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ABSTRACT

Amorphous ribbons of Iron Doron prepared by melt
spining technique were studied experimentally for their
Lo deteymime
megnetization, magnetostriction and,the effect of
Lo
annealing on th#semagnetic parameters. The glass transitian
temperaiure and phage trapsformation temperature were also

determined by Differential Thermal Analysis.

A vibrating sample magnetometer was used for measu-
ring magnetization of iron boron ribbons of different
composition and thickness at room temperature to look for
the compesition dependence of magretization. The sample
with cumpositiﬁh FEBZ HIB was chosen for the study of
magnetization process as effected by annealing and is
interpreted interms of domgin recrganization by heat treat-
ment. The effect of anpnealing on magnetostriction has alsco
been measured using straingauge and a systematic decrease
in magnetostriction from its maximum value af ﬂl.ﬂﬁx:lﬂ-ﬁ
to Iﬂ.ﬂsx'lﬂ-ﬁ'is observed. This is explained interms of

atomic ordering and domain reorganizatien,
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CHAPTER - T

INTRODUCTION



TROGUECT

The aim of this work is to investigate magneti-
za@tion, magnetostriction, glass transition temperature-
and crystallization temperature of iron boremalloys in
the form of amorphuus ribbens,

y - - The amorphous atomic structure affects all of the
magnetic characteristics, e.g. the mhgnetizatian. curie
temperature, temperatiure dependence of magnetization,
magnetastriction,spin wave, magnebocrystalline anisotropy

etc,

There are two technologically impertant classes aof

magnetic amarphous glloys, the trapnsition wetal metalloid

-

alloys and the rare eartfi-transition metal alloys. The
"
transirion metal-metalieid alloys typically contain about

0% Fe, Co or Ni with the remainder being B, C, S5i, P or 41.

These materials are useful as saft pagnetic materia{q_
These amorphous alluys with high magnetizations may compete
with materials used for power transformation applications.
dagnetostriction is closely related to magnetic anisotropy
and plays an important role in the understanding of
ferromagnetic and antiferromagnetic phencomena like

magnetization processes, permeabilitcty and magnetoplastic

interagctions, Studies of mawnetostriction also have



techinological utility in the preoducticn of electro -
mechanical transducers, magnetostriction oscillators
and fi1ltera and in removing transformer noiges caused

by magnetostrictive vibrations of the core.

4 good deal of effort has, therefore, been made to
iavestigate in detail, the preparation of amorphous
ribbons, measurements of magnetization, magnetostflctian
and differential thermal anelysis of amorphous ribbons
and the associated difficulties in weasuring these

quantities., This is described in Chapter ~ I,

The methods of preparation of iron beron ribbon
with compositions FEBE EIH' FEE} Bl9 and FeBG BED having
Special properties that can be exploited technologically
is describe& with emphasis on melt spining technigue
which wasg u;ed by .4, As;ar(j-zjto muke the amorplhous
ribbens, used in the preseut work, This is described in

Chapter - Il1l.

The variation of magnetizatjop with the number of
electrons donated by the glass forming material is listed,
based on theoretical cousiderations, The casa of boron as
the glass forming material can be observed from this
general relationship with fron as the base. 4 comparitive

study of the different wethods of pagnetizarian

measurement is inciuded in Chapter - IV,



The physical origin of magnetostriction and
magnetoelastic cu-pfficients is Exﬁlained frum phencmeno-
logical and thermodynamic considerations,. l'he theoretical
understandingjthe experimental technigues and the
technological implication of magnetoelastic interaction
in relation to the developmeat of amorphous ribbons are

¢
described in Chapter-V in short)

The differential rhermal analysis_ principle and
medStrement apparatus for Lhis are narrated in Chapter-VI.
The experimental setup for measurements of magnetization

and magneteostriction are discussed Chapter-VIl.

The measurewment of magnetizativn at room temperature
wmagmnedic

and the study of its variation withhfieid and apnealing
temperature are impertant for the upnderstanding aod
charficterisation of auwmorphous iron-8oren ribbopa,
Magmetizaticon is measured by using a highly sensitive
vibrating sample magnetometer {V,5.M). A V,5.4 is used for
medsuring saturation magnetization of iron boroen ribbons
of different composition. The sample with composition
FEBE HIB was chosen for the study of magnetization
prucess as effected by annealing and is interpreced

interms of domain reocrganization by heat treatment. This

iz reported inp Chapter-VIiii,



The straingauge technigte has been used successfully.
for measurement of magnetosStriction of amorphous ribbons
with composition Feﬂz BIS at room temperature, Hesults

concerning variaition of mdgnetostriction copstant wilth
I
annealing temper2ture is reported in Chapter-IX,

The differential thermal andlysis of the thin iron-

boron ribbons with compositions FEBG EEG and Feﬁz EIB wag

done tov find the anomalig&sin temperature versus time curve

[T - -

to obtain glass transition tewmperature and phasSe trans-

L]

formation temperature. This is reported in hapter-X,

In the conclusion we would like to emphasisethe
fact that large gaps between theoretical and experimental
results themselves exist, which demand mere careful

exparisents in this field specially with more varied

composition and temperature varigtion.

1.1 PRESENT WORK

The present work is aimed at the experimental
determination and analysis of magnetization, magpnetostriction
and Jdifferential thermal apalysis (DTA) of amoerphous iron

boron ribhan is presented,



The magnetization of thin ribbens 1is5 wmeasured
as a fupction of magnetic field usiaong vibratiang sample
magnetomneter, Magnetization is alsc evaluated far iks
dependence on annealing. The magnetization curves wersa
obrained for szmples which were annealed at different

temperatures and for differant durations. The effect of

-,
LI

annealing is explained on the basis of the removal of

local defects, strain 8, concentration gradients etc.

-,

L The problems associated with strain gauge technigue

LY
48 applied to thin magnetic ribbens are discussed, Magneto-

striction measurementSas a function of applied field are
evaluated for its dependence on annealing to see the
effect of heat treatment on the dowain structure affecting

magnetogtriction.

The differential thermal apalysis of the thin ribbon
was taken kv findthe anowalies in the tempearature versus

A8

time curve 2t the curie temperature, glass transition

b

temperature and crystallizatioa phase tramnsformation,

There are four phases Iin our work, Thege are

ag follaws @

fa}) levelopment and calibratiop of egquipment which

incliode,



(i) Setting and calibration of an electromagnet.
o

< (ii}) Construction ofalll dridge.
o
{iii) Construction ofgspecimen holder
fiv) Conpstruction of =2 ﬁbtatﬂr for the measurements

of angular position of specimen.

{v}) Calibration of vibrating sawple magnetometer,

(b)) Measturement of magnetization using vibrating

sample magnetomebar,——

(i} As a fupection of field at reom temperature.

(ii) As a function of field for different specimeag

gnnealed at different temperatura,

{c) The use of straisngauge techanique for the

‘o,
measuresent§ of wagnetostriction of @Aegrphous iron-boron

s

rﬁbbona.

(i) Heasurements as functfon of field at reoomg

temperature.,
L I .
(ii) Measurements due to the effect of annesaling. f

(d} Differential thermal analysis

1
2
b

1.2 APPLICATIONS OF AMORPHRUUS RIDBBUNS

The absence of crystallinity, lack of grain
bounderies and line defects and 2lso its chemical homo-
genity provide wetallic and chamical properties that can

he technologically exploited,



Iropn-base, copper-ba3ase and titamium base amorphous
LY r
ribbon and exhibit Strengths in excess of those exhibited

"

Ly forged waterials,., Amorphous ferromagnets have interesting

magneto-elastic coupling and magnetic softness dua to

gbsense of crystalline anisotropy. Glassy metals are

'\‘_ r
- ¢!
unusually correfgion free becauge of the absense of

local electrochemical potential difference, Thus by a
recently developed technigue called laser glazing, surfaces
of expensive metallic equipments are made Amorphous to
aveid corraosion, Amprphous ribhkon has mény other refined
applications like development of magnetic bubbles for

computer memar%lamorphous Supper caondictors etc,
o L

Kesearch in the Jdevelopment and applicaticon of

dogrphotus ribbon can thus be profitable, specially at its

present new phase,
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REVIEW



REVIEW

It was bhalieved for many years that because of
the lack of atomic ordering ferromagnetiss could not exist
in amarphous solids. However, in 1960 Gobqnoﬂrzfljﬁredicted
the possible existence of ferromaghnetic ordering in non-
crystelline selids on the ‘basis of theoretical apalysis.
The first report of an amworphous metallic alloy appears to
(2.2) . ,
have been wade by Urenner » I'he present Jinterest in
(2.3)
amorphous metals research stews from reports by Duwaz
on tfie preparation technique of amorphous patelliic alloys,
“T—tmy i
Miraﬁhnichenko{ﬁ*ﬁ‘and bailifz'éjalmust Figultaneously
reported a device for preparing amorphous waterials spreading
alloy samples in Iiguid stdge bhetween two mutually approaching
Pistons, {he theoretically expected ferromagnetic behaviaur
e
in aporphous so0lids was [irst demonstrated by Hader‘{h#/and

(2.5)

Nowick in their works on vaccum depesited Co-Au alleys,

A real tecnnological interest developed after
Pnnrf"-/h-r?':and_r*faddinfz'ﬁ"}re,zmrted on the preparation of
ceatinuocus rabbons of amorphous glloys. Amorphous alloys
of Fe-Ni-P-B prepared by the melt-quenching technique into
ribbons by solidification on the surface of a rapidily

rotating drum exhibited even lower coercivities of the

order of 8§ dAifm.

\ .



In the past few years there have been a large
contribution to hoth theoretical and experimental results
on amorphous magnetic alloys, Many series of alloys have
now been reported whicl are composed of rransition metal

alloys with a wide variety of metalloids.

Zero magnetostrictive alloys have been reporeted in
Fe-Oo syatem., The study of the effect of the electron
dondr characteristics of the mpetalloids on wagnetization
and curie tesperature have led to the development of
hiigh moment and high curie temperature alleys. 1he
studies of the mechanisms responsible for the Iow
temperatlre &mbrittlemeqt and magnetic anneal instlrability
ltave Iled to the prediction and preparation of alloys of
appropridate compositions possessing greatly improved
stability, By amnnealing amorphols alloys aof different
compoesSiltionsy Lhesa materials have been demonstrated to
have dyndmic Jlosses, permeabilities and magnetizations,

which make them competitive In quality Lo exigsting

‘commercisl alleys, The magnetic asnd structural stability

of Lhese alloys Rave beeir evalusted at higher temperature's

and found to be adeguate for moest foreseeable sSpplications,

Increased gttention is being given to the production
of wide riblonszs and the preparation of alloys for particular

applications and for understanding the origin of the
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. extrinsic pruperties. These are important for the

practical applications of wagnetic materdials and for
evaluating and understanding the longterm stability of

these alloys. '

2.1 MAGWNEVOSTRICTION

The Iiterature on magnetoStriction of amorpltous

alloys 1s not very extensive, Simpsaﬁfrz'n

and Br-ﬁlmf:t.]'.e_ir'{z'PF':I|

prepared Cugj Pg by electrodes deposition and reported &
valua af linear magnetostriciion of -4,3x Iﬂhﬁ. for the
as deposited alley, This value of mpagunetostriction

inereased on annealing with out destroying the amcrphous

nature of the material.

The single phase crystalline aslloy developed by

further apnealing had a value for A, of -113‘10-6 Sherwﬂodfzoﬂj

reported on the magnetostriction within Cthe terrpdry region
of the transition wetals for roller guenched awmorphous
ribbon with composition fFe-Hi-CD)?S FiegBg 413 « 4

zero wmaghnetostrictive composition occured at fFEG 04 Cﬂﬂ 96)?5

Plﬁ Hﬁ AIJ . 1'his hdas approximately A = 0 in crystalline

alioys i,e FEH Cogz ., lagnetostriction was alsc studied

(2,9).

by Araz in three series of gmorphous alloys

FEBG-x Nix ij C? { Q£ x40 ), (Fel-x

( 04 x2 0,7) and (Fe,

Co Jgo Fi3 €7

Cﬂx)yﬁ 515 EIU JO.F5£x2 1 ). In



11
these ribbons the values of ,13 were found to e not quite

isoetropic. The value of ,ls decreased nearly wmonotonically

. , -8 L
wilth increasese in Ni from 3! x 10 for FEBG HIH L? o

13 x Iﬂ-ﬁ for Fa PI3 C?. In tha Fe - Co systew the

40 "i50
magnetosStriction went through zero unear %6 at & Co, Tha
na@gnetostrictions of the complete series of (Fe 'NIJSQ Hza
and {Fe - COJBG BEG amorphous alloeys were a4lso reported by
O'"Handley, However the effect of anpnealing on there alloys
has not been studied, O'Handley has discussed the possible
origin of magnetostriction in amorphous allays, The
preparation of tha amporphous ribhons of the complete Series

(2.11)

of Fe-B and Gd-Y-Ap Systems was reported by M.4d. Aspgar

The samples preparodby him have been used in tne prasent work.
s

i

2,2 HAGNETIZATIUN

Ihe Iiterature on the saturation magnetization of a
material at a temperatiure of 0°K is one of its hkasic properties,
Measurements are uwswally expressed as average moment in unifts
Amzfﬁg. A brief discussion of this approach, applied to

(221200 b follows

amorphous alloys, may be obtained from Alben
from ideas of local chemical bonding. In altowmic states of
high spin the magnetic gsystems fhgve low electrop-electron
couloab repulsfon energies, Apparently a swall amount of
impurity was necessary to stabilize the strong ferromaginetiswe
in the amorphous Fesibfeported by Felschfz'lg{ﬂut this

{2.14)

was not econfirmed by rtha resuvirs of Shimada apd Kojima



1z

{

wright 2'15%a5 recvently reviewed the status of the

information available on pure' amorphous elements,

(2.16%

Backer tudied the moment and curie tepperature. of

o wrs _
amorphous alloys of (Fe hl}aﬂ (P BJED . The
reduction in maoment 15 greatest for - F14 H5 « Less for

- PJS HB and least for 'BEG alloys.

