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Synopsis

Low temperature structures of Fe-Pd and Fe-Pt alloys in the Invar
region have been determined by means of low temperature X-ray diffrac-
tion experiment. The phase diagrams are obtained. A new fct phase is
found in the ordered and disordered Fe-Pt and the disordered Fe-Pd
systems. An effect of the degree of order for FesPt to the structural
transformations are examined., The lattice instability of Fe-based fcc
Invar alloys are discussed from the low temperature structures with the
lattice softening effect and the lattice distortion anomaly.

I. Introduction

Fe-based fcc Invar alloys such as Fe-Ni, Fe~Pd and Fe-Pt systems,
contain 60 to 76%Fe. The composition is situated closely to the
martensitic transformations. As a basic Invar problem, it is desira-
[ ble to elucidate relations between the martensitic transformation and
the Invar anomaly.

Poward solving this problem, temperature dependences of the elas~
tic stiffness constants Cij of Fe-Ni and Fe-Pt Invar alloys and the
Young's modulus of Fe-Pd Invar were reported by Hausch and
Warlimontl’z) and Nakayama et al.,s) respectively and the low tempera-~
ture Debye temperature GM of Fe-Ni Invar4) was reported by present
authors.4) Moreover a random static atom displacement of Fe-Ni Invar
at low temperatures was evaluated from GM.S) For the Fe-Pd Invar, a
new face centered tetragonal structure was confirmed by present

6,7)

authors. It seems that the decrease of C.,. and GM associated with

a lattice softening effect and the atomic dis;iacement are strongly
related to the lattice instability of the Fe-based Invar alloys.

In the present paper, in order to make clear the lattice insta-
bility, low temperature structures of Fe-Pd and Fe-Pt Invar alloys are
investigated in detail by means of low temperature X-ray diffraction
experiment and a unified discussion on the lattice instability of the

Fe-based Invar alloys is given.
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II. Experimental procedures

Purities of elements prepared were 99.99%, 99.95% and 92.95%
for Fe, Pt and Pd, respectively. After melted in a plasma-jet fur-
nace, the alloys were annealed at 1373 K for more than 7 days in the
silica tube for the homogenization. The loss of the weight of alloys
during the above procedure was too small to shift the weighted compo-
sition. The well ordered Fe-Pt alloys were slowly cooled from 1173 K
to 570 K during 1 month. The partially ordered alloy was cooled at
the rate of 3 degree a minute. The degree of order of Fe3Pt super-
lattice was evaluated by comparing the intensity of the (100) and
{110) peaks with that of (200) and (220).

A low temperature cxyostat {Oxford Instr.) was utilized for the
powder X-ray diffraction experiment. The temperature range of X-ray
experiment was 21.5 to 300 K, measured by a AuCo-Cu thermocouple
buried in the powder sample.

III. Results

1. Fe-Pd Invar
The martensitic transformation of the Fe-Pd Invar alloys (< 30%

Pd) has been believed for a long time as a simple transformation

between the fcc and bee structures. Recently, however, we have found

a new face centered tetragonal

(fot) phaseG'T)

range 29.5% to 33.5%Pd at low (200} {220)
temperatures. RT

Fig. 1 shows X-ray diffraction
patterns of 32%Pd at wvarious tem-

peratures. Below 140 K, the peaks

{200) and (220) split into two 180 K
peaks (200)}+(020), (002) and (220),

Pd Co~
in the composition FegPd3 Ket

(202)+(022), respectively, though

the (111} peak remained as a single 140 K

ads

peak. The fet structure is clearly

seen at 32 K. Thus the temperature (202)

. (200} 32 K
dependences of the lattice con- w‘. M
stants and the ratio ¢/a are shown
1 ] 1 ]

. : . L \

in Fig. 2. The lattice constants e W i 8 8 & & 6T

change gradually in the transfor- 28 26

mation region and the volume change

Fig.l. X-ray diffraction pat-
terns at various tempera-

is estimated to be 0.16% for the tures for 32%Pd alloy.

