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ABSTRACT

Amorphous ribbons of Iron Boron prepared by melt

spining technique were studied experimentally, for their
t.o del4lT, .•d'V'l-e

magnetization, magnetostriction and••..the effect of,
annealing On thl!se.magnetic,parameters. The glass transition

tempera~ure and phase transformation 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 composition dependence of magnetization. The sample

with composition Fe82 B18 was chosen for the study of

magnetization process as effected by annealing and is

interpreted interms of domain reorganization by heat treat-

ment. The effect of annealing on magnetostriction has also

been measured using straingauge and a systematic, decrease

m,agnetostri c tion from its maximum value of
_6.

3l.8,6x 10

'"
-6.

18.08x 10 is observed. This is explained interms of

atomic ordering and domain reorganization.
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fNTRUDUCTtoN

\

The aim of this work, is to investigate magneti-

zation, m"guatase.ietion, glass transition temperature

and crystallization telITperature of iroll borOllal1oys in

the form of amorphous ribbons.

The amorphous atomic structure affects all of the

magnetic characteristics. e.g. the magnetization, curie

temperature, temperature dependence of magnetization.

magoetostrlctiofl, spin wave, magnetocrystalline anisot,opy

etc,

There are two technologically important classes of

magnetic amorphous "lloys, the transitiDII metal metalloid

alloys end the rare ea,tn-transition metal allOys. The

transition metal-metalloid allOys typically contain about

801 Fe, Co Or Ni w~tll tile remainder being B, C,. S1. P or AI.

These materials are useful as soft magnetic material~.

1'hese amorphous alloys with high magnetizatiolls may compete

with ",ate,ials used for power tr8Jlsfo,mation applications.

H8glletostriction is closely related to magnetic anisotropy

and plays Oln importalJt role in the understanding of

ferromagnetic and antlferromsgnetlc phenomena like

m"gnetlzatlon prOCeSSeS, pormeabllity and magneto"lastic

interactions. Studies of magnetostriction alao have
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technological ueil~ty in the production of electro _

mechanical transdllcers, malllletostrictiofl oscillators

"nd f~lters and in removing trallsforlD~r 1I0ises caused

by maglletostrictille vibrations of the core.

A good deal of .effort has, therefore, been made to

investigate ill detail, the preparation of amorphous

ribbons. measurements of magnetization, magllatost • .lctioll

and differential ther-mal a"alysis of amorphous ribbons

and the associated ditIic111ries ill measuring these

quantities. This is described in Chapter _ II.

The methods of proparation of iroll bocon ribbon

with "0'
spec.l"l properties that can be exploited teChnologically

Is described with emphasis On melt spining technique

which was used by J'I.A. ASSdrO.2J to make the amorpllo"S

ribbons, used in the presellt work. This is described in

GII/lpter - Ill.

The v"riatiO" of ,masnetization with the Humber 'of

electrons dvnated by the slass forming material is listed,

based all theoretical cOllsiderations. Tile case of boron as

the glass formillS material Call be observed from this

soneral relationship witl, ira" dB the base. A comparitive

I>tudy of the dift'ereJJt methods of l1Ias"etization

measurement is included ill Chapter _ IV.
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The physical Origin of magnetostriction and

,nBgnetoelastlc co-efficie"ts is explained trum pile"omeno~

logical and thermodynamic cOtlside.ations. 2'11" theoretic,,1]

understanding, the experimental techniques and the

technological implication of magnetoelastic interaction

in relation to the development of amorphous ribbons are,
described in Chapter-V in short~

The differential thermal analysis. principle and,

meaSUrement apparatus for this are narrated in Chapter-VI.

The experimental setup for measurements of magnetization

and maglletostrictioll are discussed Chapter-VIi.

The meaSllrewent of magnetization at room tel11perature
~a.'J11'!~I.C.

and the study of its variation withlJield and annealing

temperature are important for the onderstanding and

cha~cterisation of amorphous iron-eoron ribbons.

Hagnutization is measured by using a highly sensitive

vibrating sample ma~netometer (V.S.M). A V,S.H is used for

measuring saturation magnetization of iron boron ribbons

of different composition. Tha semple ~'ith composition

Pea'2 }318 was chosen for the study of magnetization

prucess as effected by annealing and is interpreted

lnterms of domain reorganization by heat treatment. This

is report~d in Cbapter-Vlll •
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rhe straillll',uge C"chniqlle has been used successfully'

for measurement of magnetostr~ction of amorphous ribbons

with cl1mposition Fe82 BiB at room temperature. Results

concerning variation ot" ""'gnetostriction co"scallt ",ith

"nllealing temper"ture, is reported in Chapter-IX.

The diffe.ential thermal "''''ilys15 of the thin iron-

boron ribbons with compositions Fe80 B20 and FeE2 B
18

",aa

done ['0 f~nd the <lllomaliS5ill temperature Versus tim" CUrve

to obtain glass transition temperature ,and phaSe trans-

foniiation temperature. Tl'ls is reported in Glla"pter~X.

III the [0"e1usion we would like to empbssisethe

fact that large gaps bet~een th"oretical end experimental

results themselves exist, which demand mOre careful

experimeuts in this field speclslly with more varied

composition and temperature yariatlon.

l.l PRESb'NT WONK

The present work is aimed at the experimental

determinetio" elld analysis of magnetizatioll. IIlsg"etostriction

and differential tlJermal analysis (/)J'A)of amorphous iron

borOn ribbon is presented.
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The malluetization of thill ribbons is measured

as a [<1llc<;10" of mag"et!c field uSi,,!! viD.8tillB sample

magnetometer, Haglletizatioll is also evaluated for its

dependence on '''lIleali''g_ I'he magnetization en..-veS were

obtained for samples which were annealed at different

temperatures and for different duratl~;s., The eftect of

annealing is explained On the basis of the removal of

local defects, strain s. concentration gradients etc.

The problems associated with strain gauge techniqUe

as applied to thin magnetic ribbolls are discussed. M"goeto-

st,iction measuremelltias a function of applied field lire

evaluated for its dependence Oil allllealing to see the

effect of heat treatment 011 the domain strllcture affecting

The diffe,ential the,mal analysis of .the thin ,ibbon

was taken to [indtbe anomalies in the temperature versus,
time CUrve at the curie temperature. glass transition

temperature and crystallizatio" pl,ase transformation.

There are four phases ill Our work. 1'heiJe are

as follows :

(a) Vevelopment and calibration of equipment which

include.
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(i) Setting and calibration of an electromagnet.,
(ii) COllstructlon otll.iJC i>ridge.

(iii) Construction o£~specimen bolder

(iv) Construction of a ftocacor for the measurements

of allgular position of speCimen.

(v) Calibratioll of vibrating sample ma'goetometer.

(b) Neasurement of ,maglletf.z<lClOII using vibrating

sample maglletometer:_'

(i) As a function of field at room temperature.

(i1) As a function of jield for different specimens

annealed at different temperature.

(c) The us" of straiJlgallgE! technique t"or t:he
( ,

measuremBllcSof maglJetostrictioll of a.m(lrpholls iron-boron

rp.bboilB.

(1) Neasurem"nts as function of field at room

tern pera t lire.•

Ii
"

,.L,"~ "
(i1) Measurements due to the effect of .annealing; or'
(d) Differential therIDal anal}sis

1.2 M'/'L.1CATIONS OF ANORPfiUUS RIIJIJUNS

The absence of crystallinity, lack of grain

bOlllldlo;>ries and li"e defects and also its chemical 1>0","_

genity prov~de metallic and chemical properties that can

be technologically exploited,
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Iron-base, copper-hase and titanium base aworphous,
ribbon ,,',,<1 exhibit strengths ill excess of those exhibited

by forged materials. AmorpholJS ferromagnets have iute:reating

magneto-elastic coupling and magnetic softness due to

absen8e of crystalline a/lisotropy. Glassy metals are
'-'-. ~7"

unusually ~orrt1Jion free because of the ebaenae of

local electrochemical potential difference. rhus by '"

~recently developed technique called laser glazing. surfaces

of expensive metallic equipments are made amorphous to

avoid Corrosion. Amprphona ribbon has many other refined

applicatiolls like development of magnetic bubbles fOr

computer memory~ amorphous supper conductors etc.,

Research in the development and application of

lill!'1'rphous ribboIJ Can thus be profitable, specially lit its

present new phase.

I~
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kl::VIEW

It was believed for many years that because of

the lack of atomic ordering ferromagnetism could flot exist

in ••morpho us solids. /Jawev"r, in lY60 GObO;IlO,/ 2;1) predicted

the possible exi.~tef)ce of ferromagnetic ordering ill 1I0n-

crystalline solids Oil the C.basis of theoretical analysis,

The first report of an amorp/lOus metallic alloy appea.s to

have been made by lirenller(2.2). 'the present interest in

amorphous meCdls research stema from reports by Duwaz(2.3)

Oil the preparation technique of amorphous matellie alloys.-,..,-.,
,~irosh ,,1 cheJlko C;;~<.I.:,,ind SaIl i (2. 4) almas t s 1mlll ta neollsly

reported a device for preparing amorphous materials spreading

alloy samples ill liquid staRe between two mutually approachilJg

Pistons. 1'he theoretically expected ferromagnetic behaviour
,,"-v

in "'morphous solids w<ls 1"i,'st demollstr.'Ced by Ha.der'~/ and

Nowick(2.5) in their works Of] vaCClJm deposited Co-Au alloys.

A re"l. teclJDological interest developed after
;--"-,-} (2.6)

Pond . ",nd, Nadd~n repo,ted On tbe preparation of

to"tilluous r~bbons of amorpllOus alloys. Amorphous alloys

of Fe-Ni-P-H prepared by the me~t-quenchin8 technique into

rlbbofls by solidificatiOIl on the surface of a rapidly

rotating drum exhibited even .lower coercivities ot' the

order of 8 Aim.

\ "
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In the past few years tb~re have been a large

contribution to both theoretical and experimental results

On amorphous magnetic ~lloys. Hany series of allOys have

now heen reported w!Jie}, d,.-e composed of transition metal

allOys witb a wide variety of metalloids.

2.,,0 m8goetostrictive alloys have been reported in

Fe-Co system. The study of the effect of the electron

dond, characteristics of the metalloids on magnetization

and Curie tempel-atu,e have led to the devslopment of

high moment and high curie temperatllre alloys. 2'he

studies of the mechanisms responsible for the low

temperature embrittlemenr and magJletic allllea] inst~~.ability

have led to the prediction and preparation of allays of

"pp.opriate f;;ompositioJls possessing gredtly improved

stability. By dnnealing amorphous alloys of different

compositiolJ,'" these materials have been demoJlstrated to

have dynamic losses. permeabilities and magnetizations.

which make them comp~titive in quality to existing

commercial alloys. The magnetic and structural stability

of tiJese Alloys have bee" eVdluated at higher temperatlue's

and found to be adequdte for most foreseeable applications.

Increased attention is being given to the production

of wide ribbons snd the preparation of allOys for particular

applications and for understanding ti,e origiJl of the

•
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extrinsic pruperties. TII,,5e are imporCa"t for ti,e

practical applications of magnetic materials and for

evaluating and ullderstalldillg the longterm stability of

these alloys. •

2.1 lJAGileJ'OSTRICTION

further annealing had a valu" for ?i..

I

,

T

The literature 0" magnetost..-ictioll of .amorphous

"(2 7) (2 -;;alloys is not very extensive, Simpson.' and Brambley •

prepared C091 P9 by electrodes deposition and reported a
•6

value of linea, maguetostriction of -4,3 x 10 ,for tile

as deposited alloy. This va]u" ot magnetostriction

increased Oil annealing with Ollt destroying tile amorphous

nature of the material.

The single phase crystalline alloy developed by

-11 x 10-6 Sherwood(2.8J

reported on the magJletostriction within the ternary region

of the transition metals for roller quenched amorphous

ribbon with composition (Fe-Ni-Co)15 F16B6 A13 • A

••.ero magnetostrictive composition occured at (F"0•04 COO•96)15

P16 B6 ,113• l'his hds approximat ••ly A - 0 in crystalline

alloys i, •• FeB C092 • lIagnetostriction was also studied

by Ann(2.9).in three series of amorphous alloys

Fe80_x Nix P13 C:7 (O£'x",40),

( Ofo xi- 0,7) and (Fe1_x COx)75

(Fe1_x COx)80 P13 C1

515 B10 )0.75~xLl). In



n

these ribbons the values of

isotropic, The value of

As were found to be not qUite

~s decreased nearly monotonically

witb incre"se in Ni from 31 x

15 " tile Fe _ Co systelll the

magnetostrictioll went throllg), zerO near 96 at % Co. The

msglletostrictions of the complete series of (Fe - Ni)80 lJ20

sna (Fe - CO)80 B20 amorphous slloys were also reported by

( .' 0 r Handley. However the effect of a/lnealing On there alloys

haa not been studied. a'Handley has discussed the possible

origin of m"gnetostrictioll in amorphous alloys. The

preparation of the amorphous ribbons of tbe complete aerieS

of Fe~B and Gd_Y_Ag systems was reported by N.A. Asgar(2'.1l).

The samples prepsreJ,..by him have bsen used in tne presellt work.,
2,2 IMGNE1'1J,AtlUN

l'll", literature Oil the saturation magnetization of a

material at a temperature of OOK is One of its basic properties.

Measurements are usually expressed as average moment in units

•

2Am /Kg. A

amorphous

brief discussion of this approach. applied to

b b . d (2.!2)".allOys, may e 0 t'llne from Alben. Wh1Ch fOllows

from ideas of local chemical bonding, In atomic states of

hi!i)ll spin the magnetic systems have low electron-electron

coulomb repulsion energies, J1pparelJtly a swall amount of

impurity was necessary to stabilize the strong ferromagnetis",

in the amorphOUS Fesi~;eported by felsch(2.13~But this

was not confirmed by the results of Shimada and KOjima(Z.14).
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wri/lbt(2.151,<l$ recently reviewed tile scatus of .the

information available all pure' amorphous elements.

