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MAGNETIC PERMEABILITY BEHAVIOUR IN SINGLE CRYSTAL Mn-FERRITES
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Measurements of the initial permeability u
of single cerystal ferrites MnXFeg_XO4 with
0 < x < 1.2% are performed — at audio
froguencles al temperatures from 10 to 550 K.
Large dispersionless changes in p  occur near
the Verwey transition of magnetite whereas two
relaxation type anomalies are observed at 40 K
and 80 K. Similar anomalies are found at 20 K
and 60 K for the x=0.5 sample. They are
followed by a broad feature persisting up to
"GO temperalure. The main relaxatiou
processes in the case of samples containing
larger amounts of manganese occur above 100 K
and shift to higher temperaturcs with the
incresase  of X, The activation energies
determined for particular processes indicate
the clectronia origin of these effects.

Introduction

The  dinitial permeability of magnetic
materials, usp’ - iu", relates directly to the
movemsat of the domain  walls  and to the roa-
Jaxation processes encountered in the samples
studicd. The observed relaxation processes in
ferrites appear to be mostly of electronic or
of ionic character. They manifest themselves
in a variely of measured phenomomena as e.g.
disaccomadation of paermeability, induced
anisotropy and magnetic losses (for reviews
sec c.og. 11 61). Only few papers were devoted
to the initial  permeability measurements on
single crystals. Bickford [7] ascribed the

anomalons behaviour of  near 120 K in  single
arystals of magnetite to both the
crystallographle  phase transition (Verwey

transition) and to the passage of the magneto
crystalline anisotropy constant Ky through
zerc at Ty . On the other band, Enz [8] argued
that. the maxima of g below room temperature in
soeme Mn- and Mn-Zn  ferrites were due to
disaccomodation phenomena. However, Ohta [2]
demonstrated that the second maxima in o in
the aycstem of Mo 4 ferrites are primarily
cansed at K0 whereas the disaccomodations
bring about only small temperature shifts.

It secemed  worthwhile to  investigate the
behaviour of the initial permeablility ot

Mn-ferrite single c¢rystals over a broad
tempzrature range and to find  out the wmain
underlying mechanisms  responsihle for the

obaarved anomal jes.

Experimental part
Samples. Single orystals in the ferrvite systoem
Mn, Feg . Ogy were prapared hy a travelling
mnTten'nonm techinigue as  desoribed  elsewhor:s

[107. After the growth proc fd the
single orystals were additionally heat treated
in contbrol led atmospheres to improve

strass.,

well  oas

ianical
ons o as

homogepeily and Lo relisve mod
The final chemical  composit

come: olher  sampla  paramaotors  are  given in
Tuble 1 From coylindrical  rods the toroid
cores 3 mm iu haight and bonm of outer and Ymm
of inper diamcter were  tube-bored  with  Lhe
help o srinding powder. Brntfore 1l
appropriate winding was pual. on, the  =samplos

were ebchoed to remove the dumaged surfacos.

Table 1
Parameters of Mane3,xO4+X»cE¥?tals

S 1 t d T.(K T (K
ample x ¥ 13 §gé < (K) k (K}
1 0 0.007 (110) 858 126
2 0.562 0.0089 (100) 741 340
3 0.95 0.002 (110) 563 380
4 1.10 -0.004 (100) 545 >400
5 1.25 -0.011 (100) 527 >400

cthod. To determine real and imaginary parts

e
of ‘the permeability of toroidal ferrite
samples, the two-coil method described earlier
[11] was used. Using the internal built-in
oscillator for the ac driving field in the 100
Hz to 10 kHz frequency vregion a Two Phase
Lock-in Analyzer EG&G model 5206 served for
the measurements of both the in-phase and
quadrature components of a signal induced in
the secondary coil. In order to measure the
true initial permeability values in the
Reyleigh region of the magnetisation curve,
the amplitudes of the magnetic driving fields
were kept below 1 A/m ( < 10 mOe). Low
temperature measurements were realized using a
liquid helium continuous-flow cryostat; higher
temperatures were attained in a furnace. More
details about the method and the set-up used
can be found in [11].

