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Abstract

The thermal behaviour of the polynuclear coordination compounds [Fe,,  Sr(malic) g 5, )
18H,0 and [Fe, ,St(gluc) s 5,1-20H,0 precursors of strontium hexaferrite was investigated, and
a decomposition mechanism is proposed. A pure hexaferrite with a mean crystallite size valie of
about 250 A was obtained after 3 h calcination at 800°C of the gluconic precursor (x=1.5).
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Introduction

The synthesis of fine nanometric particles of mixed oxides by a “precursor’
method knows a large utilization in obtaining this kind of materials. Polynuclear co-
ordination compounds precursors represent efficient precnrsors for the synthesis of
fine particles ol mixcd oxides of spinelic and perovskitic type [1]. The major advan-
tages of (his procedure are the following: (i) uniformity of oxides nanoparticles with
high surface; (ii) chemical homogeneity on atomic seale; (iii) high chemical purity
and strain free without grinding. Their use in hexaferrite synthesis has not been re-
ported till now. The main difficulty consists in oblaining the coordinalion compound
precursor, which hag to contain the two metals in a ratio of 12Fe* 1M%* (where
M?**=Ba, Sr, Pb).

This problem can be solved by choosing a ligand which can generate anorganic
polymeric chains duc to its capacity to form bridged bonds between two metallic
ions.

*  Author for correspondence: e-mail: ltuna@pcnet.pcnet.ro
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Among the ligands which [uifill this conditions the polyhydrocarboxylic acid
have to be mentioned.

Following our rescarch on small hexaferrite particles [2, 3], this paper reports the
synthesis and thermal behavior of polynuclear coordination compounds precursors
of strontium hexaferrite for the [first time.

Experimental
The synthesis method of the polynuclear compounds

The synthesis method of the polynuclear compounds represents a version of Mel-
son and Pickering one [4]. The polynuclear coordination compounds were separated
from the reaction medium (a solution containing Sr(I)-Fe(IIT)-pelyhydrocarboxylic
acid, either malic or gluconic) by extraction with cthanol. For a complete precipita-
tion 24 h and a repeated adjusting of the pH to 5.5-6 by adding a 20% NH,OH solu-
tion were necessary. 'The products were tiltered, washed with ethanol and dricd. The
melal ratio Fe/Sr of the synthesized polynuclear coordination compounds varies in
the range 10.5:1 to 12;1.

IR measurements

IR mecasurcments were obtained by the KBr disc technique in the range 400-
4.000 cm ' using a BIO-RAD FTIR 125 infrared spectrophotometer type.

Thermal measurements

Thermal measurements were performed with a Q-1500 D Paulik—Paulik-Erdc?f
derivalograph in a static air atmosphere, at heating rates in the range 5-10°C min”
The sample mass was 100 mg.

X-ray diffractograms

The X-ray diffractograms were recorded with @ DRON 3 X-ray dilliaclometer
with CoK,, radiation.

Muagnetic susceptibility measurements

Magnetic susceplibility measurements of the residual oxides were performed by
using a Faraday balance with Hg(SCN}4 as calibrant.
Results and discussion
Non-isothermal analysis of the precursors

On the basis of the anatytical data, the formula of the synthesized eompounds are:

[FCm_xS}'(milliC)lg_l ‘5,(]' 1 SHQO
[Fejy_xSr(gluc)ie ) 54-20H,0
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where O<x<1.5 and (malic} and (gluc) are the dianion of malic and glucenic acid.
The thermogravimetric curves are shown in Figs 1 and 2. For a complete and reliable
assignment of the thermal transformations the non-isothermal analysis was ass0Ci-

ated with TR spectra and X-ray diffraction measurements.
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Fig, 1 Thermoanalytical curves of [Fe,, St(malic),, | 5,]-18H,0 (heating rate 5°C)
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Fig. 2 Thermoanalytical curves of [Fe,  Selgine), . 1:20H,0 (heating rate 5°C)

Hence, the following decomposition mechanism can be assumed for the first

peolynuclear coordination compound:

144-260°C

Feyy. St(malic)jo_; sx )1 8H,0 _80-144°C_ [Fey,  Sr{malic)yg_( 5]

[y} )
Fe s (Sr(CO4) oy 5x MFCI:—XST(Coz)OIS-l.Sx 2BO88C

Fejo 8109y 5e (1)

The temperatures above the arrows correspond to the temperature of decomposition

occurrenee at 5°C min~" as recorded by DTG curve.
The endothermic dehydration is followed by two strong exothermic processes in
the temperature range 144-377°C, namely the thermal degradation of the malic li-
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gand with formation of a carbonate and its conversion to the oxocarbonate interme-
diate [Fepp ,8r(CO3)0,5_ 5. This intermediate is stable up o 558°C when in an en-
dathermic reaction CO, is evolved. On the DTA curve, a relatively weak exothermic
peak is observed (maximum at 718°C), which can be associated with the ferritization
reaction.

