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ABSTRACT

A mixture of barium oxide (BaQ,), iron (III) oxide Fe;O;, chromium (tII)
oxide (Cr;O;) and wron powder is subjected to thermal mitiation in air (oxygen
atmosphere). This produces a self propagating reaction (SHS} with velocity of
1 mm s’ and the formation of predominantly BaFe;2.4CryOys. SHS followed by
annealing at 1200°C for 2h gives a crystalline phase powder of ferrite material,
The products were characterized by XRD analysis, FTIR spectra and SEM. The
hesteresis loops of the products were also recorded to determine the magnetic

properties of the synthesised ferrite.

Keywords: Self propagation synthesis (SHS), ferrite synthesis. characterization
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INTRODUCTION

Ferrite materials are made by one of the two major roots, either by a dry
traditiona) ceramic heat and heat approach[1,2] or by a wet co-precipitation[], 3]
or sol-gel type process(4]. These conventional techniques in variably involve
multiple grinding, heating and cooling process[5S]. Reaction usually require
extensive time periods because‘interdiffusion of reacting solids ié slow even at

high temperature[6].

A relatively new synthetic variant has been developed which negate the need
to externally heat a reaction. This is based on self propagating reactions which
provide the energy to avercome the solid- state diffusion barrier internally, within
the starting materials, by promoting an exothermic chemical reactions. This
process is termed self propagating high temperature synthesis SHS[7]. Recently, it
has been shown that SHS is an ideal technique for synthesis of many types of

ferrites[8, 91.

The aim of this paper is to utilize SHS techmique for formation of complex

hard ferrite BaFe:4CrOyy.
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EXPERIMENTAL

The reagents used were obtained from BDH chemical company. Weighing
grinding and mixing for the starting materials were performed under a nitrogen
atmosphere in a Safforn Scientific glove box. SHS reactions were carried out in air
under a flow of oxygen gas on a ceramic tile. The reactions were initiated by a
heated filament (800°C) and wave propagation was determined by using imaging
Camera of type FLIR. Photographs of the solid flame produced on initiating
mixture of starting materials are shown in Figure 1. Sintering was carried out i1 a
Carbolite rapid heating furnace with heating and cooling rates of 20°C min™.
Samples »\;ere ground after the SHS reaction and also after sintering, and all the
measurements were recorded on powder samples. The sintered products were
mvestigated by FT -I[R 5pectm, XRD analysis and Scanning electron microscopy
(SEM). XRD analysis was performed on a Philips X-Pert Diffraction using Cu Ku.
radiation (i = 1.5405 A°, A, = 1.5443A°). FT - IR specFra were obtained by using
a Perkin — Elzﬁer 1710 1nstrument of DTGS detector and DRIFT accessory with
micro — sampler. The products were investigated in KBr powder as reference
material. Microg]'aphs of the obtained products were performed by SEM of type

Hitachi S - 4000.

Vibrating sample magnetometry was carried out on a Aercsonic 3001
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magnetometer at room temperature in applied field up to 7.5 Koe.
Preparation of BaFe;;,Cr,0s x=(0,2,4)

Barium peroxide (BaO,), wron powder, iron coxide Fe;O; and chromium
oxide (Cr;O;) were ground together in a pestle and mortar. The resulting powder
was placed on a ceramic tile in air and the mixture was initiated at one end by
filament at about 800°C. This produced an orange wave (SHS reaction) passing
through the material with speed 1 mm s™'. The powder darkened to black after the
propagation wave had passed and become partly fused. The black material after
sintering at 1200°C for 2h was analysed by XRD and FT - IR spectra. The

morphology of the formed ferrites were investigated by SEM.

RESULTS AND DISCUSSIONS

SHS reactions were performed by using various starting mixtures of Fe,Ox,
Ba0., Fe and Cr,0s. The molar ratio of each reagent was chasen to conform with

the stoichiometry in the products (Table 1) according to the equations:

Bas + 3 FeyO: + 6 Fe +- 40, ——> BaFe|;;:04 (1)
BaO» + 2.5 FeaO; + 3 Fe + Cry0y +3.250; — BakFe,CrOyy 2)
BaOx+ 253 Fe.C; + 3 Fe+ 2 Cra0z +2.25 0, —— BaFeiCryOyy (3)

In these SHS reactions a slight excess of BaO; was used which act as a
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source of oxygen. The reaction was driven by the exothernic oxidation of Fe metal
and the other oxides act as heat sink to stop the reaction becoming too exothermic,
with incorporation in the product. The peroxide was used in preference to the
carbonate, which is used in conventional synthesis of feirite. The peroxide
provides a good source of oxygen and also avoid potential carbon

contamination[%].

It is noticed that the SHS reactions are rapid and over in a few seconds and
in all reactions the product was a black — brown material. Traditional methods to
use materials involve the use of ball mills to grind the reagents[10] or precipitation
synthesis in which many individual reactions steps are needed to finish this

process[]1].
Characterization

XRD analysis was performed for all the unsintered and sintered SHS
products. The unsintered products showed predominantly BaFe > Cr.Oy with
small amounts of metal oxide impurities such as FeyCy and Cr,Os, (Figure 2a). The
presence -of. these phases shows incomplete reaction during the SHS stages.
Sintering process largely removed these impurities (Figure 2b). By applying
Sherrer equationf12] and from the line broadening of many peaks, neglecting strain

effects. The corrections of 28 and the intensities of full width half maximum
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(IFWHM) were calculated. The resulting average crystallite size was 47 nm. This
value (s smaller than obtained by parkin et al[9]. In some of Cr- rich SHS samples,
a trace amounts of Fe;O; and Cr;O3 impurities were neted even after sintering.
Also XRD data showed hexagonal structure for BaFe;..CrO,y with a decrease in
lattice parameters with increasing Cr - substituted as shown from Table 2. The
resulting variation in unit cel]l size may be attributed to the slightly smaller ionic
radii of Cr’* compared to that of Fe®. This result is in agreement with that obtained

by other authors[9].