The results for Pex Nll_x ij Bg reported by
fE.I?%

Durand how a pronounced change in slope. A very

detailed investigation of the moment and cturie temperatures

of amorphous alloys in the entire accessible region af

Fe-P-li alloys was reported by lDurand and fﬂungrzrla{ The

sgdgnalic moments for 4 wide variely of transition metal -

slloys with ‘PJG BIU glass forwmers are reported ip the

sl
work, of Hizogucbifz'lg% I'he room Ctemperadatire saturation

magiebization is of more practical importaacce, The effect

of additions of the tramnsition metal to amerphous Co-5iB

: ' oo (2,200

is observed by Fujimori « The number of electrons
donated cang be listed as - Pl3 C?:; -315 EID> 'Pjﬁ-ﬂﬁ Aljj>
- Pid Bﬁ> - big HIB> ‘Hzﬂ based on the relative

magnitudes of Hs « The effect of pressure on the momart

(2.21)

of amerphoeus irvn alloys was reported by Mizoguchi

Such an approach has been described by Harrisfzfzzénd

(2.23) -

by Gubernatis and Taylor
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In the secund approach to treating this problem
2@ distribution of exchange jintegrals is assumed in order
to reflect the structurdl fluctuations in the amorphous
alloys, I'his approach has been developed by Handrichfz'zéj,

{2'254,Muntgomeryrz'E&hﬁaneyoshifz‘ZzhHichter(E'zaj

Kobe
and Yamada and wahifarthfz'zgj;ﬂath approaches predict
that the #f V51 curve will f311 belaow that for the

crystalline counterpart.,

2,3 DIFFEREATIAL THerMAL ANALYSIS

The OTA technique was first suggested by Le
Chatelierizijﬂ%n 1887 and was applied to the study of
clays and ceramics, The study of thermal hehaviour of
carbonising materials by UTA was First introeduced gt .the

{2-20)

4th carbon Conference by Nakawura apnd dltas, DTA is the
process of accurately medsuring the difference in the
temperature be;ween a tiherpo-couple erbedded in 4 sample
ditd a thermo-couple in & standard inert material suca as
aluminium oxide while both are being hezted at the
uniform rate. The nematic mesoephase has been considered _
by HOrooks and Talﬂ%?ijﬂubnis (gttaﬁgl, Handﬁ&zéiqjl. and Harﬂhhl?‘f)
et a2l in tneir studies on carbon preduction,

The crystallization temperarttre of amorphous

FESQ HEH has been studied by calorimetric method by
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(10.4)

Luborsky gnd others wsed the same principle to

look for curie temperature, glass transition temperature
and crystallizaetion phase transition in our HTA. Curie
Ltemperature could nut, however, be observed because of

the low sensitivity and small magnetic specific heat,

The study of D74 results for the amorphous thin-
irun Horon ribbon was taken to {ind the tewmperature Vs
time curve. Keceived at the curie temperature, glass

transition temperature and crystaliization phase

transformation temperature,



CHAPTER - III

IPHE STRUCTURE AND PREPARATION

TECHNIQUE OF ANORPHOUS KRIBBONS
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3.1 T STRU A A eld] t ]

The details of the magnetic properties and

structures of dAmorphous alloys have been given by

Cargillfj'lljl

fﬂ;jji

and 2lso &4 detail discussion is given by

Aggsar

Structure can be discussed on many levels. For
example, interss of the external s5ize and shape of the
solidy interws of cracks, voids, inclusions, Composition
gradients and other heterogeneeties resolvable by optical

microscapy or other technigue.

dn aworphous material is analogous to a forozen-in
Iiguid structure, there is no perieodicity in rthe arrangament
of atoms, although there may be some Short-range order in
the sensSe that certain values of the interatuvmic distance
dre more cummon tlan others. lowever, a metallic glass
is distinct frow a Iigquid and sclid, because of its
deviation from thermodynamic equillibrium while both &
melt and its corresponding crystalline phase have minimum
f;EE energy. An auworphous material begcause of its non-

equillibrium state 18 at a higher values of free energy.
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i
To motor v
3 Pressure of argan gas
=— Guartz tube
; Induction heater
________ Ribbon of ameorphous r
metal
Cold disk

=

Fig. 3.1 Thin layer of molten alloy in intimate contract with |

the outer surface of metalic rotor is quenched in '
toc amorphous.
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The roller was driven by & variable

speed moror via:a tooth belt, The .angular velocity
could be varied in the range 0 - 2000 rev./win, Use of
Ieg wheel rotation epable one to vary the surface
vaelocity continuously Ffrowm I0 to ocver 60 ms-l. The
diameter of-the copper for the roller material was
chheosen four its good conductivity and mechapical
Joftness, which allowed clegning and polishing to be
carried out easily, For room teampersture work, it
showed no contawination of the ribbon from tihe roller
wmaterial and the careful preparation of the surface was
more important than the material of the roiler,

dn this process one has to consider that vibration
of the roller should be well below the high frequency
vibration of the melt puddie to avoid any influence of
it onr the geometry and uniformity of the ribbon. Une has
to be careful to See that the ribbon does pot remain in
contact with the surface of the roller for a whole
revolution and be hit, from the back, A bigger diameter
i3 thus prefe;ed for the roller., The induction heater
coil is pade of hollow copper tubing which is cooled
Simultanecusly by circulating water through its inper
hele. The shape and diameter of the inductlon heater as
algo its winding is to be adjusted to produce proper

temperature gradient,

™
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Thig is= to-avoid, sudden cooling of the melt in
its way cout of the crucible and blocking the nozzle, The
crticitle used is made of quartz tubing baving outer
diameter 10 mm and narrowed down conically to 0,9 to
I.% @#m hole for the nozzle. The nozzle geometry is
selected to wminimize the coatraction ip the cross-
sactional area of the wolten zet as it Ieaves the nozzle
orifice. Quartz crucible is suitable for repeated use
in several succes;fui runs and showuld be transparent te
make the melting process visible. It should withstand

the sudden fast changes in temperature,

The iptrinsic properties of awserphous ferromagnets
are still pot qudptitatively understood. The basic probleam
-is teo incorporate the existing theoretical approaches the
structural distribution of atows in fhe glassy state, for
example, in the radial disreributicen Ffunction of atoms,

The intrinsic properties of amorphous ribbon are magnetic
@doment., curie temperature and magrnetoestricticn zpd the
extrinsic properties are coercive force, remanence-tod-
saturation ratio permeability, losses a8 a fupction of
frequency. These magnetic properties can all be understocd
using the game underliying physical pripnciples as
applicable to c¢rystalline alloys with appropriate

modifications tEo0 tdke into account the differences in

Structure and composition,
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3.5 EXPERIMENTA EVAILE O 0
AOEPHOUS prasux’3e3?

The amorphous ribbons are prepared in an Arc-
. M ' 1 . 1

4

f

furnace in an 4rgon dtmosphere, The buttopns prepared are
about 12 grams each. Care is taken to ensure thorough
mixing and homegeneity of rthe alloy compogitions, by

turning over and remelting each button few times,
d

The motaer alloys which dre formed in the forwe of

r
buttons in an arc furpace are cut into small pieces amd 1§ -

introduced in the crucible, I'he crucible is connecred
from the top Ly rubber '0O' rings and metal rings to the

argon cylinder through a valve and a pressiure gauge.

After proper cleaning of the roller surface and
dd justing its Fpeed to the desired value, as measured by
stroboscope, the induction furndce is powered. When the
welting temperature is reacfied as observed through a
protective sPecta;le, the injection pressure is applied
by opening the presslre valve. Tn_avoid the turbulence
of the wind, arising from the high speed of the roller in
disturbinglthe melt puddie, cotton pad and metallic shield
dre usually used just benearh the reller, To avoid
cxidation of the ribben during its formation an inert
atmosphere can be created around the roller by a siow

stream of heliue gas,

s

LA
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The speed of the roller, the volumetric fFlow
rate, the orifice diameter, rthe substrate orifice
distance, the injection angle etc. are adjusted by
trial and error to get the besSt result in respect of the

quality and the geometry of the ribbon.

3.6 FACTURS CONTRIBUTING 1O GLASS FORAATION

The¥e are three intérrel&ted facturs that determine
glass forming tendency. ThHese are thermodynamic cenditions
that favour the liguid phase relative to the crystalline
phase, the kinetic copditions that inhibit crystallization
and the process factors that arise due to experimental

canditions,

The thermodynamic factors for glass formsation are
liguidus temperature.?m at which the alloy melts, the heat
of vaporization and the free energy of a1l the phases that
d4rise or couid potentially arise during sclidification process,
Viscosity of the melt the glass transition temperature T
dnd the homogeneous nucleation rate belonging to kinetic
parameters, The glass transiticn temperature 15 defined as
the temperature at which the supercooled liguid takes on the
rigidity of a solid, or wore specifically at which the

vigscosity approaches I5 poise.



23

Processing parameters are the cooling rate, the

¢

heterogeneous nuclegation rate apnd the supercooling
!

tempaerature interval, The temperature of the glass

transition is slightly dependent on the coocling rate,
o -
each cooling rate the glass will freeze in a different

T3
state of internal energy. This is shown in Fig.{(3,2).

At the melting point Tm' the enthalpy H of a
crydtal includes latent heat of fusion due to long range
order and that due to short range order. In the case of

rapid melting the energy decreases since long range order

do npoft take plece, thus leaving the system at a higher
energy state, Heat treatmen:t refaxation and stability are
thus important consideration in metallic glass. The glass
forming tendency also arises from as size difference
between the coastituent elements, It &ppears that &pprﬂﬁlle
size difference between the coumponents in the glassy alicy

is necessary condition for ready glass formation.

A single parameter that expresses glass forming
1.
tendency is theratie of the glass transition tewperature

to the wmelting temperature defipned as
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Higher values of Tgr cbviocusly faveour glass ;Grmﬂtiﬂn.
For metallic glass to be formed by rapid cooling, Tgr should
be grester than 0,45, BHased on alloy compusitions there are
two major groups that readily form giasses, In one of
these groups the wetal is from Fe, Co, Ni, Pd or Pt and the
wetallcid is B, C, 8i, (e or FP. These metallic glﬂ&ﬂeﬁ
constitute sSoft amorphous wagnetic materials. Our working
sample prepared from Fe-D system balopngs to this metal-

metalloeid group,

3.7 EXAMINING THE AMORPHOUSITY

The amorphous nature of the melt spun ribbons of
Fe~B gystems is chequed by X-ray diffraction using Cu Ko
radiation, It is observed that the ribbons showed broad
diffraction maximum and no low angle scattering. These

ribbons were alsc ductile and couldbe bent without breaking.

[
-

ln theze cases for which Iow angle scattering did
dppear and the broad diffraction peak are subdued showing
the presence of micro crystalline phase, the speed of fhe
roller is increaesed, This however, produces thipner ribbens,
The pature of the broad diffracticon peak as ocbserved is

shown in Fige(3,3}.
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4,1 H4 TIZATION OF META £ GLASS

I'he thecoretical treatament of spin ordering in
aworphous s0lids is guite cowmplex. The topological
disorder on the amorphous alloys affect the magnetic
momenlt of the transition wmetal atoms, because of the
change of eavirvament of each magnetic atom. The
exchdnge integral also varies at each paiht pacause of
the varying interatomic distance and the overlap of the
elacrronic wave functions, The third factor detersining
the magnetization processes is the single jon magneto-
crystalline anjisceitropy, which also changes because of the
chenging crystaliline Field., However, the magnetization of
anorphouy alloys is caomputed by introducing some Fr;;tic
sinpliFfying assupptions which are anlicable in regular
crystalline Iattices. If the molecular field approximation

is used, even though its use is doubtful, the paramagnetic

curie temperature can be expressed as

T = [2s fs:&l);’.?k:’ = J

[ r {4;1) !
ij

ij L] r
where s is-the spin number, k is Boltzmarn's constanpt

and Jiﬁ is the exchange interaction between atoms at the
pasition r, and rj and can be expressed jin termsd of the

i

radial distriburionp fupncrion.
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(4.1 fias reported the exchange ipteraction

Mizoguchli
term in eguation (4,1) for various crystalline and amorphous

glloys. Fer Cosﬂ B]U F]D » laking into account the change

in spin bfcryst.} 0,86 and Sfamorp.) a 0,5

~ " J., (amorp.)

| We can write 2.7 1.1
Jy; (eryse.)

Assuming oniy the short-range exchange Ifnteracticn

neighbor  Co atoms sSeemd Lo be the same in both pure ng -
.,

Co and 1in the amorphous alloy, since the co-ordination

number is alwost the same Iin both case, i,e & = 12,
Aowever this is pot rthe case for Fe For Fe&ﬂr HIG PIG .
Jij (amarp.) 12} (amorp.)