Becker(2.16)studied the moment and curie telllperature. of

amorphous allays of /r" - N1)80 (p - B}20 • The

reduction in mom"",t is greatest for - P14 B6 • Less for

The results for Fex Ni1_x P13 B8 reported by

Durand(2.171how II jH'OnOll/lCed cllange in slope. A very

detailed investigation of the moment and curie temperatures

of amorpllous allays in the entire accessible region of

" db" d (2.,18) TFe-P-v alloys was reporte y ",,,rand an Youllg • he

magnetic momellts f"r a wide variety of trensition metal

allays with -PIO B10 ~less formers are reported in the

work. of Nizogl1cbi(2~19)~ The roo", te"perature saturatioll

maglJetization is of more practical importauce. Tile effect

of additions of the transition metal to amorphous Co-SiB

is observed by FUjimoriU,ZO). 'The number of electron"

donated can be listed as - Pl3 C7> -S15 B10> -P16,B6 A13>
- 1'14 B6> - 5i9 HI]) -HZO based On the relative

magnitudes of Ms • Tile eft'ect of pressure on the moment

of amorphous in", allays was reported by Mizoguchi(Z.21~

Such an approach has been described by Jlarris(Z •.Z21nd

by Guoernatis and Tay1or(2.23~
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In the secund "l'l'roac!> to tredtill~ this problem

IJ distribution of exchange integrals is assumed in order

to .efleet the structural [luctudCiotls in the amorphous

alloys. this approach hdS been developed by Handrich(Z.24) ,

/(obe (2. 25)" ,i"'/l t gomer ./2. 26) ,K" neyos hi (2. 27) ,i<i eh ter (2. 28)

and Yamada and wohlfarth(2.29) .'Both approaches predict

that the N I'S1' CllrVe will fall below tllat for the

crystalline COllnterpart.

2,3 DIFFfRc'j,'1'l,jL 2'lhI\HAL ANALYSIS

The DTA technique ",.Is first suggested by Le
_ (2.30)

[hateller in 1887 and was applied to the study of

clays and ceramics. The study of thermal bellaviour of

carbonisitl8 materiids by l!7'1! .•.as first introduced at ,the
(2.al)

Nakamura "DJ Altas. DTA is the

process of accurately measuring the diffe.ence in the

tempe.ature betweon a tile.IDo-couple embedded in a sample

anJ a the.ll1o-couple ill a standard ille.t mate.ial SUCI1 as

alumillium oxide wllile both a.e being he"ted at the

""i£o.111 rate.

by B.oaks and

The nematiC meso phase has beerl couside.ed
U:?1.) (')..:?'P) 12"3lt) (:fH")

Tala •• Dubois '"et al. iJ~n4'1iiet a1. and l1a.sh

et <11 io tnei. studies on ca.boll p.oduction.

rhe c.ystallization tempe.atu.e af ama.phous

Feso H20 has heell studied by c<ll0.imet.ic method by

it



(10.4)
Lubo1;Sky end othors used the sallie principle to

look for curie tempereture, Blass transition temperature

and cryBtall1z8tioll plldS", transitioll in OUr DTA. Curie

temperature could nut, however, be abse.veri because of

the low sensitivity Bnd small magnetic specifiC heat.

1'l>e study of /)]'A results for the amorphous chin'

iro" Boron .ihboll was taken to lind the tempe,ature Vs

time curve. Received at the curie temperature. Blass

transition temperature and crystallization phase

transformation temperature.

•



CHAP TEll - III

l'HE ST/lUCTUJlE AND PNEPARATION

TECHNIQUE OF A~ORPHOUS /lIBBONS



3.1 THe STRUCTURE OF AN AMORpHOUS 8[BBON

rbe details of tbe magnetic properties and

structures of Amo.phous alloys bave been given by

Ca.gill(J.]) and also a detail discussion is given by

Asga.(3;3) •

St.uct".e can be discussed an many levels. Fa.

example, illte•••s of the exte.nal size and shape of the

solid, inte.",s of ,c.acks, voids, inclusions, Composition

".adients aod atbe. hete.ogeneeties .esolvable by optical

microscopy or other technique.

An amorphous material is analogous to a farozen-in

liquid structure, tbe.a is no pe.iodicity in the arraoMemant

of atoms, altbough the.e may be SOme short-raoge orde. in

the SenSe that certain values of ,the interatomic distance

are mare Common than othe.s. Howeve., a metallic glass

is distinct from a liqUid and solid, because of its

deviation from thermodynamic aquillibrium while both a

melt and its ca••espondillg crystalline pbase hllveminimum

free ene.gy. An amorphous material because of its non-

equillibriu ••state is at a higher values of free energy.
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To motor

\
__ Pressure of argan gas

Induction heater

Quartz tube

of amorphousRibbon
metal

Cold disk

--------

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

the outer surface of metalic rotor IS quench",d in
to amorphous.
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The roller was driven by a variable

"

speed motor via.,,,, cooeh, belt. Tile ,angul ••". velocity

Could be varied in the range 0 - 2000 rev.lmin. Use of

log wheel rotation enable one to vary the surface

velocity continuously [rom 10 to OYer -160 IDS • Tho

diameter of the copper for' tbe roller ",ateria] ",as

cllDosen fur its good condtlctivity snd mechanical

softness, which allowed cleaning snd polishing to be

carTied out easily. For rOOm temperature work, it

showed nO contamination of the ribbon from the roller

material and the careful preparation of the SUrface weS

mOre important than the material of the roller.

In this process On" has to consider that vibe-arion

of the roller should be well below the high frequency

vibration of the melt puddle to avoid any influence of

it On the geo",etry and uniformity of the ribbon. One has

to be careful to See that the ribbon does not remain in

contact with the surf"ce of the roller for a whole

revolution and be hit. from the back. A bigger diameter

is thus prefered for the roller. The induction heater

COil is made of hollow copper tubing which is cooled

simultaneously by circulating water through its inner

hole. The shape and diameter of the induction heater as

also its winding is to be adjusted to produce proper

temperature gradient.

f\
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This is to avoid. sudden cooling of tbe melt in

its ~sy out of the crucible snd blocking the nozzle. The

crucible used is made of quartz cubing baving oucer
diameter 10 mm sod narrowed down conically co 0.9 co

1.0 mm hole for the nozzle. The nozzle geometry is

seJected to minimize the contraction in thl' crOss-

sectional Sres of the molten zat as it leaves the nozzle

orifice. Quartz crucible is suitable for repeated Use

in several successful rUnS and should be transparent co

make the melting process visible. It should withstand

the sudden fast chauges in tempe.ature.

3.4 &AGNETIC CIMkACTER[STrCS Of AMURPHQUli RIBBON

Tile intrinsiC properties of amorphous ferromsguets

are still not quantitatively understood. The baSiC proble ••

is to incorporate the existin" theoretical approaches the

struct"ral distrib"tiolJ of atows in the "la.ssy state, for

example, in the radial distribution f"nction of atoms.

The intrinsic properties of aworphous ribbon are wagnatic

moment, curie temperature and magnetostrlctioll and the

extrinsic properties are coe.cive force. remanence-to-

satu.ation ratio permeahility, losses as a fupction of

frequency. These ",agnetic properties can all be understood

using the same underlying physical principles as

applicable to c.ystalline alloys with appropriate

modificatIons to take into account the differences in

structure and composition.
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3.5 EXPf:BINljiiTAI, PE'j'liiLS Of TilE PREPAHATWN OF

ANaREI/GUS HfBBUN(3.3)

I
The amorphous ribbons are prepared in an Arc-. ,-' " ,

furnace in an argon atmosphere. The buttons prepared are

about 12 grams each. Care is taken to enSUre thorough

mixin8 and homogeneity of .the alloy compositions, by

turning Over and remelting each button few times,
•

The motner alloys whiCh are formed in the form of

buttons in an arC furnace are cut into small pieces 4~ ~3

In,troducsd in the cruclbl.,. 1'be crucible is connected

from the top by rubber '0 r rlogs and metal rluBs to the

argon cylinder thrOUgh a valve and a pressure g8Uge.

After proper cleaning of the roller surface and

adjusting its speed to the desired value. as measured by

stroboscope, the induction furndce is powered. When the

melting temperature is reached as observed thrOUgh a

protective spect~le, the injection pressure is applied

by opening tbe pressure valve. To avoid the turbulence

of tbe wind, arisillg from tbe high speed of .tbe roller in

disturbing the melt puddle, cotton pad and metallic shield

are usually used just beneath the rOller. To avoid

Oxidation of the ribboll during its formatioll an inert

atmosphere Can be created around the roller by a slow

SCream of helium gas.

,
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The speed of the roller. the volu~etr1c flow

rate, the orifice dta",,,te., the substrate orifice

distance, the injection aogle etc. are adjusted by

trial and erro. to get the best result in respect of the

quality and the geometry of ,the ribbon.

3.6 FAGTU/IS CONTillBUTIilG 1'0 GLASS }'OICI'JATION

The~ are three inter.elated factors that determine

glass forming tendency. T~ese are thermodynamic conditiOns

that favour the liquid phase relative to the crystalline

phase, tl"" kinetic conditions that inhibit crystallization

and the process factors th"C arise due to experimental

COnditions.

The thermodynamic fdctors for glass formation Bre

liquidus temperdture. Till at which the alloy melts, the heat

of vaporization and the free energy of all the phases that

arise Or could potentially arise during solidification process.

Viscosity of the melt the glass tranSition temperature T,
and the homogeneous nucleation rdte belonging to kinetic

parameters. The glass transition temperature is defined dS

the temperature at which the supercooled liquid takes On the

rigidity of a solid, Or mOre specifically at which the

viscosity approaches 15 poise.
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Processing paraweters are the cooliug rate, the

heterogeneous nucleation rete Bnd the supercooling,
temperature interval. The temperature of the glass

transition is slightly dependent on the cooling rate.
\ ' , "-
each cooliog rate the glass will freeze in a different

state of internal energy. l'his is sl>o ••." in Fig.(3.2) •.

At the melting point T • the enthBlpy H of a
ill

c:rysta.I includes Idtent heat of fusion due to 10llg range

order and that. due to short range order. In the Case of

rapid melting the energy deCreases slnce long range order

do not take place, thus leaving the system at a higher

•energy state. Hede treatment, relaxation Bnd stability Bre

thus important consideration in metallic glass. The glass

fOrming tendency also arises from as size difference

between the constituent elements. It appears that approable

size difference between the components in the glassy alloy

is necessary condition for ready glass formation.

A sillgle parameter that expresses glass fOrming
I., '

tendency is tilt-ratioof .the glass transition teJJJperature

}o the melting temperature defined as

,
-;I'-
•
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ENTH,ttLPY CHANGE DUE TO
SHORT lONG ORDER.
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FIG,3.3 X-RM DIFfRACTION fROM THE TOP SURFACE

OF FeeD B20 AMORPHOUS RIBBON.
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Higher values of l' obviously favour glass [o,watlon.

"For metallic 81~ss to b~ formed by rapid cooling. T should

"be grester than 0,45. Based all alloy compositions there sre

two 1/18jOr groups that readily form glasses, In One of

these groups the metsl is from Fe. Co. Ni, Pa Or PC and the

metalloid is B. C, 51, Ge Or P. These metallic glasses

constitute soft smorphous maglleelc Illaterials. Our working

sample prepared frol/1 Fe-8 system belongs to this metal_

metalloid group.

3.7 EXAMINING THE A,'JORPHOUSITY

The amorphous nature of the melt spun ribbons of

Fe-B systems Is thequed by X-ray diffraction USing Cu ~

radiation. It is observed that the ribbons showed broad

diffraction msximull1 snd no low angle scattering. These

ribbons were also ductile and couldbe bent without breaking.

o
ln these cases for which low angle scattering did

appear and the broad diffraction peak are subdued shOwing

the presence of micro crystalline phase, the speed of tbe

roller is increased. Tbis however. produces tbinner rihbons.

Tbe nsture of tbe hroad diffraction peak as observed is

shown in Fig.G.3) •.
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4.1 HAGNETJZATION Of NETALLTC CLASS

1'he theoretical treatment of spin ordering in

amorphous solids is quite complex. The topological

disorder on the amorphOUS alloys. affect the magnetic

moment of the transition metal atoms, because of the

change of ellvirunmellt of each m"1l",.t1(: atom. The

exchange integral also varies at each point Decau"e of

the varying interatomiC distance and the overlap of the

electronic wave [unctions. The third [actor determining

the magnetization processes is the single 10n m8gneto-

crystall!]]" anisotropy, which also changes because of Che

changing crystalline field. However. Che magnetization of
~

amorphous alloys is computed by introducing some ,drlstic

simplifying assumptions which are applicable in regular
•

crystalline lattices. If the molecular field approximation

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

curie temperature can be expressed as

[2s (s+l)/3kJ •

•
where s is-the spin number, k is Boltzmar" 's constant

and Jij is the exchange interaction between atoms at the

position ri and r
j

and can be expressed in terms of the

radial distrlbution function.
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NizoguC!Jl(4.'l) has reported the exchange interaction

term in e",,"Cion (4.1) for various cTystalline and amorphous

alloys. For CoBO DIU PIO • 1'aking 1"Co account the challge

I

in spill 5( )_0,86eryst.

We can write

and S(amorp.)

J1 i (am"rp.)

Jij (c.yst.)

~ 0.5

~ 1.1

neighbor Co atoms seems to be

Co and in the amorphous alloy.

