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The hyperfine field distribution P(H) of quenched b.c.c. disordered Fe-18.3Ni-
3.4Mo and Fe-15.0Ni-5.7Mo alloys has been described as the result of the con-
volution of the atomic distribution given by the multinomial law over the two
first coordination shells and a gaussian function, the variance of which affects the
upper shells. After 72 hour ageing at 450°C two metastable ultra-fine precipi-
tated phases (Fe-Ni)3Mo and w(Fe-Ni);Mo, are revealed. Their composition is
discussed on the basis of the matrix atomic depletion and the weak paramagnetic
contribution observed by Mdssbauer spectroscopy in connection with transmission
electron microscopy experiments.

1. Introduction

In crystalline alloys, the atomic composition can be described by the specifications
of the correlations between pair of atoms. X-Ray diffraction with anomalous scattering
experiments can give the information, however, such approach involves complex proce-
dures. Mossbauer spectroscopy applied to iron-based alloys, more easy to implement
might bring a direct description of the alloy evolution, provided that comparison with
other techniques can be held. The aim of this paper is to reach the atom distribution
in ternary b.c.c. Fey_;_,Ni;Mo, matrix (z ~0.15 - 0.18, y =~0.03 - 0.05) in order
to explain the microstructures of aged Fe maraging type alloys. The maraging family
consists of a b.c.c. lattice mainly Fe, Ni and/or Co with additional elements leading,
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after thermal treatment, to the precipitation of intermetallic compounds responsible for
high mechanical properties. The ultra-fine scale of the precipitates (some nm.) appears
as the main limitation of the microstructure analysis. The ::mmnmﬁmn&umo:roam.
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Fig. 2. Massbauer spectra at room temper-
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peing given by the binomial law extended to ternary alloys [4].

K
.2.; Mi,i
Py = Dy . A:

- Ek my !
k=01 1" k=0

Mi,i number of atoms of k species on i shell and N; total number of atoms on ¢ shell
(N=8 for i=1 and N=6 for i=2).

The associated hyperfine field H(a) has been given as a function of the hyperfine
field increments AHj, ; and the number my ; of atoms of k species in i shell

2 K
H(a) = Ho +MUM§F..DF§. (2)

i=1 k=1

The effects of higher coordination shells was thought as random variables of zero mean
and finite variance, G(0, ), so that the correct distribution P{H). could be described
by the convolution of the distribution given by the generalized binomial law acting on
the two first coordination shells and the gaussian distribution of the superimposed field,
Hp, brought by the more distant shells.

P(H). = P(H(a)) x P(Hp) ()

where P(Hp) equal to G(0,0)

The adjustable parameters interfering in the P(H). calculation remain the alloy
composition defining P(H(a)) the (AH ki) values and the variance & of the gaussian
function. .

The correct agreement between P(H). and P(H).; was evaluated from the following

R factor
_ ,\MEE“ — Pi(H)eo)?
R=
N
N represents the number of experimental data.

In the case of the quenched alloys the composition was fixed and the field increment
adjusted. For the aged samples, the field increment were fixed and the composition
varied.

The TEM studies were systematically performed on the samples studied previously
by Mossbauer spectroscopy.

3. Results and discussion

In the case of the binary Fe;_;Ni, alloys (£=0.03 to 0.18), the experimental mean
hyperfine field H and isomer shift & were, for all z content, in agreement with the
experimental values reported previously [5]. However, with the known AHy ; increments
(+9.4kOe, +7.0kOe) [6], P(H). was systematically shifted relatively to P{H)., (Figl).
The statistical distribution of Ni atoms could not be suspected because of the good
homogeneity of our samples, demonstrated by X-Ray microprobe analysis. A significant
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those results, we can conclude that the additivity model] is fully obeyed in the case of
the binary alloys Fe;_,Ni, up to £=0.18.

Noticeable disparities appear in the behavior of the quenched Fe-18.3Ni-3.4Mo and

Fe-15.0Ni-5.7Mo alloys (Fig2).

Whatever the quenching rate no Paramagnetic line was revealed on the Méssbauer
spectrum of the lowest Mo content alloy. On the contrary, a paramagnetic line ap-
peared with amplitude Increasing up to 1.3 % for the 300°/h cooling rate in the case
of Fe-15.0Ni-5.7Mo sample. After an ageing of one hour at 450°C, this peak vanished.
This extra line is then relevant of segregation of atoms within the martensite more
extensively as the cooling rate is slower and it may result from Cottrell clouds. We
focussed consequently our attention on the samples free from any paramagnetic line
and considered the ageing duration of one hour as the initial stage of the precipitation
process.

Nevertheless, for both compositions, the P(H), calculated with the known AHyg;
increments [6] were shifted too towards higher fields suggesting that the Ni increments
were too large and the Mo ones too small. The best agreement between P(H )c and
P(H)., was obtained with the modified AH Ni,i increments found for the binary alloys
within the experimental accuracy G.wu_”o.;cm“ quwc.dmo&, while AHpo,,, Dbose,m
were found equal respectively to —49.541.0 and ~24.7+1.0kOe.

The Méssbauer spectrum of the aged Fe-18.3Ni-3.4Mo alloy shows a broad central
paramagnetic line with a § valye equal to Io.oqwn_”o.comana\m and a relative abundance
equal t0 3.440.2 % (Fig.2). With the hyperfine field increments found above, the relatjve
Ni and Mo population were adjusted to fit P(H), and P(H)ey. Such analysis led to

That is the reason of the TEM experiments.
The assumption of equak-f factors led to a precipitate composition

presence of two kinds of precipitates identified as a (Fe-Ni)3Mo type phase (orthorhom-
bic Pmmn) and as the ordered (Fe-Ni)sMo w phase (hexagonal P63 /mmc (Figd). The
hypothesis of one ferromagnetic family can be ruled out as the unique possibility should
be a b.c.c. Fe enriched Fe-Ni-Mo phase excluded from TEM experiments. Tt results

the corresponding number of atoms as the volume per atom is equal to 0.01180m3 for
the NigMo and w phase, and 0.0107nm? for the martensitic matrix. Moreover, the
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4. Conclusion
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