NG 87 (eryst.y = O+

The nearest neighbor interaction J i3 estimated
to be roughliy half in the amorphous Fe compared to that

in pure bce Fe, f&kiug into account the difference in

co-ordination pumber,

The saruvration magnetirzation of a material at a
Cemperature of 0°K is one of its basic properties. The
moment of most amwcorphous alloys are lower than those of
the pure crystallime transition metals, The direct effect
' of the structural disorder on the moment is E:;;E considered

{(4.3) -

to be very small according to Gubanoy . '

o4
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1
Hatallic glasses are rather poor conductpy ™

but their 3d electrons are just as "iptinerant" as in
cryét&lliﬂe transition wmetal alloys, The moment of Ehe
transition metal decreases lipearly with additions of
netalliod ; approximately 3 /i B for each P-atom, 2}iﬂ

for each Si or C atem and I M o for each B atom, The
rexuit for cthe ;marpﬂous cobalt alloys all appear to full
dgppruximdtely linearly as expected. The behaviour of the
aworphous iron alloys is very different, Apparentiy a
small amoeunt of impurity was necessary to ;tabilize the
1strong ferromagnetltism in the aworphous Feﬁi reported by

(4, 4) -

Felsch v but this was not confirmed by the results

of Shimada and Kujimafé'ﬁ}; Wrightfd'ﬁjhas recently
reviewed the status of the information availaeble on

"'pure’!

drmorphous elements, In all cases it appears EhHAE
thre sqturation soment is the same or less bthanp its value

in the crysteliine state.

I'he wmagnetic mowment o0F the transition metal (TH)
atoms in the general amorphous alloys (TH)I_Z_JFr F. Gr to
be expresaed a3

¢

M = [HI{.I"Z‘_}') ~ fZ"E}r] .i'lr {:1'3;'}').‘0--# (-4.2)

aor for the moment per atow of alioy as

PR m{l=-z=-y) -~ fz-gy .
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¥here F and ¢ represent the metalliod or glass
forming atomic Species, m 35 the criginal number of
unpaired spins in the transition meral alloys, £ and g
are thé number of electrons transferred from the F and 6

atoms respectively,

Using the rigid band model with the transition

matal slloy compositions and assuming JJTi = 0.6 Boar

magnetons AAFE = 2,1 Hohr magnetons and assuming that

- -

each phosphorus atom reduced the moment by 1.0 and each

boran by (0,3 Bohr wagnetous, the moment per atem of alloy

found aut ro be

/‘{‘{ = 2.1_‘1{ + ﬂ.éb - l.ﬂz - ﬂ-j_'r’ - aa I(‘i.j)

in Hohr magnetons, The model was propossd by Eecker(d'?),

For our iron Boron composition Feﬂ =

.82 Sa.18 ¥

using the sape model, we fiad

Al

It

2.1 x 0,82 - 0,3 x 0,18

]

1,722 - 0,054 = [,668 lohr magneton.

The room temperature gaturation megnretization is
A
of more! practical importance. These are shown 1o fig.(4;1}
far a variety of alloys as 4 Function of compesition for

transition metals., The effect of the transition wetal
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Fig. 41 Saturation magnetization at room temperature as
a function of composition for Fe— Co-Ni amorphous alloys.
FeNiRB Becker et al. (1977} ; Fe Ni SiB Masumoto et al.
{1977); FeNIiB FuCoP 0. Handley et ai. {1976a; 1976b) ;

FeCoPC, FeCoSiB Fujimori et al. (1976b); CoNiPBA1.

Fe CoPBAY, FeNiFBA1 Gyorgy et al. {1976).
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Fig.4.2 Saturation magnetization per gram at room
temperature for some amorphous —SiB altoys,

Fujimori et al. (1977).
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additions to awmorphous Co-5i-B is shown in Fig.(4.2).
from Fujimeri {4,8),The relative pumber of electrons
donated can be obtained from Fig.(4,1),.The nuaber of

electrons donated can be listed as

" Fi3Cr > 0 SysBrg> - Prg Bg AISS
- PigBer - Sig Bygn -~ By - B

based on the relative magnitude of magnetization.,

4.2 MEASUREMENT OF MAGNETIZATION

The usual methods of weasuring magnetic moment

cann be divided ipto three major classes,

i) MHeasurement of & force on a material in a
nop-unjform magnetic field,
ii/) Measurement of maghetic inducticn in the
vicinity of the sample.
iii) Indirect weasurements of phepomena which

involve the magnetic properties,

In the Force method, the change in Force exerted
on the sample in a magnetic field is measurad using a
sahsitive halance, This includes Gauc} method, Faraday
method and Torsion pendulum using force method. It is
of course, difficult te observe the magnetization in a

truely uniforw magretic field, sSince the Field gradient



33

i5 esgential for the producition of the force. Moreover,
this mathod is not esgsily adaptable te routinpe measurepments
of magnetization versus applied field for crystals with

v

maghneto crystalliine anisotropy.

Ubjections to the use of force methods for magnetic
measurempants of highly anisotropic materials have recently

been rajsed by wnlffé'?l.

There are various methods for the measurement of
)
magnetization by the indirect methods. Thege include
pedsurements using the Faraday effect, analysisd of
galvancmagnetic effects, ferromagnetic resonapce measure-
ments etc. The advantage and disadvantage of indirecet
measurements are Iflflustrated by microwave ferromagnetic

resopance axperiments -were bf\the magnetization may be

ebtained from a deteiled knowledge of the sasple shape.,

The general problem of indirect technigues is that
they are limited to particular phencmend which are
abserable in & limited class. of materials about which

considerable prior knowledge is required.

DPespite wany limitarions in particular instances
these indirect techAniques are capable of extremely high

sensitivity.
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4

the coils sre parallel to the direction of vibration

of the sample. A reference siynal is obtained by
vibrating a permanent maagnet of known magnetic mowment
inside & coil with the freguency and amplitude similar
to the sample, Then the reference signal is brought in
phase with the sample signal and divided using a decade
divider agnd compared in a null-datector, ise lock~in

dmplifier.

The magnetic moment produced by a current I

through the primary coil is given by
ﬂ - ﬁ 2"]"_1- ( '
I_.I'I LI I R R R .&'4)

Wrere r 15 the radius of the primary coil and HI

is the nuwber of tdrnos,

The filux through one of the secondary coils of

radius K and at a distance Z from the dipole is given by

Lo U Q/“R .35%2 >
4r 1 2V54 T 727 2\ 3
o (z + x%) /2 Z% %) /:zj 2 rtclx

2
=t ﬂﬂlu R P (4054} '

2_— (El+ugf)%?i

The induced e.w,f., in the Fecondary coils

(N2 turns) in add-up configuration ig given by
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The advantage of sample vibration perpeadicularly
to the applied field can be fully utilized only if a
suitable detecrion coil Arrangements can be devised as
part Of the vibrating dipole field. The scaler potential
of Fixed dipole M at the origin and pointed along the

x=-direction is

ﬁ:_ﬁ%jl—— C e e . (4,8)

If M iz vibrated iu the Z-direction with
guffjciently small awplitude a4, the time varying potential

in the surrounding space coil be @1 e Lok

Zhere fJ; = —-Q C_g_g)

— M E
- —q—r:?_'_' P ('4ig)1~

The flux pattern of the time varing part of the
field is given by -grad ¢} » Itz configuration in the

xz plane is shown in Figdd.3a)with coils at 45°

Fiu.4,3aTine variﬂg part of dipole field in
x+g plane for vibration parallel to z anpd

dipale woment panallel to x.
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Fig. 4.4 Examples of useful detection coil arrangements
described in the text, The sample, indicated
by the heavy arrow, is vibrated aieng the
Z direction.
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Fig 4.5 Relative output signal from a double-coil system vs.

sample position. The contours of the “saddle point”

ore illustrated by measurements clong various directions
in the XY plane.
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Fig.4 6 Relative output signat from a double-coit system vs,
sample position. Bottom curves show relative autput
vs. displacement aleng the three orthogonal directions
tn neighborhood of “saddle point.™ Upper right insert

shows relotive output for large sample displacement
along the Z direction.
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the X or Y-direction. 5o that the output signal is then
insepsSitive to swall savple displacements in these
direction's., This arrangement suffers, however, from a
Strong Z dependernce of the output signal, Fig.(4,4gBhows

the addition of a pair of coils co-axjial with the Z-axis.
1Hith such an arrangement the magnitude and direction of

the magnetic moweni vector in space capn he determined,

The L-component 1is detecred by the co-axial pair and the
compeonent in the XY plane is determined by rotating the
double coil, Fig.{4,4¢)shows a multiple coil arrangement

which attempts to intercept a waximuw of the sample dipole
Field but ar the expanse additional thermal noise of the
coilg. An efficient modification of( 4.4e)is stown in Fig,(d,4f)
This coil geometry, "“however, is not easy to fabricate,
Finally, the cross-section of a ¢oil geometry which

reflects wost of the dipoile field symetry properties is
shown in Fig,{4,4g)Jt i5 directiy derived from Fig.(é,éffand
Leads teo ruther simple cuvmputation of output voltage versus

gecwetric parameters,

4.5 WURKING PROCENURE O OEAT
SAMPELE HAGNETONETE

This 18 & sensitive egquipment and it should be
handied carefuliy. The following procedure may be followad,
The sample is fitted to drive rod assembly and than

positicaned at about the wid-point of the sample coils by



-4

44

eye estimation. The switches of the electromagnet puwer
supply unit, the signal geperdtor, the audic amplifier
and the phase shifter are then turned on. At leastc half
ang hour is speant for the warming up of all the componsnt
tipits, The freguency of the Sine-wave from the signal

generator is set at 8 Ha.

The gain of the sudic amplifier is adjuated to make
the output signal driving the Speaker to about 3 volts
peak to peak. This sigual makes the rod assembly vibrate
with suffjiciently large amplitude, The signal lIeveling
produced in the reference Ccil-sysfem is founpd to be about
5 mvdﬁp. The rod assembly is made vertical by adjusting
the levelling screws, About 2 amperes or more current is
passed through the electro-magnet depending on the size
and material of the speciwen. The sample signal alone is
firgt seem on the d.,c, meter of the lock-ip amplifier.

The merer reading is max:imised by Lhanging the phase of
the locking signal in the reference channel, The sample
gignal 4s then optimised it is maximised by moving the
sawple in the Z-direction (vertical) aud in the ¥-direction

and then minimised by movingeg it in the X-direction (Field

direction}.
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The locking signal in the reference channel is
brought in exact gquadrature with the ssmple sigrnal to
give a8 correct null-reading on the meter. The two signals
are then brought in the Same phase to give a maximuwm
reading on the mefer to the right.Similarly, the reference
c0il 5ignal alose is pnext Seen on the meter, This signal
ig first brought jin guadrature with the locking signal
with the help of the external phase-shifter in sSuech a

wannar that it gives a deflection te the Ileft on the meter

1
RS

where it 15 again brought in phase with the sample signal,
r3

The lock-in amplifier is then set in the differential mode.

The null-reading is obtained by correctly equalising the

decade transformer when wultiplied by calibration constant

gives the sample momnent,.
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(@). CRYSTAL FIELD ANISOTROPY

date  HB

(b). EXCHANGE ANISOTROPY

D D

Af—

{c). EXCHANGE STRICTION

F1g. 5.1 Physical origins of Magnetostriction.

47
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neighbouring ions are rotated away fram paraiieism. The
exchange energy while increasing the elastic energy gives

rise to magnetostriction.

There are three mechanisp of anisvtropy:

(i} Crystel field anisotropy
{ii) Exchange anjisotropy and

(iii) Exchange sStriction

which is shown schematicatly in Fig.(5,1a),(5,1b) and(5.1¢c)

respectively,

5.4 EXPRESSION FUR LINEAR MAGNETOSTRICTIUN

-

T'he origin of magnetostriction along the Iines of
(3.,3) , X
theory, which was developed in his paper on
/s as Tollows.
lmagnetic dnnealing and surface aﬂisotrop}r‘rﬁi Khenr the distance

Neegls

—
betwean the atomic wagnetic moments is varjable, the

iateraction energy 15 expressed by
Ll S
w (P, (:0555):3{'1‘)-!- L(@(Cos ¢ 3)+
b4 _ & z 3 :
fi'/ff’)(c"s ¢ 5 Cos ¢+'3_5 +-os
1f the interaction energy is a fupction of r, the

crysktal lattice wust b deformed uwpon the generation of a

ferromagnetic mewent, because such interacticn tends to change
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the bond length Iin & different way depending or the Lond
direction., The first term g{(r) 35 the exchange interaction
term and is of relavence only when voluwe magnerostriction
is considered as manifested in therwal expansion anomaly

at the pagnetic ordering rtemperature,

If o denctes the direction of domain magnetization

and thar of the bopd direction, we cap write

W = 3(F)+£(F) {(Fﬁ-rm + X2 ¥z + X3 rg)iﬁ f? +
a(r) [(#1% + ocava + ﬂ‘fa?fz)drﬂ _g_ (@) ¥1 +

2
9’52{2—,'-053}5’3) + ;_-E_J-'— _____ e s (5.22

Considerinyg a deformed cubic lattice and relatinpg
the direction cosines ¥y to the strain tensor Lij' we can
gael the expansicu for wagnetoelastic energy. Sincethe
magnetoelastic energy hazs & linear dependepnce op strain
the crystal will deform without lipit unless it ig coupter

balapced by the elastic energy which increases rapidly

because of its guadratic dependence on strain.

