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Abstract. The hexagonal BazCo,Fe,;0,, nano powders with Z-type structure were synthesized by sol-gel
method. The molar ratio of citric acid to nitrates and citric acid to ethylene glycol and calcinations
temperature were investigated to clarify the forming of the ferrites. X-ray diffraction (XRD), thermo
gravimetric and differential thermal analysis (TG-DTA), transmission electron microscope (TEM), vibrating
sample magnetometer (VSM) was used to characterize the powders. It is concluded that at molar ratio citric
acid to ethylene glycol of 4:5 and RC=4 and calcination temperature of 1270°C (4h), Z-type ferrite nano
powder with a particle size of less than 30nm was obtained.
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1. Introduction

Ferrites are non-conductive ceramic compounds from iron oxides. Ferrites have a much higher electrical
resistivity than metallic ferromagnetic materials, resulting in minimization of the eddy current losses, and
total penetration of the electromagnetic field. Commonly used ferrites are primarily classified into three
types: spinels, hexagonal ferrite, garnets according to their primary crystal lattice. The hexagonal ferrites are
group of ferrites with hexagonal crystal structures. These hexaferrites can be classified into four categories:
M-type (BaFelgolg), Y-type (BagMegFelgozg), W-type (BaMe2F915027) and Z-type (BagMegFe24041) [1-2]
Me could be a transition cation or a combination of cations as (it would be in spinels) or it may be Zn, Mg,
Co [3]. If Me: cobalt then the abridges of formulas changed to BaM, Co,Y, Co,W and Co,Z [3]. The Co0,Z
ferrite can be treated as a sum of two simpler ferrites, namely of M-type ferrites and Y-type ferrites [4]. The
structure of Z-type hexagonal ferrites may be described as a stacking of close-packed oxygen/barium layers
along the hexagonal c-axis with an ordering sequence of S-, R- and T-blocks, where S is a two-layer building
unit (FesOg)®*, R is a three-layer block of composition (BaFesO1;)* and T consists of the four-layer unit
(BayFegOy4) [4-5-8]. Co,Z is well known as ferroxplana ferrites, so called because its preferred direction of
magnetization is at an angle to the c-axis. Co,Z is magnetically soft, because although a large amount of
energy is needed to move out of this plane, the magnetic vector can easily rotate within the preferred plane
[2].

Here, the hexagonal BazCoyFe,sO4 nano powders with Z-type structure are synthesized by sol-gel
method. Synthesis conditions and effects of them on magnetic properties are studied.

2. Experimental

The raw materials were Fe(NO3);9H,0, Ba(NOs3),, Co(NO3),.6H,0, citrate acid and ethylene glycol. The
synthesis procedure was: According to chemical composition of the ferrite stoichiometric amount of ferric
nitrate, barium nitrate and cobalt nitrate was prepared. The nitrates were dissolved with 100 ml of de-ionized
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water to get a clear solution. Aqueous solution of citric acid was mixed with the nitrate solution. The solution
was evaporated on a hot plate at 60°C for 4 h. Then ethylene glycol was added at 80°C. The solution was
slowly evaporated until a highly viscous residue was formed and then the viscous residue was heated at
180°C for 4h. With continuous heating on the hot plate, the gel ablated and bubbled up as temperature
increased. The gel started to swell with the evolution of a large amount of gases and was finally burnt with
glowing flints. Finally the brown-colored powders were calcined at 1270°C for 4 h. As shown in Table 1, the
different molar ratios of the citric acid to nitrates (RC) and the citric acid to ethylene glycol (CA:EG) was
used for the samples.

Table 1: Molar ratio of citric acid to ethylene glycol and citric acid to nitrates for A and B group

Sample
Group numEer (RC) | CAEG
(1-1) 17 6:4
1-2) | 25 6:4
A
(1-3) | 35 6:4
1-4) | 4 6:4
21 | 17 45
2-2) | 25 45
B 2-3) | 35 45
2-4) | 4 45
(25) | 45 45

The thermal decomposition of samples were studied with STA503, using Al,O; crucibles between 20
and 1300°C with a heating rate of 10°C/min. Structure characterization of sample, heat treated at the different
temperature were carried out by using X-ray diffraction (XRD) with Cu radiation, 40 KV and 8=2/96 . The
microstructure of samples was studied using a Zeiss, Em10c transmission electron microscope (TEM) model
with 100 KV. Magnetic properties of the samples were studied at room temperature using a vibrating sample
magnetometer (VSM).

3. Results

The thermal decomposition of samples was studied with thermo gravimetric (TG) and differential
analysis (DTA). Fig. 1 shows curves of the (1-3) and (2-3) samples up to 1300°C with a heating of 10°/min.
The TG curve of two samples showed two distinct weight losses 1) between 200 and 480°C 2) between 720
and 790°C. Beyond 800°C there is no weight loss. Therefore, the dried gel was heat treated above 800°C.
The differential thermal analysis showed exothermic reaction peaks at 320°C in both of samples. With
increasing of ethylene glycol from (1-3) to (2-3), there is the increase in intensity of the exothermic peaks [6].

