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THERMAL PROPERTIES OF NlFe2.xAlxO4 SYSTEM

A. NEDAT, zs. sARKOzrl

ABSTRACT. The magnctlc phare trancltlon In the NlFe2-
xAlxOl ryctem was rtudled trough meaEuromenta of thermal
dlffurlvlty and thermal conductlblllty In the range of tempcrature
100 - 600K. lt wac provcd that thc tcmperature dependence of
the thermal dlffuslvlty lc adequatc to polnt out the phase
transltlon.

,N7RODUCT'ON
The NlFe2-xAlxO4 system was studled earller In detall from

electrlcal and magnetlcal polnt of vlew [1], but thermal measurements
was not performed untll now.

The present study of NIFe2-xAlxO4 ferrltes dlscusgee the
thermal propertles (thermal dlffuslvlg, thermal conductlvlty and epeclflc
heat) of the system,

It ls shown In rcfenrncc [2] that the temperaturedependence of
the thermal dlffuslvlty and thermal conductlvlg glves also Informatlon
a bout tho phase-transltlon temperature.

The alm of thls study le to prouve by thermal measur€ments the
existonce of magnetlc phase transltlon and also to make clear the
tlrormal conductlvlty mechanlsmus.

EXPER'MENTAL
The samples werc slnterlzed uslng oxldes of p. a. purlg. A

series of samples was prepared wlth the concentratlons x = 2 (l), x = 1.
4 (lV), x = 1. 2 (V), x = 1, 1 (Vl), x = 1. 0 (Vll). Thermal dlffuslvlty wae
d.rtorrnlned by the optlcal lmpulse method [3], speclflc heat was
nreasurod uslng the method of adlabatlc calorlmeter [4].

RESUI rS AlrD DTSCUSSTOTV
t rr.,. 1 shows an 1/T dependence of the thermal dlffuslvlty In caee of
<Jifrr::'ent sanrples (Vll, Vl, V). lt results that ono can dlstlngulsh three
dil[t;ronl dornalns for samples wlth reduced concentratlon of the Al 3+
:o,' {'/ll, Vl, V) and only two dlfferent domair,o in casc of grcatcr
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ion (Vll, Vl, V) and only two different domains in case of greater
concentration of the above-mentioned ion (Fig. 2 - sample l). These
domains are characterised by linear variation, vyhlle at certain
temperature a modification in the slope appears. After Pelrels [5], these
modifications occur at the Debye temperature, respeclively at those
temperatures at whlch the phonon scatterlng rnechanlsms modlfy.
According to thls theory, thermal'dlfft.rslvl$ ls descrlbed as follows:

(1 )

where I b the mean free path for phonons, V - the group veloclty for
phonons, c - the specific heat. The vatue of I ts given by different
scattering mechanisms, like: the trlphononic "u" piocesses 1I o;, tne
scattering on defects (Iru), on elec{rons ([6) and - in case of
'magnetically ordered materlals - on magnons ([6r,). Thus the resulting
mean free path is:

The lH can be cpnsidered Invariant in the range of high
temperatures. Below the high temperature range ln varies like 1/T,
while for a low concentration of electrons l" remains constant in a wide
temperature range.

It results that the temperature dependence of the mean free path
is determined in fact by two phenomena: the triphononic "u" scattering
process and phonon - magnon scatterlng. With regard to the mean ftee
path given by this last mechanlsm, its variation follows the relation:

i  , ( ,  Mg) )  
' ,  

(3 ), ,  =,olr_ 
M(o)J ,

where: M(T) ' the magnetisation at temperature T, M(0) - the
magnetisation at the perfectly ordered gtate, Io - the mean free path at
the phase transltion temperature. One notlces that this quantity
decreases. wlth Increaslng temperature untll lhc phase transltlon, Above
thls value lt remalns congtant. Retumlng to Flg. 1., we cen ageume the
followlng: the flrst slope modlQcatlons (ln the low temperature range) for
the samples Vll, Vl, V arises dt Debye temperatures.

l 6

A=!ln,

l l l l l
= 3 - * - * - * - .

I l,r lH lfrn l,b
(2)
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Flgr. f. Thermal dlfurlvlty vadaton for samples Vll, Vl, V
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Flg. 2.Thermal dlffuelvlty vadaflon In case of samplos I end lV
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Their values were confirmed by specific heat measurements.
The second slope modification arises at higher temperatures. These
values can be determined exactly from the medallion of Fig. 1 Thus, it
appears at 464K for the sample Vll, at 391K for the sample Vl and at
370K in case of sample V. The values determined are in agreement (in
terms of the errors of the measurement) with the values determined by
L. Kozlowski [2] for the phase-transltlon. In the case of sample I (Fig. 2),
the single slope modification temperature conesponds to the Debye
temperature. For the sample lV (Flg. 2), the varlation of the diffusivity is
no longer linear for the intermediate temperature range. Thus it is not
possible to determine the Debye temperature. We consider that this is
due to the superposition of the two temperature-reglons. The slope-
modification for this sample appears at 259K, which Conesponds to the
phase-transition temperature.

The variation of thermal conductivl$ is given by:
1=apc , (4)

where: a - thermal diffusivi$, p - density, and it is represented in
Fig.3 for samples Vtl, Vl, V and in Fig. 4 for the sample lV. One founds
that this variation curve presents a peak at the magnetic phase'
transition temperature, peak that can be correlated with an anomaly in
the specific heat. With regard to this data, see article 16l.

{ S

Ir)o .1(X) 400 S00 6rX)

Flg. 3. Thermalconductlvlty for eamplee Vll, Vl, V
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As lt was shown, the above determlned temperatures present
coincidence with the data from the paper of Vlslnevski [1].

From Fig. 3 and Flg. 4 results also that thermal conductlvity
decreases with Increaslng Al 3+ concentration. We conslder that thls
decrease arises from the substltutlon of magnetlc Fe3+ lons from the
host lattice wlth Al 3+ lons that have greater scatterlng section for
phonons than Fe3+, as lt was shown In [4.

Flg. f. Thermal conduc-tlvlty for aample lV

coirctusrorvs
Magnetic phase transitlon was put In evidence by thermaldata.
It was proved that the thermal diffusivi$ is an adequate quantity

to study the second order phase transltion.
It was pointed out that the thermal conductlvlty varles

considerably with the concentratlon of Al 3+ ions in case of ferrltes.
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