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ANALYSIS OF FORMATION STAGES OF Li mﬁ-ﬂﬁmﬁm
PREPARED FROM SOLUTIONS")

A. GRUSKOVA?), Bratislava

The preparation of Li ferrite powders starting from solutions of metallic salts of citric
acid has been studied. Results of thermogravimetric studies and Mdssbauer spectroscopy
at various stages of decomposition are presented. It has been verified that the

substitution of Zn into Li ferrite brings about the maximum saturation magnetization for
Zn=03 (M.=3.42.10° Am™').

AHAJIM3 CTAIMNM OBPA3OBAHHUA Li-OEPPUTA M3 PACTBOPA

B paGoTe aiOTCs pe3ynbTaThl M3ydeHHS MPUIOTOBNEHHA JHTHEBBIX ¢eppUTOBRIX
IOPOWIKOB, OGPa30BaHHLIX W3 PacTBOPA METAIUYCCKUX coneit NTUMOHHOM KHCIOTHL.
[MpuBeneHbl PE3yAbTATHI TEPMOMETPHIECKHX HCCNIETOBAHKI M MEccGayapOBCKOH CrieK-
TPOCKONKH [UIST PA3NHYHbIX CTalK# PaCIENICHUA. O6HapyXeHO, YTO 3aMelleHUe LIMHKA

B nuWTHMeBOM (peppHTe HaeT MaKCHMalsHOE MArHWTHOE HACBIICHHE MU Zn=0,3
(M. =3,42.10° Am™").

1. INTRODUCTION

Ferrites with spinel structure, such as Ni-Zn, Co-Zan, Li-Zn ferrites, have been
the subject of many studies because of their relatively easy preparation and low
cost, making these materials suitable for various electromagnetic devices [1]. In
recent years much attention of research workers has been given to the preparation
of ferrite powders from solutions.

In general, various chemical methods, such as conventional coprecipitation,
spray drying, freeze drying, liquid drying, pyrolysis of organic precursors, €tc.,
allow to obtain a greater degree of chemical homogeneity and a control of
stoichiometry in the powder. In most cases the starting materials are finely divided
and allow the improvement of reactivity and sinterability in comparison with
powders prepared by conventional processing. The aim of the present study is to
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better understand the mechanism of formation of the magnetic structure of ferrite
powders formed from solutions {2].

Mixed-zinc ferrites with spinel structure Zn,Lios—_osFess 0504 have the satura-
tion magnetization M, increased by x up to x=0.3 in agreement with Neél's two
sublattice theories. Above x =0.4 the value of M, decreases, and at x =1 there is
M, = 0 (pure zinc ferrite). A decrease of the saturation magnetization in a certain
range of x can be explained by the magnetic dilution of the A sublattice with zinc,
and therefore, by the weakening of the exchange interaction between the Feds) and
the Fell, sublattice [3].

Table 1

Measured values of saturation magnetization M.

Symbol Formula M..107° [Am™]
LF —M—c‘umuwvmos 2.81
LZs HLma.;mumN..Nﬂc‘nO. 3.34
LZas H\.E.uu—uon.uuNPrucos 342
LZos —L.—c.Nme.NmNﬂo.chk 2.83
LZos mkme,_m,m:Ndo.mOa 0.86
ZF Zn, oFe2004 0 .Oh

