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Ahstract

The erestal structure of an Alniee=5 Alloy during different annealing lemperaiue bp o J030 “C foc ]
hour has been anilored by wrasaing the magnetic Tysteresis loop Xory dilTraction and vibrating sampis
magnetomeler {VSM) were wsed (o charaeioeize the phaze composition and magnelic proparoies, The results
found that, the eiTect ol the annealicg, degree is the major parameter on parlicl: size. phase ransition anml
magnelic propertics. The sesults alen showed that particle shee decreased with ihe jusreasing temperatyes
froim 15,2 oow ar soom temperainre to 12,2 nm owl %50 “C, The gaaimwn cosicive foree JHe) with residoal
magnetizabion (Rl alse increwied wilh increasing teapecatures above BT, The oxidation of the alloy with
tew crysralling phase leads to change the magnetiv and structere propertics at 030 *C wers tound A goad
cotrelation hes been established hetween the struclure and magnetic propertics,

Introduction

Alnive alloyz are wery uportant group of
Permanant magretic alloyz wlieh acc used n wide
rarpe ol eleetrival and clectronie devices [1, 2],

They comam Fo, Co, Niomml Al sty minor
awtdition ef Cu o L1 13, 4. 'Lhis alleys have arracted
considerable worke bath theorsticnl and expermental
becanse of thelr mapgnetic properhes, pood comnsion
eaistance, heat tocanncntl, high curiz teraperature and
i Lighesl  sooraion wageetistation  [3]0 Mo
eecentty the steoctuns of soms ritannem and niskim
adding tn the Alnico compositnm have hean exannmed
in an allempt o Ind e resson Lot their high
coercivily amel satumstiem mapmelizalion |6, 7.

These Alnice allays can b divided inlo
rare fhan mne ez, depending omooatvpical
ovrminal  composition and  Improvemnenl  in
magnetic properlics during a suiluble melhod of
preparing |3, 51

Mol of the stodies und all attention in the
literalure have heen focnsed in magnetic, electrical
aod nechanical properlies. and e understamding
the eflect ol beal Leatmenl on maghetic and
structural — propertics of  Alnico=5  ig still
inaufficicnt. The major reasons of oor work is to
oot Dettor wnderstanding, tle coreclation Bobwzcn
the vasiations of the magectic and stractare valucs
nt different anncaling wernperatrs,

Experimentzl Work
Lakoratory  npots {1 Kpd of  Alnieo-5
magretic alloy wus prepares 2 abuolk vsing hinh

Ls

purily rmalerials (=99 49740 of Co, N, Co, Al and
Ararmuer Iren, The materiaiz were meled in high
Frequency ioduction futnacc  using acrueible of
pure alumina, The aiLminiue was addsd during
the linal slages ol meluug 1o prevent oxoesssive
losses of 1his element. The alloy was then given
thermomagnctic treatment at 1200 *C then slow
cooling in a magaetic fizld of 3500 Qe for 30
minutes, followsd by aging at 600 *C for 2 hr.
Composilivnal analvzis of the bull speciments
dstennined by Atomic zbsorption flame emission
(ABE] tyvpo [(shimad 24, AA-670) and comparzd
with the Energy dispersive X -ray anabviis (RDSX0
type  (Quantn 200, TTT 2003) Bamples  were
artpcalzd &t wariocs torperatizres T, 950 and
1050 <C for | br and then slow cooling by using
Carbolite fiwnce fpe 200, The lemperature during
the annanling was stabilived Lo belter than £2 ™C.

The samples were characletized sirocturally
for ditterent annenl  lemporalurcs by Xeray
dillraction uwsing Co K, 2= 0,179 omradiations oo
a Philips diffractometes type 1729,

The averggs parbeilc size sstimated  Trem
Scherrer formula which is connegcted 1o the X1
linng widih [,

Magnelic ngasdiemen’s wers obtained by
using vibrating, sample magnoiomster (YEMY) andd
portable yn sussopbibibife ay-lem. The cocacive
force IL, temanent mogecization B, have been
mreasured fronm {13-11 hysteresia docps ol difforent
unnealing, temn e raturd.
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The thormal stala)iy were slwdied alse by
differcntial - themwl  analvsis  (TAY  weing
equipinenl Lype (Metzsch, Sto, 409) at licating rale
5 CAnin in conkivuons hating expesiment.