By differentiating the

Total ener = + £
8¥ & mag. elastic elastic

with respect tv the strain components, and setting the

partial derivatives egual to zero, for winimum elergy
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condition, cone can obtain the relation for tHe fractional

chrange in length of the crystal in eny orbitrary direction
3 as

= eLj Bi B; .. .. (5.3
./:l_ = L_J.‘:l U‘ Buf (54.:'
3
Jubstituting the values of strain components as ocbhbtained
by minimizing total enargy couwing from magnetoelastic and

elastic termns, we cdn get a4t expression for
ng = tbo +H ( x| 6% ;_) + Zhy Cij (i oc; B; B;

+“£35+h > o4 p 2 .E\_L 2hg G
4 (T BE+ 5s-%)+2hs Y

[ociocj (1=0ci2 —otj?) Bipj ]+ - (5w

Where Gij indicates a summation over terms with
cyclic permutation of the indices and hﬂ-h-h5 are the

magnetostriction constact defined by

PR Y | ~bs

Cyt+%eCiz , Cpp—-Crz Cy + 28,9

t™ Cy-cn 2C44

Khere the co-efficients bn gre magnetoelastic

coupling co-efficjents,
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Foar hexagonal crystals the relations becooe

podified due to different sSymmetry conditions and have
(5.4
L

bean treated ipn detail by Mason and Lewis

Fort CubicT crvsials

A = 2
3

2_ L r 3 2
i Hlﬂﬂ @dl By 4 ey Bz + o 1_’5,‘)31— JETJ + 3 A

(1X2B1 By +otrocs By s +ots o By By} (5.6)

¥here A and A, indicates strains

jaoa
along (100) and (111} direction respectively,

3.3 fAd GABTOSTRTOT T w A I Fifild

For amorphous material we can apply the jame
dpproximation as in the case of Poly crystalline magnetic

material, Such that 3

_ 3 2 _2 2 1 ra
:’r'% = f_ﬂs@'fr By + o, 3, +a¢31@3~13—>+3-15

= A —
oo n = Ag

ol
( oy i'zli f?‘-;_ + ﬁf;d; 3, IG_‘_‘,. + HIJM]BEBIJ

2 A 2 a2
5 Sl-_ P23+ ey Br +o¢3 (33 4 20,00 (31 B,

+2x2X58, 83 4+ 2 00304838, %"]

= -‘g- [éf;rﬂ.+v<u91+ 0531'3_:-91___“ _;__] ceeeene {547)

Hehf_"ﬂ. &1 8’, - ﬂ{Z :’3?_ + ,p-f3 63 = Cos 9
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where £ is the angle between the direction of
magpetization and that of ohservation. When the dowain
magnetization rofates toward the direction of the applied
field, the fractional chanue is5 given by
A, = Ak
& £

Becoages eqn (5.7}

ag _ 3s (‘CGS.LE-—--L)——---“' {5.8)
N A) 2
5.4 DIRECTION OF LINEAR #AGNETOSTRICTION

Experiments have SHown that the deforsmaticn depends
dpon the direction of the magnetization., For a cubic crystal
magnetized in the direction given by the direction cosines

p{l: :ié and 5{3 (d&lined with respect teo the cube axes).
This deformation expressed in straln compenents Eij

{ iy J = Xy ¥+ 2z} bacome in first approximation.

€xx = 2 A @cil..% c e e e (5.9)
Eyy = 2 A, (xo- L e . . (5.10)
€z - 2 A, (3> - 4) c e s e (B.11)
éx.j - '% ":’L-”; o) Xy . e o o8 & (3412)
Eve - = Ly X g oy e e e s (5,13)
EE}L :‘-2'3_ Ay oy o e o0 o (5.14)
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The extra terms { - é J wake the total change of volume nil
{Trece of the wmatrix is zero), The factors % ensure that
th? strain in the direction of wagnetization with respect

te the non-magnetized state (.::?(’12 =0{22 =& 2. 1 ) is

3 3
"H'}Efﬂ and .FLI“ in the [lﬂﬂ]&nd [IMJdirectians-
respectively, The strain in a direction perpendicular to

. I ' 1 .
is - = ;ﬂjﬂﬂ and - = 'PLIII respectivel y,

In an arbitrary direction we then have parallel to

the magnetization

AL -
(%1, 000, 003) = Pypo + 3 (A4, — Atas) (01504
a{;af; + ﬁ}'l-d;z) 4+ - o . (5,15)

For the ferromagnetic metals the values of A at room

temperature are found re be

Fe Ni

6 ]

= + 25 x i0 100 - 48 x 10

A

RRHEE

2 = - 12 x 107 A 4

111 ~ 23 x 10

111

In discussing the effect of a unidirectional
gtress it is convenient to divide materials into fwo

classes which have.

{i) Positive magnetostriction

tii) Negative magnetostriction
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for polycrystalline or amorphous material the
dowaing are initfally oriented at randow. The same
, 3 . : LA
relation is applicable if one uses the average of Cos O

overall the dJomains. When the meterial is unmagnetized,

Z_Coslﬁ)rau = é- and A = 0§ , Mpon application of &

stroug field O becomes zero and A = Ag e

{f the domains are not ipnitially random, one canp

Use the relation

3 3
A= ,—2'— ':LS [4./.,(:0526) au "'%:[—‘2" ":15 éCdﬁze'/\;_%

[

2
= 7 Ag [LcosT8D> 00 ~K_Cn=26>o:| e (5,17)

wllere

469526:}. = initial domain distribution
Z‘Ca:‘i 5>au = domain distribution at any tiae

If the demain ere oriented originally so that & = 0
for half of them and @ = 180° for other half _
45052@2;, = .{_CGSL&}}"D._Q:D and A = 0 , (The reference
point)s in a strong field © = 0 and there is no change
in Eosifﬁ anpd again A = ¢ . When used in this Sense, A
depends decidedly oq the injitial domain distribution while
J’LS is a constant of the material. The constant A _ can be
determined in ary sSpecimen by measuring A when a satturstioen

field is applied rirst parallel and then at Fﬂo-to the
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direction of weasurewent of A, , The total change
in length caused by the change in field in the poly-

crystalline or amorphous material is then

iji_ﬂ = %JL = ¥ % ¥ (5-1-18)*

5

independent of the initial domain distribuction,

2.0 MAGHKETASTRICITON HEASURENENT TECHNTOQUE

This technigque, since the time of its introduction

by Gnldmanfj'j)

has graduelly replaced almost entirely all
abther methods of magnetostriction mpeastrement, Tha reason
foer this successes, as also the problems assovciated with
chis aethod apd some of the improvewent in the Use of
Lhis technigue as developed by Asgarfj'ﬁ)are as fellows
Hagnetostracktion measurements are sebt with a large
nember of problems, Strain developes in a magnetic speciwven,
when magnetized, This small strain is dependent bhath wn
the direction of wagnetization and its magnitude. Also the
stafe of zer¢ average external magnetization may not
correspond to the zeruv waghetic strain, because the
demagrnetized multidomain state is mReither umpigue nor well

defined,



*sauerd rTeigdasn
jusIaIITp @oldj slods worzasrIags Ael-y jofuiiiiTds =sg3 ia
spryTufew ayy wory A[I083Ip (f-v/> ) RururwIesgap Ag soxe

TeledlIo Jo Hopl03SIp 83 Satnsean 'Uollsrrisolaulen
snoaugitode’ sUTWIajap oF SITTTN pUZ AqS¥00N

(g*c)
Ag pesen 3SITF sos yaTda =Snbrugaosy dsi-y By4g

*anIl 8g zou W yoigm ‘sjpis pazrisnfpwop

- 802 uT HOoTIBPITIRTUREBW Jo HoIJ20ITp Axea 503 TTP HY sUTRECH
ag3y Fo uUolingITIcip Tenbhs sunssy o1 gwvy U0 pue s23831S
2729uBpl paUIFaAp [I3M OM3 JO JIDUSISIIIP UIRIIS Iyj gprAosd
jouues poifyar T3 UTeRy *sInjerisdws; Apepois puer proary
wIeyritn je paurelures ‘pra¥y Fuyjeani Fulsn UoIIonasLp
JUSISIITp Ul uUesmtasde FIg E‘EHZIJEUEEM o3 3fnNaryirp 85T 3T
HTe8y *42TATITISU2s FUaLaIFIns 39% o3 vamtosds Frg v s5n. 03

SRy |Uo Y3 ST pouzsaw £I43 y3fm A3TndTFJIp aug

*1348T

Tear:dog;;j s@#Ioy IoXITél 5743 FJo pazaaryas 8IT Jo

Bpaqg  *PIRYIFIIT ST JOoIITH P OaTHM 03 s8TplUTds p s2iRlor
‘*paxri Fureqg pus 19430 341 fpus SITf £3r Jo juamanwerdsrp

83 Aq “UswmIoads 503 aray *polijem TRIYURgI&N purp Tearado

il

pauTqQUoD eyorfey poujawm juawaspgrdsYp 23 uT

{2°¢)

4



EBI
Howevery, X-ray method besides being less sensitive
is difficulr to use with different directions of magne-
tization. In using strain gauee technigue one cen get over
mdany of these difficulties. The gauges can be vsed on a
very small disk shaped specimen cut in a definite crysfa-
llagraphic plane and the gauge can be bonded in &

precisely determined direction,

The strain gauge works an the principle that whan

2 fine wire in the form of a grid or a thin foil, and
embeded in & paper or epoxy film is bonded firmly om &

specimen and Shoews &8 change In resistance proporticnal to

the 5train,
We can write thin relation as
di gL

T = o '_L_' - N a “w (j.lg.}l

dx
Khere - 1F the fractional chdnge in resistance,

b
d
G is the gauge factor and L2 is the sStrain alocng the

1

gauge directiovn,

T'he magnetic strain in the crystal is determined
fruw the change in resistapnce of the gauge fixed an Ehe
specimen in relation to the resistance of anather dupmy
gauge bonded on a reference Specimen using & resistance

bridege in the out of baelance coundition,
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The mechanism of resjiatance change of the gauge
wire under strdin can thus le quite complex, Hore over,
Ehe gauge may not foullow the strain of the material on
which it is bound, Thus there is to be 4 affected bonding
factor, In addition one has to consider the thermally
induced resistance change, when the duwmy and active
gqupe arg at different temperature, The most iasportant
difficuelty with the use of strain gauges is dumay gauge
on a guitably chosen non-magnetic material which have the
same thermal and thermvelastic properties 845 the magnetic
waterial, This epsures that the dumpy and the active
gauge are subjected to the Same strain apd temperatire

gxcept for the magnetic straim.

5,7 STRAIN MEASUREHENTS USING STEAIN CAUGES

In 1947 Goldman was the first to mpeastre magneto-
stkriction by the use of strain gauge a folded metal wire,

wirich can have a resistance ef the order of 100 chms,

The strain gauge technique is based on the fact that
any strain characteristic of the specimen on which the gauge
i8 affixed is5 transmitted faithfully te the electrically
SepSitive zone of Che gauge and is pbserved as a resistance
changes which can be measured with the help of a Hheatstxpna

[
bridge., WKhen the tewperature of the speciwen is changed
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there 15 & further contriburtion to Che reEiétEnCe change
due to thermal expansion of the gauge wires, the gauge
matrix, E£he bopding plue, specimen and the resistivity
change and the change in gauge factor of the gatge

' A Y
materisal, S:}.milar strain gaugeﬂ kpown as dummy gauge;; @,‘5

in the other arw of whearskrone bridge to COmPEHSEté as

far as possible Ffor temperature influence,

The measuremant can be carried out with direct
current ;q.low frequency alternating current ( £<& 100 ¢fs )}
since the magnetic material to which the current carrying
wires are affixed can give rise to an inductive effect which
changes during magmetizatjon, This wethod is algo very

, _ , , -8
sensitive, being capable of measuring sStrains upte 10

-
I'he minimus dimensions of Strajin pauges are approximately

2 mw, Addircional errors that can cccur ip Fhis mesasurements
is magnetoresistance of the wire, At roow temperature this

-7
is not greater than 10 .

When more thasn one sStrain gauge (gctive and dummy)
i5 tused in 4 wheatstuvne bridge circuit. This effect is
dpproximationely eliwminated If care is taken to ensure

that all the strain gaupes dre in the same magnetic fieid.
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I'he use of Durofix tacilitated the removal of
Lhe gauges from the copper discs for subgequent uUse with
proper glue. The posgibility of bad bondage with Durofix
wads checked by observing the differential strain,. The
whole success of this method, however, lies in the proper
cheice of a glue which can give proper bondage Lhroughout
thﬁ tepperature range and at-the Same rime can easily
béxdiasqlved.wikhout demaging the gauges. To measure
differential magnetoresistance, it is not of course
esdential to gelt as good a grip a5 needed for measurements
of, say magnetostriction vur therwal expension, bacause
the_strain arising from the application of magnetic field
is small. The purpose of the glue is maianly to keap the

gauge flat on the specimen to avoid bending.



CHAFTER - ¥I

I'He DIFFERENTIAL THERMAL ANALYSIS
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U ERENTTAL THERM [ SIS

6.1 INTRODUCT  ON

The technigue of differential thermal analysis
ig an IZwmportant teool te study the structural change
occuring both in solid and ifiquid materials under heat
Ereatment., These changes may be due to dehydration
trapmsition from one crystalline variety to another,
destruction of crystalline lattice, oxidation, decowmpo-
sition etc, The principle of differential thermal
analysis (0TA) consists in measuring the heat changes
associated with the plysical or chemical changes
occuring when a standard substance is gradually heated,
This technique has begen used in determining the glass
Erapsition temperatiure and crystallization temperatture of

oNr damerphous fron beron ribbon.

b&,2 ERENTIAL THERHA N )

The PT4 technigue was first suggested by

Le GnateliEr(ﬁ'lJih

1887 and was applied Ea the scudy
of ¢£lays and ceramics, WI'4d is the process of accurately
measuring the difference in the temperature batween =
thermocotiple embedded in @ sawmple and a therwo-couple in

d standard inert material such ss aluminiuwm oxide while

bath are being heated at the uniform rate. These
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Fig. 6.1{a) Heating curve of sample and

reference substance.