Assuming only the short-range exchange interaction

the same ill both pure h-,
, 'P

since the co-ordination

number is almost the sawe in both case. i.e Z - 12,
However this is not the caSe far Fe For Fe8D BID FLO'

J'ij (amorp.)

J
ij

(cry.n,)
12) (amorp.)

8J (eryst.)

\ Tile nearest neighbor interaction J is estimated

to be roughly half in the amorphous Fe compared to th"t

in pure bee Fe. taking iota account the difference in

co-ordinaCion number.

The sacuraCion mBJneCizaCion of a material aC a

momenC of mosC amorphous alloys are lower Chan Chose of

Che pure cryscalline transiCion mecals. The direct effect

of the structural disorder on the moment is ~ considered

to be very small according to (4 3) ,
GUbSilOV • •
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,
Hatallic glasses are ratber poor couductD~~~

but their 3d electroIJ8 B.n' just e.s "intinerant" as in

crystalline transition metal alloys. The lIIo",ent of the

transition metal decreases linearly with additions of

",,,,tailiad I approximately] j.J. B fOr each P-atom, 2)..{B

for each S1 Or C atolll and 1),), B for each B atom. The

result for the amorphous cobalt allOys all appear to full

approximately linearly as expected. The behaviour of the

amorpllous i.on allOys is very different. Apparently a

small amount of impurity was necessary to stabilize the

"strOllg ferromagnetism ill ti'e amorphous FeSt reported by

felsch(.~;4), but thiS was not confirmed by the results

of Shimada and KOjima(4.6)., ii'Tillht(4.6) has recently

reviewed the stat~s of the information available On

'pure' amorphous elements. In all cases it appears that

the saturation moment is the same Or less than. its value

in the crystalline state.

l'he magnetic moment of .the transition metal (TN)

atoms ill the gelleral

be expressed as

amorphous allOys (TM)l_.z_y. F

" G,

•

[m( 1 -" - y) ~ fz - gy]

or for the momellt per atom of alloy as

m(l-z-y) - [z-gy •

• • • • (4.2)



Where F and G represent the metalliod Or glass

fOCfllillgatOmic species. m is the original number of

ullpaired spins in the transition metal allOys, f and ;0

are the number of ,electrons transferred from the F and G

atoms respect~yely,

Using the rigid band model with

metal alloy compositions and assuming

the transition

J-l". '" 0.6 Bohr
"

magnetuns

I I

\

J-l F '"2.1 Bohr magnetons and assumin8 that., .
each phosphorus atom reduced the moment by 1.0 and each

boron by 0.3 Bohr magnetolls, the moment per atom of alloy

found out to be

)1 '" 2.1x + a,6b _ 1.Oz _ O.3y ••• ,(4.3)

in Bohr magnetons; The model was proposed by Becker(4.l).

For OUr iron Boron composition FeO•82 bO•18 by

using the same model, we find

)J. 2.1 x 0.82 - 0.3 x 0.18

'" 1,722 ~ 0,054 • 1.668 Bohr magneton.

The rOOm temperature saturation magnetization is
.,

of more! practical importance. These are shown in £ig.(4.l)

for a variety of alloys as a function of composition for

transition metals, The effect of the transition metal
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additions to amorphous Co-Si-B is shown in Fig,(4,2).

from FUjimori (4.B)"The relative number of electrons

donated can be obtained from Fig.(4.1),The number of

electrons donated C"ll be listed as

315B10) P16 86 A13)

3i9 B13> - 820> - B18

based 011 the Telatlve magnitude of magnetization.

4.2 NEASUREHENT OF HAGNEnZATION

The usual methods of measuring magnetic moment

C"II be divided into three major classes.

i) Measuremellt of a force on a material in a

non-uniform maglletic field.

ii) Measurement of magnetic induction in the

iii)

vicinity of the sample,

Indirect meaSUTements of phenomena whiCh

involve the magnetic properties.

In the FOTee method. the cha"ge in Force exerted

on the sample in a magnetiC field is measured using a

sensitive balance. Tilis includes Coucy method, FarBday

method Blld Torsioll pendulUm usillg force method, It is

of course, diffic!1lt to observe the magnetization in a

tr!1ely uniform magnetic field, since the field gradient
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is essential for the p.oduction of tbe force. Horeover.

this method is not easily adaptable to routine measurements

of magnetization verSUS applied fi~ld for crystals wita

magneto crystalline anisotropy.

Objections to ths USe of force methods for magnetiC

measurements of bighly anisotropic materials have rscently

been raised by "'01£(4.9) .•

There ere vBrious methods for the measurement of,
magnetization by the indirect methods. These include

measurements using the faraday affect, analysis of

galvslloms811etic eff.ects, ferromagnetic reSOnance measure-

ments etc. The advantage and disadvantage of indirect

measurements are illustrsted by microwave ferromagnetic

reSOnSnCa eJ(per~me"ts .•..er~ bY' the JIlagnetization may be

obtained from a detailed knowledge of the sample shape.

The geneTal pToblem of indirect techniques is that

they aTe lImited to paTtic"la. phenomen~which aTe

obseTable in a limited class. of mateTials about wllich

COnsiderable pTioT knowledge is requiTed.

Vespite many limitations in particular instances

these indiTect techniques are capable of ~xtTemely high

sensitivity.

•
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the coils are parallel to the direction of vibration

of the semple. A ret-erellce sig""'] is obeattled by

vibrating a permanent magnet of known 'magnetic moment

inside a COil witb tl,e frequency end amplitude similar

to the sample. Theil the .eferenee signal is brought in

phase with the sample signal Bnd divided using a decade

divider and eomp8.ed ill a null-detector, i.e lock~in

amplifier.

The magnetic moment produced by a current I

through the primary coil is given by

• ••••••• (4~4)

Where r is the radius of the p.imary cOil and N
1

l'he [I,ox thrOugh Olle of the secondary coils of

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

fR
a

x
(!2+"x ?;J 3/2] 2rtdx

.' •••• (4.5)

l'he induced •••m.f. in tile secondary <:oils

(N2 turns) in add-up configuration is 8iven by
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Fig,4.3 Simplified from of vibrating sample magnetometer.
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4.4 YrBRATUI'" SAMPLE IlAGNfTOffETER CQrr

A/{k'AN(,'Ii'I1/o:!1'1' ANV f1J:.'t.L! I!1S1'JiIIJUl'lUti

The advantage of sample vibration perpendicularly

to the applied field Can be fully utilized only if a

suitable detection coil arrangements can be devised as

part oJ the vibrating dipole field. 1'he seal",. potential

of fixed dipole I~ at the origin and pointed along the

x-direction is

Mx
pJ • • • • (4.8) ,

If H is vibrated iJJ the Z~dir ••ctio" wIth

sufficiently small amplitude a, the time varying potentia]

in the surrounding space coil be

arhere I,
• • • • (4..9). ,

the flux pattern at" the time varill8 part of the

field is given by -grad 11 • Its configuratioil in the

xz plane is shown in Figi4;3a)with COils at 45°.

Fij,i.4.3a Time va.lng part of dipole field in

x~z plane for vibration parallel to z and

dipole moment p"Jllllel to x.
f,'. I
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shows relative output for large samp!" displocE'ment
o\ong the Z dinction.



the X or Y-directiOn. So tllst the output signal is then

insensitive to sl"all sample displacements in these

direction's. This arrangement suffers. ho~ever. from a

strong Z dependence of ,tile output sigOl'll. Fig.(4.4a)sho~s

the addition of a pair of coils co-axial with the Z-axiS.

With such an arraogement the magnitude and direction of

the magoetlc moment vector in space csn be determined.

The L-component is Jetected by the co-axial pair and the

component in tne XY plane is determined by rotating the

double coil. 1'18.(4.4o:;lshows a multiple coil arrangement

which attempts to intercept II maximum of the sample dipole

fleld but at the expanse additional thermal nOise of the

coils. An efficient modification 01(4.4e)is shown in Fi/l.(4.4f)

This coil geometry. 'however. is /lot easy to fabricate.

Finally. the crnss-sectiolJ of a coil geometry which

reflects most of .the dipole Lield symetry properties is

show" in l'ig.(4.4gJ.J,t is directly derived from 1'i8.(4,4f) and

Leads to ruther simple cumputation of output v~lta8e VerSUs

geometric parameters.

4.5 W()RKUIG PROCIWURE OF ViBRATING

SAHfLE ;,IAGNJ;;TUU/:,'Tl!iR

This 1S S senSitive equipment and it should be

handled carefully. Tile following procedure mlly be followed.

The sample is fitted to drive rod assembly and then

positioned at about the mid-point of the sample coils by



eye estimation. l'he sW2tches of tile electromagnet power

supply unit. tile signal generator. tile audio amplifier

and the phase shifter are then turned on. At least half

an hour is spent for the warming up of ell the component

units. The frequency of tile sine~weve from the signal

generator is set at 80 Hz.

The gain of the audio amplifier is adjusted to make

the output signal driving the speaker to about 3 volts

peak to peak. This s2g"al makes the rod assembly vibrate

with sufficiently large amplitl/de. ,'he signal leveling

produced in the reference coil-system is found to be about

5 mVJpp. The rod assembly is made vertical by adjl/sting

the levelling screws. About 2 amperes or more cl/rrent is

pdssed tllC'ough the el"ctro~ma8net depending on the size

and material of the specimen. The sample signal alone is

first Seen On the d.c. meter of the lock-in amplifier.

The meter reading is max2mised by changing the phase of

the locking signal ill the rei-erence channel. 1'he sample

signal is then optimised it is maximised by moving the

sample in the Z-direct2on (vertical) a"d ill the Y~direction

and then minimised by moving it in the X~direction (Pield

direction) •
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The locking signal in the reference channel is
brought in exact quadrature with the sample Signa] to

give a correct null-reading on the meter, The two signals

are tllen brolJght in th" same phase to give" U1aximullJ

reading on the meter to the right.$imilarly. the reference

coil signal alone is next Seen On the meter. This slgna1

is first brought in quadrature with the locking signal

with the help of the external phase-shifter in such a

manner that it gives a deflection to the left on the meter

where it Is eg"ill brOUght in phaSe with the sample signal.

The lock-in amplit"ier is thell set in the differential mode.

The null~.eading I:; obtained by correctly equalising the

decade Cra"sfor ••e. when multiplied by calibration constant

gives the sample lIIoment.
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neighbau,ing ions a,e ,otated away f.am ps,alleism. The

exclHlnge ene,gy •..I,ile illc,easiJlg the elastic eJle,gy gives

,ise to magnetost,iction.

1'he,e are th,e••mechallis",of anisot.opy:

(i) Crystal field allisot,opy

(ii) /:"xch"ngeallisat,opy and

(iLU Exchange st,ictioll

Wllich is shawn SChematically in Fig.(5.1a),( 5.1b) and (5.1e)

respectively.

5.2 HXPREc;SION FUR LINEAR MM.:N1.iTOS7'RICTlON

The origin of ",aBnetost.iction along tile lines of
(5.:j)

Neels, theory, •..hich. ~'as developed in his paper an
is QS -{",lloc.:J,f,'

Imagnetic annealing and surface anisotroPYA When the distance
-,

between the atomic magnetic moments is va,iable, the

inte,action energy is expressed by

\N(t', Cos1) = 3(r)+ ,[(r) (C<>5'1-'1-t) +

cy(p)(cos4j> - ~ c"'s'1-" +~)+

If the interaction energy is a {unction of r. the

crystal latt~ce must bo deformed upon the generation of a

ferromagnetic moment. because such interaction tends to challge

•



the bond length in a different way depending On the bond

direction. The first term g(.) is tbe exchange illteraction

term and is of relavenee only when volume ,"agnetostriet~on

is considered as manifested in thermal expansion anomaly

at the magnetic ordering temperature.

If 0(. denotes the directio1J of domain magneti",ation

and that of the bond direction, we can write

w " ~(") + L(,) L (<'C.r '!I + (Xz. 02. + 0:::3 r3)2-_ ~}+
0/(") [(d101 + OG21f2 + cX:30:)4- 6 "~I 01+

i'
oC2"(2 + C>C3/1'3)2 + 3 J+ (5.2)35

Considering a deformed cubic lattice and relating

the direction cosines If, to tbe strain tensor L
ij

we Can

get tbe expansio1J for mag"etoelastic energy. Sincetbe

magnetoelastic energy has a linear dependence On strain

tbe crystal will de[orm without limit unless it is counter

balanced by tileel<lstic energy wldcll increases rapidly

because o[ its quadratic dependence On strain.

By di[[erentiating the

Total energy. ,
mag. elastic

.,
elastic

with respect t() the strain componellts, and settilll< the

partial derivatives equal to ",ero, [or millimum energy
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condition, one call obtain the relation for the fract~onal

change in length of the c.ystal in any orbitrary direction

L
L.jd (5.3)

Substituting the value" of straHl components as obtained

by minimi~in8 total energy cowing from m"gnetoelastic and

elastic terms, we can get all expression for

. (5.4)

wi tili"dicates a summation over termsWhere G
ij

cyclic permUC<ltillo of the indices and h
O

11
5
are the

maglletostrictioll constant defined by

•

,, and . . .. '

Where the co-efficients bare maglletoelastic
"

coupling co-efficients.



For hexagonal cry~tals the relations become

modified due to dil'fer"",t symmetry conditions and have

b",,,,n treated in det8il by Nason and L"''''is(5.4).'

Where /1.100 <lnd Al11 indicates strains

along (loa) and (111) directioll respectiv"ly.

