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ABSTRACT

Some magnetic properties such as B-H loops and initial permeability p, for
the polycrystalline soft ferrite, Cu,, Ge Fe,, O,; withx=0.0,0.05, 0.1, 0.15,
0.2,0.25 and 0.3 have been studied. The B-H loopswerefirst measured at RT
as a function of magnetizing current | from 0.5 to 6A (i.e. H=185AnT! to
3250Am™). It wasfound that the coercive force H . increaseswith increasing
the magnetizing current but the rel ative magnetization m, showsamaximum
value for each composition at | between 2-3A. Also, The B-H loops were
measured at elevated temperature and constant magnetizing current (1=2.5A
which is equivalent to 900Am™). It was observed that H_ decreases with
increasing the temperature. The initial permeability p, was measured as a
function of temperaturefor the aboveinvestigated ferrite. Utilizing theinitial
permeability data, the Curie temperature T_ and the paramagnetic tempera-
ture T, were estimated. These values of temperature (T & T,) have been
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found to decrease with increasing Ge** ions content.
© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Ferritesarestill much used in permanent magnets
market because of their low price combined with rea-
sonable magnetic performances. Another advantageis
thegreat chemica stability of theseoxideswhich makes
insuch acontext alittleimprovement of their magnetic
propertiesof great importance. Soft ferriteshavebeen
extensively used for many kinds of magnetic devices
such astransformers, inductorsand magnetic headsfor
highfrequency becausether dectricd resdtivity ishigher
than those of the soft magneticdloys. Varioussubstitu-
tions have been incorporated to achievedesired el ec-
tricad and magnetic properties. Ferritescontaining cop-

per haveshown interesting e ectrica and magnetic prop-
erties?d, Several studieshavereported addition of di-
vaent, trivalent and tetravdent ionsand various param-
eters have been measured depending on the desired
application’®®, Our previousworks have studied X -
ray analyss, IR absorption and el ectrical propertiesof
Cu-Geand Cu-Ti ferrited®'2, Also, theinfluence of
the cation distribution on themossbour spectra of Cu-
Geferritehasbeen studied*¥. Recently, X -ray diffrac-
tion (XRD), scanning e ectron microscope (SEM) and
some magneti ¢ properti es such as magneti zation and
B-H loopswere measured in analogous study in low
magnetic field between Cu-Geand Cu-Si ferrited,
Inthe present work, theinfluence of iron substitu-
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tion by tetravalent Ge** ion on themagnetic properties
of Cu-ferritewill bestudy.

EXPERIMENTAL TECHNIQUE

The mixed copper — germanium ferrite with the
chemica formulaCu,, Ge Fe,, O, (where, x =0.0,
0.05, 0.1, 0.15, 0.2, 0.25 and 0.3) were prepared by
using the standard ceramic technique.

TheB-H loops were measured for the toroidal
samplewherethe number of turns of the primary coil
N_and thesecondary coilsN,, were 16 and 8, respec-
tively. Theresultswererecorded by theaid of astor-
age oscilloscope (HAMEG, type HM407) connected
with pc. Thedetailsof thecircuit diagram, measure-
ment technique and the cal cul ationswerementioned in
our previouswork(*4.,

Theinitia permeability p wasmeasured asafunc-
tion of temperatureat constant frequency f = 10 KHz
and low magnetizing current i ,=20mA. More details
about the measurement techniquesand cal cul ations of
p, wereexplainedinour previouswork!*s1l,

RESULTSAND DISCUSSION

Effect of magnetizing current on B-H loops

Thehygerssloopswerefirgly studied a roomtem-
perature at constant frequency (~ 50 Hz) for all the
aboveinvestigated compostionsof Cu-Geferrite. The
measurementswerecarried out intherange of magne-
tizing current from 0.5A to 6A (i.e,, fromH =185Am
1t02250Am™?). Figure 1 showsthe hystersisloopsfor
CuFe,O, a 1=1.5and 6A, asarepresentative example,
From the B-H loops, some parameters such as. coer-
civefiedldH_ (Am™), remanenceinduction B (T), satu-
rationinduction B_(T), andtherelative magnetization
(m=B/B) wereestimated asafunction of megnetizing
current (I) for all compositions. Figure2 & 3 represent
the effect of magnetizing current | onthecoercivefied
H. andtherelative magnetization m,, respectively.

