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Méssbauer Effect Study of the Iron-Carbon Martensite
and Its Tempering Process

Hiromitsu INO, Takeshi MORIYA and Eiichi FujJita
Synopsis:
We have measured the Méssbauer effect of 57Fe in iron—carbon martensite and its change. after tem-
pering. - The resonant absorption spectrum in martensite was resolved into several components arising
from iron atoms, which are the lIst, 2nd, 3,4th neighbors to the carbon atoms and remnant iron atoms.

A carbon atom causes localized changes of electronic states of the surroundmg 1ron ‘atoms,: especially
affecting the Ist nearest neighboring iron atoms.

The internal magnetic field at nuclei of the Ist neighbors is 265 KOe, which is far less than 330 .
KOe of pure iron. Variation of the isomer shift and appearance of a large positive quadrupole effect '.

- were’ also observed. It is suggested from the Massbauer measurement that the bonding between.the
carbon atoms and the Ist neighboring iron atoms in martensite may be accompanied, possibly, by the
covalént’ admixture of wave functions.

Internal magnetic fields and isomer shifts of the 2nd and 3,4th neighbors also deviate slightly from
- those of pure iron, but the sign of the deviation is opposite to'those of the lst neighbors. Their qua-
drupole effects were nearly zero, which means that the positive charge of the carbon ion is almost
screened out within a distance of the order of 2A by the additional electron clouds.

The localized nature of the effect of the carbon atonr permlts a’ parallel dlscusswn between the iron-
carbon martensite and the a- sohd solution. :

" From the’ changes of the Méssbauer spectrum after tempering of martensite, we have concluded that
the bondmg between the carbon atoms and the iron atoms in the coherent e-carbide formed at the
stage I is essentially the same as the bondlng in the martensite or the a-solid solution.

We have also evidence that ‘the X-carbide is formed at the stage T a of tempering, the formation of
which has not been fully proved in the previous x-ray or magnetic measurements. The mean internal
magnetic ‘fields after the heat treatments change from 194 KOe due to mainly ¥-carbide (at 220°C)
to 208 KOe due to cementite (at 52060).

The reduction of the internal field of the 1st neighboring iron atom in various Fe-C systems, irrespective
of their crystal structure such ds the solid solution, the e-phase, the X-phase, the #-phase (cementite),
is roughlyproportidnal to the number of their nearest neighboring carbon atoms. Decreases in the
internal field of an iron atom per carbon atom are about 60 KOe. These localized and additive be-
. haviors suggest that the bonding nature between the carbon atoms and the neighboring iron atoms in
the above structures can be understood on a common ground.

 (Received 12 Oct. 1967)
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Fig. 2. A schematic diagram of the experimental apparatus.
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Fig. 5. (i) The Méssbauer spectra of the lst and 2nd nn Fe, assuming that only these iron atoms are
strongly affected by the carbon atoms, while the remnant iron atoms are entirely in the same
state as in pure iron. (ii) The finally analyzed Maéssbauer spectra, (C), (D), and (E) for
the 1st, 2nd and (3,4) th nn Fe’s, respectively, assuming that these iron atoms are affected by
carbon atoms.

Table 1. The Méssbauer data for the iron-carbon martensite and iron carbides.
H; (KOe) | & (mm/sec) ¢ (mm/sec)

Marteasite Ist nn Fe * 26542 ' —0:034-0-05 ‘ 0-134+0-05

2nd nn Fe 34242 | 0:0240°05 —0°0240-05
3,4th nn Fe 33442 : 0:014+0-05 0:014+0°05

Austenite (7) — —0-10£0-05 —

e-carbide Around 265 — —

7 -carbide (220°C) 19445 0:07+0-2 ;‘ 0:05+0°2

Cementite (520°C) 20842 0-18+0-05 0-01+0-05

Pure iren (reference) 330 0 0
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O iron atom

Fig. 6. The crystal structure of b.c.t. iron-carbon
martensite. The figures in the iron lattice
points represent the order in distance from
the central carbon atom.
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Fig. 7. Isochronal annealing curves of electrical resistivity
changes and their derivatives of the quenched iron-

5. latom.%, carbon specimen.
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Fig. 8. The Maossbauer spectrum for the iron-5. latom.9, carbon
specimen after tempering for an hour at 140°C.
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Fig. 9. The Massbauer spectrum for the iron-5 atom.% carbon
specimen after tempering for an hour at 220°C.
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Fig. 10. The Méssbauer spectrum for the iron-5. latom.%, carbon

specimen after tempering for an hour at 340°C.
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Table 2. The reduction of the internal magnetic field at 300°K of the iron atoms which are the lst
nearest neighbors to the carbon atoms in Fe-C system. Hj is the internal field and n the num-
ber of the nearest neighboring carbon atoms.

Substance Sites H; H;(Fe)-H; n (H;(Fe)-H;)/n

(KQe) (KOe) (KOQe)
Fe-C martensite

Ist nn Fe 265 65 1 65
e-carbide ~265 ~65 1 ~65
X -carbide (1), (I 194 136 2 68
(Fe;Cy) (1) 184* 146 2 73
(1) 222% 108 2 54
(I 110%* 220 4 55
Cementite (D), (I 210%* 120 2 60
(FesC) (1), (1) 208 122 2 6l
Pure iron 330 0 0 —

* H. BERNAS) 1. 4. CAMPBELL and R. FRUCHART: J Phys. Chem. SOIidS, 28 (1967), P- 17
**  T. Suingo, F. Iton, H. Tagakgi. Y. Nagavama and N. Sgigazono: J. Phys. Soc. Japan, 19 (1964), p. 1252
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