5 .3 tlA(,'Nb'TOSTIUCTWN Ill' '-!dOIU'HOUS fi[lJBON

For amorphous mat"rial "''' can apply the same

c,

approximation as in

material. Such that

ti,e case of Poly crystalline magnetiC

3 ...., /",,'1- '1- 'l.- 7- '1- 7- L)
= T .......•.5lY'-1 191 + 0(2- (32 +0<'3 (33 - 3 -+:3

("'::1 (>(2 12>113'1- + o(2-ctJ 132 (3.3 + c>(3OCJ 13
3

(3
1
)

'" 3 ..::t r, 2. 2- 2- 2.- 2- 2-
2" S(I Fli -+ 1'<:1-(31- -+ tX,3 (33 + 20(10(z..(31

+ZIX21X3~2e3 + ZO<,3(X/t33(3/- ~ ]

3
2 [~, (:31 + o<!!. {J 2- -+ 0<.3 t3 iJ 1-_ ~ ] _..

eLl 0, + 0(2. 19>2. + 0<3 (33 " Cos e

... , (5.7)
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where e is the angle between the direction of

magnetization and that of observation. Whe" the domain

magnetizaC20n rot~tes toward the direction of the applied

field, the [ractional eil""'g" is given by

4£
T

Becomes (5.7)

• ( Cost. e (5.8)

5.4 DIR/::GTION OF LiNE,I/( i1,iliNETOSTRICTTON

t:xperiments have showl! that the defOrmation depends

upon the direction of the magnetization. For a cobic crystal

magnetized in the direction given by the direction cosines

"'",' "2 ""' 0<3 (tielilJed }dth respect '" tile ""be axes).

This deformation expressed '" strain components eij
( ,. j • " . ,. ,! become '" first "pproximatioJl.

C" 3
AIOO &12 -;)- ., (5.9)• • • •

Cyy " 3
~I~ Ct;>(}~- ~)2: • • • • ( 5.10)

t" " l
-4...1 "" C'" ,-D2 • • • • ( 5.11)

eX) " 3
2 ..:\.II[ DC I 0<.2- • • • • ( 5.12)

Cy< "
3

'- ~1I1 0<20<3 ( 5,13)• • • •
(,x " 3-,,- AH1 1X3<X' • • • • ( 5.14)
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make the total change of volume nil

(Trace of the matrix is .zero). The factors -1 ensure that

the strain in the direction of magnetization with respect,
to the llon~magnetizec1 state (0( 2 _ 0( 2 _ c( 2 _

1 2 2 1)15

;:L 100 and

respectively. The strain in a direction perpendicular to

. 1~s- '2
. 1

?!.] 00 and - 2 ..:\. 11 1 respectively.

III an arbitrary direction we then have parallel to

the magnetization

-=1..100 + 3 (~111- /\-100) (0<:)'2.0(2-2.+

c:<;rX3'l... + 0<.3'2-0<,'2)+ ..... (5.15)

For the ferromagnetic metals the values of . .:t at rOOm

temperature are found to be

'" Ni

.?lIOO • , 25 , 10-6 ?t1OO • 46 x 10- 6

.A 111 • - 10 x 10-6 ..?I.111 - - " x 10-6

III diSCUSSing the effect ot a unidirectional

stress it is convenient to divide materials into two

classes which have.

(i)

(ii)

Positive maglletostrictiolJ

Negative maglletostrictioll
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1'01: polycrystal1ine or ""'Or pilaus material the

aO"'''i,,'' lire initially oriented at ra"dom. The slime

.e1ation is applicable if One uses the average af cos'le

ovenl11 the domains. When the material is unmaglletized.

~Leos e >av ,
J "d /\ ~ 0 • upon application of II

stro"8 field e becomes zero auu

1£ the domains are /lot initially random, one can

use the re1atioll

3
-= 2

3 L' ,'25tS ,cCoSe>ol) -LCo~ e>oJ

where

(5.17)

LCos2 e\
,(Cos't e>o.u •

initial domain distribution

domaln distribution at dny time

If the domal]] are oriented origillally so that e _ 0

for half of til,,", lind e - 18Uo for other half

- Lcos2.e>OiJ~0 and A - 0 • (The reference

pOlnt); ill a stroll". ilald e - 0 a"d there is no cllange

" and "gain /l - U 1,lJe" used in tbis sense, A

depends decidedly On the initial domain distribution while

~s is a constant of the material. The constant .., can be~"
dacBrmined in any specilnBIJ by measurinll ?L wilen a saturation

ofield is applied first paTallai end then at 90 . to the

o
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direction of measu,emene at -'\. • The total change

in length caused by the change III field in the poly-

crystalline Or amorphous material is then

<L
T

3
2 .:ot s • • • • (5._18). <

independent of the initial domain distrlbution.

5.6 NAGN/;'TOSTRICnON NEASURENENT TI\CIlNIQUE

this tecllnlque, sillce the time of its illtroduction

by GOldman(5.5)has gradually replaced almost entirely all

other methods of magnetostrictioll measurelDent. The reasOn

for this successes. as also the problems associated with

this method and some of .the improvement ill the USe of

this technique as developed by ASgar(5.6)are as follows:

Hagnetostr,ctiull measurements Bre set with a large

number of problems. Strain developes in a magnetic specimen.

when magnetized. This small strain is dependent both On

the directioll of magnetization and its magnitude. Also the

state of zerO average external magnetization may not

correspolld to the LerU magnetic strain. because the

demagnetized wultidomain state is neither unique nor well

defined.
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[Joweve., X-.ay metilod besides being less sensitive

is d~fficult to USe witildiffe.ent di.ections of magne-

tization. In using st.ain gauge tecbnique One Can get over

many at.these difficulties. Tilegauges Can be used on a

very small disk shaped specimen cut in <l definite crysta-

llagraphic plane and tilegauge can be bonded in a

precisely dete.mined di.ection.

Tbe strain gauge wurks On the p.inciple that wilen

a fine wi.e in the fo.m. of .01g.id or a thin foil, and

em!leded in a pape. O. epoxy film is bonded fi.mly On B

specimen and shows a change ill .esiatance proportional to

the strain.

We can w.ite thin .elation aa

• G • • • (5.19) ,

is the [.actional chdnge in resistance,
~ .

G is tile "auge factor and

gauge di.eetion.

is the st.ain along the

The ",agnetic strain in the crystal is dete.mined

frum the change in .esistance of the gauge fixed allthe

specimen ~Il relation to the resistance of another dummy

gauge bonded on a .ete.ence specimen using a resistance

bridge in the out of bdlance condition.
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The mechanism 01 resiseance change of the gauge

wire unuer strain CSn thus be quite complex. Hore over.

the gauge may not fOllow the strain of the material On

whiCh it is hound. Thus there is to be a a~fected honding

factor. In additioll Olle has to cOllsider the thermally

induced resistance cl""'8'", when the dummy and act~ve

geu~e are at different temperature. The most important

difficulty with the use of strain gauges is dummy gauge

ou a suitably chossn Ilo,,~maglletic materia] which have the

same thermal and thermoelastic properties as the magnetic

material. This ensures that the dummy and the active

gaugs are subjected to the seme serain and cemperature

except for the magnetic strain.

5,1 STRAW Nt:ASUREi1eNTS USrN(,' STRAIN GAUGES

In 1947 (,'oldmanwas the first to meas~re msgneto-

striction by the ~seof strain gauge a folded metal Wire,

wbich can Ilave a resist<lllce of tbe order of 100 ohms,

The str<lill 8a~ge technique is based On the fact that

allY str"in characteristic of the specimen On which the Bauge

is affixed is transmitted faithf~lly to the electrically

sensitive zone of the 8a~ge "nd is observed as a resistance

changes which Can be measured with the help of a IIIheats(;:~ne

bridge. When the temperat~re of the specimen is changed
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thsre is a fUrther contribution to the resistance change

due to thermal expansion o[ the g8UgB wires, the gauge

matrix, the bonding glu~. specimen and the Tesistivity

change snd the chalJge ill gauge factor of the gst'g". ,
msteri,il. Similar strai" gallge:) known as dummy gsuge:): t:::J;;<;,
in the other arllI of wbeatst:ZJJne bridge to compensate as

far as possible to. temperature influente.

The measurement can be ca,rled out with direct

current olt. 10", frequency alternatio8 Cuc.n'/Ic ( f':: 100 cis)

slllt" the magnetic material to which the current carrying

wires are affixed Can give rise to an inductive effect which

sensitive, being capable of measuring strains

changes during megl1etization. 1'h1s method is also very.,
'-'pto 10 •

, 1'he minimum dimensiollS of strain gauges are approximately

2 mill.AddiCional errors ChaC can OCCUr in Chis measuremenCs

is magneCoresisCance of the wire. AC room CemperaCure this.,
not greaCer Chan 10 •

~'hen more Cllall one sCraill gauge (acCive and dummy)

is used in a wheatsCune bridge circuiC. This effect 2S

approximaCiolle1y eliminated if care is Caken Co ensUre

ChaC all Che strain gauges ace in the same magneCic field.
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l'he use of DUI"otix tac,ilitaced the r"moval of

the gauges f.o~ the copper discs for subsequent Use with

proper glue. The possibility of bad bondage witb Durofix

was checked by observi"B tile differential strain. The

whole SUcCesS of this ",,,thad,however, lies in the proper

choice of a glue whiCh Can give proper bondage throughout

the temperature rallg" and at the Same time can easily.,
,

be'dissolved,without damaging the gauges. To measure

differential maglletoresistance. it is not of ~ourse

eSSential to get as good a grip as needed fOr measurements

of. say maglletostrictioll or thermal expdnsioll. because

the strain a,islng from the application of magnetic field

is Small. The purpose of the glue is mainly to keep the

ga"ge flat on the specimen to avoid bending.
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rUE vrFFERENTfAL THoHHAL ANALYSIS

6.1 .INTNoDUCTlON

The technique of dlffereJltlal thermal analysis

is all import"'nC tool to study the structu,al change

occuring both in solid and liquid materials under heat

treatment. These changes may be due to dehydration

tn'naition from olle crystallin" variety to another,

destruction of Crystalline lattice. oxidation, decompo-

sition etc, 1'h" principle of .differential thermal

analysis (/JTA) consists if) measuriug the he"t chdflges

associated ",lell the physical Or chemical changes

occu,i"g when a stancJ.<lr<1 substance is g-radually heated,

This teChnique he", been used in determining the glass

transition temperature and crystallization temper-attire of

OUr "morpho <IS iron boron ribbon.

6.2 PIFF£REN2'IA/, TfiERNAL dNA/,YS1S

The DrA techniq<Ie was first suggested by

Le Ghatelier(6.1Ji'n 1887 and wdS applied to the study

of clays and ceramics. U,'A is the process of ace <Irately

measuring the difference in tl>e temperdture between a

thermocouple embedded in a sample and a thermo-couple in

a standard inert mstorial such as aluminium oxide while

both are being heated at the uniform rate. These
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Fig. 6.1(0) Heating curve of sample Qnd

f('fert'nce substance.

OT

Fig. 'G.1(b) 0 TA Curve
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The tempe.atu.e in the sample holder is measured

by e thermocouple the signal of whiCh is compensated for

the ambient temperature and fed to Cbe CempeTatur"

cOIlC,oller. This signal is compared with the program

signal and tile vultage impressed to the furnace is

adjusted. Thus the sample and reference substance ere

hested Or cooled at a desired rate. The tempe.lIturs ill

the sample holder is dig~tal1y displeyed on the DT-SO

and is also recorded on the recorder.

6.3 APl'AkATUS

2'he "pparat"s of the differential thermal analysis

consists of a thill walled .eiractory speCimen holder made

of ,sinte.ad alumina with two adjacent cubical compartments

of exactly the ,."we siz", 1 em ill leIJgth Fil<.(6.2J.Of

these one is for the r-efer-ence (iner-t)' meter-ial and the

other- for the test mater-ial, the cO~lper-tments beinll

separ-ated by a 1 10m wall. The specimen holder- is placed

in the cavity of the heatIng blocks wbicb is operated ill

the centre of the Cylindrical refractory tube of ~n

electrical furllance, whic!> supplies a uniform heating rate.

1'he furnace (9" x 6" x 9" deep) is peaked wi(;h calCined

China clay. The input of .current Into the furnace is

secured thrOUgh the seco"dary of a variac transformer,

which contrOls the current. Fille chromelalume] ",ires

(21! gaugo) are used for thermocoupl",s. ,1 cold jUllct~o" is

used for thermocouples leads and the e.m.f is recorded
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FIG.6.2. DTA THERMOCOUPLE ASSEMBLY.
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almost contioouo51y, while the temperature of the inert

material is measured dt 3 miIlU!"s inter" .•ls. It is

essential to use perfectly dry materials, as other .•.ls,"

errors, will be introduced in the analysis. Approximately

0.1 8 anhydrous alumina is used in the reference cup and

" tl,,, sample weights IIdrH!S over a rang" 0.05 8 to 0.125 81

depending On their peaked density, A heating rate of loDe

per minute (average) of the furnace is conveniently kept,

and this gives satisfactory results in most cases. A

block diagram of Li1'A is ,.1101>'''in F18.(6.3).,

The thermal analysis rUnS generally for 1 to 11 hrs.

Thermal analysis curves are obtained by plotting heating

temperature and the difference between the temperatures

\ of ,the test and the reference substances. From these plots,
the reaction temperature could be deterwilled. Under

standard conditions of the experiment, characteristic

CurVes for different compositon iron - lioroll amorphous

ribboll were obtained.

Glass transition and crystallization temperature

points are indicated, usually by " sharp exothermic peak.

The te!i1peratures of deco!i1positioll of phds,:s are similarly

given by exothermic peaks and ill eases • typical endothermic

curves afford useful information about tile structural

chan8es takill8 place ill the compoulld.
,

" ;,,
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do
Amplifier

y

x-y Recorder

Fig. 6.3 Block diagram of a difhrential thermal analysis
equipment. (S) sample thermocouple. (S) feference
thl.'rmotouple, (M) monitor thermocouple .