L EXPERIMENTAL PROCEDURE

The composition of pure Li ferrite was prepared from a solution of
Fe(NO,);.9 H:0, LiNO; and citric acid in the ratio of 1: 1 for each g-ion of metal
ions to a g-mol of acid. The solution had been boiled to 80 °C to evaporate the
water until a very viscous mass was obtained in a glass vessel supplied with
a thermocouple and a stirrer. The viscous liquid was put into the evacuated even at
120 °C for 4 hours. The product obtained after this treatment was a coloured brittle
glass-precursor. The decomposition stage consisted of the burning of citric acid in
oxygen at approx. 410 °C. The decomposed precursor was pressed through a sieve.
The granules were calcinated in the furnace at 450° and 550 °C for 4 hours in air.
‘A 1 % solution of PVA was added into the calcinated powders as a binder. Then
the powders were pressed at 10° Pa and fired at 1200 °C for 1 hour in air. The
saturation magnetization was measured in dependence on Zn addition as shown in
Table 1. Thermogravimetric (TGA) and differential thermal (DTA) analyses of
the dried salts were obtained using standard techniques. The thermobalance
(model OD-102, made in Hungary) was maintained at a temperature rise
programmed up to 10 °C min~". The obtained thermograms arc shown in Fig. 1
and 2. The Mossbauer spectra were measured by a conventional constant accelera-
tion drive and a 512 channel analyser operating in the multiscaler mode. The
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Fig. 1. The thermogram of specimen LF, with-  Fig. 2. The thermogram of specimen LF( with-
drawn at a temperature of 120 °C. drawn at a temperature of 410 °C.

source was >’Co in a Rh matrix. Mdssbauer spectra are represented in Figs. 3a, b, c,
d and 4a, b, c.

1II. RESULTS AND DISCUSSION

To obtain more information about the strongly exothermic pyrolysis reaction of
precursors both TGA and DTA of the dried salts have been made. The thermog-
ram of specimen LFq, in Fig. 1 withdrawn at the temperature of 120 °C shows
a weight loss up to 140 °C indicating the absence of adsorbed water. The total
weight-loss is 83 % and occurs below 350 °C. The DTA trace shows an endother-
mic peak at 130 °C which is apparently associated with the decomposition of nitrate
probably by the reaction described in [4]:

6 NO; + CHiO, — 6OH +6 CO,T+H,07+6 NOT. )

From 140 °C up to 380 °C a large exothermic peak, attributed to the decomposi-
tion of citric acid, occurs.
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The thermogram of specimen LFq) in Fig. 2, withdrawn at the temperature of
410 °C shows a weight loss of 7.5 % up to a temperature of 530 °C. The DTA trace
shows an exothermic peak with a maximum at the temperature of 360 °C.

The corresponding spectra of Li ferrite are shown in Figs. 3a,b, ¢, d. The starting
solution containing iron in the form of Fe(NOs);.9 H,O was measured by LNT
(liquid nitrogene temperature) and the corresponding spectrum is in Fig. 3a. For
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Fig. 3. Mossbauer spectra; the starting solution (a); the specimen LFq) (b); the specimen LFq) (c); the
specimen LF2 1000 °C (d).
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Fig. 4. Mossbauer spectra; specimen LZo; {3] after calcination at 550 °C for 5.5 h (a); specimen LZas
[3] (b); specimen LZ0s {3} (c).
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with x=0.3, 0.5, 0.8 are shown in Figs. 4a, b, c. The specimens were withdrawn
after calcination at 550 °C for 5.5 hours. Note that the spectrum for x = 0.3 exhibits
broader six-line shapes as compared with pure Li ferrite. A quadrupole splitting
and a paramagnetic doublet are coexisting with the magnetically ordered six-line
pattern in the spectrum for x =0.5. The spectrum for x =0.8 shows only simple
paramagnetic doublets.

IV. CONCLUSION

Preparation of substituted Li ferrites from solutions of metallic salts of
a polyfunctional organic acid has been studied. Special attention was paid to the
decomposition behaviour of the amorphous citric precursor. The destruction
process of the citric precursor and calcination were analysed by means of thermal
analysis and the Mdssbauer spectroscopy. Information about the magnetic struc-
ture of the wet prepared material derived from Mossbauer spectra makes it
possible to choose a proper temperature for dehydration (130 °C) and decomposi-
tion (410 °C). It has been verified that the specimens with x = 0.4 have a decreased
saturation magnetization as compared with the x=0.3 sample and the specimen
with x = 0.8 is paramagnetic.
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