accompanied with the transformation
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32%Pd alloy. The low temperature
phase diagram of the samples
quenched from 1423 X is determined
as shown in Fig. 3. The phases a, Y
and y' in the figure mean bece, foc
and fct structures, respectively.
The transformation y to y' is thermo-
elastic and the thermal hysteresis
is about 20 K. The upper figure in
Fig. 3 indicates a composition
dependence of the tetragonality (c/a)
extrapolated to 0 K, Here we define
c¢/a=1 and c/a=1/vZ for fece and bece
lattices and fct and bet signify the
lattice having the c¢/a value near
fcc and bee, respectively., The c/a
value decreases from unity (34%Pd)

to 0.92 (30%Pd) and the two phases
of fect and beoc co-exist in the region
28% to 29.5%Pd. In +this region, the
volume ratio of bece and fct phases
at room temperature was changeable
by the guenching speed from 1423 XK.
The volume of bec phase increased
after guenched to low temperature.
Therefore it is concluded that the
fet phase irreversibly transforms to
bec one. Between fet and boc phases,
any distinct bet structure could not
be observed in this composition
region, though the half width of
Bragg reflection of bee was larger
than that of fct.

On the other hang, OM of alloys
in the fec region has been measured
by the same method to the case of Fe-
4 In the case of
34%Pd alloy, OM decreases remarkably
at low temperatures. So that the
random static displacement are con-

Ni Invar alloys.

tained in this alloy as well as in
the Fe~Ni Invar alloys.S) The origin
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Fig.3. Low temperature phase
diagram of Fe-Pd Invar
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cates the composition de-
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of the displacement can be interpreted

to be due to the atomic volume of the Fe - Pt
low spin state of Fe atoms.
2. Fe-Pt Invar

Though the bct structure of the Loy
ordered Fe,Pt less than 24%3Pt has been N r ---- disorder
reported by some authorsa'g) with re- 00t \\\ ——order
spect to the martensitic transforma- N
tion, the detailed structure of the — “\ P; fee
disordered alloy at low temperatures ,E_Ezm ". :;' gﬁ:
has not been observed so far, which is & ; o bcc
important from the standpoint of the 1ml _*:P;jE¥
low temperature ancmaly of Invar. o’ %ﬁa

On the other hand, a fet struc- o 2: ;a 5
ture was found for the well ordered Pt (%)

alloys near 25%Pt by ref. (10) and the

present authors,ll) though the struc- Fig.4. Low temperature phase
diagram of Fe-Pt Invar
alloys. Solid and dashed
{9). The discrepancy between the curves indicate the well
ordered and disordered
alloys, respectively.

ture was not observed by refs. (8) and

results is expected to be due to the
degree of order (S) of Fe3Pt super-
lattice. Therefore further investigations on the samples with differ-
ent § value were carried out. The precise results will be published
elsewhere.

As the results, Fig. 4 shows a low temperature phase diagram of
Fe-Pt Invar alloys. The structures of the well ordered 23, 25 and 27%
Pt alloys at the lowest temperature is bet{a'), fet(y') and fceciy),
respectively, while that of discordered 25, 27 and 28%Pt alloys
quenched from 1423 K is bee(n), fct and fec, respectively. The trans-
formation temperatures are indicated by solid and dashed curves in
Fig. 4. From the present investigation, the following conclusions on
the low temperature transformations of Fe-Pt Invar are given: For
well ordered alloys, fccrbet for less than 23%Pt, fcoc+fct for 24 to 26
%Pt and no transformation for more than 27%Pt; while for the disox-
dered alloys, fcc+bce for less than 26%Pt, fcoc+fct for 26 to 28%Pt and
no transformation for more than 28%Pt. Thus a new fct phase was found
in the ordered and disordered Fe-Pt Invar alloys similar to the case
of Fe-Pd Invar mentioned above.

In the next place, an effect of the degree of order to the trans-
formations was examined for the 25%Pt alloy having a partially ordered
state, The degree of order Si0.45 was determined by X-ray diffraction.

The single partially ordered state was confirmed by the measurement
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of the magnetic Curie temperature.