•
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All experlwents are rUn at atmospheric pressure

in a continuous flow of a purified inert Bas usually

argoll, nit,ogen Or heliulll. C"tJses are normally purged

into the furnace chamber at the lower end through a

p"rificatioll train in which oxygen and water are ••• ",oved

by heated copper wool and exh~usted from the top into a

condensate trap for collecting the condensable volatile

products.

•

I
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I,
,

II,.

11

I
II

The functions of .the associated electronic II
circuits are

The block diagram of the electrunic

(iii)

IITo pernne 'lccurate calibration of the ""i81181

output obtained from the detection cOil~.
Ii

1'0 produce a convenient AC output SiBil"] which

is directly related co the input and Wh~Ch call

be •••corded. III
1'0 produce sufficient amplifications for higb

sensitivity 0l-'e••• t10IJ, !l

ci,cuit IIused
fO, • 'I,

1'he vibratillB sample magnetometer consists ~f a

mechanical vibrato,. a sin"wave generator, all audio ,
amplifier. a ratiO transformer, a phase-shifter. a

,I
Lock-ill-'''''plifier. a pick-up cuil system. a referen.',"' coil

system and an, electromagnet as shown in }'ig.(7.l) .11

The mechanical vibrator is a spec~8lly prepared
II

loudspeaker which vibrates a glass rad assembly at

frequency of 80 liz. A sample sand,. small
,

pe.manent

II
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Fig. 7.1 Schematic diagram of the electronic
the V. S.M.
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magoet P attached to the glass rod assembly

also vibrate at the Sdme frequency.

j'
,I
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SfiNSrTrVI1'Y /,[,\lfTS

using spherical sample s of 99.9% pure iron.

The sample magnetized by the electro",,,glle/~

gelJerates an a.m.f in the pick-up coils PC. 2'h" Jereogth
I~

of .this signa.1 is pr"portiollal to the magneti"ation of

"
, ,

tbe sample. The vibrating permanent magoet also generates

an e.m.f of fixed amplitt1de ill the surrounding r2ference
II

coils. This reference sigoal is stepped down wit~ the help,
of ,,, .IItio transformer so that lts amplitude is I~qual

It
that of the sample signal. The two si8nals are then

!I
brought in phase end put co the Lock-in ••mplifier.

'IJ

The Lock-in amplifier wurks as a null de~ector.

",l<~-~j,".The ratio trenslo,ruer reading is to be ~a ~U.a~~ UJ

It
jl

II
Limits of sensitivity are determined by~~sig"al to

noise ratio at the i"put circuit wbere noise id defined,
11as a"y sign"l not arising from the m"gnetic moment of .cha

lj
sampla. The major sOUrCes of noise tire the Johnson noise

il
of the wire used for the p~ck-up coils, and the magnetic,
properties of the

undesired si8nals

a InilJimummaSS at

sample bolder. which superilliposes

in phase with the wanted Sig~al. Use

weakly diamagnetic materialf&or a
I.I,
"
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'I
sample holder, carefully

impurities, is essential

checked to contain nO ferl~omag"etic

to mi"iJIli"e this cOherendl noise

contribution. Corrections for the small magnetic Ii
contribution of the sample holder can then be mad' ,

,
measurements with the sample removed. Thi5 correcPion is

much less thell the equivalent caSe with a moving ~Oil,
sy"tem.

whiCh remained stationary.coil

II
;1

Our standard sample used for calibration was
- II

spherically shaped sp.,cime"ts of Illass ':'Za.7mg. The

~ -10 11
dlffere"t field susceptibility IJx - 5 x 10 ICOUld be

observed after synchronous phase detection with bkndwidth ~

'I
2 x 10-2 cps. the otller tests used was slllall current at

II
80 II" or an alter"ati"g current at 80 Hz passed thrOugh the

'I
II

7.1,3 Sl'AIJILITY TESTS DIt'FL'Ii/;'NTrAL i1EASUREiiENTs!1

II
With only the lock-in amplifier and the oscillOSCope,

null detector, -it was found that the 20.7 mg Fe.sal11ple
"

signal could be balanced reproducibly. Such reprpducibility

indicated that the 10llg time drifts caused by the
'I

combined effects of vibrat2olJ. amplitude changes and
'I

.frequency changes average sampl" position and other effects
- 'I

were negligible. ChooselJ synchronous phase dete,:tor added

differential changes about one-tenth the size

be recorded reproducibly>

that
'I

could

II
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vrBRATlUl! AMPLI1'UlJE7.1.4

IIl'he Peak-co-peak vibration amplitude has heen

varied fro", less thell 0.1 I11Ill "pto 1.0 1IJf11 in order,llto
examine errOrS causeu by amplitude changes. Such tests

show that the messu.ed magnetic moment varied by Iless
IIthan ~ 0.5." Over these rang" of amplitude, although a

sOme ",bat sharper balallce is obtained at higher )lriaCiOIl
amplitudeS beca"se of .the larger signals inVOlved!.

7.1,5 Ii1AGE UfBel'S

was nO greater than

Image effects were also examined ~ith a small

'Ivibrating coil c8,rying a de current. The image effect

+ 1 ~ for fields "pto 5 kil0~alJSS

'I
produced ill an air gap of 3.6 em, Undoubtedly, t.~ere is

an image induced ill the magnet poles. It appearsll however,

that ",hell the sample is vibrated, the eft"ective I~mage

vrBRATfON7.1.6

vibration is reduced by eddy. current shielding. ~

,

fi\6'BUJ::NCY ":1',
l'he vibration frequency i5 not critical. ,~High

frequency operation is limited by the driving mechanism

and capaCitive shunting in the detection coils. "lpreqUienCies

of .100 Hz or 1"ss permit the U5e of inexpen5ivel~components,
a"d ,.inilIJize eddy current shielding by tile vaccUm chamber.

I
The mea5uremellt5 are completely independent Of

l
[ddy

currents ill the ""urrounding parts. if measur"ments a"d

I
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I
calibration a ••• made at th •. Same temperature. The"

thickness of conductinl;l part.;; has been minimized, lisa

the temperatu.e dependence of penetration depth is less

than 1% ,

7.1.7 YIBI?AT[(),i PROBL£NS

lIechanical coupling between ti,e vibrat:J.n),J system

and the fixed detection coils must be avoided. Alth.Ollgh

the COils are •••ranged mll'lmum sensitivity to external~~ ,

vibration, a noticeable hackg.ollnd signal is Obtained

when the vacuUm chamber contacts the detection coils. Such

mechanical effect.;; are difficult to eliminate electronically,,
,because the spurious b8ckg.ound signal has the S8me

f.equency as the sample signal and maintains a constant

phase dit'fereuce witl, respect to the sa"'pl •• signal. Usually

the magnetometer and detection coils a••. both supported by

the magoet. so that SOme mechanical coupling may be

noticed at highest sensitlvity.
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7.2 EXPER1NENl'AL SET Up FOR NEASUI\EMENTS OF

NAGNETOS1'1I lel' [l)N

Tile experiwental set up consists of .a strain

sensi"g device. i,e st,ain gauges, D.C bridge for strain

measurements, D.C amplifier, electromagnot to produce the

magnetic field. A specimen holder with an arrangement for

rotating the specimen in the magnetic field hy definite

angles.

7.2.1 Ilit' D.C BRIDGt.'

A D.C wheatstone bridge is slightly out of balance

condition measured the fractional change in resistance in

the active gauge. l'he cQwpollents of .the bridge are shown

in fig.(7.2).When the resistance of the active gauge was

changed from R to R fAR. a corresponding out of balance

voltage develQped acrQSS the input of the D.C amplifier.

The Qutput of the amplifier is recorded.

7.2.2 THE D.C AMPLlt'IER

1'0 measure tile SUI"ll out o[ balance D.C vQltage,

the Model 140 nanD voltmeter was used, w!lich acted as a

pQtentiometric ampllf~er and h"d a senSitIvity of 0.1

microvolt for full-scale deflection in the highest

sensitivity r""ge. A pallel switch selector permitted the

meter sensitivity to be altered. Any A.C Signal
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superimposed on the D,C voltage to be measured was

almost entirely attenuated. the filtering factor being

inversely proportional to the frequency, 1'he zerO dirEt

",as less than,O,1 Ltv/hour ••.ben all sOurCeS of thermo

E.N.P Were reduced by using low thermal solders and

protecting the metallic juuctlons from thermal fluctuations,

7.2.3 SENSrTrvrl'Y AND CALI MAtrON OF THE D.C liRI1JGE

I'ae current in the /J.e liridge circuit, in terms of

the parameters of the bridge shown in Fig. (7.2}is

,
( BiOtA+ )(ZtNtAt ZN

M )

where

, ( 4A
1 + K4A ) . •

K • N(O+l) t

/>I(BtDtAt
(D+II') (B+Dt<.;

Q£ ) (Z+NtA+ f! )
if M

~q(7.1) is an exact algeb,cic solution for 18 where the

cirCUit on the right hand side of points p~ has been

created as a current measuring device of input resistance

Z. since the bridge is only slightly unbalanced K A A LI...1

and the factor ( 1 t K LlA ) call be replaced by unity.

AlsO, since tile -illput ,esistance of the measuring unit is
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of the order of "n" m"gohm, we call put 2-d:. in

equation (7.1)"nd obtail! the expression for the I""ximum

voltage sensitivity corresponding to B D 0 close to the

balance cond~tioll of the bridge as

(7.2) ,

In OUr b.idge D .epres""rs the resistance of .the

dummy gauge and A th",c of .the active ;t;l"uge. Both naVe the

S"m" value of 158.2 ohm in the "Dstrained condition. Thus

the fractional change ill resistance can be "'rittell as

• • • • (7..3),

•

Thus elle out of ,balance voltage Z.<l 18 measured by

the reCOrder ,""iureins a 11n""r relat~Qllship with <:lAjA •

811'1118 a cOnstant sensitivity. The deviation from linear

relationship will only OCCUr if the conditioll.l + KLiA - 1

does not bold. It Cen be shown that the fractional errOr

O.Ol~. The bridge was calibrated by changing the

resistance parallel to the 10 ohm resistor in the arm N

• Thewithout noise and drift was of the ordeic of

of the brid8e. l'heminimum voltage that could be measured

10-6

supplied by the manufacturer and the voltage supplied to

the bridge was two volts. Thus maximum strain sensitivity



was of the order of -610 from equation

81

(7.3).The sensitivity

of the bridge could be illcreased further either by

increasing the current in the circuit Or by using higher

grain in the "",plifler, 'J'he upper u"able lilllit was

determined by the maximum allowable joule heating in the

gauges and tile signal-to-Iwise ratiO.

For minimising the ''''1'''', all the connections

were made with co-axial cables, sO that all parts were

well screened.

7,2.4 THE CHOva; OF DUNdY dAn'RIAL

The identical behaviour Of the active and dummy

gauges is the basic necessity for jUstifying the USe Of a

compensating gauge fo •• ill strdin measurement". 'rhe

nearest approach to this condition can made by subjecting

the two gauges to identical strain and thenllal conditions

used Fused silica. glass as dummy material for its

negligible thermal expans~on co-efficient.

7.2.5 TUff :OffiCI/tiiN IIUI.Dlik

lt ,is very important to keep the temperatur", of

the specimen anet the dummy identical for accurate mcasUre,-

ment". Any difference in tile tilermal environment uf tile

active and dummy gauges effect the result drastically.
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Fig.7.3 Specimen hold, ••
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To keep the 8""88S in the S<lme thermal environment a

cyliud.-ical shaped specime" holder was made as sh""n in

Fig.(7.3).It waS made from ,:Ji" copper rod of 16 mm

diameter. T"" identical groolles of approximate tflick""ss

7 mm and width 10 mm WeTe cut seperated by a thin section

.>-of width 2 Will. This arrangement made it assemble co keep

the "ctive and dummy speCimens as close as poss~ble.

The specimen and tile duwmy ~'ere fixed On the

opposite faces of the thin section. Two ldanG!c"l strain

gauges One On tlw face of ,the active .specimen and other on

the dummy specimen were glued. Elect.-ieal connections from

the gUdges "'ere takeu out th,DUg!> the hole of 2 mm diameter

made in the centre specimen holder. The thinner section of

/ the specimen holder of diameter 8 mOland length ~as glued

to a glass tube of itJt",rnalvore 01- 8 mw in diameter. Tilis

gl4ss tube in turn hangs from the rotator. A copper hollow

tuve of 16 mOl internal diameter was used as a jacket to

keep the active and the dumwy at same temperature. and to

1"1'0'" -
_~isolate theOlAtherulalfluctuations. The arrangement was

found to be quite satisfactory.

7.2,6 ROtA.'OR FUR rilE iJI::ASURi::NENl'S yF ANGUI.AR

POSITION Of SI'ECfi-IEN

:in orde, tu ,otate the speCimen in the wagnetic

field a rotating ~ystew has been constructed as shown in
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OT
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c.c. P., i

N

connecting
•

Circular
plote

Circular scale
Aluminium pointer
Screw

AP

IT - Inner lube
OT- Outer lube
CW- COhnf-cling wire

SH - Specimen holder
18 - (ron base

CBP- Circular brass
plate

~s-,
AP -

s-
eep_

Fig.7.4 Sample Rotating System.
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in the diagram (7.4). The specim"n rod along with the

specimen holder was llaJJlled from the bottom of the rotator

made of brass - called circular connecting piece w/lere it

is glued firmly. ~'he circular cOllnecting piece is screwed

to the coller of a rotable clrcJJlar brass plate having a

circular :>c<lie graduated III degrees o 0from 0 _ 360 • The

brass plate with circular scale just fits into a circular

groove On an 1r"n base <llld ,r,:uarded by II thin circular

brass plate. An aiumilllum pointer fittad to circular brass

plate gives reading of any circular rotation of ,the

specimen. 1'110' hol,8 set up is put On a heavy woodell plat-

form. 1'11" specimen tube ",as inserted inside a thin 81ass

tube of internal diameter o[ 8 mm. This tube hangs from

the bottom of tile irO" base. The thin glass tub" is again

surrounded by a thick outer glass tube of internal

diameter 25 alii! prevelJtly frum ally draught from out Side.

