. The best fit between the experimental points and
synthetical curve wasobtained by computer calculation. The
six line positions for pure iron and the carbon free Fe-6w%Ni

alloy are indicated with solid lines.
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Table. 4 Change in the intemsity ratio of the M&ssbauer peaks arising

from the first neighbor iron atoms for the octahedral and

tetrahedral interstitial carbon atoms and in the population

ratio of the both sites during the tempering of the freshly

formed martensite.

* Isochronal tempering by 5 minutes pulse annealing with 10

degree steps.

Fe-1.8 wt % C alloy

Fe-6 wt % Ni -1.8 wt % C alloy

Peak Height Ratio Atom Ratio Peak Height Ratio Atom Ratio
Tempe?ip 01 T, 0 + T Tempe?iyg 0y Ty 0 : T
Conditions Conditions
Quenched 3 4 3 ¢ 2 Quenched 1 2 1 1
*
0°C 1 1 2 1 20°C x 30 min 2 3 4 3
R.T. x 50 days 3 2 3 1 60°C x 30 min 4 3 8 3
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Fig. 19 The internal field vs. the distance between the interstitial

carbon and surrounding iron atoms in the (a) Fe-1.8w%C and (b)

Fe-6.w%Ni-1.8w%C martensite.
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Fig. 20 The electric quadrupole interaction and isomer shift vs. the

distance between the interstitial carbon and surrcunding iron

atoms in the (a) Fe-1.8w%C and (b) Fe-6w%Ni-1.8w%C martensite.
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Fig. 23 The K-S mechanism in the y > o transformation.

The carbon atom (X) moves from the octahedral interstice in the
v lattice, OY’ to the octahedral interstice in the o lattice, O »

during the transformation.
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Fig. 26 Lattice deformation in the y » e transformation by dislocation

mechanism. The arrows indicate the directions and amounts of

slip. The carbon atom (X) in the y lattice appears in the

tetrahedral interstice in the & lattice, Te'
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Table. S

The axial ratio of the martensite lattice for three
compositions of maganese steels with different amounts of
carbon and manganese. (C/a)~196°c and (c/a)20°C indicate the
axial ratio observed at -196°C and 20°C, respectively after

L. I. Lysak (16) (10).

and Yu. L. Al'shevskiy

'"Carbon content from {c/a) o~ and "Carbon content from
-196°C

(c/a)20°C" indicate the carbon content calculated from the

relation c/a=1+0.045w%C, assuming that all of the carbon atoms

occupy the octahedral interstitial sites.

The value in bracket indicates the rate of the calculated

carbon content to the carbon content obtained by the chemical

analysis,
PO *
Compos;tlon Earbon content Carbon content
(wt %) (0/ ¢ s £ C

a).-108¢ from (“/3) -106C © /)2 rom (C/a) 5o

C Mn (wt %) (wt %)
&k ) * %

1.25 4.0 1.034 0.74 (59.2%) 1.048 1.04 (83.2%)
1.52 2.0 1.048 1.04 (68.6%) 1.057 1.24 (81.5%)
1.75 3.0 1.043 0.93 (53.1%) 1.056 1.22 (67.7%)
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