AT

Fig. "6 1{B) O TA Curve
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The temperature in the sSample holder is measured
by a2 thermocouple the sSignal of which 18 compensated for
the ambient temperature and fed to the temperaturs
controller, This signal is compared wibth Lhe program
signal and tne vultage impressed to the furpac® iz
ad justed, Thus the sample and reference sulstance are
heated or cooled at a desired rate, The femparature in
the sample holder jis digitally displayed on the IT-30

and is &1s0 recorded on the recorder.,

6.3 APFAKATUS

ihe apparatus of the differential thermal analysis
consdists of a thin walled refractory specimen holder made
of sintered alumina with two adjacent cubical compartments
of exactly the sawe size, 1 cm in length Fig.(6.2),0f
these one i5 for the reference (inert)’ material and thé
cther for the test waterial, the compartments being
separated by a 1| owm waill, The speciesen holder is placed
in the cavity of the heating blocks which is operated 1in
the centre of the cylindrical refractory tube of an
eglectrical furnance, which supplies & Upiform heating rate,
T'he furnace (9" x 6" x 9" deep) is peaked with calcined
Lhina cley, The input of current into the furnace is
securaed through the secoudary of & variac transformer,
whieh controls the current., Fine chromelaluwel wires

{28 gauge) are used four therwocouples. 4 cold junction is

used for thermocouples ® lcads and the e.m.f is recorded
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REFERENCE CUP WITH
ANHYDRQUS ALUMINA

G—MATCHED SAMPLE CUP

CERAMIC CENTERING
RING AND GAS
CIFFUSER

PORCELAIN TUBE

RUBBER STOPPER

———CERAMIC GAS
INLET TUBE

CHROMEL—

AT
~._ 7 DIFFERENTIAL
THE RMOCOUPLE
CHROMEL

ALUMEL

F16.6.2 . DTA THERMOCOUPLE ASSEMBLY .
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gimost continously, while the temperature of the inert
material is measured at 3 migutes Intervals, It is
esgential to use perfectly dry materials, as otherwise
errors, will be introduced in the analysis, Approxiwately
0.1 g aphydrovs alumina 15 uSed in thAe reference cup and
the sauple weights varies over a range 0,05 g to 0,125 gy
depending on their pedked density, A heating rate of i10°%¢
per winute (average) of the furpdce is conveniently kepk,
and this gives satisfactory results Iin wmost cases, 4Ad

block diagram of UIAd is shown in Fig.é,3).

The thermdl amalvsis runs generally for ! to 1% hrs.
Thermal analysis curves are obtained by plotting heating
temperature and the difference between the temperatures
af the test and the refereuce substances, From these plots
the reactivn temperature could be deterwined, Under
standard conditicns of the experiment, characteristic
curves for different composjiton iron - Horon amoerphous

ribbon were cbtained.

Glass transition and crystalliszationr femperatlure
points are indicated, usually by a sharp exotherwic peak,
The tewperattures of decowposition af phdags are similarly
given by excothermic peaks and in cases - Lypical endothersic
curves afferd useful informaction about the structoural

changes raking plece in the cowpound,
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Furnace
atmosphere
.....-.l—.-—
cnntrnl\ Furnace
controller
Furnace

o 5;];;':1 RIT sample block
=
xinimlh

Gas VYacuum

ptier VU
Amplifier

Ty
X~y Recorder

Fig. 6.3 Block diagram of o differential thermal anaiysis

equipment. {5} sample thermocouple, {S} reference
thermocouple, {M) monitor thermocouple.
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All experiments &re run at atmospheric pressure
in a8 coatinucous flow of a4 purified inert gas usually
argon, niftroger or helium, (auses are normally purged
into the Furnace chapber at the lower end through a
purification train in which oxygen and water are reaoved
by heated copper wool and exhgusted from the top imto a

condensate trap for collecting the condensable volatile

produces,
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Fol ' BRI feENTAL SEE P O£ MASURRMENTS Uf |
A I F A rTaN

Fudal ELECTRONJC CIROULTS UF VS u

The functions of the associated electropnic

|

(i} To permit accurate caljbration of the Signal

circidits are

out put eobtained from the detecticn ccilg.

{iif) To produce a convenient AC cutput s5ignal which
ig directly related to the ingut and thch can
be recorded,

(iii} To produce sufficient amplifications for high

sensSitivity operation, |

The block diagrdm of the electrounic circuitrused

for. 4
|

The vibrating sample magnetometer copsists of a
wechanical vibrator, a sinewave generator, aia audic
applifier, 4 ratio transformer, 4 phase-shifter, a

. . | ,
Lock-in~amplifier, a pick-up cvil systew, a reference coil

The mechanical vibrator is a4 sSpecially prepared

System and an electromagnet as shown in Fig.(7,1) .

loudspeaker which vibrates a glasy rod asseably at

fregquency of B0 [z, A sample 5 and a swall permanenk
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EEI*EERE”CE PHASE RATIO
Pe t
rmanen SYSTEM SHIFTER TRANSFORMER
magnet
DRIVE
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|
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Fig. 7.1 Schemaotic diogram of the electronig s}rﬁ..-'1
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!
wagnet F attached to the glass rod assembly Fig.fl.l)
also vibrate at the sdme freqdency. *

b

The sample magnetized by the electromagnet:
I
getierdtes an e.,w.f in the pick-up coils PC. The sStrength
of thig signal is proeportional to the wmagnetization of

the sample, The vibrating p@rmanent magnet also éenerates

an e.t.f of fixed awplitude in the surrounding rLferencE

coila, This referente signal is stepped dowa with the help
|

of a ratje transforwer so that i1ts applitude ilequal to

I

that of the sawmple signal. The two signals are then

brought in phase and put to the Lock-im amplifiér.

The Lock-in amplifier wurks as a nulil de{ectur.

|
The ratjio transformer rpreading is to be calibrated by

using spherical sappie s of 99.9% pure iron. {

7ol.2 SENSITIVIT YITS ) ﬂ

Limits of sensitivity are determined bylFignal co
pnoise ratio at the inpur circuit where noiss i% defjined
as any signal not arising from the magnetic moﬁent af the

;
sample., The major sources of noise are the JD;LSOH Roigse
of the wire used for the pirck-up coils, and th% magnetic
proparties of the sample holder, which superiﬂpasea

undesired signals in phase with the wanted sigLal. Use of

4 miunimyer mass of weakly diamagnetic m&l‘:erialﬁllfﬂr a
L

I#



sample holder, carefully checked to contain na fey}amagnetic

; Ly ; . C . ] 3
impurities, is essepntial to miuimize thig colerent| noise

contribution, Corrections for the small wagnretic h
contribution of the sample hoelder can then he mad% by
measurementsd with the sample rewmoved, This co;recﬂian iz
much less then the eguivalent case with @ wmoving %Dil
system., ”
|-
fur stapdard sawnple uged for calibration was
spherically shaped speciments of mass |_"z'a:‘2mg. Thle :
dz}fereur field susceptibility Ax = 5 x lﬂ'lﬂiLould be
chderved after syachronous phase detectjon with ﬁﬂndwidth =
2 x IGFE cp5. The other tests used was small curant at

80 Hz or an alterunating current at B0 Hz passed through the
I

ceil which remained stationary.

With only the lock-in amplifier and the a?ciliuscupe
I

as a null detector, it was found that the 20,7 qé Fa-gampls
|

signal could be balanced reproducibly. Such reytéducibility

indicared that the long time drifts caused by Eﬁe

compbined effacts of vibration, amplitude changeq and

freguency chaénges averdye sample posjiticon and afher effects
—

were negligible, Choasen synchronous phase detector added

differential changes about opne-tenth the =ize thalt could

be recorded reprodiocibly,
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Fol.d FIBRATSON AMPETIIULE :

The Peak-ro-peak vibration amplitude has been

varied from less then 2,1 mm upto 1.0 mm in order|te

examine errars caused by amplitude changes, Such %ests
show that the measured magnetic moment varied by Hesz
than *0,5% aver these range of amplitude, althgugh |
some what sharper balance is obtained at higher ﬁhriatinn
amplitudes because of Lthe larger 5ignals involv&qr

7.1.5 THAG CTS il

i
Image effects were also examined with a small
vibrating coil carrying a dc current, The iwage effect

was ng gredter tham X 13 for fields upto 5 kilogauss
!

produced in an air gap of 3.6 cw., Undoubtedly, there is

an image induced in the wmagnet poles. It appearsy however,

that whepn the =sample Jis vibrated, the eftfective image

|

7.1.6 VIBRATION FREQUL I

vibration 158 reduced by eddy-current shielding,

The vibration fregquency Is pot critical, [[High

freguency operaticon Iis limited by the driving méchenisnm

and capacitive shunting in the detection coils. Freguiencies

of 100 Hz or less permit the use of dnexpensivellcomponents

i

and miniwize eddy current shielding by the vaccum chamber,
|

The measurements are conppletely independent ofleddy

currents in the surrounding parts, if measurewents aud

]



calibration are made at the sawe temperature, The

thickness of conducting parts has been minimizedaiso that

the temperature dependence of penetration depth is less

than Ii »

F.1.7 FIBRATTON PREODIEMS

Mechanical coupling belween the vibrating systewm
and the fixed detection ceils must be aveided, Althrough
the coils are drranged winrmua sensitivity to exéernal
vibration, &2 noticeable background aignal is obtained
when the vacuum chawber contacts the detection coils, Such
wechanical effects are difficult to eliminate electronically,

.

because the spurious beckground signal has the same
fregquency 43 the sSample signal and maintains a constant
phase difference with respect to the sawple sigpal. Usuoally
Che maghetometer and detection coils are both supported by
Lhe magnet, So thdt Some mechapical coupling may be

poticed at highest sensitivity.



Figure.

Arrangement of the vibrating semple nagnetometar { V.8.M.J0.
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MAGHETUSTRICT TON

The experiméntal Set up consists of a strain
sensing device, I,e¢ Strain gauges, D.C bridge for strein
meastrements, D.C amplifier, electromagnet to produce the
magnetic field, A specimen holder with an arrangement for
rotating the specimen in the wdgnetic field by definite

angles.

?-291 fl D ER ﬂﬂg

4 I,C wheatstone bridge is slightly out of balance
condition measured the fractional change in resistance in
the active gauge. I'he couwponents of -the bridge are shown
in Fig.(7,2).%hen the resjstance of the active gauge was
changed from R to R + AR, 8 corresponding out of balapce
voltage developed across the iaput of the U.C amplifier.

The output of the soplifier is recorded,

F.2.2 THE D,.C AN ‘[ER

1o measure the swall out of balance D,C voltage,
the Model 140 pano voltweter was used, which acted as a
petentiometric amplifirer and had a sensitivity of 0,1
microvolt for full-scale deflection in the highest
sensitivity range, A panel switch selectoer permibtted the

meter sensitivity to be ailtered, dnpy A4,.C signail



0

H110 5

FIG. 7.2 D.{. BRIDGE
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guparimposed on the D,C volrage te be measured was
almngt entireiy attenuated, the filltering facter being
inversely preportional to the frequency, l'he zero dirft
was less than 0.1 dy/hour when all sources of thermo
E.M.P were reduced by using low thermal sclders and

protecting the metallic jupctioens from thermal fluctuations.

Ful2.3 T TY AND CALIHKALION OF THE D, C SRIVGE

T'he currenpt in the D.C Hridpe circuit, in terms of

the parameters of the bridge shown in Fig, (7.2})1is

Ig = — £ '
( BiD+4d+ %# } o ZeN+AL %F )

44
* Crvrgr 2 » 271

where

¥ = (DrZ) # (D) (BiD+i)

N{BtD+A+ %‘9- ) (ZENFAS % )
]

£g{7.,1}) is an exect wlgebrcic solutien for Ig where the
circuit on the right hand side of points P has been
treated as a current measnring device of jinput resistance
Z. =ince the bridge is only slightly unbalanced KO A L4}
and the facter ( ! + KAd ) can be replaced by unity.

Also, Since tiae -input lesistance of the mpeasuring unit is
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of the order of one wegohm, we can put Z - in
eguation {7 })dand obtain the expressicn for the maximnum
voltage Sepsitivity corresponding to B = 0 close to the

halance condition of the bridpe as

(BB = E G
Y r QP+992'

In our bridge D represemts the resistaance of the
dummy gatge and A that of the active gauge. Hoth nave the
same value of 158,22 oha Iin the unstrained condition, Thua
the fractional change Iin resistance can-be written as

__-—-—dA = i_ﬂf_Iﬁ LI T N ] (?13) '

A E

Thus tne our of balance voltage ZASIE measured by
the recorder waintains a linear relat:onship with dAfA .
giving a4 constant sensitivity, The devistioen from linear
relationship will only occur if the condition !l + KA&A = ]
does not hold, It cen be shown that the fractional error
0.31%, The bridge was calibrated by changing the
resistagee parallel to the 10 ohm resjistor in rthe arm N
of the bridge., The winimum voltage that could be measured
withiout noise and drilt was of the ordeic of lﬂ"ﬁ « The
gauge factor of the strain g;uge we used was (&) 2.02 &=
supplied by the manufacturer and rhe voltage supplied Lo

the bridge was two volts, Thus maxiwmum strain sensitivity



i

was of the order of 10-6 from eguadtion {;ﬁgJ_The sensitivity
of the bridge could be increased further either by
increasing the currenft in the circuit or by using higher
grain in the awplifier, The upper usable lisjt was
deterpined by the maximum allowable joule heating in the

gauges and the signal-to-noise ratio.

For winimising the noise, all the connections
were made with co-axial cables, s¢ that all parts were

well screened.

7.2,4 THE CHOICE (F DUMAY MATERTAL

The identical bahaviour of the active and dumay
gauges 15 the basic pacessity for justifying the ugse of a
compensating wauge for dll strdin medsurements, [he
nearest approach to this condition can mede by sSubdjecting
the two QHUéeS to identical strain and therwal conditions
used Fused sjilica, glass a3 dupmy material for its

"

negligible thermal expansion co-efficient.