Tbe specimen holder alonllwith glass tube hanvin such a

manner that specimen lie in the Ilomogenous region of the

magnetic field produced by the electromagnet.

7,2.7 SPECiNEN MOUNtING

The mounting of the specimen in the specimen holder

has to be flexible ill order that specimen Can freely change,
in dimenSion. At the same time to avoid any rotatiOn of

the specimen due to torque p,otluc"tI by tile "'''!llletic field,

the specimen must be held sufficiently rigid. The best



Compromise is made by using a thi" cork spacer between

the specimen and the base at tile specimen holder. 1'he

specimen is 8lued to the cork by Durofix and the cork in

turn.to the specimen holder. The mosaiC pattern of .the

cork spacer allows the spocimen to expand Or contract

quite freely but constrains it from rotation due to body

forces. Comparison of thermal expansion of a brass

speCimen when fixed to a cork spacer and when free showed

that the constraint due to the above mentioned arrangement

does not affect the result.

7,2.8 THE GAUGE: GEdEi\'TlNG

•
For perfect gauge hondage between the gauge and

the surface of the specimen it is necessary to have very

fillescratches On the gauges and specimen surfaces, The

spec~men surface is naturally left with fine irregularities,
of six micron order. 1'hegsuge is .enC:l~sedin a psper-
jacket which provids both illsulation and protection. The

paper base also provides good bonding SUrface for ~he

Bauge on to the speCimen.

A thin coat of Vurofix was applied to tne gauge

$urf<lce" and the gauge area of the specimens. Then the

gauge was placed On the speCimen surface and the small

pressure ",asapplied On the gau8e. The adhesive was cured

for 24 hours at roow temperature.



•••,
"-"••
",0
" C-
O•,
• ,",
0-",• ,, "-"- •" ,,,• •,,•••,,
•,• ,"',
" ., ;

•",•",
••,
••

,

•

- -



••

I

'.

o
o
"u
U

",
u•o
u•:.••,
o

•u,
g,,
••:

~
u
o,
o•g
o•u,
o,
•,
"•,
•o:.,



•

CHAPTt;R - VllI

Nt'ASUREN£N1' UF i'/AGNEl'IZA1'ION



87

8.1 I.:AL1BRAnON OF TilE vsa

l'here are usually two methods of calibratiQn of

a vibrating sample m"g"etometer

(1) by USillg a standard sample lind

by using a coil of small size whose

moment can be calculated from the magnitude

of the d.c cur.ent through it.

lI'e have calibrated our V.S.H using a ,lOg) mg

spherical sample of 99.9% pure iron. l'he sample was made

spller-ieal with the D••lp of a sample shaping device. It,

was then annealed ill helium atmosphere at about 900°C •

The sampl ••'" ""curatioll magnetic moment has been calculated

llsillg che <lvailable data. 'I'be ratio (r"osto,mer .eadin/l,

is obtained by actual measurement from the relation

," _ k ' k ••••••

Where ,IIis magnetlC moment, k' 18 saturatioll

ratio transformer reading and k is VSH constant.

I~ - mo, •••••• (S.2). ,

Where C>. is tile specific Jua8lJetization and m is

the mass of the sample.

• • • •
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Th" accuracy of this calibration ho~.ever depends

On the reliability of tho std"dared iron sample I the

accuracy of .the rat~o CransioTlo". and the gain of amplifier.

The equipment lJi'jS been ope,ated Tepe8.tedly with the same

standared sample and stability bas bee" found to be within

1 plut in 100.

:1'11"absolute accurOlcy of the instrument depends on

the knowledge of the wag"etic p.op"rties of the calibration

standard and reprodur;;ibility of sample position. IIhen the

substitution method of calibration is used, the major

errOr i 11. is introduced by the estimation of the

standard iron sample. The relative accuracy of tllis

instrument depends 0" accurdte calibration of the precisi'",

resistor divider net work.

The total error here can be kept to less then O.5~ •

A Cypical c<11~bration cUrve of ,maglletic field VOlratio

transformer readill;j is shown ill Fig.(8.1).

8.2 V.S.N CAI,[BNArIO,y DAr,t

(1) Refererlce signal with phase shifter and decade

transformer in connecCioll

, .
ref •

10LlVx19

"
• 9.5ALI' x 100 ~ 0.95 mv.

v with variation of 0.5~ V x 100 - 0.95 mvref,
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(2) Reference si8~al with decade transfOrmer in

<:Oll,,,.ct100

, .
refZ

,
0.01

xll.uv~ 1.1 mv

V with variation of .0,1 mv
refZ

(3) ~eiere"ce signal direct

, .
Tef]

13 x 0.1 mV ~ 1.3 mv

V with variation of .0.2 mI'.
ref]

.'able 8.1

FINJ\L Sf:T OF REAUli'1G FOR FUI/b' Fe- SAMPLE

Reference Frequency 80 IJz.

Speaker vultage ~ 4 vOlts peak to peak,

Mass for pure Fe-sample E

,,,

, .,'

•

20.7 IDS
, _6

- 20.7xlO Kg.
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Field current Magnetic Field J)ecade transformer
( a",p) H(Gauss) ."••ding

, , 0.0073

, '00 0.0825

2 1 075 0.1656

3 1600 0.255, 2100 0.355

5 2625 0.397

6 3187 0.4322

7 3750 0.4526

6 4175 0.4646

9 4725 0.47

9 •5 5000 0.4725

" 5300 0.4725
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8.3 CALCULATION UF CAL1HkA1'IUN G'ONS1'ANT

Standard data on the feromagnetic elements(B.2)

200e ()Qj( H.~.", 4/1 ;1", ~. r Os
/;'lements emu/g emu em] G emu/ g

c
~oH

Fe' 218 1714 21580 221.9 2.219 no 0,982

Go 16' 1422 1790U 16:<:.5 1.715 1131 0.991

IIi 54.39 484.1 6084 57.50 0.604 358 0.946

Satur~tion decade transformer reading fOr pure Fe at 200e

K' ~ 0.4725

'~€
Specific ma8netizatioll [or pure,,"t

0.. ~ 218 emU/gm

Hagnetic moment

20.7 )( 10-6x 218

4.5126 x lU-3 Am2

Calibration constant

K

,(

4,5126" 10-3

0.4725
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8.4 CALIBRATJUN CUWI'ES FOR aAGNEl'-l ASS/:'NBLY AND

pOWEll SUPPLY

The electromagnet used far the measUrement of
•

m"8netizetjoQ was a Ne"'po,t, Electromagnet Typen 177 with

17,7 em diameter Pole Pieces. The ""'llilet ",as mQunted On a

graduated rotatinE base. 1'lle standard model was ",odified co

provide on adjustable pole !lap in order that the highest

possible field strength was aV"ilable. rile calibratioll of
, "-

the magnet was done with a NORNA Electronic FluXmeter to

lJ 0" accuracy of abouttlZ • A Typical calibr"tion curve of

current 1 VS field st,ength II is shOwn ill Fig.(B.:2).,Even

with this calibration instrument a small hysteresis effects

was observed.

l'able - 8.2

DATA UF IJAGN£T TyPt:INl77 L-Ill ,"m 1JIAMr;l'ER POLES_7.

PLANE; l'IP.

COil 1550 turns of coper strip.

Haxi.,u., CUrrent ••.ithout ••.ater cooling

~ 10 amps continuoUS.



~ 3~

<

~-•<•-< 2-
~
•

•••

0,0 1 2 3 , 5

, 94

Curreot In Amp •
Fig. 8.2 Magnetic field vs. current electromognt't-2, polE' gap-6,Scm.
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SCllle
Flu,xmeter deflection divider,

Field Nagnetic
current l(t) I( -) Average Field
(Amp) deflection (PeI!division

50'Gauss)

'.' 6 6. 5 6.25 312.50

1.' ;2 " " 600.00

,., " " 21. 5 1075.00

2.' " 27 26.5 1325.00

5.' 57 57 32 1600.00

'" " 55 37.5 1875.00

4 • 0 42 42 42 2100.00

4 • 5 48 48 48 2400.00

'. 0 52 " 52.5 2625.00

5 .' 5 8 • 5 '" 58.25 2912.50

6.' 63.5 " 63.75 3187.50

6 • 5 69 09 69 3450.00

7.' " 75 " 3750.00

7.' 79 " 79 3950. 00

6. , 64 " 83.5 4175.00

'" " " 69 4450.00

9 • , 94 95 94.5 4725.00

Scale divider l' •
Magnetic field ,eo
division 100 Gauss

9 .' '" '" '" 5000.00

1a •0 " " '" 5300.00
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at rOOm temper-attIre as shown in Fig.(B.3).NagnetizatiQn is

also evaluated as a function of tield to find the dependence

of magnetization On the domain structure.

",atioll process !IS at-[acted

is also studi~d for is magneti-
"

by annealing and is interpreted

intarIDs Of dOmain reorganization by the heat treatment.

I'lle magnetization CUrveS were obtained fOr sample Fe
82

/.JIB

(Fig.8.7)which were "nnealed [or 2.5 hOll.S at temperatures

TheSe annealing temperatures were m&nt~ned

annealing.

200"e ,

,
•

Table - 8.3

respectively. L
,\~ ,', . , .

'.' -COnstant ~/1I."""":'_'

Variation of rlagnetization with magnetic field

for sample witl> composition FeB1 819 •

40J..LmNibbon thickness

Weight of the s"mple(m)

Calibration constant(K)

-,5 x 10 Kg.

E 9.5505x 10-3Am2 •

, '" 69'
2 1075 '", 1600 m
4 21 UO m, 2625 W
6 3187 W

Field
Ctlrrent
(Amp)

i1agnetic
Pield
( GllaSS)

Decade
Transformer -4
Readiug x 10

k '

SpeCific
magnet iza t i On

H'
01 S - -;;;- ,

2(Am (Kg)

02.37
164.27

177.64

179.17

18U.69

l/;lU.69



9B

-200

180

160

140

- 120
~
~
"-
N

E 100~

c
0
~
0 00N-~•c
~
c 60E

w.--w 40•~
V>

20

o
o 1 2

Mugo"etit field (KG I
3 4

Fig. 8.3 Variation of magnetization vs. magnetic field

for FeS2 818-



99

100

N
E
<t

•••
o
~ 20

~
c;:
o
E

c
o
~
o
".2
o

'"
( O,O} 50

Weight of the sample )( 10+7 I<g ---~.~

15b

Fig.8.4 Variation of saturation magnetic movement vs.

weight of the. sample FeS281B ribbons.



190

150

c 100
o
~
o

"~•c
~
o
E

w-~
w 50•~
V>

Il:::. = FeeoBzo
o = Feel 619

o = Fea2 818

\

100

0
0 1 2 3 4

Magnetic field IK Guess) •
fig. B.5 Magnetization vs magnetic field f" different

composition.



1
,..

~
~
~,
N
E«~
z
0
~«
N

180~
w
z
~«
'"u
~
u
w
~
~

,0<

(175079) 0,' 0.81 0.82

IRON •

Fig. 8.6 MAGNETIZATION VS. CHANGE IN IRON COMPOSlTlON.



200

150

~
~,
N 100
E
~

o
o-o
N-•o
~ 50o
E

,

• - 300°C
0- 2500C-
, -- 200"C
,,-- 1500 C
0-- 100oe:,-
0-- sooe'
,,-- At room temperature

Annealing time: 2.5 hr.

0,0 1 2 3 •
Magnetic Field (Kguass} •

Fig. .., Magnetization ". magnetic field fo, different annealing
temperatUfl!'.



103

Table _ 3.4

Variation of Magnetization with magnetic field for

unannealed sample Fe80 H20

Weight of .the sample (III)

Calibration constant (k)

-0~ 4.2x 10 Kg
_3

-9.5505xl0
Hibbon thickness _ 3011. ~ .

Field
cUrreut
(lImp)

Magnetic
field
(Cuass)

Decade Trans-
former reading
xl0-4-_ kl

SpeCifiC
ilia gnet i "a t i On

H'
ct s - ----;;;-,

(Am (K g)

I,
3

4

600

1075
160B

2100

540
770

'"'
'"'

122.79

175,,09

177.37

177.37

Table _ 8.5

unallllealed sample Fe82 B18 •

-5-1.23xl0 Kg
_3 ,

- 9.5505 x 10 Am

(m)

!'!
55 {( m •

Weight of the sample

Calibration constant

Ribholl thickness •

1 m, 1075

3 16VV

4 210V

4,5 2400

5 2625

6 3137, 3750

Field
current
(Amp)

MagnetiC
field
( Guass)

Decade Trans_
former reading-,xlO _ k'

8;5
1378

1875

2120

2240
2320

2360

2360

SpecifiC
Magnet iza t i Oil

kk' 2
o,.s - --;;;-( Am (Kg)

63.28
106.99
145.59
164.61

173.93

180.14

183,26

183,26



Table 8.6

Variation of .J~"glletizatio" with magnetic

field for Annealed s"",pie FeB2 B18 •

104

Annealed Temperature

Annealed Time -

Weight of ,the sample

Cali!lr"Cio" COIl"tallt

2.5 hours

(m) - 1.78x ]O-5Kg

(k)_ 9.550jxl0~3Am2

Field Nagn"t!C lJecad" Transformer Specific
Cllrrent Field reading xl0-4 Magnet i z<l t i On
(Amp) (Goass) kk' 2,. ". - -(Am /Kg)•

1 '" 1248 66.90, 1075 2018 108.27

3 1600 2815 151.04

4 21 UU 3130 167.94
5 2625 3360 180.28

6 3187 3461 185.70
1 375() 3461 185.70

l'able 8.]

