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Abstract

In order to understand the INVAR effecl in 3D-transition metal alloys . the Fe, , Ni, alloys with x=

0.35,0.50,0.70 have been chosen |

Experiments have been made on thermal and structural properties to study the physical origin of INVAR
tharacteristics such as : thermal expansion , phase rransition, and curie temperature To which are closely related

toits ferromagnetism .

Feg esNiy 35 shows an anomalously small thermal expansion

coelficient below the curie temperature with { FCC ) structure . This behavior has not been found in other

combination

The structural results show that the ( BCC ) phase occurs above 50% Ni and does not effect the INVAR
behavior, The results are discussed with the relation between thermal and structural properties with respect to the

magnetic transformation

Introduction

Powder metallurgy is used in  the
production of soft magnetic tmaterials for direct
current applications and for permanent magnets .In
many of these applications , parts are produced by
powder metallurgy, because this method permits
preduction  to  final shape with a minimum
subsequent machining and grinding , while at the
same time achieving desirable magnetic properties |
Mickel is a non —carbide —forming element |, which
15 soluble in iron in all proportions . Nickel helps to
prevent excess prain growth at high temperatures
and enables fine grain stecls 1o be produced muore
easily . It tends to stabilize auvstenite and thus
lowers the critical temperature | This makes the hiest
treatment a little less severe

Mickel may be present in the steel up to 50
percent . In the range of 2 to 3 percent |, nickel
contributes great strength and hardness with high
elastic limit, good ductility , and good resistance to
corrosion and decresse machinability . In the range
of 30 to 40 percent nickel lowers the coefficient of
thermal expansion . and in the range of 50 percent
and above, it increases magnetic permeability
JLarge amounts give resistance to oxidation at high
temperature .

INVAR  has  practically zero thermal
expansion coefficients , which is guite usclul for
engineering applications . The thermal expansion is
a  normally  associated with the onset of
ferromagnetism in certain |, notably  { Fe. N, )
with x~0.33 is known as the INVAR effect |

Many experiment and theoretical studies
of INVAR alloys have been under taken in recent
years using ultrasonic ' neutron secattering”  and
other technigues Lo elucidare the microscopic arigin
of the effect , but as yet no clear understanding has
been reached” . Nevertheless in all models of the
INVAR effect it is recognized that the relationship

between mapnetic  and  atomic  volume or
interatomic distance plays a critical role”

The Fe-Ni system is also is of fundamental
important from the structure point of view since Ni
has a { FCC ) structure and Fe is{ BCC .

As an example of ferromagnetism, the ( Fep Ni, )
alloy svstem was chosen with ( x = 0,35, 0.50, 0.70)

Experimental techniques
Pure Fe and Ni powder supplied by { BDH

Lid. ) was used to prepare the alloy as a evlindrical
sample of 10mm diameter and 30 mm height
These percentapges of Ni are added to Fe and mixed
will ball mills for 24 hr. The powder uniaxally
pressed at 1000 (kaf ), Sintering was carried out at
temperature of [350°C for 2 hes of 10 ® CF min
heating rate

The metallic ratics of the allovs are
determined by atomic absorption spectroscopy and
encray dispersive spectrometer technigues |

The results of these  measurements
indicates no evidence of any dmpurilics .The
samples for X-ray, DTA were oblained by crushing
the alloys in ball mills down to 300 mesh grains
-he siructure of the { Fe Wi, ) allays ( 0.35.0.50 ,
070 ) were initially investigated using X-ray
diffraction al room temperature with a { Philips
diffractometer type PW 1877 3, To obtain lattice
parameter more accurately |, the Nelson-Riley®
extrapolation is used |

The specilic heat measurements at high
temperatures obtained from the ditferential thermal
analysis { DTA type Netzsch 409 ) where a [ 100 C®
furnace was used with a heating rate of 10 C%min .
The weights of precipitsted samples used were
aboul 500mg . The specilic heat delermined from
the peak area in DTA .which is depends on the
mass ( m } and the heat reaction or the enthalpy
change ( AH ) ; then using the equation ;™

Cp = [{AHAT )] . I/m )




Where . dT is the diflerence in temperature between
asample ( 5 )and an inter reference { B )1

~

A cylindrical specimens ~3 cm in length

was used for thermal expansion measurements
ranged from room temperature to 900 *C and this
wias connecled to TITA equipment The relative
accuracy for thermal expansion was up Lo 4% .