Thebehaviour of the coercivefield H  versusthe
magnetizing current | could bedividedinto two regions
| & 11, whereregion | for lower than 3A andregion |
for higher than 3A asshowninfigure2. Inregionl, the
coercivefieldincreasesgradually with increasing the
magnetizing current. Inregion |1, coercivefieddH_ has
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stabilizationwithincreasingthe magnetizing current for
composition of x upto 0.2 asshowninfigure 2a. But,
forx=0.25&0.3, theincrement of H_inregion|l isless
thaninregion| aspresentedinfigure2b. Thestabiliza-
tion behaviour of H_may berel ated to the sampl es be-
haveasasingledomain.

Theeffect of themagnetizing current | ontherela
tivemagnetization m_ werestudied asshowninfigure
3. Itwasobserved that m, showsapeak (max. value)
between |=2-3A. So that theratio m_ vs. | could be
dividedintotwo stages(l & II). Theincrement of m,in
stage | and the decrement in stage |1 depends on the
divergencebetween B, & B_ Thehighestvaueof (m,)
wasrecorded for x=0.05 at magnetizing current I=2A.
Thismeansthat |oop at this condition can be used for
therecording system.

Also, theeffect of porosity onthe parametersH_,
B, and B_ at magnetizing current 2.5A wasstudied as
showninFig. 4a-b. Itisobserved that H_isdirected to
amall increasingwithincreasing porogty. Thiseffect may
be caused by the fact that the high-porosity samples
contain smaller particles, which have higher coercive
forceg™". But two magnetic parameters B and B_de-
creasewithincreasing porosity asshowninfiguer 4b.
Thisbehaviour may berelated to theincreasein poros-
ity (i.e. decreasein density) or decreasing of magnetic
materia sinaspecified volume accompanied withthe
decreasein thetwo parametersB_and B 1*9.

Effect of temperature

Thehystersisloops

Again, the(B-H) loopsof Cu,, Ge Fe,, O,were
studied at el evated temperature (from room tempera-
tureupto750K) and at constant magnetizing current
2.5A (H=900Am*). Therecorded loopsareshownin
Fig.5; for x=0.0 a T=320 and 670K. The saturation
magnetization M_(relative to B-H loops) was cal cu-
lated accordingto therelation:

B
M.,=|—-H
s (uo ) @)

Figure 6 showstherel ation between M_vs. tem-
peraturefor x =0.0. It wasfoundthat M_vanishesat a
point of temperature (called T ) closed to Curie point
T.. Below the Curietemperature the presence of non-
equivalent sublatticesleadsto avariety of behaviour of
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Figurel: B-H loopsof x=0.0, measur ed at room temper atur e (300K ) and at 1=1.5& 6A
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Figure2: Theeffect of magnetizing current on coer civeforcefor Cu,, GeFe,, O, (0<x<0.3)
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Figure3: Theeffect of magnetizing current on relative magnetization for Cu,, Ge Fe, , O, (0=x<0.3)
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600 TABLE 1: Thecalculated valuesof anisotropy constant K,
@) exchange constant A, wall energy o, and wall thickness
500 A(0)
D . 7. K A(0) (102 A(T) on Ouw
X m K° K (10* (102Jm) J/im) (102 (10° (10°
= ol () ) (K) 31m®) Theatrically By extra- J/im) J/m?) m)
; . L4 polation
= . 00 397 137.32718723 513 1181 1224 898 136 265
~ 300 005935 19594693716 54.60 1139 1181 866 4.35 0.79
0.1 23.95284.78643666 4430 116 1115 7.71 3.70 0.83
200 0.1521.241959061363329.30 1009 1071 7.18 290 0.99
1 b 0.2 19.49131.70598623 1690  9.85 1045 692 216 1.28
12 (b) = B
] ok B, 0.2516.59 94.01 573585 1.67  9.44 1012 648 066 394
L T 0.3 14.93 57.43 553574 092 9.1 986 6.2 047 517
1 T~ A
8 I“"a [ - .
e \\ N the effective magnetic moment) can be cal culated ac-
=" 5 - K“\-m cordingto:
o 4] _ . N N =
B I @
2_ b B 0 - .-,
1 \'m\». Themagneti zation of each composition depend on
a 5 e e i thedistribution of Fe** ionsamong thetwo sitesA and