Variation of Magnetization with milgnetic

field for Annealed sample f'eS2 !JIB'

Annealed Temperature.

Annealed time =

Weight of the sample

Calibration COnstant

hours.

8.8 x 10-6 Kg
_3

9.5505 x 10 2'm .
Field
corrent
(Amp)

1

2

3

4

5

5.5
6.0

Magnetic Dec"d", Transformer SpeCific
Field readillg x 10.4 ma.gnetizatioll
(G"<I"") ,. ". !:.!.(Am2/Ks)" •
m 656 71.19

1075 1088 118.08

11>00 1430 155.20

2100 1560 169.3

2625 1672 181.46

2912.5 1100 184.49
3187 1720 186.67

" - . ..



Table _ 8.S

VaTiaCion of Magnetization with magnetic field

for Annealed sample FeS2 818 •

Annealed TempeTacuTe , lS00C

Annealed Time " '.' hOUTS

WeighC of ,", "''''''p1e (,) " 8.£ " 10+5 K,
(4) 9.5505

.) 2CalihTation constant " x fO " •

Field
Cllrl-enC
(Amp)

,-0
2;0
3

3.'
4.0..,
'.0
U
6.0

Hagnetic
Field
(ellass)

'"'1075
1600
1875

. 2100 .
24(10

2625

2912,5

3187.

Decade transformer
readiog x 10-4

8 •

660
1085
1275

1355

1450

1540

1566

1597
1597

l'ab1e _ 8,9

SpeCifiC
magnet i za t iOIl

kk' 2
""" - -;;;- Am /Kg

711.41
127 •9j

150.33
159.76

170.97

181.58
184.64

188.297
188.297

Variation of Hagnetization wieh magnetiC field

for Annealed sample FeS2 HIS'

Annealed Temperature. ,
Annealed time

Weight of ehe sample (m)

Calihration constant (k)

7.7 " 10-5 Kg

9,5505 x 10-3 Am2
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Field Magnetic Decade Transtorruer SpecifiC
cu,rellt Field re"UjJJ8 x 10-4- '""B""tization
( Amp) (Goas,;) ,' kk' 2~,__ Am/Kg

•, '" 606 81.37

2 1 (175 1155 143.26, 1600 138U 171.]6, 2] 00 1470 182.3J

5 2625 152() 188.53

6 3187 1 52(1 188.53

Table 8.10

Variation of l'Iagnetizati')[' with magnetic field

[or Annealed sample Fe~2 818 •

Annealed Temperature

Annealed l'1me

!I'eight ot the ".ample

Calibration conate"t

1.08 x

9.5505

_5
10 Kg.

_3 2
x lOAm •

Field Magnetic /)"cade l'ransformer SpecifiC
CUrrent Field reedins x 10-4- m"gne t i za t1On
( Amp) (Guass) ,' kk' 2"', " - (Am jKg)m .

, 6" 1027 90.82

2 1075 1725 152.54, 1600 2033 179.78, 2100 2130 188.36

5 2625 2150 19(1.13

6 3187 2150 190.13



,"able - 8.11

Variation of Magnetization with magnetic fleld

for Annealed ~ample F"S2 818 •

Annealed l'"mperature 3UU"'C

Annealed Time , 2.5 hours

Weight " ,", SIJ.a'ple (10) " 1. 04 , 10-5 "
Calibration COnstant (k) " 9.5505 ~ lU-3Am2 •

10'

Field l1agnet ie Decade Transformer SpeCifiC
current Field r"adioB x 1U-4 magnetization
( Amp) (Guass) ,' !::.!:.'(AmZ/Kg)", "

'"

1 m JOYS 100.83

, 1075 1765 162.08

2.5 1325 1925 176.78

3 1600 2010 184.58

4 2100 206U 189.17

, 2625 2076 190.64

, 3187 2076 190.64

••••
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9.1 CALIBRATIUN CURvt'~ FUR l'1AGNET~2 ( FUN

I1AGNETUSTRIC1'IUS HJ:.'A:;;;URL',oIt:NT )

The electrom~goet uSed for the measUrement uf

mdgnetostriction ,,<1<1a Newport Electromtlgnet l'ype 1:!6 with

12.6 em di ••meter pole pieces, The C<llibration Of the magnet

"as done with a NURMA Electronic Fluxmeter to On aCcuracy of

about 1::.1~. A typical calib.a.tion Curve Of CUrrent I V:; field

strength fI is ShO~'1Iin Fig.(9 •.I). Evell with thiS calib.<ltion

instrument a small hysteresis e[f~cts was observed.

Table 9.1

Data ,,[ magnet (2) Typen 126 [126 mOl

diameter POleS] plane Tip.

3.5 em

Fluxmeter scale divider pOSitiOn 10 ( diviSion

( 100 Gauss per scale div. )
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}'ield
curreut
( A'np)

Fluxmeter
Reading
1(+) I(-)

Average
deflection

Magnetic
Field
(Gauss)

(1.2 , , , 200

0.' J , 3.5 350

0.6 4 , 4 • , '"
0, 8 , 8 5 ,j ,>0

, •0 7 8 7,' 7>0

1,2 8 9 8.5 '",.' 10 10 10 1000

1,6 JJ JJ JJ 1100

1,8 J2 J2 " 1200

2 • 0 JJ 13 .5 13.25 1325

2,2 J4 J4 J4 1400

2,4 J6 J5 15 ,5 155 a

',6 ,7 J7 J7 1700

2, 8 JO 18.5 18.25 1825

3, 0 20 20 20 2UOO

3.2 2J 2J 2J 2100

3.4 JJ JJ 22 2200

3,6 22 23 23 2300

3. 8 25 25 JJ 2500

4.0 26 26 26 2600

, •2 26 29 27.5 2750

4 • 4 26 " 28.5 2850

4.6 ;0 ;0 30 3000

4 • 8 JJ 31 .5 31,25 3];25



Field Fluxmeter Average Magnetic

current reading deflection Field

(Amp) 1(+) ( -) (Gauss)

'.' " " " 3300

, • 2 34 34 34 3400

,.' " " 35.5 3550

.5.6 36 34 36 3600

5.8 " 34 3 7 • .5 375U

6.' 39 " " 3900

6.2 40 40 40 4000

6.4 " " 42 4200

6.6 43 " 43.5 43.50

6•8 43 43 43 4500

7 • , 46 " 46.5 4650

7.2 " " 48 4800

7.4 40 40 40 49 UU

7 • a 34 34 34 .5000

7 • 8 31 " 51.5 5150

'.' " " .52.5 5250

8. 2 34 34 34 5400

8.4 J> 55.5 55.25 5525

'" 56 36 56 5600

8.' 38 34 58.5 58.50

9•, 40 40 60 6000

9 •2 " " OJ '6100

111



117

Field Fluxmeter live. age MagnetiC
current reading deflectiOn Field
(Amp) 1 (t) 1(-) (Gauss)

9 •4 " " 62.5 6250

9.6 " " " 6400

9.8 " 65 64.5 6450

1 (I. (I " " 6 6 • 5 6650

1 U. 2 " " " 6800

1 (1.4 69 (19 • 5 69.25 6925

1 (I. b 70 70 '0 1(10(1

1 (I. 8 72 72 72 7200

11. (I 7J 7J 73 7300

11. 2 74 7J 7J 7401)

11. 4 75 " 75 7500

11. 6 70 70 70 7600

11. 8 77 77 77 7700

1 2 • I) 78 78 78 7800

12.2 79 79 79 7900

9,2 iJRIDGi', ClkCUIT SENSITll'lTr ANlJ CALljjRAT]UN

The Circuit used for measurement of the reSistanCe

challges in the gauges ",as a D.C i/heaestone" deldge Fig.(7.2}.

It inCluded" .everSing 5",iccl,(s) to ascertain to what excent

thermal E.H.F.'s into the CirCuit were "f[eecius the balanCe
,. 0

cu"ditiO"" Of the Dr-jdll'" Tile NalLD voltmeter used ",as a

Nodel 140 of high S""Sjei1liCy <lila a perjod Of 2,5 seCOnds.
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9.3 CAl, I PRAna,.,. GURU FOI< A.yGJ.,£ CORREC]'[Qji

In an Amorphous ri1J/)olls til" magnetic domains of the

the different micro crystallites having random orientatiolls

make different allgles ",ieh each other in the demagnetized

state. linen the mllgnetlc iield is applied the ",agnetic domain

wall mOJ'emenc starts. III tile Inle1,,1 state du" to 1800 do",ain

/"'111,1movement no concribotiu" ~s there to the net strain ot

the amorphous ribbon spec,lmen, because the reversal of the

d~r"ction of magnetization has no effect On the elongation

of tl,e domal'n. In the sec<i>nd stace with increased magnetIc

field the 90° domain wall movement bgins. This gives rise to

m"ll"etostrictioll i,e changing LatLiee dimension whiCh is iu

OUr Case is positive. This ",aBnetostricti"" effect can be

looked at liS due to predom~ndnce of the strai" 8xes i" the

directiOn of the I"easUremenl$. The lingle Vs magne.ostrlction

CUrve shown in Fi/J.(9.A).,TheQ.1\.Sle Vs ma~ne't"striction CUrve

showed that a minimum at 1330 and a maximum at 223". "he

minim",,, at 133
0
is identified as the a-positiOn of magnetic

fi".ld with respect to-,
at WO is identified

the BHUB" directiOn and the maximum

oai; tile 90 position of th" field with

respect to the gauge direcU"n.
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1'ao1", _ 9.4

Variation Of til •• mdglleto,;trictioll VS allgular

positioll of the field.

drill!!.e current ~ 20 mA

~ 2.02

N••d" vOltmeter per def1",ctiou

Allgle positioll

1000

1100

1200

1300

14Uo

15(;0

160'-'

1 70°

1 80"

1900

;WOo

2100

2200

2300

2400

250"

2600

NaNo ma!!Jletostri<;tiOIl
Voltmeter <l, 11G A HI Rre"ulllg ",
, 12.182 " 1 U - 6, 9.745 "
2,5 6.091 "
1.5 3.655 "
2 4.873 •
3 7.309 •
, •5 10.904 ", 14.618 "
'.5 18.273 ", 21,928 •

n 26.801 "
12.5 30.4S5 "

" 34.109 •
13 .5 32.891 •

" 29.237 •
11 .5 28.U19 •

" 24.365 "
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Fl,e experim"u!"l Jetermination a,,,} """lysis of

magn~()",.r;rictioll of amorphous iron - boron ri boon ,d th

camposiUon 1'''82 B18 II< presented, l'he problem-associated

with "traj" gauge tec/,"ique as "ppli",d Co thin iron boroll.

ribbons klllh composition FeS2 DIB are dtscussed'''''''snetostric-

Cioll measurement as a fUllct!on of applied' fiel<i lire

ev<!lua.t"d. rhe contribution to net magnetos!rictiotJ due Co

this rotation of the domains may have positive sign as

'"0' d"~ "~ ~"O, ." ,",u ~~ ~¥,v Omall! wa~~ mOvem"n • This explained the

increase in the pOsitive mgll"rostric.tiorl in O(I1' graph

shown in Fig.(9.5) •.£" aCLua.l prOcess the rotatcon ot the

90° dumains may begill b~fore the cU"'pIetioll of ti,,, 180
0

dam in wall movernen~s dependi"g On anisotropy energy and

the hindren~ t" the domain walls ,"ovemeoes. Thus the

in~erpreta.(;ion of tl'e graph indicaeing m8glletoatriction as

a {ullction of field is only qualitative except at the

saturation lll"gnetostrict~olJ. observed ~"lue of wllieh is
_ 6

31.86 x 10 •

,1"glle.l:ostrictiolJ is also e~aluted for its dependenc"

On annedlin~ temperature dnd the duratioll of aoneali"g to

see the effect af I,eat treatlll""t On the domain structure

,.,c
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effecting m8gnet()stricC~ol!. "rhe effect of annealing

On magnstostriction has d(SO been measured using

strain gauge. A systemati~ decrease in maguetostriction

from its maximu", value of -63l.86x 10 is observed.

,,.

",agnetostriction Vs magnetiC fild CUrves were obtained

was constant and w"s 2.5 f,ours for each sample but tile

temperatures were differ •.nt i ,e 50oe, 100oC, 150°C, 200°C,

2500e and 300°C respectively, "1'he result for the different

samples explained interms of at",mic orderin.!" eud domai"

reorga"i.za!;L.on effect, l'he s<'lturatiou magnetos~rictiou

linearly decreases wi th annealinB .temperatres" rhe

saturation mGlgnetostriction verSUS annealing tempera.ture

~"ith constdnL a,,"eali,,!! time 2.5 hours curves are shown
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J'/".JLf: _ 9.5

Variation of m"gnetustrictioll with maglletic field for

irull born ribbon with "umpu"'itiun Fe82 lJ1~

at room temperature.