Results and Discussion

The alloys kave beon propared Tor this wark
having e chemical compositions given given in
table {1). The composition alloys presented by
differem methads are similar values, showing that
abypecal clime to the stnndared values [8]. Atvpical
cnergy spootum or this illoy (RS s shown in
lgury {13 Avalysis ol this spucua have mzasured
aller backimound sublraciton and separation of the
erveerlapping poaks,

Figure {2} shinvs the Woray  diffraction
paltern at varlabls awnealing temparanmes, wihich
apgroved LRal have phasc in cuebic strctre. Tt
clear frewn 1he [uure that the dilfruclion peak at
2= A10R  beconres marrcwer Uy al ronm
temperatare, whizh indicades thal the crysiallirad
structurs dumniogted Dellow 950 °C, which cruld
be doc o NOC structure, This  bas  been
characterized as a sirangly lerremagnetic by ligh
iran o evbalt comrtent (Ve o) phase,

Appreciable ditfereuce patiern with small
gplit was Teand whao the alloy s annealed at 1050
*C., which indizated thot Oxidalion or a significant
pew ostrugtors change,  probably s weakly
ferromamnctic (Ni-All phase. This can bo st
elearly secn in figure (25

The struclure transfarmation also detecizd
very elear (roim thennal apalysis (DTAY as con be
scen in fleore {3).

Tl lysierests lnops (H-BY al difttrent
annealing temperalure are given g fgure {43
Inerease It mapnelic properties with inercasing
anncal temperature was observed. The eovrcivity
foree H, and renanence magnetization B, uppeured
Lo change morc signilicantly and shifts sian abowe
BT, which is relared an improvemem of soft
nagnetic behavior, Arcimarkable increase of H, at
1034 °C) was observed Tt B3, was na sensitive
eflet tn this anneal temperatuee. This could he due
to fransler ime anecthet phasc as molioned carlier
with the X E1Y results.

Finally, his changeahle of (hese maspetic
quianiitizs o be explained as relared o the degres
af crystallization which governs by influence of
averape particle size. The mrin sizes caloulated
Iromn Scherer eoeation and it 1s fomd of 183 om at
B, while reackas 127 nroat 930 O whick ¢an
play wmportasl rale ra oconteel the mobility of
domain walls o mammetis suustire. Therefore,
lcading wr concluston shat the magielic prosperitizs
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n:ust conlain smafl parrisl size in ocder W eeps w
maExiaan ol corccivity and remanence values.

Conclusions
Aluico-3 allay was preparcd using a hiph

Facty  mlerigls 0 hiph fequensy induction
furnunce,
Chanpes  in maerstic and  sracouen]

propertees were sxamined pndac the olaenee of
different anneal femparatoees for © b

From (ke hwstaresis loops, (he cootoiving
force and remanence mapmerization  paraneiers
wiere found Dnercase up Lo 956 *00

Arcmarketle increass of cosreivity foroe w?
Li30 "C was observed bul the remangnc: wuas
foond to be udependent. prohahly due o
Cidation or ancw pliase doginaled,

Similar rgsulls have also obtuined by X-rov
difimclion, Appreciable difference patern was
fowml aller anncaling af this depres,

We o investigatad alw  the influznge  of
particle size oo (he magnelic properties, and s
frowmd 1t 1he pacticle size stongdy reluled with the
magnetic properlics.

To get more plvsical aleonadon of this
alley, wo suggest Tor fulore wark to el fick flms
by varicty techoigues such ws il spattering o laser
deposilion,
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Table {1): Chemical ciunpusitinng of the experimentails studied of Alnico-5 algy.

Mcthod f_ Chemical ampnﬁiliun, “h wi ) |
J: C.u = TR S——

i Al Cn Fe
EDSX
e = S

(Tnget) 2221 1461 §.74 161 Rem

ADE (lugot) 23.81 14.13 8.6l 208 e

Standard

.l;
Values () . 145 8.3 i Eem A‘I
= e —

. Pt ]

|| 1 AlHa
[ T ]

o

.00 26.08 18,00 20.00 22,00

Fleinent W Y% At %% K-Rartinn o A F
CAlk .74 6491  npda L K07 04400 1 0007
Fek 4982 46 57 0.5062 05428 0.9921 1.0254
Clok 23121 201.56 N226% 1.9725 10001 1.0047
Mik | 464 12,98 b,14232 1.0674 0.9670 .00
Cuk 363 2.9 001335 093591 09622 10600
Toal (00,00 10).00)
Lilemenr et Inte. 15k el [nle. e, Frror PR
Alk 102,21 L7 ' 0.86 8.73
Fek 21955 £.75 0.54 3251
ok TS| .78 0.04 13.648
Mik Ra0 $15 .47 TAS
Cuk B.43 3.26 4,47 1].61

Figure (1j: KDAX for 2 Alnieo — 5 Alloy shuwing clementsl spectral peoks.
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Figure £2): X-ray delfesctive of Aloeo=5 gectionz
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Figure (3): B-H Hysicresis loops of Alnien-5 allgy at difforent agneal temperalure
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