P%
Figureda& 4b: Theeffect of porosity on: a) coer civeforce
and b) remananceand satur ation magnetizations

the net magnetization (M = M, —M, ) asafunction of
temperature, since each subl attice hasamagnetic mo-
ment with itsown temperature dependence. Theform
of these curveshasbeen explained by Néel in terms of
aninternal field for each sublattice. The behaviour of
M_vs. T issimilar to thebehaviour of themagnetization
of type R*¥, where one sublattice isnot saturated at
(:i_,\TA)H ispredicted. Thismay be
shownto conflict thethird law of thermodynamics, in
whichtheentropy isindependent of thefiddH when T

OK; afinitevalueof (

)
50,5 (S—N —> 0, Therefore, M, (0) can be esti-

mated from the extrapol ation curves of figure6. figure
7 showsthevariation of M, (0) with theaddition of Ge
content. It observed that it increases up to x=0.05 and
then decreaseswith further increases of Ge content.
This behaviour can be discussed on the basis of the
statistical distribution of thevariouscationsover theA
and B-sitesusing Néel’s theorem of two sublattices
model™8. Theindividua magnetization, M, and M, of
thetwo subl attices cannot be observed, but the cal cu-
|ated magnetic moment for eechsitep,,, p, andp . (i.e.

B, where Ge** ionisnon magnetic. Onthebasisof the
aboveresultsfor thetwo series, thecation distribution
can besuggested asfollow™:
(Cu; " Gef'Fel’, )" [Cuf/, Fel',, 70 ; for x =0.0 &
0.05.
(G Felly) [Cuiy Fely, P05 for (0.1<x < 0.3).
For the basic ferrite CuFe,0O, (x=0.0) isknown
asinverseferrite, where Cu?* ionsare located on B-
stes. However, thereisaprobability of migration of a
small fraction (t) of Cu?* ionstoA-sites™?; inthiscase
it may be considered asapartialy inverseferrite. For
Cu-Geferite, theionic magnetic moment of Cu?"is1
and the magnetic moment of Fe* is5. Thereplace-
ment of high spin quantum number ion Fe** by xGe**
ions; where Ge** ions prefer to occupy A-site??, this
gives(1-x-t) Fe*" ionsontheA-siteand (1-x+t) Fe*
ionson the B-site. Thissubstitution will lead toin-
crease Fe* ions on the B-site and consequently the
magnetization of the B-sitewill increase. At the same
timethe magnetization of theA-sitewill decrease ac-
cording to decreasethe Fe* ionson A-site. Accord-
ingly, the net magnetization will increasefor x=0.05.
Asthegermaniumionsincrease (intherangeof 0.1 <
x £ 0.3), themagnetization decrease with increasing
X. Thisbehaviour may berelated to the migration of
Cu? ionsto B-site. Theincrease of Ge content will
prevent the existence of Cu?* ionsonA-site. Also, the

— Pt icly Science
ﬂaVMnW



156

Full Poper =

Some magnetic properties of Cu-Ge ferrite in low magnetic field

Ts=

320 K

Xx0.0

Ay

/w”
A

/
/

JJ Hsk16.82v

o et Heeb 67

e Bsk0.13v
Br=0.09

/
/
4

MSAIJ, 7(3) 2011

T=670 K

ot

il

Hs=1
He=

7.02v
21y

Bs=0.
Br=0

o6v
04y

Figure5: B-H loopsof x=0.0, measured at T=320 and 670K and constant magnetizing current 1=2.5A
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Figure 10 : Thermal spectra of theinitial permeability of
Cux GedFez2x04,(0.0=x=0.3)

number of Fe* ionswill decrease on the B-siteand
increase onA-site. Thisreplacement will weak the
magneti zation of thewholelattice.