The X-ray diffraction patterns at var-
ious temperatures are shown in Fig. 5.
The fcc structure transforms to feot ét
120 K and immediately the feot trans-
forms to bet below 90 K. Where the
transformation point of fccrfeot was
defined as a broadening temperature of
the (200) and (400) peaks, though the
half width of the reflections (11l)
and (222) did not change at this point.
Below 90 K two phases fct and bet co-
It should be noted
that the peak broadening between 120 K
and 90 K signify a local tetragonal
distortion along the three cubic axes
in the crystal, that is, a short range
distortion and when the temperature

is decreaéed below 90 K, a long range

exist each other.

tetragonﬁl distortion takes place.

In Fig. 6, temperature dependences
of the lattice constants for these
phases aré shown. In the fct phase,
the, c/a value changes co-operatively,
while in the bct, it nearly keeps a
constant below 920 X.
c/a values to 0 K are given to be 0.96
and 1,06 for fct and bet respectively.
The volume change owing to both the
transformations fco+fct and fotbet is
less than 0.4% and fct phase has a
largest atomic volume.

Thus we have found the transforma-
tions of the partially ordered 25%Pt as
fec+fot+bet and the transformation
points depend on the degree of order.
The variation of these transformations
is important to clarify the microscopic
méchanisms of martensitic transforma-
tion of the iron based Invar alloys.
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IV. Discussion

As mentioned above, the low temperature structures of Fe-Pd and
Fe-Pt Invar alleys were made clear, that is, the martensitic transfor-
mation does not take place as a simple fcc to bee transition, but it
occurs through a few steps of the structural change.

On the other hand, even in the fcc phase above the martensitic
transformation point in Fe-Ni, Fe-Pd and Fe-Pt Invar alloys, the lat-
tice softening effects were observed for the Debye temperature,4) the

1-3) 12,13) pesides, these

elastic constants and the phonon dispersion.
alloys showed the lattice deviation anomaly in the fcc phase: For the
Fe-Ni and Fe-Pd alloys it appeared as a random static displacement
from the regular fcc lattice point, while for Fe-Pt alloys (ordered
and disordered), the local distortion was observed. The lattice
softening effect and the deviation anomaly can be interpreted as a
pre-martensitic phonomenon. The lattlce instability of the Fe-based
Invar alloy is induced by them under the same microscopic origin. The
origin of the lattice deviation anomaly can be explained by the volune

difference between high and low spin states of Fe atoms.

The present investigation was partly supported by the Grant-in-
aid for Cooperative Research from Ministry of Education.

References

1) G. Hausch and Warlimont: Acta Metall. 23 (1978) 201.

2) G. Hausch: J. Phys. Soc. Jpn. 37 (1974) 819, 824.

3) T. Nakayama, M. Kikuchi and K. Fukamichi: J. Phys. F 10 (1980} 715.
$) M. Matsui and K. Adachi: J. Magn. Magn. Mat. 10 (1979} 152.

4) M. Matsui, K. Adachi and S, Chikazumi: J. Appl. Phys. 51 (1980)
No. 1ll.

6) M. Matsui, T. Shimizu, H. Yamada and K. Adachi: J. Magn. Magn.
Mat. 15-18 (1980) 1201.

7) M. Matsui, H. Yamada and K. Adachi: J. Phys. Soc. Jpn. 48 (1980)
2161.

8) T. Tadaki and K. Shimizu: Scripta Met. 3 (1975) 771.
9) M. Umemoto and C. M. Wayman: Met. Trans. A 3A (1978) 8%l.

10) M. Foos, C. Frantz and M. Gantois: "Martensitic Transformations”,
ICOMAT, Boston (1979}).

11) M. Matsui, K. Sumiyama, H. Asano, K. Adachi and ¥. Nakamura:
to be published.

12) X. Tajima, ¥. Endoh, ¥. Ishikawa and W. G. Stirling: Phys. Rev.
Lett. 37 {(19%76) 519.

13} Y. Endch, ¥. Noda and Y. Ishikawa: Solid State Commun. 23 (1977)
951.

-66-