X-ray diffraction (XRD) pattern of (1-1) samples were structurally characterized after heat treatment at the
different temperatures (600, 800, 850, 900, 1000, 1270JC) for 4 hr. As seen in Fig. 2, (Fe,03), (BaFe,0,4) and
(CoFe,0,) phases were formed at 600JC. With increasing temperature up to 800JC, Fe,O; phases
disappeared. At 850JC, there was no change in the XRD patterns except the increase in intensity of the peaks
CoFe,04 and BaFe,0,. At 900JC, M-type ferrite (BaFe;,049) and Y-type ferrite (Ba,Co,Fe;,0,,) are formed
as main phases. The Z-type ferrite (BazCo,Fe4O41) phase formed at 1000JC. In finally single phases seemed
to be the majority phases at 1270JC. The study of the effect of temperature on the Z-type ferrite revealed that
a stable ferroxplana Z-type can be obtained at 1000JC by sol-gel method [2-7].
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Fig. 1: TG-DTA curves of the BagCo,Fe,4O4; for a) (1-3) b) (2-3) samples.
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Fig. 2: XRD patterns of the (1-1) samples heat treated at different temperatures for 4 h.

Fig.3(a) shows the XRD patterns of the (1-1), (1-2), (1-3) and (1-4) samples obtained after heating at
1270JC for 4 h. It can be concluded from Fig.3 that with increasing citric acid from (1-1) to (1-4) samples,

there is the decrease in intensive peaks.

Fig.3(b) shows the XRD patterns of the (2-1), (2-2), (2-3), (2-4) and (2-5) samples obtained after heating
at 1270JC for 4 h. The crystallographic phase is that of Co,Z ferrite for all the samples. The peaks of (2-4)
sample are more than the other samples. It should be noted that the variation of the peak intensity is

depending on the amount of CAEG.
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Fig. 3: XRD patterns of the (a) group A (b) group B, after heating at 1270JC for 4 h in Tablel.
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The microstructure of samples was studied with transmission electron microscope. TEM images of
ferrite powders at various citric acid and ethylene glycol amounts are shown in Fig. 4. Crystallite size of the
samples was calculated from XRD by using Scherer equation and found that the crystal sizes were in the
ranges 41.8 nm for group A, 52.4 nm for sample of (2-3) and 29.9 nm for sample of (2-4). As shown in Fig. a
and b, the more the amount of citric acid is, the smaller size of the particle is, and at RC 4, the nano powders
with a particle size of less than 30 nm could be prepared. The effect of molar ratio of citric acid to nitrates on
the particle size can be explained as: when there has excessive citric acid in the solution, citric acid plays
roles of not only chelate agent but also dispersant. Thus, the particles could be prevented from glomrating in
the later processes [6]. The decrease of the CA: EG ratio (increase of ethylene glycol amount) favours the
polymeric chain length. As observed in figures 4c and 4d, this can also arrange the chelated cations in a
chain-like form. In addition, this suggests weaker interactions among primary nuclei occur during
crystallization, leads to smaller crystallite sizes (i.e., 29.9 nm).

Fig. 4: TEM images of the a) (2-4), b) (2-3), ¢) and d) (1-4) samples

Typical magnetization M-H curves of the (1-2) and (2-2) samples are shown in Fig. 5. The magnetization
curves show typical features of magnetically soft ferrites [9-11]. The saturation magnetization (M), specific
remanent magnetization (M;) and coercivity (Hc) values are summarized in Table 2. It is obvious that the
citric acid and ethylene glycol can improve the saturation magnetization and coercivity of the powders.

Fig. 5: Magnetization curves of Co,Z (a) (1-2) and (b) (2-2) samples.
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Table 2: Magnetic properties of samples (1-2) and (2-2) with CA:EG = 6:4 and 4:5

sample CAEG Ms (emu/g) | M, (emu/g) H. (Oe)
(1-2) 6:4 58.67 7.78 8.40
(2-2) 4:5 63.29 9.99 12.20

3.3. Conclusion

The microstructures, thermal properties and magnetic properties of Z-type ferrite (Co,Z) nano powder
with different CA:EG and RC ratios, prepared by sol-gel method were investigated. The results showed that
the properties of samples are changed with different amount of citric acid and ethylene glycol. The size of
the particles depends on the citric acid to nitrates and citric acid to ethylene glycol ratios and the Co,Z nano
powder with hexagonal platy shape were synthesize at 1270°C with average particle size of 30 nm,
CA:EG=4:5 and RC=4. The citric acid to ethylene glycol molar ratios could improve magnetic properties.
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