Thecd culated (effective) magnetic moment i has
been determined for Cu-Geferritefrom the magnetic
moment for each site u, and i, as explained in our
previouswork!* and in the reference of Oxide Mag-
netic Material §%9. Itisnoticed that theaddition of Ge*
ionslead to decreasethe magnetic momentineach site
(A and B sites). According to Néel’s molecular field
modd, the A-B interaction will bereduced. Therefore,
1, decreaseswith increasing the non— magnetic ions
of Ge** inthe compositionasshowninfigure 7. From
thisfigure, p . issimilar to the behaviour of M _(OK)
versusx. Thismeansthecalculationvauesof p . are
proportiond totheexperimenta dataof saturation mag-
netization.

P

Figure1l: Thevariation of initial per meability with percent-
ageporosity for Cu-Geferrite

Thevariation of coercivefield H_andtherelative
magnetization m, withtemperatureareshowninfigure
8& 9, respectively for al values of x. It can be seen
that H_ decreases gradually with increasing thetem-
peraturefrom x =0.0t0 0.2 asshowninfigure8a, but
forx=0.25and 0.3 thereissharp decreasinginH_for
T>470K (Figure8b). Therelative magnetization m,
decreaseswithincreasing T for x =0— 0.2, but for x
=0.25and 0.3 m, increaseswith T for T < 470K and
then decreaseswith further increasing thetemperature.
Thismeansthat m, showsamaximumvalueat T =
470K. The behaviour of H_ (and also m.) could be
explained through Brown’s relation!® whichisgiven

KoM ®)
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whereK  istheanisotropy constant which varieswith
temperaturetendingto zero at thetranstion tempera-
ture T... Itisknown that the presence of Fe** ionsin
ferriteswill affect onthecrysta field and consequently
ontheanisotropy field??. Therefore, thedecreasingin
K,and B, (i.eM ) withtemperaturewill reflect onthe
decreasing behaviour of H_andm, (=B/B)).
Theinitial permeability (n)

Theinitid permeability . of aferromagnetic sub-
stance can be due either to asimultaneous rotation of
thespinsineach Weissdomain, or toareversibledis-
placement or bluging of domainwalls. Theinitia per-
mesbility dueto rotationsisdetermined by the anisotro-
piest’,

Theinitia permeability p. and saturation magneti-
zationM_arerelated totheionic structureand sensitive
to the magnetic properties. Itiswell known that both
quantitiesare complicated functionsof temperature.

The thermal spectraof p, versus temperature of
Cu,, Ge Fe,, O,areshowninFig. 10. Itisfound
that at room temperature, theinitial permeability in-
creasestill x=0.1 and then decreaseswith further in-
crease of Ge concentration astabulated in TABLE 1.
Thesampleof x=0.1 hasthe highest value of p, while
thelowest value of . at x=0.3.

Itisnoticed that . increaseswithincreasing the
temperature and falling abruptly closeto Curietem-
perature, T... The Curie point T _ “the transition point
from ferromagneticto paramagnetic $at€” and the para-
magnetic point L “when the sample becomes com-
pletely paramagnetic” were determined from the ther-
mal variation of p, vs. T asshowninfigure 10. The
trangtiontemperature T _and T aetabulatedinTABLE
1. It wasfound that T isbit higher than T _ by about
15K. Thetwo temperatures decreasewithincreasing
Gecontent. The presence of Ge** ionintheA-siteis
weaking theA-B interaction and causesareductionin
themolecular fields(H, ) at thetwo sites. Thisleadsto
adecreasein various magnetic linkages, whichmainly
reducesH _ andthenet resultisadecreasein magneti-
zation and consequently adecreasein the Curietem-
perature.

