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Abstract. - Lattice constants of both bcc and fcc Feo.7Nio.s alloy have been measured at high pressure by X-ray 
method. It is suggested that the elastic anomaly of Invar alloy is originated not only from magnitude of 

magnetic moment but also from its stability or stiffness of magnetic moment. 

The magnetic properties of transition metals and 
alloys (TMA) are well-known to have a large effect on 
the elastic constants of TMA. The magnetic contri- 
bution to the bulk modulus, B = -V x 8P/aV, of 
3d TMA has been calculated theoretically by several 
investigators [l-31. A close relation was pointed out 
between the magnetic moment and the bulk modulus. 
The B in ferromagnetic state Bf is shown to be smaller 
than that in paramagnetic state Bp. The difference be- 
tween Bf and B, of 3d TMA, AB = B, - Bf, has a 
maximum around the center of periodic table. 

The elastic anomaly is usually found in magnetically 
unstable metals and alloys such as Mn or Invar alloy 
[4, 51. The compression curve of 7-Mn was shown to 
have an anomaly around a pressure where the mag- 
netic moment disappears [3]. In other word the bulk 
modulus depends not only on the magnitude of mag- 
netic moment but also on the stability (or stiffness) of 
magnetic moment. 

In Feo.7Nio.s alloy, body-centered-cubic (bcc) or 
face-centered-cubic (fcc) structure can exist at  room 
temperature because of large hysteresis (-400 K) of 
martensitic transformation. The bcc Feo.7Nio.3 has 
nearly the same magnetic moment as that of bcc Fe, 
which is stable against external force (pressure, tem- 
perature, or magnetic field) [6]. On the other hand, 
the magnetic moment of fcc Feo.7Nio.a Invar alloy is 
unstable against external force as is seen from its large 
negative pressure coefficient of magnetization M [6], 
Curie temperature Tc [I and large high fieid suscep- 
tibility x HF [8]. 

In the present work we made an attempt to measure 
the lattice constant, a (A), as a function of pressure 
in order to  clarify the relation between the stability of 
magnetic moment and the bulk modulus. 

To check martensitic transformation temperature 
upon cooling Ms (K) at atmospheric pressure, elec- 
trical resistance was measured by usual four-probe 
method. The bulk modulus was obtained by measur- 
ing the pressure dependence of a (P) using high pres- 
sure X-ray diffraction technique [9]. 

Figure 1 shows temperature dependence of electrical 
resistance R(m0) of F'e0.7Nio.~ on cooling and heat- 
ing. A large discontinuity in R- T curve is seen around 
210 K accompanying fcc -+ bcc martensitic transfor- 
mation. On heating, however, the resistance increases 
smoothly with increasing temperature without any dis- 
continuity in the curve. After heating to room tem- 
perature, we confirmed the specimen to be in the bcc 
phase by X-ray diffraction. From figure 1, the resis- 
tance of fcc Fe0.7Nio.s is about 3 times larger than that 
of bcc Feo..rNio.a. 

Fig. 1. - Electrical resistance R(mS2) of Feo.7Nio.a alloy 
as a function of temperature T (K) at atmospheric pressure. 
M, is shown by an arrow. 

Figure 2 shows relative change of lattice constant, 
a/ao, as a function of pressure P (GPa) for both bcc 
and fcc Feo.~Nio.s at room temperature, where a and 
a0 are the lattice constants at high pressure and at- 
mospheric pressure,,respectively. The lattice constant 
of fcc Feo.7Nio.s shows an anomaly near 1.5 GPa : 
the a/ao us. P curve is approximated by two straight 
lines which intersects at 1.5 GPa (= PC). The anomaly 
corresponds to ferromagnetic --+ paramagnetic trans- 
formation because Tc of fcc Feo.7Nio.s Invar alloy 
(Tc w 353 K at atmospheric pressure) decreases 
largely with increasing pressure at a rate, 6TcIdP = 
-0.5 K/GPa. The values of Bf and B,are estimated 
from figure 2 to be 108 GPa and 177 GPa, respectively. 
On the other hand, the a/ao of bcc Feo.7Nio.a shows 
approximately linear decrease against pressure below 
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Fig. 2. - Lattice constants, a/ao, of 7 (fc~)-Fe~.7Nio.~ and 
cr (bcc) - Feo.7Nio.3alloys as a function of pressure P (GPa) 
at room temperature. 

10 GPa. The value of Bf is 205 GPa, which is larger 
than Bf and B, of fcc Feo.7Nio.s. 

It has been ~ointed out that the localized mag- - 
netic moment of Invar alloys collapses above T c  [lo]. 
This consideration is consistent with the recent spin- 
fluctuation theory : the square of amplitude of spin- 
fluctuation s: decreases largely with increasing tem- 
perature in Invar alloys to give negative contribution 
to  the thermal expansion [ll]. 

We explain the large decrease of lattice constant 
or small bulk modulus of Feo.7Nio.3 Invar alloy as a 
decrease of S: by applying pressure below PC. The 
SE of bcc Feo.7Nio.3 may be almost independent on 
pressure, i.e., the magnetkation of bcc Feo.7Nio.s de- 
creases slightly at high pressure. This is also expected 
from the pressure coefficient of magnetization M : 
( l / M )  a M / b P  of fcc Feo.7Nio.s Invar alloy is two order 
of magnetude larger than that of bcc Fe [6]. 

Finally we consider briefly the magnetic moment of 
fcc Feo.7Nio.3 above PC. According to the thermody- 
namical relation [12], the bulk modulus at constant 
magnetic field BH is connected with the bulk modulus 
at constant magnetization BM,  

where V is the volume, X H F  the high field suscepti- 
bility and h the forced volume magnetostriction. In 
bcc Feo.7Nio.3, we may regard BH as BH = BM ul BB~ 
(=205 GPa) because h'and X H F  are very small like as 
pure iron [8]. For fcc Feo.7Nio.3, BM is estimated to be 
195 GPa by assuming BH = Bf, which is nearly the 
same as BM of bcc Feo.7Nio.s. On the other hand, the 
Bp of fcc Feo.7Nio.3 is 177 GPa as mentioned above. 
The fact implies that a small collapse of S; ( P  > PC) 
may still exist in the fcc Feo.7Nio.3 Invar alloy. How- 
ever to  confirm this fact, we need further experiment 
such as neutron scattering at high pressure. 
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