Fu2.3 I SPELIME LUk

It is very import&ant to hkeep the tempersture, of
the specimen and the dummy identical for acecurate measure-
ments, Any difference in the thermal environment of the

active and dummy gauges effect the result drastically.
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To keep the gauges jin Che same Chermal environment 3
cylindrical =shaped speciwen holder was made as shown Iin
Fig.{7,3).,It was made ffﬂmx::d copper rod of 16 om
diameter, Two identical grooves of approximate thickpess
7 mm apd width 10 mm were cut Seperated by a thin section

-

“of width 2 @m. This drrangement made it assemble to keep
I

the active apnd dummy Specimens as close g% possible,

The specimen and the dummy were fixéd on the
oppnsite faces of the thin section, Two rdentical strain
gauges one on the face of the active speciwmen and other on
the dummy specimen were glued, Electrical connections from
the gudges were taken out threough the hole of 2 mm diameter
made in the centre speciwen kholder. The thinner section of

J the specimen Aolder of diameter %_m@ and leppgth was glued
to a plass tube of internal bDore of 8 pw ip diameter. ThHis
glass tube in turn hangs from the rotatoer, A& copper hellow
tube of I6 me internal diameter was used as a jacketr to
keap the gctive and the duswy at same tempegrature, apd to

fyem
,Hisalﬂte the%kthermal Fluctuations. The arrangement was

fougd to be guite sarjisfactory,

POSITION OF SPECIHEN

in order tv rotate the sSpecimen in the magnetic

field a rotating systew ha8s been constructed asz shown in
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in the diagram {(7,4), The specimen rod along with the
spacinren holder was hanged from the bottow of the rotator
made of bragss - called circular cennecting piece where it
is glued firmly. The circular connecting piece is screwed
to the coller of a rotable cjircular brass plate having a
circular scale graduated in degrees from °- 360° ., The
brags plate wilth circular scale just Fits inta a circular
greove on &an irun base and guarded by a thip circular
brass plate, dAn sluminium puinter fitted to circular brasa
plate gives reading of any circular rotation of the
specimen. The hole set up is put on a heavy wooden plat—
Form. l'he specimen tube was inserted inside a thin ylass
tube of internal diameter of & mw. This tube hangs from
the bottow of the iron base. The thin glass tube is again
surrounded by a2 thick ourer plass tube of internal
diameter 23 mw prevently fruw any draught from ocut side,.
The specimen holder alongwith glass tube hangbin such a
manner that specisen lie in the homogenous region of the

maynetic field produced Ly the electromagnet.

Fud.7 QPECTMEN MOUNTING

The mounting of the specimen in the speciwen holder

has to be flexible in order that speciman can freely change
)
in dimenfion. At the same time to avoid any rotation of

the specimen due to teorgque producod by the wagnetic field,

the specimen wust be held sufficienmtly rigid, The best
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compromise is made by usding a thin cork spacer between

the spacimen and the base of the Specimen holder. The
speciman is glued to rhe cork by Durofix and the cerk in
turn to the specimen hoelder, The mosaic pattern of the
cork Spacer allows the sSpecimen to expand or coptract
quite freely but copnstrains it from rotation due to body
forces. Comparison of thermal expansjon of a brass
gpecimen when fixed to a cork spacer and when free showed
chat Lhe constrefat due Lo the above mentioned arrangement

does npot affect the resualt,

7e2.8 JTHE GAUGE CEAENTING

For perfect gauge bondage batween the gauge and
the surface of the speciwen it i8 necessary Eo hdve very
fine scratches on the pgauges and Specimen surfaces. The

spaecimen surface i9 natdurally left with fine irregularities
a

-

of Six micron order, he pauge is esnélosed in a paper
jacket which provids beth insulation and protecticn. The
paper base also provides good bondimg surface for Ehe

gadlUge on Lo the sSpecimen,

A thin coat of UVurofix was applied Fo tne gauge
gurfaces and the gauge area of the specimens. Then the
gauge was placed on the specimen surface and the small

pressure was applied on the gauge, The adhesive was cured

for 24 hours at roow temperature.
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Figure
Magnified photograph of the micro-measurement straln gauge
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CHAPTER - VIII

MEASUREMENT OF WAGNETIZATION



P
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8.1 CALITHRATTION OF THE VS

There are vsually two methods oF calibration of

a2 vibrating sample magnetometer

{i}) by using a standard sample and
(ii}) by using & coil of small size whose

moment can be calculated from the mpagnitude

'f}///f’ of the d,c current through it,
) .

Toa
)
Nl

LY

Ke have calibrated our V.S5,M using a P83 mg
spherical sample of 92.9% pure iron, 'ha sampie was made
spharical with the help of a4 sample shaping device. It
wds then annealed in fhAelium atmosphere at about 906°%¢
The sample's saturation magnetic mowent has been calculated
using the available data, The ratioc trasnsformer reading

ig obtaipned by actual measurement from the relation
M = k' ok - B a & ® & fs.l) |

khere 4 i5 wagnetic mowent, k' is saturaticn

ratio transformer reading and k is VSM constant.

M = ml_':ll ] . a a4 & » {8.2,}‘ L

Khere (6 15 the speciflic wagnetization and m is

the mass of the sanple,

Kx!

2

K = E—r v - - - - {S‘BJ L
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The accuracy of thig calibration howev;r depends
on the reliability of the stendered iron sawplei tha
accuracy of the ratic transformer and the gain of amplifier.
The equipment has been operated repestedly with the same
standared sample and stability has been found to be within

l part in 100,

I'he absolute accuracy of the instrument depends on
the knowledge oF the wmwagnetic properties of the calibration
standard aad reproduciliility of sample position, When the
substitution wethod of rcalibration is used, the major
errvr Y lw is introduced by the estimatianlof the
standard ireom sample, The relative accuracy of this
instrument depends ca dcclrate calibration of the precision

resistor divider net work,

The teoral error here can be kept to less then .53 .

A typical calzbration curve of magnetic field Vs ratico

transforner reading ig shown in Fig.(8.1}.

B.4 S CALLE O DATA

{I) Reference signal with phase shifter and decade

transformer in counectici

v _ 1 1odd y
ref, .01 % 70

x I

= G, 5MYV x 100 = (4.95 mv.

Fref with variation @ (.5 vV x I00 = 0,95 mv



{2) Raference signal with decade transformer

copnnection

- My =
Frefz 7.07 x 41 v 1.1 mv

¥ with varjatjion of 0,1 aov
ref2 '

{3) Keference signal direct

¥ = 13 x 0.1 my = 1.3 ov
raf3

¥ with variation of 0.2 mv.
refj '

lable - 8.1
FINAL SET OF REAUING FUR PURE Fe- SAMPLE

Reference Freqguency = 80 Hz.
Speaker voltage = 4 volis peak to peak,

Masa fur pure Fe-sample = 20,7 mg = 20,7x10°
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Field current

Magnetic field

ecade l'ransformer

{(ampl H{vauss) reading
£ g 0.0073
1 aoo G.835
2 1075 0.1656
3 1860 0.255
4 2100 0,355
3 2625 0,387
£ 3187 f.4322
7 JF7an 0.4526&
8 4175 . 0.4646
g 4f25 0,47
9.3 54040 G,4725

14 53040 J,4725
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&, CALCY ON OF CALJEBRATTON CONSTANT

Standard data on the feromagnetic 31Ements{8'2)

2¢%¢ ¢k |4 :
: 5 i AH M & # r s
' ! 1 it
Elements eptfg emt]cm? 6 ° em%fg 3 < o,
e 2168 1714 21560 221,912,219 F70 | 0,982
Co el 1442 i7eao I8,5,1.71511131 0.9%1
Ni 54,39 GHa ] G084 S7.5010.604) 358 | 0,948

’

. i : Q
Saturation decade transforwey reading for pure Fe at 20°C

K' = 00,4725

'Fe

Specific magnetization for pureh§t 2v9%

L

218 emu/gm

= 218 An/Rg

Hagnetic moment M = mea

- 20,7 x 10°% 218

. 4.5126 x 1077 Am®

Calibrarion constdant

G,o126 x 10-3
0,4725

£ = 9,550 x 707 An°
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8.4 CALTBRATIUN CURVES FUR HAGNET-1 ASSEMBLY ARND
PUWER SUPPLY

. The electromagitet tsed for the measdrement Qf
magnetization was a Newport, Electromagnet Typen 177 with
17.7 cm diameter FPole Pjieces, The magnet was mounted on 2
graduated rotating base. The standard model was moedified to
provide on adjustable pole gap in order that the highest
possible field strength was available, The calibratcion of
the magne?z was dopne with & HUHH:I Elecrronic Fll..I\x'mEtEI' ta
on accuracy of aboutfli . A Typical calibratju; curve of
current 1 VS field strength I is shown in Fig.{8,2).Even

with this calibratjon instrumenpt a smpall hysteredis effects

was3 absarved,

labie - 8,2

DATA OF MAGNET TYPEINIZ7 [T177 mm DIANETER POLES 7.’
' PLANE TIP,

od Paie‘gap = 86,5 cm.

Coil 1350 turas of coper SErip.
Maximum currepnt without water cooling

= J0 amps coptipuois,
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Current wn Amp o

Fig. 8.2 Magnetic field vs. current electromagnet-2, pole gap-6.5cm,
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Ycale
Fluxmeter deflection div?der
Field Magnetic
current I¢+) Ic-) Average . Field
{Amp) deflaectiaon (Perdivision
50 Gavgs)
0, & 6,3 6,23 312,510
d. 12 iZ 12 Gad, 00
. 21 22 21.5 1675,00
. 26 27 20,5 1325, 00
. 32 32 32 1600.00
. 37 3B 37,5 1875,.00
. 42 g2 42 27100,00
48 48 48 2400,00
' 32 53 32,5 2625,00
. 58,35 34 38,25 29312,.50
. 3.3 a4 63,75 3187,.50
- 69 of 6 . 3450,00
- 75 P 75 750,00
. g PR 79 3¢50, 00
. 24 83 3.5 4175.00
ag 84 89 450,00
- 94 93 94,3 4725,00

9.5
10,4

PR
33

30
33

Scale divider 10,
Magnetic fileld per
divisicn 100 Gsuss

50
53

5000,.00
5300,00
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at yroom temperature a5 Shown in Fig.(B,3).Magnetization is

aiso evaluated as a fupncrtion of field to find the dependence

87z

of magnetiratjion on the domain structure,

gafbion

process as

I'he sample Feg, b 15 also studied for 45 magnetl-

18 °
W

interms of dowain recrganization by the heat treatwment,

I'he ma3gnetization clrves were obtained for sampie Fe i

(Fig.8,7)which were anpealed for 2,5 hours at temperatures

82

50°c, 100°c, 150%, 200°C, 250°C and 300°C respectively.
\

These annealing temperatures were pant@séned copstant dhﬁﬁ?a;}

annealing,

f

Table - 8-3

Variation of Adagnetization with magnetic field

for sampple with composition Fe =)

g1 "19 °

Kibbon thickpness 50 L g
Weight of the sawplef(m) 5 x lﬂ-ﬁ Kg.

affected by annealing end i5 interpgreted

.

LI.

Calibracion constant(X) = §,5505 x Iﬂ-jdmz .
Fiald dagnetjc Decade Specific
current field Transformer _ magnetization
(dmp} { Guass) Reading x 10 _ _kk"
k' s t
(AmszgJ
1 600 693 132,37
2 1473 gau 164,27
3 lagd 23y 177,04
4 2700 938 179,17
] 2625 J46 180,69
& 3187 946 180,69 .
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magnetization {AmZ/ kg )

Specific
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180

160

140

1240
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Maognetic field (KG) ———=

Fig. 8.3 Vaoriation of maognetization vs. magnetic field

for FEE,‘2 515 _
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Soturation magnetic momant (x10% Am2) — -

| |

(0.0

50 100

Weight of the somple x 1U+? Kg ——— =

Fig. 6.4

150

vVariontion of saturation magneftic movement vs.

weight of the. sample Feg; B4g

ribbons.
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194G

150

100

o
=

Specific magnetization {(Am?% kg )

0 ' | ]

0 1 i 3
Magnetic field {K Guass) -—

Fig. 8.5 Magnetization vs. magnetic field for different
composition.




(Am2 7/ kg)

SPECIFIC MAGNETIZATION

101

185
Q
180}— i
l | l
(1750 79) 0,8 0.89 0.82

Fig. B.65 MAGNETIZATION

VS,

IRON ———»

CHANGE

IN

IRON COMPOSITION.



magnetization { Am2/KG)

Specific

200

162

150 —

10¢

50

300°C
250°C-
200°C
150°C

100°¢.- ~

specC”

L

At room temperature

Annealing time =

2.5 bhr.

0,0 1 , Z

Magnetic Field { Kguass} — — o=

Fig. 8.7 Magnetization vs. magnetic
temperature.

f

field for

different annealing
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Table -~ 8.4

Variation of Magnetization with magnetic field for

unannealed sample Fegg HEG .

6.2x10°% K

9.5505 % 10" Am®

Feight of the sample (m)

- ”

Calibration constant (k)

Hibbon thicknesa = 30M 5 ,
Figeld Magretic Voacade Tranz- Specific
clprrenk field former reading madgnetization
(dzmp) { fuass) -4_ I _ kk!
X.Iﬂ K qs = P
2
{dm fKg)
{ G 540 122.79 .
2 1075 7i0 175,049
3 1604 FEO 177.37 -
4 2700 B ' 177,37 -
Table - 8,5
Varjdtion of Mapgnetization with pagnetic field
for upannealed sample FEBE BIS .
Weight of the sampie (m) = 1,235 1077 Kg
Calibration constant (k) = 9,055 x IG-BAmE
Ribbon thickpnass = 554U m
Field Magrnetjic Decade Trans- Specific
ctirrent field former reading Magnetization
A - ¢
(Amp) (Guass) €10 4_ " o, = if (ﬂmszg)
1 (<3 IR0 BIS 63,28
2 1075 1378 106,08
3 1600 1875 145,59
4 2100 2120 164,61
4,5 2400 2240 173,93
5 2625 2320 180,14
& 3187 23en 183,20
7 3750 23610 183,26
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Table 8,0

Variatjion of ‘Magnetization with magpetic

field For Annealed sample feg, 518 .