Results and Discussion

The aim of this work is studying the new
preparing method of ferromagnetic alloys for the
binary system Fe- Ni with thres ratios by using
powder metallurey wethod  Structural and Thermal
properties have been measured for all samples - A
Hows which exhibit INVAR behavior have a small
Thermal expansion cocflicient below the curis
temperature, Faor alloys in the (Feg, Mi.) system |
x=0.35, 0,50, 0,70 ) the composilion
[ Fepgs Migas ) shows more INVAR effect than
other alloys as shown in fig
(1 ~:| . Both ﬂ”@}'& {:l‘llﬁn.m '\.[l'ﬁfl.} and I: FE;J_.;:,; Njg_jj}
kave an { FCC | gamma phase ) structure, But the
system o Fegae Nigs ) has ( BOCY alpha phase
Structure where is no INVAR behavior m The
thermal expansion coefficient versus temperature
curves are shown in fig. ( | 3. Table { 1 ) Shows the
results relevant properties of the three samples |

The reason of low thermal expansien of
the svstem { Feggs Migas ) below Te {528 K© ) dus
1o the interaction between the lattice vibration and
magnetic dearees of freedom . However, the above
curie temperature the alloy expands normally . This
results are  identical with  the  spontansous
magnetization of this alloy which shows anomalies
such as deviation of the magnetic moment curve
below curie tsn'lpemtuj'e"’ i

The specific heat results for { Fe,, ML)
alloys are shown in fig. { 2 ] which reveal an
anomalous temperature dependence Al { Fepsy
Nigzg ), Uy curve is characterized by two distinet
maxima : one about 810 k and the second reveals an
anomalous maxinmum at abour 340%k | The position
of this anomalous maxima is only slightly
concentration depended where is a sttong decrease
of the curie temperature as well as of the magnetic
heat of transformation occurs with  decreasing
nickel content so that the alloy with (0.35% Ni
reveals only a single maximum composed of both
curie. peak and the maximum caused by the
anomalous excess heat .

Similar effects have seen by W. Bendick
{1978 } in other INVAR alloys such as (Fey e ( Ni,
My ) 95007 Fegsen NiCry * system .
The lallice parameter for Foggs Migss  alloy
calculated fromthe ( 211 ) and
i 111 lines position using Bragg's Law for a cubic
lattice with smallest error F 0.1 ) due to incorrect
values of 2 ¢ angle diffraction . Fig { 3 ) present the
change of the lattice parameter { a ) versus milling
time for the ball milling process of Fega: Ni g5 . The
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value of the lattice parameter increased from a= 3.
60 A® tor 24 br to a =3.79 A" for 96 hr . Such
change of { a )} when milling time increase was
because of the small difference belween the atomic
sizes ol the Mi and Fe atoms . The structural results
[t weell and agree with the data reported in
Refs{11.12 ],

To obtain a deeper understanding of the INVAR
phenomena, it is helpful t see the influence of the
milling time on the magnetic and thermal properties
and cellect microscopic informadon  about the
prysical  properies More detailed discussion of
these phenomena will be given in fulure work |

Table (1): Physical propertics of the test Fe-Ni
alloys at 296 K°

Proprettes Fenas Mivas. - FensMiga ity i i 2z
Average S 50 3728 36,31
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Figure (1) The Relation between thermal
expansion coefficient (o) and temperature (Kpj
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Figure (I): The retention between specific heat
(Cyp) and temperature (K)
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Figore (3): Lattice parameter of FegaaNig s alloy
versus milling time
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