Fromthecurvesof initid permeability versustem-
perature, (Figure 10), it can be seen that, the speci-
mens of x = 0.0 up to 0.15 show a secondary peak

129~
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Figure12: Theeffect of temper atur e on the exchange con-
gant for CuFe204

—T T T
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(hump shape) superimposed upon agenerd rise, asthe
Curiepoint isapproached. Whilethe other samples of
x=0.2-0.3, show a monotonic stabilization of i with
temperatureand thisbehaviour issmilar tothe bahaviour
of asingledomain, The secondary permesbility maxi-
mum (SPM) is occur due to the anisotropy constant
K,?4, which varieswith temperaturetending to zero at
thetransitiontemperature T .

Itisknownthat theinitia permesbility . isbelieved
toariseastheresult of reversbledisplacementsof mag-
netic domanwallswithinthematerid. Rotation of spins
withinadomain, referred to asdomain rotations, con-
tribute little, on account of the relatively high
magnetocrystalineanisotropyd. Figure 11 showsthe
relation between u, and porosity. It isobservedthat the
initial permeability deceaseswith increasing porosity.
Thisbehaviour may berelated to sampleswhose po-
rogity istoo greet (i.e. contain many pores) which hinder
themovement of thedomainwall causing thedecrease
in .. Also, the effect of grain diameter on the magni-
tudeof theinitiad permeabilityisshowninTABLE 1. It
isobservedthat theinitial permeability increaseswith
further increasingin grain diameter for D>15um. This
behaviour may be attributed to below 15 microns, the
decrement in y. may berelated to the poresthat occur
inthecrystas, and these, limit the permeability. Then
for larger grains, the permeability increasesdueto do-
manwall displacements.

Themagnitudeof theinitia permeability of amag-
netic materia asaresult of rotationsisproportional to
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the square of thesaturation magnetizationandinversey
proportional to the magnetic anisotropy energy accord-
ingtotherelation:

MZ.D
K= \/K_l )

From this relation we cal cul ate the value of the
anisotropy constant K, for each composition.

Guyot and Globus?62" have established adirect
rel ation between the hystersislossesand thedomain
wall energy. Thedomainwall energy iscalculated ac-
cordingtotherdation:

6, =2,/AK, ©)
where: A isthe exchange constant, which iscal cul ated
fromthere ation:

1/2
A(T)= I(B%(l—_rl) (6)

Theterm (kb) isknowntheexchangeenergy stored
inthetransition layer resulting from the spin interac-
tion>!, and aisthelatticeconstant. TheRight H.S. vs.
Tisrepresentedinfigure 12 for x = 0.0 asarepresen-
tativeexample. Theextrapolated experimenta vaueof
thetherma variaionsof A(T) i.e. thevaluesof A(0) are
givenin TABLE 1 and very coincident with the calcu-
lated values.

If 5, isthicknessof thedomainwall, thetotal wall
energy per cn?isgiven by:
c,=K_3, @)

Formthetwo relations (5& 6), 8, was cal cul ated
and tabulated in TABLE 1 for each composition. Itis
found that all the obtained resultsarein good agree-
ment with thevaluesintheliterature4,

CONCLUSION

Thedecreasein magnetization and Curietempera
turewith theaddition of Ge content issuggested to be
due to the decrease in A-B interaction according to
Néel’s molecular field theory.

Thetwo parameterscoercivefidldH_andtherela
tive magnetization m, deceasewithincreasingtempera-
ture. Thisbehaviour isexplaned through Brown’s rela-
tion.

Thethermal analysisof p. show asecondary peak

= Fyl] Peper

(hump shape) below T for x=0.0 upto 0.15. While
the other samplesof x=0.2, 0.25 and 0.3 show amono-
tonic stabilization behviour of p with T.

Thedomanwal energy and domainwall thickness
wereintheorder of 102 Jm?3 & 108 m, respectively
and were dependent on Ge concentration.
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