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THE EFFECT OF HYDROGEN ON THE MAGNETIC STRUCTURE OF INVAR ALLOYS

T. Sohmura, F.E. Fujita and M. Okuhatax

Faculty of Engineeying Science, Osaka University, Toyonaka, Osaka Pref., Japan

Résumé.~ L'influence d'hydrogéne absorbé sur la structure magnétique d'alliages invar c.f.c. FeggNijgs,
Fe, Mn,Ni , et Fe  Ni,,C, a &té &tudile par spectrométrie Mossbauer. Au fur et i mesure de 1'hydro-~

génation électrolytique, la contribution 3 bas champ interne du spectre d'absorption, qui est supposée
&tre 3 1l'origine de l'effet invar, se modifie profondément et il apparaft une forte proportion de pha-
ses hydrures. L'analyse des spectres montre que les hydrures, qui ont la méme structure c.f.c. que la
matrice, conservent uniquement une composante fortement ferromagnétique. Cet effet de 1'hydrogénation
est interprété par un remplissage de la bande 3d par les &lectrons de 1'hydrogéne dans un moddle de

bande de Stoner. Un effet inverse, préc&demment observé sur un alliage Fe. Ni, ., avec un champ interne

de 1'hydrure 15% plus petit que celui de la machine, peut &tre expliqué par le méme mod&le.

Abstract.- The effect of absorbed hydrogen on the maggetic structure of f.c.c. invar alloys, Fe gNi,g,

Fe, Ni,  Mn, and Fe ,Ni, ,C;, was studied by means of

Fe Mossbauer effect. As the electrolytic hydro-

genation preceeded, the characteristic absorption spectrum with low internal field components, which
is believed to be an origin of the invar effect of these alloys, was drastically changed and hydride
phases appeared in large fractions. The spectral analysis showed that the hydrides with the same f.c.
¢. structure as the matrix phase lost the weak field components and only strong ferromagnetic compo-
nents remained. This effect of hydrogen on the magnetic structure of invar alloys was interpreted in

terms of 3d hole filling with electrons from solute
effect found by a previous study on a non-invar Fe

hydrogen in the Stoner's band model. A reverse

ssNi, s alloy that the internal field of the hydride

became about 15% smaller then that of the matrix phase was explained by the same model.

1. Introduction.- The f.c.c. Fe-Ni based alloys with
relatively limited concentrations around Fe Ni_.
known as "Invar alloys", show anomalous properties
in addition to a very small thermal expansion coef=-
ficient such as a steep decrease of the saturation
moment from the top of the Slater-~Pauling curve in
the iron rich side. Several models which attributed
these anomalies to magnetic interaction have been
proposed /1-3/. The Mdssbauer effect is a powerful
tool to clarify the complicated magnetic structures,
and Shiga et al. /4/ and Gonser et al. /5/ were the
first to find a characteristic wide spread internal
field distribution including weak ferro- and/or an-
tiferromagnetic components depending on the alloy
concentration. On the other hand, f.c.c. Fe-Ni al-
loys are known to form a f.c.c. B-hydride phase by
electrolitical hydrogenation, and our recent Moss-
bauer study /6/ has shown that hydrogen infused in a
non-invar ferromagnetic Fe, Ni,, alloy reduces the
magnetic moment of iron in the R-hydride. Accor-
dingly, in the present study, the effect of hydrogen
on the magnetic structure of invar alloys, especial-
ly on the characteristic weak internal field compo-

nent, was studied and the results were discussed in
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terms of the change of the electronic structure of
3d band by hydrogen including those in the case of
non-invar FeSSI\Ii“5 alloys.

2. Experimental procedures.— The alloys of f.c.c.

invar Fe g Ni,; and Fe.Ni;,Mn, were prepared by mel-
ting in an induction furnace and homogenized at
1100°C. An Fe  Ni, C, alloy was obtained by carburi-
zing a homogenized Fe,,Ni,, alloy. The third element,
manganese or carbon, was added in order to stabilize
the f.c.c. phase. Specimens were rolled and polished
and the final thickness of 30 um was obtained. Hydro-
gen was introduced electrolytically in IN-H,S0, so-
lution at 20°C with a current density of 0.5A/cm2.
Immediately after hydrogenation, X-ray diffraction
analysis was carried out and then the measurement

of Mossbauer effect by using °7Co source in copper
was done at liquid nitrogen temperature. The amount
of absorbed hydrogen was measured by collecting the
released gas from a specimen upon heating.