Annealed Temperature = 50°%
Annealed Time = 2.5 hours
Weight of the sample (m) = 1.78x _IU'-ng
_ 3 2
Calibration copgstant (K )= 2,.35305 x 10 ~4Am
Field Hagnetic lecade Transformer Specific
current Field : -4 Magrnetization
. reading x10 P 2
{Amp) {Cudas) It a. = (An°/Kg)
; o i
I G000 1248 6o, 70
2 1075 2018 ja8 .27
3 1600 2813 151,04
4 2100 3130 167,94 .
5 2625 3360 180,28
o 3187 3461 185,?0
7 3750 346] ) i85,70
Tablae 8,7
Variation of Magnebizarjiop with magnetic
field for Anneailed sample Feg, Big »
Annealed Temperature. : jo0%c '
dnppealed time = 2.5 hours.
-a
Weipght ©of the sample (m) = 8,8 x 10 Kg
-3 2
Calibration cogstant (k) = 98,3305 x 10 Adm™ .
Field Magretic PDecade Transformer Specific
current Fia]ld reading x 10" magnetization
)
{amp) fPuass) k a _ kk(dmszg}
a__m
1 GUU 056 71.19
2 1075 J08E 118,08
3 160U 1430 153,24
& 2100 1560 IﬁFtJ
5 2625 1672 181,46
5.3 2912,5 1700 184,49 .
6,0 3187 1520 186,67
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Tahle - 8,8

Variation of Magnefization wilth magnetic field

for Apnealed sample Fey, BIS .

Annegaled Tepperalure +  150°C
Apnealed Time = 2.3 hours
Keight of the wsample (m) 8.1 x IU+6 Kg

89,5505 x 10_3 Amg.

Calibration consctant (k)

It

Field Magnetic Vecade transformer Specific
current Field reading x 10-° wagnetization
(Amp) (Guass) _ k' A, = Kk ﬂmszg

i.0 60 Ho5 78,41

2.0 10735 1085 127,93

3 160U 1275 120,33

3.5 18735 1335 159,76

4,0 2100 1450 170.97

4,5 2400 1540 181.58

5.0 2625 1566 184,64

5,5 2912.5 1597 188,297

6,0 3187 1597 188,297

Table - 8,9

Variation of Magneiization with magretic field

for Annealed sample Feg, dlﬂ .

Annealed Temperature : 200%

Annealed time = 2,3 hours
Weight of the sample (m) = 7.7 x ie”® Ky

9.5505 x 10°7 Am® .

Calibration copstapt (k)
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Field Magnetic ttecade Tramnsfaermer Specific
current Field reddfng x 107 magiretization
(AmpJ/ (Guass) k! o, = En-:ilﬂmzf’k’g

1 Gog 636 81.37

2 1075 1155 143,26

3 16006 1380 171.1¢0

4 21048 14740 182,33

5 2625 1520 188,53

7] 3147z 1520 188,533

Table 8,10

Variatjon of Magnetizativn with wmagnetic field

for Annealed samuple Fe,. BIH v

Annedled Temperature +  250°C
Anpnealed Tjime = 2,5 hours
Weight of the sample (m}) = 1,08 x 1077 Kga
Calibration constant (k) = 9.,5505 x jﬂ'j Amz.
Field Magnetic Decade Transformer Specific
current Field reading x 107 magpnetjization
{Amp) {Cuass) k! o = EE'{AmeKg)
3 ) .
i 6U0 1027 90, 82
2 1075 1725 152,54
3 1600 2033 179,78
4 2100 2130 188.36
5 2623 21540 18013
o

3187 2150 190,13
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lable - 8,11

Variation of Magneltization with magnetic field

for Anpnealed sample Fegy, 518 v
Anpealed Temperature : 3ue¥c
Annealed Time ¢ 2,5 hours
Weight of the sample (m) = 1.004 x 10-5 Kg
3, 2

Calibration copsStagt (i) G,5505 x 107 4x” .,

Field Magnet jc Decade Transformer Specific
current Field reading x 107 médgnetization
r ] R
{ Amp) {Guass) k a _ kk (dmszgJ
= T
I 600 1098 100,83
2 1075 1765 162,08
2.5 1325 1925 IFe, 748
] 16440 2070 184,948
4 2100 20610 189,17
3 2625 2076 100,04
& 3187 2076 190,64
LY

:r



CHAPTER - IX

MEASUREMENT OF HAQEETUSTRICTIUN



ig8

9.1 CALTBRATIUN CURVES FUR WAGNET«2 { FUR
MAGNETUSTRICTIUN MEASURESENT )

The electropdgnet usSed for the measurement uf
mdgnetostriction was & Newport Electromégpet lype 126 with
12,6 cm diaweter pole pieces., The calibration of the magnet
was done wilh a NURMA Electronic Fluxmeter LO op dccurdacy of
about 1%, A typical calibration curve of currept [ VS field
strength H is shown in Fig,{9,]1). Even with this cajlibration

instrument 2 sgmall hysSteresis eflfects was observed, [

Table 9,1

Data of magnet (2} Typen 126 [125 ot o
diapeter pﬂle%] plane Tip .

Hagnet Face gap , = 3.5 cm

Fluxmpeter scale divider position 10 { division

{ 100 Gauss per scale div, )
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Field Fluxmeter Average Magnebic
cCuprrenkt Reading doifiection Field
(Amp) 1(+}) I(-=) fFauss)
.2 2 2 2 2ug
0,4 3 4 3.5 3ad
0.6 4 5 4.5 450
v,8 5 o 5.3 250
1.0 7 & 7.3 730
1.2 b 2 B.5 850
I 10 e | 10 1000
i.0 11 11 11 1100
1.4 12 12 12 1200
2,0 13 13.5 13,25 1325
2.2 14 14 14 T400
2.4 16 15 15,5 1550
2,6 51? 17 17 - 1700
2,8 13 18.5 18,25 1823
3.0 20 20 20 2000
3.2 21 21 21 2100
3.4 22 22 22 2200
3,0 23 23 23 2300
3.8 25 25 25 2300
4 U 26 26 26 2600
4,4 28 29 7.5 ) 2750
4.4 29 28 28,5 2850
4,6 30 3¢ 2 Joop

4,8 31 31.5 31,25 3125
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Field Fluxmeter Average Mapgnetic

current reading daeflection Field
{Amp) e+l (=) f;auss)
3.0 33 33 iz 3300
5,2 34 34 34 3400
3.4 35 36 32.5 3550
5,6 36 36 36 3600
5.8 37 34 37,5 3750
6.0 39 39 39 3900
6.2 40 40 40 4000
6.4 42 42 42 4200
&,6 43 g4 43,5 4350
B.b 40 45 42 £500
7.0 46 47 46,5 40650
7.2 48 48 48 4800
7.4 49 49 49 49 U0
7.0 50 50 a0 5000
7.8 31 32 1.5 3154
a.o 52 53 52,5 3250
8,2 54 54 54 5400
§.4 32 35,3 535,23 5525
.8 56 36 36 5600
3.8 58 5% 58.5 5850
9.0 60 60 60 6000
#.2 £ 1 &1 (L} 100
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Field Filuymeter dverage Magnetbic
current reading deflection Field
(dap) (s} (-0 {pauss)

9,4 63 Y 62.5 6250
a6 64 G4 G4 G400

9.3 G4 (1] 14,5 6450
Jjo.0 34 ars 66,5 6650
10,2 68 68 68 6800
10,4 g9 69,5 69.25 G9Z5
10,0 i FaY A0 708
10,8 72 72 72 7200
11,0 73 73 73 7300
11.2 74 74 74 74040
11,4 i i 75 7500
11,0 Fb 70 ;6 7e00
11.8 77 77 .77 7700
12,0 78 7B 78 78040
12,2 79 i iy 900
9.2 URIDGE CIRCUIT SENSITIVITY AND CALIBRATTUN

The circuit used for measurement of Lthe resjatapnce
changes in the gauges was a D,U Wheatstones Sridge Fig.{(7.2}) .
It ipcluded 2 reversing switch(s) to ascertain to what extent
thermal E.M.F.'5 inte the circuit were aeffecting the balance

LU

' .
cupditions of Lhe Dridge, T'he Nalle voltmeter used was a

Model 140 of high Sensitivity and a4 perjoad of 2,5 seconds,
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Fig. 9.2  Bridge sensitivity

100
75—
J
50—
2
g
v
a
Gauge factor = 2.02
Bridge current = 15mA
25
0 ! |
¢ 20 40 60
—ﬂRR x 10" ° -
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30

Defiection — =
o
[
|

—_
£
|

AR
R

= 3.79x%10

5

Gauge foctor =2.02

| 1

Fig

. 9.3 Voriotion aof bridge, sensitivity with bridge

current.

10 20
BRIDGE CURRENT {mA} —

30
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In an Aworphous rillons Lthe magnetic domains of tha

Lite different micro crystallites having random orientations

sake different angles with each other in the demagnetized

state, When the magnetic field 1s applied the magnetic domain
wall worement starts, in the inirtial state duoe ko IBUG dopain
wall movement ne contributicn 18 there Lo the net strainm of
the amorphous ribbon specimen, because the reversal of the
direction of magnetization has no effect an the elongation
of the domdin, In the secend state wilh increased magnetic
field the 90° domain wal! movement bgins., T'his gives rise to
magnetosiriction i,e changing Iariice dimension which is inp
our case Is positive, This wagnaertostriction effect can be
looked at as due ro predominuance of the strain a2xes in the
directicn of the measurements, The angle Vs magnetostriction
curve shown in Fig,(9.4).Theqpale Vs magnetostriction curve
showed rthat a mipimum st 133° apd 2 maximum at 223°. The
winimen at 133° is identified as the (-position of magnetic
field with respect to the gauge direction snd the maximum
g @
at 133 is identified as the 90° position of the field with

respect fo the gauvge direction,
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Table - 8.4 1

Varijetjon of tha mdgnetostriction V¥ angular

posjitivn of the field,

drjdge currant = 20 md
Gauge Factor = 2,02
. A 5 ,
fiaWo voltmeter per deflectjion - X 107= 4,215
Al i
S, e = L AR
1 IR (H
. -6
= 2,436 x 10
Angle pesfition NakNo mégnegltostriction

Voltmeter A A

readang *Ei = lfﬁ RfH
106° 5 12,182 x 10°°
110° g 9,745 ¥
128° 2,5 6,091 »
130° 1.5 31,655 "
140¢ . 4_873 ¢
1506° 3 7.309 ¢
160" 4,5 10.964 "
170° ¢ 14,618 *
180° 7.5 18,273
196° g 231,928 "
200° 11 26 801 -°
218° 12.5 30,455 "
220% 14 34,109 "
230% 13,5 32_89; "
2407 12 29,237 "
2507 i1.5 28,019 o

260° I 24.365 "
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9.4 MEASURESENTS OF MAQNEIOSTRICT] N

The experimental determipation and anelysis of
pagnetostrictjon of amorphous iron boron ribbon with
conmposilion FESE HIS is presented, l'he problem-associated
with strain gauge technigue as applied to thin iron boron.
ribboas with composition Fe,, B]E are dlSCUSEEd*HﬂgnEtDStriC'
tion meastrement as§ a functioen of applied Field are
evaluated, [he contribution to net maghnetostriction due fo
this rotation of the domaipns may have pogifive sign as
that due ro ?ﬂﬂ donain wall wmovement, This explained the
increase in the positive wgnetostriciion Iin our graph
shown in Fig.(9,53).{n acLual process the rotdtion 0t Lhe
96° domains may begin before Lhe cumpletion of the 180°
dop in wall movements depecndiang on apisotropy energy and
the hindren®e to the domain walls wovements., Thus the
interpretation of the graph indicating magnetostriction as
a function of field is only gquaiitative except at the
saturation magnetostriction, observed value of which 18

31.86 x 107°

dagnefostriction is alsc eveluted for its dependence
on annedling temperattre and the duration of annealing to

seg the affert of heat treatment on the domain structure

[
‘.\‘I‘-lﬂ. r

‘_',{ .
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effecting magnetusiricetion. The effect of annealing

on wagnetestriction has a(so been weasured using
Straingauge. 4 systematic decrease in magpnebostriciion
from its maximum value of Bj,Bﬁx-jﬂ_ﬁ is ohgerved, The
magnetostriction ¥5 magnetic fild curves were obtained
Fig.(9_g) for -sumples of FEBZHIB . The apnealing tiwe

was constant and was 2.3 hours for each sample but rhe
temper atures were different I,e 5DOC. IUHDC. 15000. EGDGC,
250°C and 300°C respectively, The result for the different
samples explained interms of atumic ordering and domain
reﬂrganizauiﬂn effect, The saturation magnetostriction
linearly decreases with annealing ftemperatres,. lhe
Saturation magnetosrriction versus ampnealing temperature
with constant ampnealing time 2,5 hours curves are shown

in Fis i(gI-?J-
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PAULE - 9.3

Variation of magnetustriction with madgnetic Ffilield for
iren born ribbon with copposition FEBE ﬁ]g .

at roon temperdttre,

Hridge cUrrent = I3 md

feuge Factor = 2,02
) -&
Sensitivity per deflectfon &R, = 7,19 x 10

Field Hagnetjc Ay Magnetostriction
current Field /R

{dmp/ strength ’ _ 2 (,f_f.“_

(Gauss) T 'k

¢.4 350 S1.6789 x 1070 & 5,541 x 1070
v, 550 -3.3581 o 11,083 x 10°°
1.0 ‘ 750 4. 6174 " 15.23¢ "
2.0 1325 -6 42063 W 20 _7H "
EN 2000 -7,.555% " 24 8237 "
4 2600 7,750 " 26,322 "
5.0 JIiod ~b, 3452 # 27, 7U7 "
8,0 5250 -3 ,.2348 w 30_ 474 "
10,40 Bas0 -9 .0545 " 3] _8&3 "
11.0 7300 ~GL6545 . " 37,463 »

iz,0 - -9,6545 " 31.863 "
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TABLE -~ 9,7

Variation of magnetostirictjon with magnetic field

for dAmorphous dnpnezled sanmple Feuy B}S .