For the second polynuclear coordination compound a live stepped decomposition
may be proposed:

[Feyy-,Sr(gluc)ig_y 5,1-20H,0 21N E L [Fe |, Sr(gluc)o., s, ] 130-228°C

. _7 ,)U . Yo i)
[Te oy Sr(tartric) jo_ 5] ZEDLE ey, Sr(oxalic)jg 5] 2222360C,

Fe Sr(CO)0 5 5 RAwE, Fep (Sr0g_) 54 (2)

The decomposition starts with an endothermic dehydration followed by a second
cndothermic step {150--228°C) assigned to formation of the tartaric anions due to the
breaking of some internal bonds of the gluconic ligand. The next temperature range
(228-560°C) is characterized by the change of the 1ariaric intcrmediale 10 oxocar-
bonate one Fej;(Sr{C0O4)Oy5_y 5y, via oxalate compound.

In this case the ferritization occurs simultaneously with the decomposition of the
precursor (¢.g. 5rCOy decomposition into 510). The overlapping of these two rcac-
tions led to a wide exothermic peak on the DTA curve with the maximum at 778°C.

One has to mentien the low temperature range in which SrCO;, formed as inter-
mediate decompose, namely 558-688/678-800°C for [Fey,_Sr(malic) o 5,-18H.0/
[Fepa_,Sr(gluc) g 54]-20H,0 compounds. A two stepped decompasition in the range
800-1000°C is reported in literature [5]. Such a behavior may be attributed to an in-
creased reactivity of the solid intermediates.

The phase analysis performed on the reaction intermediates of both precursors
obtained at 550, 600, 650 and 700°C showed the existence of three crystalline
phases, namely y-Fe,O4, 0-Fe,04 and SrCOx. The increasing temperature indicates
the consumption of SrCO; and a gradual transformation of y-Fe,Q; into o-F,0;. The
transformation is complete at about 700°C. If strontium hexaferrite phase begins to
appear at temperatures higher than 700°C due to the reaction between 1-Fe,O; (or
0-FepOq) and SrO in the case malic precursors, for gluconic ones it is formed di-
rectly from and iron oxides and SrCOj; phascs,

Oxide products

The phase composition of the calcination residia was Tound by using X-ray dif-
fraction as well as magnetic data. The mean size of crystallitcs have been evaluated
by using Sherrer formula {6] for the main XRD intensities (higher than 10 relative
intensity). Before the comments concerning the obtained results one has to mention
that in all the investigated residia the X-ray diffraction lincs belonging to 51O have
not been identificd, This is probably due to the low crystallite sizes which are dis-
persed in the residia.
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In order to get a pure well crystallized hexaferrite, the decomposition residia
were submitted to further isothermal treatments for intervals of time ranging from |
to 5 h at 800°C. Data concerning the residual decomposition products of the two pre-
cursors, cach with two different metalic ratio, namely Fe/Sr 12:1 and 10.5:1 are pre-
sented in Table 1.

Table 1 Structural data of the oxid residia obtained afier a calcination of 1 and 5 h at 800°C

Hexaferrite o-Fe, 04
Precursors content/% d*A content/% diA
Ih 5h lh Sh lh 5h lh 5h

[Fey, Srimalic),_ 5,1 18H,0

x=0 - 7 - 320 100 93 490 315

x=l 29 52 284 256 71 48 342 245
[Fe,  Srigluc), | o, 201L,0

a=0 47 52 211 298 53 16 208 261

x=1.5** 78 100 257 243 20 - 243 -

* mean crystallite size
** traces of SrC0y

The content of hexaferrite is higher in the residue obtained from the precursors
with gluconic ligand, it incrcases with the duration of calcination and decreascs with
the ratio Fe/Sr. A pure hexaferrite is obtained after a calcination of 5 h at 800°C of
the gluconic precursor with x=1.5.

Preliminary magnetic measurements performed at room temperature, indicate a
magnetization ol 48 emu erg™ for this precursor. The obtained value is lower than
the saturation value reported in literature [7]. Measurements at nitrogen liquid tem
perature are going on.

It is important to emphasize (wo features of the obtained mixed oxide:

a) the values of the mean crystallile sizes which vary in the range 211 A <d<320 A:
b) the temperature of a complete ferritization is lower than most of the tempera-
tures mentioned in literature |7-11].

Conclusieons

1. A new procedure for the synthesis of seme polynuclear coordination com-
pounds precursors of strontium hexaferrite was developed.

2. The thermal behaviour of [Fepy_ Sr(malic)g_y 5 - 18H,0 and
[Fepa_(Sr(gluc) oy 54 20H,O compounds were investigated, and a decomposition
mechanism was suggested.

3. A pure hexalerrile with a mean crystallite size value of about 250 A was ob-
tained after a calcination of 5 h at 800°C of the gluconic precursor (x=1.5).
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