The FT - IR spectra of BaFe,.cCryOy samples showed a fundamental two
broacd bands (470 — 520 crn™') and 600 - 620 cm™), Figure 3. Some changes in the
shoulders of the broad bands were noted with Cr substitution. It is noticed that
these materials show strong overlapping absorption in the region 400 — 700 cm™,
this is attributed to Fe — O and Cr ~O stretches. It was mentioned-that [R data for
these compounds match most closely those materials in which there 1s a random
distribution  of the Cr, Fe atoms within the octahedral sublattice{13]. This is
somewhat different to most traditionally prepared ferrites where the longer

synthests times allow for local ordering of the atoms on the oclakedral sites.

SEM micrographs, Figure 4 of the sintered BaFe;.Cr,Oyy samples showed

average crystallite size of 60 nin which is larger than obtained from XRD resulis.
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As the dimensions are larger than that obtained from the X- ray data, this means

that there may be some structurat defects are present in the grains.
Magnetic Properties

Hysteresis loops were recorded on the produced samples in field upto 7.5
Koe at roomn temperature. Representative hystersis loops is shown in Figure 5. The
variation in maximum magnetization oy, remanent magnetization o, and coercive
force Hc with chromium substitution for BaFe;;.CryO;y samples are shown in
Figure 6. It is noticed that a steady decrease in the magnetization (o, and ¢,) as a
function of Cr substitution increases up to x = 4. This indicates that a paramagnetic
behaviour is obtained with increasing Cr content in the ferrite material. This result
may be due to the different crystallographic sites for iron atoms in octahedral and
tetrahedral of opposite spins in BaFe.,Ow[14]. From the coercive force
measuremeant, it s observed that the samples all have high coercive forces, which

proves the significant property of hard ferrites BaFe;5..Cr,Oyy.
CONCLUSIONS

Representative  hard ferrites Bale»..CrO)y were synthesized by self-
propagating high-temperature synthesis (SHS) in air. The reactions are easy (o
perform and offer significant reductions in synthesis time and energy compared to

conventional synthesis. Single phase products were obtained having average
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crystallite size of 47 nm and SEM measurements showed larger crystallite size of

60 nm indicating that some structural defects are present in the grains.

Magnetic measurements for the produced samples by SHS technique indicated
that these samples have high coercive forces which proves the significant of hard

ferrites BaFe2.4CryOy0.
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Table t. Molar ratios of the components used in SHS of BaFe .. Cr.Oyy

X BaO; Fe,05 Fe Cr:0;
0 1.0 24 4.8 -
2 1.0 1.6 4.8 0.8
4 1.0 0.8 4.8 1.6

Table 2. XRD lattice parameter values of

BaFe5.xCiyOyy prepared by SHS

reactions.
Ferrite a/A” | c/A®
BaFeOp | 3884 . 23.170

BaFEmCI'ng 5.871 23.082

BaFeyCr,O,y 5863 | 23.02]
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Fig. 2. X-ray diffraction pattern obtained from SHS reaction of BaO,, Fe,Os, Fe
and Cr,O (1:1.6:4.8:0.8 molar ratio)

a- before sintering b- after sintering 2h at 1200°C

c- XRD pattern of commercial sample BalFe,,Oy
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Fig. 3. FT - IR spectra of synthesized ferrites by SHS reactions,
(El) Bill:e]j()]l) (b) BaFel“Cl.zOl‘)
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Fig. 4. SEM inicrbgrphs ofsynthesizeci ferrites

sintering at 1200°C for 1 hr.

(a) BaFe20yy
(b) BHFemCFJOH
(C) BanCHOm
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Figure 5. Hysteresis loops for sintered BaFe qCr,O)y, prepared by SHS reaction
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Figure 6: Magnetic properties of BaFe2.sCryO)y prepared by SHS measured at 7.5

Koe at room temperature
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FIGURE CAPTIONS

Fig. 1 Photographs of wave produced on initiating a mixture of BaO,, Fe;0;, and
Cr,0; (1:1.6:4.8 molar ratio) at (a) time, = 0; (b) time = 50 second, (c)
time = 90 second and (d) the end of SHS reaction. The mixture was

initiated by a hot filament at the right side of powder.

Fig. 2. X-ray diffraction pattern obtained from SHS reaction of BaO,, Fe,0s, Fe
and Cr; O (1:1.6:4.8:0.8 molar ratio)
a- before sintering b- after sintering 2h at 1200°C
¢~ XRD pattern of commercial sample BaFe ;010
Fig. 3. FT — IR spectra of synthesized ferrites by SHS reactions,
(a) BaFe 20,y (b) BaFe;Cry,Oyy
(¢) BaFeyCr,Opy

Fig. 4. SEM micrographs of synthesized ferrites by SHS reaction§ followed by
sintering at 1200°C for 1 hr.
(a) BaFenOyy
(L) BaFe,CrOyy
(¢} BaFiCryO

Figure 3, Hysteresis loops for sintered BaFe,Cr,0, prepared by SHS reaction

Figure 6: Magnetic properties of BaFe|,,CrOq prepared by SHS measured at 7.5

Koe at room temperalure
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