Hridge current = 15 m4
Gauge Factor = 2,02
A -6
Sensitivity per deflection .m%_ = -0,46153 x 10
dnnedled Cemperature = 100%¢
Annealed time = 2.5 hours,
Field Hagnebic Hagnetosltriction
current Field A g
/R -2 4R
{Amp/ strength o
{Fauss)
. -5 -6
0.4 5 -2.,9070 x 10 + 9.596 x 10
0,8 55¢ -3,8769% " 12,795 "
1.0 750 -4 ,.524 -” 14,9275 v
1.4 J000 -5.1692 " 17,06 "
2 1300 -3.8153 * 1¥,1325 »
4 2600 -6,1384 -n 20,2588 »
[/ 3900 ~6,40153 * 27,3251 -*
8 5250 _7.1076 = - 23,4575 w
% 6000 -7,1076 n 23,4375 #

i0 6630 -7, 1076 x 23_4575 *%
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TABLE - 2,8

Variation Of magnetostrictjon wilh magnetic field

for amorphous Annealed sample Fey, Hjﬂ .

Hridge current = 12 mA
Gauge Factor = 2 0Z
Sensitivity per deflection d:?H = -4,923 x Hf'-ﬁ
Apnesled Ffemperature = 130°c
Annealed time = 2.5 hours,
et g
{dmpt strength _ 2 AR
{Gduss) ' I e {T %
¢.4 350 . 2,4615 x 1077 + 8,1239 x 107°
0,8 350 - 2,9539 " Y,7487 "
1.0 7ad - 3.9385% " 12,9082 "
I.4 oy - 4,4308 " 14,623 n
2 izo0 -~ 4, 5237 " 16,2478 "
4 2600 - 5,9077 " 19, 4973 "
& 30U - b6,1536 n 20,3409 "
i 4650 - O 2494 " 21,122 "

# 32510 - 6,3990 n 21,122
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TAgpl - %310

Variation uf magnetostriction wilth magnetic

field for amworphols dnneaied sSample Fegy HJH

bridge curreat = 15 wd

Gatige Factor . = 2,02
&

SenSitivity per deflection

ﬁf - _6.6U65 x 10°

Annedled temperdtire = 250°%¢

diupedled Lime = 2,3 hours,
Field Magnetjc A . Magnetostrictiun
Gt kb, L EAn
(Gauss)
o.4 350 22,3123 x 1077 ¥ 7,6313 x 107°
U, 8 550 -3,9639 " 13,0822 "
1.t 7oy -4 ,0246 " 15,2626 n
1,4 FRERTN -d 954y 0" 10 3528 "
2.0 2008 -5, 2852 " 17 . 4429 "
4,0 2600 -5,9459 ¥ 19,6233 ¢+

5.0 3300 _5.9459 ® i9,6233 *
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Variatjon of wmdgnetustriction wilh medgnetic field

amor phous Appnealed saunple Feg, ﬁjﬂ .

Uridge current
Gduge Faclbtor

Sensitivity per deflection

Apnedled Lempperatire

Anpneaied Lime =

i

2

3 md

o2

X

-4,215 x 10

300%C

2.3 hours,

&

Field Magnetjic Magnetostrictjion
current Field aHfH
{ Amp) strength - _ Z (_é_}i}

{Causs/ T 36 R

- . -5 -6

U,4 350 ~2,1073 10 + 6.95354 x 10
v. g 53U -2 95u5 . " g 7370 n
1.0 fo0 ~3,58B27 ” 11.8242 »
1.4 1000 -4,6365 . " 15,302 "
3.0 2000 -5,058 " 16,693 "
4,0 2600 -5,4792 . " 18,084 u
5.0 3iJop -5 ,4795. * 18,084
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Dfd Resip s Flg ASORP0US. I odN, GORON B BIOHY
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1
The study of PT4 reslcs for the amorphous thin Jron
Horon ribbon was Laken to find the anomalis in the temparature

[

Vs time curve, The sample with compositions Fe B and
_— e e g0 “20
Fe32 513 wds chosen for /A to look at Lthe curie lemperature,

glass tranpsition temperature and crystallization phase

Lrupnsformation temperdlire,

The formation and resultant” stability of amorphous alloys
!

dre important topics, both theoretically apgd technologically,
I'he theoretical dnalysis of the factors controlling the cuse of
formation apd the stability of the resultapnt aworphous alloys
have been reviewed and discussed in many previous reviews, for

: : . {1014
exdnple in the extensive general review by Jane's ram the

(10.2)

thermodynamic view point by Turmbull nd post recently by
- (10,3) 4 1 .
l'akayawa .lhe ability of an alloy to be gquenched into the
glassy state is generally measvred by the magnitudé of tha

quantfty7

Where Tm ani Tg gre the melting and glass trapsition
temperattire respectively, In similar manner the stability of the
glass after formgerion 15 generdlly measured by the magnitude

of the guantily,
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Fhere Tx is the temperature for the onset of

¢

crystailization, Laborskylﬁ'éjhbé cledriy shown that the end-
gf-1ife, as fopr magnetic applications aré concerned,
corresponds to the onset of crystatlization, At the onsel of
crystgllization, the coercive force and losses increase and
the remanegce and permeabrlity decrease, 8ll at a very rapid

rate for a small increase in tesmperature. The effect of

alloying elements on the crystallization temperature has been

studiaed by Hakaflﬂ;ﬂin the series FESD-xHx PIHG? and by
Laborskyﬂlﬂ'ﬁﬁn FEBﬂ-xwixPIdUﬁ and FEBﬂ-xNixBQG allays,

Calorimetric measurements were wmade at a heating rate of
5 dep/min and 40 deg/min respectively: to determine fx the
temperature for Lthe beginning of the crystallizaticon exothern,

Laborsky found the glass transition tewperdture of Feg, BEG

to be 441°¢C.

The DTA traces s¢ obtuined in Fig.(lo, 1) ane Fig.(ip, 2),
dare all acecompanied with exothermic Peaks, P'he temperature of lhe
reference substance, which is thermally insctive, rises
unifornly when heated, while the ftemperature of a sample changes
anonalously when Lhere 15 physical or chewical change of the
gctive substance at a particular temperatiure, when there is a

exotnermic reaction,

For example, there is a peak in the temperature Fs5 time
curve at Lhe temperature of exothermic reaction and there is a

(’Lruakin the temperature Vs time curve when there 15 endoihermic
-
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reaction, In our case we too expecled spnomalies in Lhe

temperai tire Vs time curve, were observed, Compositions for both
the FESE EIS and FEBU 520 . The DTA trace of amorphous iron-Boron
ribbon of Feg, B, are showed in Fig,(d0.2). The two anomalies
observed in the temperature V5 Lime curve were at 448°C and

834°¢ respectively. Similarly UTA Trace of aworphous iron-Soronm
ribbon of Feg, B,, are shown in Fig.f0.1), the anomalies in the
temperature Vs time curve observed in this case w#&re at

435°C and $70°C respectivety. Eoth the anomalies showed peaks,
whiclh turresponds to releasgof heat aft these temperatures due

to crystaellographic ordering of the atoms, We identify the first
peak as glass transition temperature, which seans the ribbons
were transforming frum Amorphous state to crystalline state,

The secund peak is copsidered te be due Lo the formdiien of
multiphase poly crystalline material., In additien to these peaks
we expected a very low minute truf corresponding to ferromag-
netic trapnsition., [However, the low V#IUE_EEIEhiS anomaly could
not be observed very clearly because of the relatively low
sepsitivity of the DI4d system, Also the heatng rate of 10 deg/min

was Loo high Ffor Lhis observation,

L I = ] PR I N U B R R

Compositions First peak

Second peak
glass tranpsition crystalliegation phase
temperattre trapnsformaticon
P e e e Lemperatire .
. g, . o, r\ FIRt
PESE B}S 4480 33{ C ;
. - 0.~ T
Fego Uap 43570 B7O0°C

oy i IR S | ¢ - ' [N B
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LONGLUSIONS

Amorphous Iron-Boron ribbon is e metastable fora of
condensed alloy, which has a great potentlal as a soft
magnetic material, This material Is magrnetically soft having
no magnetocrystalline anisotropy due to the absence of
crystalline structure, This is algo corrosion resistant

becguse there is no grain and hence mo grain boundary.

Since this wmaterial is aobtained in the form of
thin ribbans, it needs no Further mechanical processing for
the reduction of thickness, as in the case of silicon iren
trapsformer core material, for high frequency use, flowever,
since iropn Boron is a metastable material its stability is
affected by thermal and other agencies. Thig is a very important

factor to be considered for its techpological use.

Although this material is supposed to be isotropic
due its glassy character,. there is an induced apisotropy in
the ribbon dué to the preparation conditions, 45 & result,
there is some induced magnetostriction in amorphous ribbons
that determine the magnetic softness and the magnetization

process of this material.

The present work is thus devoted to the gtudy of the
stability, change of magnetization and magnetostriction as

caused by anneagling at differept temperatures, Ingeneral,
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annealing ceuses the removal of local low instability in

the amorphous ribbon Ly providing thaermal vibrational energy
to the atoms te overcome the small potential barriers, without
crystaliization, The removal of these straing, which are
produced in the ribbons during preparation, causes change in
the initial pagnetization curves and also induced anisotropy

and magnetostriction.

The study of magnetization, stability and magneto-
striction in amerphous ribbens due to anneasling is therefore,
considered te be very important for future development and
technological use of these materials, The preparatiocn aand
characterstics of amorphous ribbons as a background

information is thus degcribed in the beginning of this thesis.

Three basic measurements have been done on. amorpheous
iron-boron ribbons. Thege are differential thermal analysisj
megsurements of magnetization and measurements ¢f

magnetostrietion,

Differential Thermal Analysis (DTA) is done by the
.standard DTA eguipment to look for ferromagnetic transition
and glass transition temperatures and stability. Since the
specific heat anomaly for these alloys at the ferromagnetic
ordering temperature. is very small, these were not clearly

manifested in the DTA., Accurate specific heat measurement
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arround curie temperature can only guantify these values.
Dut high temperature specific heat measurement is a
difficult task, and equipment for this measurement 13 not
available in our laboratory at present, However , Lhe

DTA curvesd clearly show the glass trensition temperature by
peaks at 448°C for composition FESE H_”3 and at 435°C fFor
composition FESQ Bog There are alsc secondary peaks at
834°¢ for compogition FESE ﬁlﬁ and at 870°C for composition
FESD 320 « These are interpreted a5 arising from phase

Separations.

Magnetization has been measured by vibrating sample
ragnetometer ( V.5,M.). as 2 function of field for the
compoasitions Fegz BIB ._FESI Blgjand FEBU Hzﬂ . The measure-
meats have been confined to room temperature only because of
the uvnavailability uf,h;;h temperature oven and low tempera-
ture cryostat.. Specific magnetizatiocn is observed to be
i83.26 Amzfﬁg for iron boron ribbon with composition
FEBE BIS at room temperatuyre, Magnetization has glso beep
measured for irenr boron ribbkon with compeosition Fe82 BIS for
different annealing temperatures‘{rom 50°C to BGEOC. As is
expected theorftically this annealing changes the initial
magnetization curves, due to rthe change in dopain wall
stiffness, but_daes not change the saturaticon magnebtizaticon
at high Field, After annealing saturation magnetizaticon 15
i35 slightly changed and observed to be 190.64 Amszg for

Fe BIE at annealing temperature Eﬂﬂaﬂ.

82
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Saturation magnetostriction has heen measured by
strain gauge-technique and observed to be 21.86 x Iﬂ_ﬁ'for
compesition F382 BIS at room temperature, The effect of
annealing on magnetostriction has aiso been measured USing
strajngauge and a systematic decrease of saturation
magnetogtriction is observed from its maximum value of

31.86 x 10”9 6

to 18,08 x 10° " with increasing annealing tem-
perature, This result is quite consistent with theoretical
expectation, where magnetestriction is interpreted as arising
due to the rotation of strain axes of the amorphous regions

having induced technical anisctropy.

From the observations of magnetizatior and
magnetogtriction values gfter amnnealing at 300°C it is
concluded that the iron born ribboen can be used over a long
time at elevated temperature with out crystallization,
Naturally, when used at a lower temperature the metastable

gtate wilil Sust&inafﬁfor much longer time,
1!

J_ .

Since the specimens are very thin, the free distorliﬂn
of the specipens associated with domain wall rotations are
constrained by the stiffness of the bonded straingauge.
Results obtaiped for magnetostriction therefore, are 1likely

te be glightly lower than the actual values,
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The other limitation is that the temperature
variarion of the magnetostriction values could not be
measured for reasons mentioped earlier.

In future the continuaticn of this work with varied
composition and varied rtemperatures will, therefore, ba
very useful for a deeper understanding of the mechanism of

magnetestriction and its variation with annealing.

-olio- .
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