Results, In Figs. 1 to 5, the temperature
dependences of the real and imaginary parts of
the initial permeability measured at 1 kHz are

represented. All samples were first heated
above their Curie temperatures T to
attain demagnetized state. Curves in Figs. 1

to b were then obtained by measuring u in
decreasing temperatures. The high-temperatures
behaviour of 1’ and p" indicates the presence
of the maxima in gt occuring Jjust below the
Curie temperatures [12].

In magnetite (see the right hand part of

Fig.1) the other maximum lies near the Verwey
transition temperaturs, TV:121 K. A more
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Fig 1. Temperature dependences of the real

(1’ ) and the imaginary (u") parts of the
initial permeability of magnetite (sample 1).
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detat)od tonvestigaltion shoved 1) thoat i
maxima of ' and g7 oaee reactod b o= Jue ¥
Cindependent of the froquency) followed al 1,

by @ bwo  orders  of magnituwle  decraanedc At
still lower temperatures (s the lat' b hond
part of Fig. 1) ' shows a small kink ot 90 |
ollowed by a sharp decrease near 40 K. AL Lhe
passes Lhrough maxima: “

same  temperalures pf

small and broad one at 90 K and a sharp one at
40 K. Bolh maxima are frequency dependeunt,

polnling out the presence of relaxations.
Sample 2 (x-0.52) displays a somewhat
similar behaviour sce Fig. 2a. After passing
the high Lemperature maxima just below Tc
both components of u display a4 second narrow
dispersionless maximum near 340 K followed by
broad features persisting to low temperatures.
Other sharp maximum and a shoulder in p", both
frequency dependent, may be observed (see  the
arrows  in Fig. 2a) at 20 K and 60 K
respectively
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Fig. 2a,b. Temporatuvre dependences of the real
and  bthe  Jwaglonary parts  of the initial
permeability of the sample 2(a) and 3(b). See
Table 1 for sample details.
Gne peak  and two shoulders in the

temperature dependences  of g0 for sample 3
(x~0.95%) are scen io Fig. 2b. Shounlders at 200
K and bOO K shitt  with frequency while tihe
maximum pear 360 K is found to be frequency
independent whereas its magnitude appears  to
be time dependent .

Only onc additional maximam  (besides  Lhat
Just below 1) aan be rvecognized in the
tempaerature spendoence of o of samples 4 and f

seo Mig. 3:q, b The maxima  in both  samplos
were foand to be froguency dependent.. Noo obLber
apnomal ios were  Found  in the toemperat are
beliwviour of g excepl a slight docroas.e of p"

below 30 K for sample b,
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Fig. 3a,b. Temperature dependences of the real
and the imaginary parts of the initial
permeability of the sample 4(a) and B(b). See
Table 1 for sample details.

Digcussion
Initial permeability behaviour. The increase
of the initial permeability near T (i.e. the

primary maximum) is well described [1,2]. More
interesting is the occurrence of the second
maximum in u at temperatures well below TC.
One of the possible reasons is the passing of
the anisotropy constant K; through zero. Sharp
maxima in p’ and p" in magnetite ( sample 1 )
near T,, could indeed be conceived in terms of
K1:0 occurring at Tp=126 K {7]. However, the
steep decrease by two orders of magnitude 1is
more likely to be connected with the crystal-
lographic and magnetic transition occurring
at T,=121 K. The two other anomalies below T,
have a quite different character and cannot be
explained by supposing K;=0.

In the case of sample 2 (x=0.52),
maxima near 340 K are also in agreement
the estimated temperature range for KI:O
values [14]. The same type of explanation is

sharp
with

also valid in the case of sample 3 (x=0.95)
where the extrapolated temperature for
Ky=0 is about 370 K [14] in good

agreement with the observed dispersionless
maxima of p at 360 K. The broad shoulder in u’
and a maximum in " below 200 K have obviocusly
a different, frequency dependent character.

No reliable data on the high temperature
behaviour of Ky in  manganese-rich part
of the system are available. The extrapolation
following {141 would yield Tk approaching T..
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