3. Result and discussion.- In figure ! a), the Mdss—

bauer spectrum of hydrogen free FessNiaana invar
alloy at 77 K is shown. A wide spread spectrum espe-
cially with a large fraction of absorption around
zero velocity is observed. The distribution of in-
ternal magnetic field was calculated by Fourier
analysis and the low field component was quantitati-

vely detected as is shown in figure 2 c¢) with solid
line.
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Fe NiMn, at77K
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Fig. 1 : The Mdssbauer spectra of Fe,Ni, Mn, invar
alloy at 77 K. (a) before hydrogenation; Eb) hydrogen

charged. The amount of hydrogen is 0.4 in hydrogen-
metal atom ratio.
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Fig. 2 : The internal magnetic field distribution,
where solid lines show those of alloys before char-
ging and broken lines show those of hybrides

(a) FessN%ks; (b) Fe  Ni,; (c) Fe  Nij Mng;

(d) Fe  Ni,qC,.
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Those of non-invar Fe . Ni, ., invar Fe  Ni, and

Fe69N128C3

2 respectively. Non-invar Fe.Ni,

are also shown in a), b) and d) in figure
alloy exhibits

a typical ferromagnetic distribution without the low
field components, while the invar alloys show addi-
tional distribution of weaker field component, ex-—
tends down to 160 kOe in the case of Fe  Ni,. and
even down to O kOe in the case of Fe  Ni,,Mn, and

Fe ,Ni, ,C, alloys as before mentioned. By an intense
hydrogenation, the characteristic weak field absorp-—
tion was diminished and, instead, the fraction of
strong ferromagnetic part increased with increasing
hydrogen content, finally exhibiting a typical fer-
romagnetic patterns as in figure 1 b) shows in the
case of FesGNiaana. Similar remarkable changes were

also observed in Fe . Ni,, and Fe, Ni,,C, invar alloys.

3
X-ray diffraction analysis in these four alloys

showed the formation of B-hydride phase which also
have f.c.c. structure. In the alloys of FessNius

and Fe, Ni ., single B-phase which showed a lattice
expansion of about 4% relative to the matrix f.c.c.
Y-phase appeared. In Fe  Ni_  Mn, and FesgNizaC3 al-
and B, appeared.

loys two f.c.c. hydride phases, 61
The lattice expansion of these phases are about 2.5%
and 5% respectively, which suggests that B, has a
higher concentration of hydrogen than that of B

All of the above changes thoroughly disappeared by
desorption of hydrogen, and the original spectra were
recovered. It is therefore doubtless that hydrogen is
responsible for all of these changes. The internal
field distributions of the B-phases are shown in fig-
ure 2 with broken lines. In the case of non-invar
FeycNi, . alloy, average internal field is reduced

by 157 as mentioned before and shown in figure 2 a).
In the invar Fe .Ni,; alloy, however, the peak of

the internal field distribution in B~phase was redu-
ced by about 6%, while the characteristic lower field
components disappeared, as are seen in figure 2 b).
It was obvious that the hydrogen atoms changed the
weak ferromagnetic coupling between iron atoms into
strong ferromagneticone. This effect was confirmed by
the clearer changes observed in FeGSNi“Mn3 and
FeeeNizaca
d); the lower field components widely spread down to

alloy, which are shown in figure 2 c¢) and

0 kOe were converted into strong ferromagnetic ones
as the broken lines show. In this distribution two

hydride components, B, and B2 coexist although the

1
analysis to separate them was not always successful
in the case of Fesleaana'

By changing the time of hydrogenation and that

of aging and taking X-ray and Mossbauer patterns



repeatedly, identification of the components of the
two phases was performed. As shown by the right hand
side broken line in figure 2 d), the Bl—phase is
completely ferromagnetic with the average field of
340 kOe, while the B,-phase of the left which con-—
tains more hydrogen is strong ferromagnetic as well
but the average field is reduced down to 310 kQOe. It
is worthy of note that, in accordance with the above
changes in the magnetic structures, the characteris-
tic behavior of low thermal expansion of these al-
loys was lost by hydrogenation and was regained by
aging.

The origin of the above mentioned interesting
effect of hydrogen on the magnetic structure of Fe-
Ni based alloys, either invar or non—invar, was at-
tributed to the change in the 3d electronic configu-
rations and tentatively understood by means of Sto-
ner's band model /7/. As shown in figure 3 a), a non-
invar ferromagnetic alloy may have a large amount of
3d holes only in the down spin state in the charac-

teristic density state curve.
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Fig. 3 : The change of band structure by hydrogen

(a) non-invar alloy (b) invar alloy.

By a hydrogenation, the holes will be occupied by
the electrons donated from hydrogen and, accordingly,
the internal field will decrease, as was actually
observed in FessNi,‘5 alloy. On the other hand, how—
ever, in the invar alloys, up spin band may also have
holes as shown in figure 3 b) by which the before
mentioned low field components and steep decrease of
magnetic moment in the iron rich side can be accoun-~
ted for. By the hydrogenation, the up spin holes will
be filled by the electrons from hydrogen and, in ad-
dition, transfer of electrons from the down spin
band will occur to increase the moments of weekly
coupled iron atoms. By further hydrogenation, the

up spin holes will be filled completely and electrons
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from hydrogen will f£ill the down spin holes, which

can explain the magnetic behavior of B, and B, phase.
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