Bridge cUrrent ~ 15 mA

SellsiCivity per deflection
_6

-7.19xl0

Field
Cllrrent
(Amp)

'-'
10.0

11 .0

Ilagnetic
Field
strength
(GallSS)

1325

2000

260U

33UO

5250

6650

7300

71>0U

_1.b789 "
I O~5

_3.3581 "
_4.6174 •
_bl.2963 •

_7 • 5559 "

_7,9750 "
_8,3952 •
_9.2348 •

_9.6545 •

_9f6545 "

_9.6545 "

Magnetostr]ct]on

2 (!.!£ )" -" ,
, 5~541 " 10-6

I1.083 " 10-6

15.239 "
20.1 8 "
24.937 "

26.322 "
27.11)7 "
31).478 "

31.863 "
31.d63 "

31.863 •
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TAiJLf: _ 9.7

VariatiOn of mll;p,.,C()t;trictio" with "'''gnetic field

for amorphous Annealed sample FeBO U]8 •

Bridge CUrrent

Gauge FactOr

Sensitivity per' deflection

~ 15 rnA

~ 2.(12

A~ ~ _6.4615
_6

" "

Field MagnetiC • HagnetoStrlctiOn
Current Field ,;, -, .,
( Amp) strength • "'JiJ

(C,"Jss)
,

'.4 '" _2.9076 " 10-5 , 9.596 " 10-6

'.8 '" _3,8769 • 12.795 •

2.' m _4,523 • 14.9275 •
2.4 1000 _5.1692 • 17.U6 •
1 1300 _5.8153 • 1~.1925 •
4 2600 _6.1384 • 20,2588 "
6 3900 _6.4015 • 2].325] •
8 525(1 _7.1076 " 23.4575 •
9 6000 _7,1076 " 23.4575 •
" 6650 _7,107& • 23.4575 •
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l'ABLE _ 9.8

Variation of magnetostriction with magnetic field

for amorphous ,11lIleil1"J sample Fe80 J31$ •

Bridge current ~ 15 mA

GaUge Factor

_4.923
_6

" '"

Anllealed time ~ 2.5 hours,

}'ield Magnetic Mdgnet os tr ie t i OJ]current Field ilR1R
(,Imp) strength , (~(Gauss) • -ra ),

0.' '" 2.4615 " 10-5 , 13.1239 " 1 0-6

0,8 m 2,9539 • 9.7487 •

LO "" 3.9385 • 12.9982 "
L4 lOUU 4.4308 • 14.623 "
, 1300 4.9231 • 16,2478 •
4 2600 5,9077 " U.4973 "
6 3900 6.1536 " 20.309 "
, 465U 6.3999 " 21.122 •

6 5250 6,3999 " 21.122 "
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Va.iaCion u[ m"'gnetosCrictioll with magnetic

field fOr ,,",orphous ,l,,"allied s"-mpie Fe8!) /Jill
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til'idse current ~ 15 ",A

~ 2.02

Field J~agIJetic Nagnetostr]ctlOn
ClJrrent Field ~ R IR , ~,
(,1m p) stcength • - JG( k }

( Gaus,,)

0.4 m _2,3123 " 10-5 • 7,6313 " 10-6

O. 8 m _3,9639 • 13.0822 •

La m _4.6:<46 • 15.2626 •

L4 1UOl) _4.9549 • 10.3528 •
3, a zouu _5,2852 • 17.4429 •

4. a 2600 _5.9459 • 19.6233 •
5,0 330U _5.9459 • 19,6233 •
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l',WU; _ 9.11

Vd.riatiOI1 of m"g""t""Cri"tion "'ith "'''8I1etic field

amorphous Annealed sample Feal ~18 •

Uridge Cur.rent n 15 lOA

Gallge F"ctor

Sensitivity per deflection

Annealed temperature 300"(;

Anne'!l"d time

Field
CUrrent
(Am p)

Nag"e!;iC
Field
strength
(Ca"s:;;

Maglleto"C.iction

'.' j5U _2.1075 , 10-5 • 6.9554 " 10-6

'.' m _2.95U5 " 9.7376 "
LO '" _3.5827 " 11.8242 "

L' 1000 _4.6365 • 15,302 •

3.0 luau _5,058 " 16.693 "

'., 2601l _5.4795 " P. U84 •

5.' 3300 _5.4795. • 18.084
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Di'" Rt'SVp'S [Uli MU~PiiUU.s. LiON, bORON. R[IJOON

,', -
The study of O'l'A resillts for the amorphous thin 1£.011

,Boron ribboll W8S cake" to find the 8noa"'118 in the temperature

Vs time curve. The sample wi til composi.tio,"S FeSO 1>20 and
(y,' .

Fe82 1:118 was c_hosen for urI! to look at the c'nis temperature,

glass transition l;emper ••tllre and Grystalli"ation pllaSe

tr.' IIsfo rm a /;i 0" tempera l U.e.

The fOrmatioD and resulta"t' s.tabilil:y of amorphous allays
,

are important topiCS, bot!l theoretically a"J techIlOlOjjic<!lly.

rhe theoretical analysis of tile factors cont:rol1ill1l the case of

formation and the stability of the resultant amorphous alloys

have bee" reviewed and discussed in many p.evious reviews, for

example ill the extensive

th ••rmodynamic vi ••w point

'l'akayam,,/lO.3) .the abil i ty

I . ,. J r(10~1J., ~genera revl ew "'y one s "trom tHe

by 'l'urnbul/lO•2)end I1IO,;t recently by

of "n alloy to be quenched illto the

glassy state is generally measured by the m8.gllitude of the

A1' , ,
'"

[,her" l' "nd 'J' are lhe melting a"d glass tr8.nsitio"'" ,
temperature respectively. III similar ",anner the stability of the

glass after form~io" is <:"nard!ly measured by tha m"8Jlitude

of the quantity.

I,
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Where l' is the temperature [Or the Ollset of
"

crystallization. Laborsk/l0.4)h'8~ cle<lrly show" tl,,,,t the ••"d-

of-life, !Is fOr maBnetic applications "r~ concerned,

corresponds to the onset of crystallization, At the onset Of

Crystalliz<ltiOtl, the coercive tOrce and losses increase and

the relll""ence and permeabl,lily deCrease, ell at a very rapid

rate for a small increase in temperature. The eftect of

dlloyill8 elements On tile 'rystallizdtiOtl temperature has been

studied by Nak;/lO)5)in ti,,, series PeSO_x
''1
x
P13C7 arld by

," ,.(JO.6)., "P "'F "" 11"auors"y lIJ eaO_xlHx 14"'6 "n" e80_x"lx"20 a oys.

CalOrimetric measure,~etlts were made at II hel.ltitl~ rdte Of

5 dell/min and 40 de;Jlmin respectively' to d"termille 1" thex

temperature for .1:he be~inninj of ti'e <::rystalliz8tjan eX,ather,".

Laborsky found the glass trallsitio" te,"perature of FeSO H20
oto be 441 C.

The D'rA traces so obt..dned in Fig.(M.V an" Fig.(1O.2h

are all accompanied with exath"rmlc Peaks. :J'he temperatur •• of the

reference suhstance, which is thermally inactive, rises

uniformly whe" heated, wllile the temperature of a sample changes

anomaloUSly when there is physical Or chemiclll change of the

active substance ar " partlcul"r temperature, when there is "

exat.'lenITic reaction.

For example, tbere is a peak in the temperature Vs time

cUrve at the temperature of exotheroJic reaction and there is a

(~tr!1f1>in the teillperature Vs Lime CUrve when th"re is endothermic



134

-o
•u
o,=

c
o
"o
D,
C
o
"

c
o
D
D

"

o
o~

oo~

8,
m

ooo-
:>
l.. -

,

~
E •0
~ E
" , •- > E ..
~

"-
E E

~ , -• 0 ~

'"
. U

N ,
• 0

<• ~ -~ ~ • •E • • -0 0 ~ 0
~ ~ ~~

,

,

oo
N

WJa4~OX3 _.~___ '~-



fig.10.20lA Trace of nmorp.h.ous iron- boron ribbon (Fe82 B18)
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reactioH. In our caSe we too expected anomalies in the

temper"~ Ure Vs time curve~ were observeu. Compositions for both

'fhe DTA trace of amorplwuS iroIl-Horon

ribbon of Fe82 B18 are showed ill Fi g.(1/). 2),. The

observed iu the te ••perature Vs time curve were

two anomalies

oat 448 C aud

834DC respectively. Similarly UTA l'race of amorphouS iron-Horou

ribbo" of Fe80 820 ••re shown ill l"ig,(10.1), the a"o ••••,lies in the

te"perature Vs ti ••e CUrve observed in this GSse where at

4350C and 870°C respectively. Both the ano ••alies showed peaks,

whicl, c<Jrresponds to releastof" lIeat at these temperatures due

to crystcdlollraphic orderinS of the atoms. We identity the first:

peak as glass t:ransition temperature, which mellIlS the ribbons

were transformi,,! frum Amorphous state to Crystdlline state.

The secund peak is considered to be due t:o the form~tion Of

multiphase poly crystalli,'" mat"rial. In addit:ion to these .peaks

we expe"ted a very low minute truf corresponding to ferromag-

netic transition. Uowever, lhe low v<due ot t:his anomaly could

not be' observed very clearly bO'cause of t:he relatively low

senSitivity of ..tlle DrA system. AlsO' the heat"s rate of 10 deg/min

waS too higll [or this observatiou.

" ,

!

Compositions First pe"k
III ass transi tiou

temperature

Second I'edk
crystalli~"tion phase
tr ansfo rm a (i on
tern pera,t,u,re,

, ',
8700e
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CONCWSlqN$

Amorphous Iron-80ron ribbon is " metastable form of

condensed allay. which has a great potential as II soft

magnetic material. This material is magnetically Boft having

no megoetocrystal1ine anisotropy due to the absence of

crystalline structure. This is also corrosion resiatant

because there is nO grain and hence nO grain boundary.

Since this material is obtained in the form of

thin ribbons, it needs nO furtber mechanical processing for

the reduction of .thickness, ,as in the case of ,silicon iron

transformer core material, for bigh frequency uae, However,

since iron Boron is a metastable material its, stability is

affected by thermal and other agencies. This is a very important

fa~tor to be considered for its technological use.

Although this material is supposed to be isotropiC

due its glassy character, ..there. is an induced anisotropy in

the ribbon due to the preparation conditions. As a 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 study of ,the

stability. change of magnetization and magnetostriction as
caused by annealing at difre,ent temperatures. I~general.



annealing causes the removal of lacal 10"' instability in

the amorphaus ribban by praviding thermal vibratianal energy

ta the atams ta avercame the small potential barriers. without

cr,yst81Ii28tian. The remaval af _these strains, _",hichare

produced in the ribbans during preparatian, causes change in

the initial magnetizatian cUrves and 81so induced 8nisotrapy

and magnetastrictian.

The study af msgnetizatian. stability and magneta.

strictian in amarphaus ribbans due to annealing is therefore,

cansidered to be very. important far future development and

technalagical use af these materials. The preparaLion end

cheracterstics af amorphaus ribbans as a hackgraund

info,rmetion is thus described in the beginning af _this thesis.

Three basic measurements have been done an, alllorphous

iron-boran ribbans. These are differential thermal analYSiS)

measurements af magnetization and measurements af

magnetostriation.

Differential Thermal Analysis (DTA) is done by the

standard DTA equipment to loak for ferromagnetic transition

and glass transition temperatures and stability. Since the

specific heat anomaly far these alloys at the fe,rromagnetic

ordering temperature_ is very small, these were not clearly

manife,sted in the DTA. Accurate specific heat me8surement
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"rround curie temperature Can only quantify these values.

/Jut high temperature spacific iJeBt measurement is a

difficult task, /lnd equipment for this measurement is not

available in oUr laboratory. at present. However .• the

DTA curves clearly show the glass transition temperature by

composition PeSO B20 • There. are also secondary peBka at

834"C for co,"pOSition FeS2 .B18 end at BlODe for composition

FeSo 820 • These are interpreted as arising from phase

separations,

Magnetization has heen messured by vibrating sample

,"agnetometer (V.S.M.). "'S a function of field fo.r the

compositions FeS2 BIB

•

ments have been confined to roOm temperature only because of,
the unavailability of ,high temperature oven and low tempera-

tUle cryostat., Specifi.c magnetization is observed to be

2183.26 Am IKg for iroll boron ribbon with composition

Fe
B2

E
1B

at room temperature. Magnetization has also been

measured for iron boron ribbon with composition Fe82 BIB for

different annealing temperatures '[rom 500e to 300°C. As is

.expected theoretically this annealing chan"es the initial

magnetization curves, due to the chan"e in domain wall

stiffness, but does not change the saturation magnetization

at high field. After annealing saturation magnetization is

'/.is slightly chan"ed and observed to be 190.64 Am Kg for

Feel B18 at annealing temperature 3000e.



gauge-technique and obsarvod to bestrain

Saturation magnetostriction bas been measured by
- 6,31.86 x 10 for

)/
.,

compositIon F"82 B18 at roOm temperature. The effect of

annealing on magnetostriction has also been measured using

strain gauge and II systematic decrease of satl.lra,tion

magnetostriction is observed frpm its maximum valUe of

31.86 x 10-6, to 18.08 x 10-6, with increasing annealing tem-

perature. This result is quite consistent with theoretical

expectation, where magnetoatriction is interpreted as arising

dUll to the rotation of strain axes of the amorphoUS regions

having induced technical anisotropy.

From the observations of magnetization and

magnetostriction values after annealing at 300°C it is

concluded that the iron born ribbon can be used over a long

time a,t elevated temperature with out crystallization.

Naturally. ",hen used at a lower temperature the metastable

state will sustain~,~for much longer time •.:.-
Since the specimens are very thin. the free distor~on

of the specimens associated ",ith domain ",all ro,tations are

constrained by the stiffness of ,the bonded strain gauge.

Results obtained for maglletostriction therefo,re • .are. likely

to be slightly lower than the actual values.
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The other limitation is that the temperature

variation of the magnetostriction values could not be

measured for reaSOns mentioned earlier.

In future the continuation of this work with varied

composition and varied temperaturt,"s will, therefore., be

very. l1seful for a deeper understanding of the mechanism of

magnetostriction and its variation with annealing,

-000- ,
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